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PREFACE
The Proceedings of the World Population Conference, 1965, are published in
four volumes, arranged as follows :
VoLUME

I

Sum1nary report

Organization of the Conference
Programme of meetings
Summary report of meetings
Officers of the Conference and members of committees
List of participants and observers

VOLUME

II

Selected papers and sum1naries of the papers for meetings

A.4. Future population trends and prospects
A.l.

Fertility

B.l. Factors and patterns of fertility in areas where fertility is relatively high
B.Z. Factors and patterns of fertility in areas where fertility is relatively low
B.13. Studies relevant to family planning
A.2. Mortality
B.3. Mortality, morbidity and causes of death
B.12. Population genetics

VoLUME

III

Selected papers and sum1naries of the papers for meetings

B.4. Projections of population size and age-sex structure

B.S; Projections of urban and rural population, economically active population,
households and families
B.6. Methods of obtaining basic demographic measures where data are lacking
or defective

B.7. New developments in measurement and analysis of factors of population
growth and structure
B.S. Promotion of demographic research and training in developing countries
B.lO. Population and natural resources

A.7. · Demographic aspects of agricultural development and food supply
iii

VoLUME IV

Selected papers and summaries of the papers for meetings

A.9.

Demographic aspects of savings, investments, technological development and
industrialization

A.lO. Demographic aspects of economic growth

A.6.

Demographic aspects of educational development

B.9. International migration as related to economic and demographic problems
of developing countries
A.S.

Demographic aspects of labour supply and employment

B.ll. Definition and measurement of economically active population, employment,
unemployment and underemployment
A.8.

Demographic aspects of urban development and housing

A.3.

Internal migration, with special reference to rural-urban movements

All papers contributed by authors invited by the organizers for their meetings
and a few selected volunteered papers are published in the alphabetical order of
their authors within each meeting. Only summaries of the other volunteered papers
contributed by participants are included in the Proceedings.
In addition, twenty-six background papers were prepared to summarize the
state and recent developments of knowledge on the topics of almost all meetings
and to provide a basis for discussion at the Conference. Most of these background
papers prepared for topical meetings of the Conference will form the basis of
chapters on the revised edition of The Determinants and Consequences of Population Trends and hence are not included in the Conference Proceedings.
All cross-references to papers contained in these volumes are given in the
following form :
Name of the author, title of the paper, Proceedings, vol. I, vol. II, vol. III or vol. IV.
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Meeting B.4
PROJECTIONS OF POPULATION SIZE AND AGE-SEX STRUCTURE

PAPERS

Types of data and studies needed to improve the basis for population
projections in Tropical Mriea
EDITH ADAMS

I.

and P.

METHODS OF POPULATION PROJECTION
CURRENTLY IN USE

1. While some countries of North Africa
and the Republic of South Africa have a history
of periodic population censuses extending over
several decades, for most countries of tropical
Africa census-taking, in the sense of door-todoor enumeration, is a fairly recent innovation.
In many of the latter countries there is still
uncertainty about the total count of the population, not to mention its age structure, rate
of growth and fertility and mortality characteristics. In no country of this region has vital
registration reached the stage where it provides
an indication of birth and death rates. 1 Some
of the gaps are being filled by sample surveys
in selected areas, but the results remain in
large part to be verified. Given this state of
basic statistics, projection work thus far carried
out for countries of tropical Africa has had to
rely very heavily on various types of demographic models. Models have been used for the
adjustment of age data available for the base
date, as well as for the calculation of expected
survivors at future dates.

SANKAR MENON

no independent projection was available. 2 A
uniform level of mortality was assumed for the
three regions, while fertility levels were assumed to vary according to th~ findings of
recent sample surveys. The margms of uncertainty in the assumptions are large, and extensive revisions in the projections may be required as new information becomes available.
3. The lack of reliable data and the necessity
of deriving mortality and fertility indicators
for African countries has led to the development of a number of ingenious analytical techniques. Thus, a method has been devised by
Brass for analyzing retrospective data on the
total number of children born to reporting
women in conjunction with current data on
births occurring in a 12-month period, to derive
adjusted fertility rates which are believed to be
more reliable than those furnished by either set
of data alone. 3 The same author has devised a
method of computing life table functions for
infancy and childhood from data on the total
numbers of children born and those who died. 4
Model life tables constructed by Coale and
Demeny, 5 which allow for greater age-to-age
2United Nations, Report on World Population
Prospects. as Assessed in 1963 (United Nations publication, Sales No.: 66.XIII.2). Citations to population
projections for countries of tropical Africa prepared
outside the United Nations are given on page 206 of
this report.
a W. Brass, "Uses of census or survey data for the
estimation of vital rates", African Seminar on Vital
Statistics, Economic Commission for Africa (United
Nations document E/CN.l4/CAS.4/VS/7).
4 \V. Brass, "Uses of census or survey data for the
estimation of vital rates", op. cit.
5 Ansley J. Coale and Paul Demeny, Regional
Model Life .Tables and Stable Populations (Princeton,
Princeton University Press, 1966).

2. Recent population projections by sex and
age groups have been prepared by various
experts for nineteen countries of tropical
Africa. Utilizing these projections, the United
Nations has prepared estimates of future population for three major regions of tropical
Africa, and for individual countries for which
I The small islands of Mauritius and Reunion in
the Indian Ocean, which have satisfactory vital registration, are not considered part of tropical Africa for
purposes of the present paper.

1
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variations than do the United Nations model
life tables, are shown to have certain advan·
tages over the latter for projections of African
populations. 6

II.

NEEDED IMPROVEMENTS IN BASIC DEMO~
GRAPHIC DATA

4. While such methods of analysis are in~
valuable for dealing with the deficient demo·
graphic data currently available for African
countries, it is agreed that they are only interim
tools, and that efforts must also be directed
toward improving the basic statistics, particularly with respect to the demographic components specified below.

1. Total population count
5. There appears to be no adequate substi·
tute for a door-to-door census enumeration to
obtain an accurate count of the population. As
such enumerations have become more frequent
in African countries, the deficiencies of previous
population counts derived from administrative
censuses {in a number of cases amounting to
as much as 20 per cent) have been revealed. T
While sample surveys have proved a reliable
means of obtaining data on the characteristics
of a population, they are less satisfactory for
determining its total size.
6. In view of the special difficulties of
census-taking in tropical Africa, it would &eem
important that the census plan incorporate a
system of post-enumeration field checks. Such
a check in Ghana, for example, tended to confirm the census result, which was much higher
than had been expected on the basis of previous
enumerations.
7. In taking the census, special attention is
required to . ensure that certain groups which
are difficult •to enumerate, such as men in the
mobile young adult ages, are not· omitted.
Census and sample survey statistics for most
African countries show a deficit of ·males, and
it has not been established whether these deficits
are due to emigration, mortality differentials,
or to shortcomings of the enumeration.
2. Age strttcture
8. The reliability of age data obtained from
censuses and sample surveys in countries of
tropical Africa is generally poor. Systematic
biases in age reporting appear to be present,
among the more common being the tendency
ll A ... Romaniuk, "Projection basis for populations
of tropical Africa", Proceedings, vol. III..7 United Nations, Methods and problems of African
population censuses and surveys 1955·1962 (United
Nations document E/CN.14/CAS.3/3).
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toward over-statement of age on the part of
girls who have recently reached puberty, and
the tendency for teen-age boys to understate
their ages.
9. In some enumerations a differentiation
has been made only between broad groups of
the population, the simplest such division being
between "children, and "adults", since efforts
to obtain age reports in greater detail than
broad groups were thought unlikely to succeed
among a population where birth dates are not
readily known. The fact that age in completed
years has been asked in more of the recent
censuses and sample surveys indicates a growing optimism that efforts to obtain detailed
age reports are worthwhile. Despite the errors
involved, there are advantages in recording age
in single years and later combining them into
broader groups according to specific needs.
Moreover, attempts to obtain more accurate
age reports by reference to calendars of local
events and by taking into account indigenous
methods of reckoning age have shown promising results. Blacker has outlined how "age
grades", which have great significance among
the Kikuyus, can be converted to age as customarily calculated with a fair degree of accuracy. s
He points out that age grade systems vary even
among peoples living in close geographical
proximity, and that this method of obtaining
improved age reports appears to be applicable
only in small-scale sample inquiries rather than
in censuses. Data derived in two sample surveys
where this method was applied were more free
of digital preference than were census age data,
but it was .not. clear whether the biases of age
reporting peculiar to African populations had
also been reduced. Clearly there is need for
further experimentation with various methods
of obtaining more accurate age reports for
African ·populations. While age reporting can
be expected to improve with social and economic adv:ancement of .the population, for the
time being ·special techniques fo.r assisting respondents in determining age will need to be
developed in the light of prevailing cultural
patterns.
3. Vital rates
10. The attainment of an efficiently functioning vital registration system should be a
long-term objective in Africa, as in other developing regions, and recommendations have
been made to establish such a system, at first
in a sample of registration areas which can
s J. G. C. Blacker, "Use of sample surveys to obtain data of age structure of the population where
respondents in a regular census enumeration cannot
give accurate data- some Kenya experiments", Proceedings, vol. III, meeting B.6.
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later be extended to cover the entire country.
Since complete vital registration is not likely
to be achieved in the countries of tropical Africa
for some. time, sample surveys will continue
to be the principal source for measures of birth
and death rates. In view of the reliance which
must be placed upon these surveys for the
present, there is an immediate need for verifying their results. Among the methods of
verification which have been proposed are the
checking of events reported in retrospective
surveys with results obtained from periodic
observations of the household, or continuous
recording of events by resident investigators,
who are required to search out the events
instead of depending on the community at large
to report them. 10 The relative high cost of this
procedure is a disadvantage, and it has been
suggested that individual matching may have
to be confined to a sub-sample, and adjustment
factors worked out to apply to the results of
the sample as a whole. 11
11. Methods of verifying birth and death
rates derived from surveys have been little
tried in Africa. Two experiments with periodic
household observation in Guinea and the Ivory
Coast, as a means of checking data from retrospective surveys, lend some support to the
theory that there is a systematic tendency in
Africa to report events which occurred outside the time reference period. Such a tendency
was also found in an evaluation of retrospective
survey data for Morocco. Considerable errors
emanated both from post-dating and pre-dating
of events, but the former outweighed the latter,
and the net error of over-enumeration was
3 per cent in the case of births and 10 per cent
in the case of deaths. 12
4. Migration statistics

12. Although migration across national
boundaries is known to involve considerable
numbers in parts of Africa, and the direction
of some of the more important streams of
migrant workers is known, there are few reliable data on the numbers of migrants and their
9 United Nations, Methods and problems of African
population censuses and surveys 1955-1962, op. cit.,
p. 133.
1o United Nations, Report of the Seminar 01~ Population Problems in Africa, Economic Commission for
Mrica (United Nations document E/CN/14/186E/CN.9/CONF.3/l), pp. 36-40.
11 United Nations, Technical paper on non-sampling
errors and biases in retrospective demographic enquiries (United Nations document E/EN.l4/CAS.4/
VS/3), pp. 28-30.
12 Georges Sabagh and Christopher Scott, "An
evaluation of the use of retrospective questionnaires
for obtaining vital data: the experience of the
Moroccan multi-purpose sample survey of 1961-1963",
Proceedings, vot. ·III, meeting B.6.
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characteristics. Such data are indispensable,
however, for the evaluation of other demographic data now becoming available. Population censuses can provide useful data on
migration if they include questions on place of
birth and preferably also on length of stay in
the area where enumerated. Data of this kind
obtained in the 1960 census of Ghana showed
that there was an important net immigration
which helped to account for the large 19481960 intercensal population increase. The collection of direct statistics on migration must
also be attempted, although it presents extreme
difficulties in the African setting, where ethnic
groups are often divided by national boundaries
which are frequently crossed on foot at entry
points too numerous for observation. In addition, small-scale intensive studies will be needed
to provide an understanding of the social and
economic factors associated with migratory
movements.
13. Data on international migrants by sex
and age groups may help to explain the peculiarities of sex ratios and age structure observed
in many African populations. If the deficits of
adult males are due to out-migration, as has
been suggested in a number of individual country studies, it would be incorrect to adjust the
data for projection purposes by substituting
the sex and age structure of stable population
models. If, on the other hand, migration statistics do not confirm that many adult males have
left the country, the deficits may rather be due
to census omissions of a highly mobile group
frequently absent from their usual place of
residence ; such a finding would necessitate
adjustments in the base data used for projections. The fact that such deficits appear even
in the statistics of some countries of presumed
immigration-such as Uganda and the Ivory
Coast-and that for the continent as a whole
their sum has been calculated at a sizable
figure, 18 lends support to the latter hypothesis,
but further evidence is needed to reach definite
conclusions. The possibility that such imbalances in the sex ratio might be partly due
to much higher male than female mortality at
early adult ages must also be examined.
14. Data on internal migration, which can
be collected in population censuses or sample
surveys--or possibly in the course of continuous population observation experiments-are
needed in tropical Africa, as elsewhere, to
provide a basis for urban and rural population
projections. Rapid growth of their primate cities
is a major concern of some African governUnited Nations, "Conditions and trends of fertil7 (United
Nations publication, Sales No.: 64.XIII.2), p. 18.
13

ity in the world", Population Bulletin, No.
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ments, and projections of future population
trends in these cities and in other urban and
rural areas may improve the accuracy of national projections and provide a basis for sound
regional programmes and policies.

III.

NEEDED STUDIES AND RESEARCH

1. Evaluation of rates of population growth
15. In choosing assumptions for population
projections it is important to know at what
rate the population has been increasing in the
past. Such information is difficult to obtain for
countries of tropical Africa because census
enumerations have varied in their coverage or
efficiency. In some cases it is believed that
improved enumeration in the recent census has
Ied to an exaggerated inter-censal growth rate.
There is also a suspicion, though no proof, that
some recent enumerations may have given too
high a population total. Detailed analyses of
results of previous census enumerations and of
existing administrative reports and studies of
scholars might throw light on the rate of population growth in the recent intercensal interval;
these findings would have to be checked for
consistency with the rates of growth indicated
by current estimates of fertility and mortality
levels and, where important, the volume of
international migration.

2. Fertility studies
16. Recent studies have brought out the
remarkable disparity of birth rate levels in
different parts of tropical Africa. Such variations in fertility levels apparently exist, despite
the fact that the countnes concerned do not
differ much in the level of economic and social
development. As shown in the United Nations
study, gross reproduction rates range from an
estimated low of 2.1 in Gabon to above 3.5 in
Nigeria. 14 It is important to discover whether
such differences have long existed, or are temporary in nature, since the answer has implications for assumptions of future changes. Countries with lower fertility rates in this region
have been generally found to have high sterility
rates, and this suggests that health factors may
play an important role in determining fertility
levels. Evidence of a high incidence of sterility
rests on the large proportions of women past
age 40 reported in some surveys as having
never borne a child. Verification of such reports
is essential to ensure that estimates of fertility
based on them are not biased by the misinterpretation of "non-response" as indicating "no
children". If health factors prove to be the
14 United

Nations, "Conditions and trends of fertility in the world", op. cit.
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major cause of the lower than average fertility
levels existing in some parts of Africa, improvements in nutritional levels and control of sterility-producing diseases may well bring a rise in
fertility; population projections prepared for
such areas would need to take account of the
likelihood of such a development.
17. Investigations of the effects of certain
social and cultural factors on fertility are
equally important. Little is known of the· effect
on fertility levels of detribalization resulting
from migration to the towns, attitudes toward
desirable birth intervals and methods of
achieving them, polygamy, and the emigration
of males to work for long periods. While some
of these factors have been examined in isolated
field studies conducted by anthropologists, the
findings have often been inconclusive because
a firm statistical basis was lacking. The greater
attention paid to statistical methods in the
planning of some recent anthropological field
studies is, however, encouraging. 11>
18. The data on births by age of mother
which have been collected in sample surveys
carried out in tropical Africa show a rather
distinctive fertility pattern characterized by
high proportions of total fertility attributable
to young women 15-19 years of age. Such a
pattern is consistent with the prevailing custom
for girls to marry soon after puberty. VVhile it
appears to be reasonable, the age pattern of
fertility shown by the survey data needs to be
further verified, since it is not known how it
may be affected by errors in age reporting.
Such analyses may lead to the development of
model age-specific fertility rates for use in
population projections for the countries of
tropical Africa.
3. Mortality studies
19. Information on mortality in tropical
Africa is even more deficient than information
on fertility, and at present it is not known to
what extent sex and age patterns of mortality
may differ from the various models which have
been constructed on the experience of peoples
of other continents. There is more knowledge
of infant and childhood mortality rates than of
adult mortality, owing to special investigations
which have been undertaken and to the techniques devised for obtaining such information
from retrospective survey data on the total
number of children born and the number who
died. The first tentative age-specific mortality
rates now becoming available need to be verified
by further surveys and registration schemes,
111 See, for example, Edwin Ardener, "Divorce and
fertility ; an African study", Nigerian S acial and
Economic StuJics, No. 3 (London, 1962).

POPULATION SIZE AND AGE-SEX STRUCTURE

with a view to eventually devising model life
tables particularly applicable to African populations. As guides for setting assumptions of
future mortality decline, studies of cause of
death are needed. \Vhere infectious diseases
play the most important role in maintaining
high infant and child mortality, the prospects
for a rapid reduction in the death rate, with
the extension of medical services, would appear
good. If, on the other hand, high mortality
results primarily from malnutrition and poor
living conditions, improvement will depend on
a significant raising of living standards-requiring a longer time period. Under present
African conditions neither vital registration
systems nor retrospective sample surveys can
be expected to provide satisfactory data on
cause of death; it is likely that such information
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can be obtained only through small-scale surveys carried out by medical teams. Studies of
differential mortality-particularly in urban and
rural areas-are also needed. Preliminary indications point to higher rural than urban
mortality, at least among children, despite poor
living conditions in the latter areas, 16 but
results are far from conclusive. If urban death
rates are substantially lower, owing to better
coverage of medical services and better sanitation, rapid urbanization-which now seems
to be taking place-will be a factor favourable
to mortality decline.
16 T. E. Smith and J. G. C. Blacker, "Population
characteristics of the Commonwealth countries of
tropical Africa", Common~vealth Papers, No. 9
(London, 1963).

Schematized local projections in connexion with a population census
B.Jj6'RNULF BBNDIKSBN
I.

THE INTEREST IN REGIONAL STATISTICS IS
INCREASING

1. The interest in statistical data for various
geographical subdivisions of a country appears
to be increasing. This is chiefly due to the fact
that the political authorities are increasingly
interesting themselves in regional development.
In this work the authorities require more
regional statistics. In the private sector the
interest in regional statistics is also increasing.
This is especially the case regarding market
research institutions and sales departments.
2. In regional planning we soon arrive at
the point where regional population forecasts
are required. Such forecasts are of considerable
value in planning the future building of dwellings, official investments in schools, hospitals
and homes for the aged and in estimating the
future active population of a region, future
social budgets, etc.
3. Regional population forecasts will usually
be less accurate, the smaller the regions are.
This may lead some demographers to think
that they should not engage in making projections for small regions. The need for such
forecasts is so great, however, that they would
be made whether the demographer participates
or not. If the demographer is not willing to
help, others who usually have less experience
in forecasting will have to take his place. The
forecasts must, however, be regarded as
"normal-forecasts" and they should be adjusted
by others containing accurate knowledge of
local conditions.
IJ.

PRINCIPLES IN MAKING POPULATION FORECASTS FOR GEOGRAPHICAL SUBDIVISIONS OF
A COUNTRY

4. In general, population forecasts for regions of a country should be based on models
which include not only demographic factors,
but also economic and social factors. In this
way it should, in principle, be possible to take
into account the real combination of forces
contributing to the population development of
the region. It is, however, impossible to use
such "all-inclusive" models for small regions
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today. In the first place we have too little
knowledge of the nnderlying casual relationship, and secondly, even if we had a good and
tenable theory, we have usually not the statistical data needed for a more sophisticated
model. As a consequence, regional population
forecasts must he based on very simplified
assumptions, and in most forecasts only demographic factors are taken into account. Various
methods have been used in regional population
forecasting.
5. Forecasting by extrapolation is often
used to estimate the total population within a
limited number of regions. The most simple
form of extrapolation is the graphic extrapolation. Even if this method is not used very
much by demographers, it is often used by
others. If extrapolation is made by means of
mathematical functions, some modifications and
refinentents may be introduced. The Gompertz
curve and the logistic curve have been widely
used in extrapolation. If we are interested not
only in the total population of the region, hut
also in the age distribution, extrapolations are
usually insufficient.
6. The relationship between the growth of
population in a region and other variable has
often been used in regional forecasting. Often
the other variable has been the growth of the
population in the country as a whole or in
another region, but factors such as employment,
industrial production, income etc. have also
been used. Even the relationship method is
seldom suitable for age-distribution forecasting.
7. The "growth-component method" (also
called component method or input-outflow
method) is a group of methods most widely
used in population forecasting. These methods
usually take into account the age..distribution
of the population and "explain" how a future
population distribution
from an
existing one. If the necessar
are available, these methods are also well suited for
regional projections. Some of the problems met
in such projections will be discussed in this
paper, and it will be demonstrated how the
method has been applied in local projections in
Norway in conjunction with the 1960 population census.
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8. Population forecasting by means of the
growth component method and with specification of detailed age-distribution requires a
great number of arithmetical computations. As
long as the demographer could only make use
of "conventional" facilities, it was not found
practicable to make such projections for the
many hundreds of administrative subdivisions
of a country as a routine service of the central
statistical offices. Ad hoc projections were
instead made when they were demanded, but
they were, however, as a rule made by simplified methods.
9. The appearance of the electronic computers in the 1950's threw a new light on this
problem. The manual work was in the main
eliminated, and it was possible to concentrate
on the problem of choosing an appropriate
model for the projections, and to get reliable
data to feed into that model. Even in Norway,
where a rather detailed model was applied to
local projections in connexion with the 1960
census, and where the computations were executed on a small computer (IBM 1401) the
computing time for each commune (including
reading and writing) was only a matter of
seconds.
10. As is well known, the growth-component
method can in general be described by the
formula:
pt + M = pt + Bll.t _ Dilt + [llt - Qllt
where pt
EM

the population at the time t ;
the number of births during
the time interval ~t;
Dt;t
the number of deaths during
the time interval M ;
pt
the number of in-migrants
during the time interval A.t;
Qt;t
the number of out-migrants
during the time interval t:r.t.
Instead of the two components JAt and QAt the
net migration MAt= fAt ..... QAt may be applied.
11. If the formula is applied in the above
mentioned form, only the total population of
the areas is taken into account and not the age
distribution. The method is in this case very
similar to the extrapolating method. The number of births are estimated by means of the
crude birth rate, the deaths by the crude death
rate and the number of migrants by means of
the crude net-migration rate. In local projections the net migration rates should vary from
one subdivision of a country to another. In
most cases the birth rates should also be adjusted according to local experiences.
. 12. The great advantage of the growthcompoitent niethod is, however, that it can also
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be applied in forecasting future sex and age
distributions. In forecasting future age distribution in subdivisions of a country, most
problems met are of the same nature as in
forecasts for the whole country, but there are
also special ones :
(a) The time intervals applied in projections
are usually one-year or five-year intervals, but
ten-year intervals are also applied;
(b) The intervals used for the age distribution should be a factor of the time interval.
This means that if the time intervals are one
year, only one-year age groups can be used; if
the time intervals are five years, one or fiveyear age groups are appropriate. If the projections are given only for ten-year intervals, we
may choose between one, two, five or ten-year
age intervals ;
(c) As a base for the projections we need a
detailed sex and age distribution of the population in the various subdivisions. Census data
are usually very appropriate as base;
(d) The number of births can be estimated
by such means as the general fertility rate, agespecific birth rates or by means of fertility rates
specified by duration of marriage. A special
problem in projecting the population within the
various subdivisions is the geographical variation in birth rates. In most cases such variations
should be taken into account. vVhen this is
done, it is possible to have a "better" projection
as to the number of births in the country as a
whole by adding up the estimated number of
births in various subdivisions. Estimating the
births by districts implies that the observed
fertility rates are weighted by the future geographical distribution of the population ;
(e) In most cases the regional differences
in mortality are so small that they have only a
minor effect on regional projections. As a consequence they may often be neglected;
(f) In projections for small subdivisions of
a country migration plays an important part.
It is usually more important the smaller the
subdivisions are. In taking the migration factor
into account, two main problems arise. The first
one is purely statistical : how to obtain reliable
data on migration in the various subdivisions
of the country; Countries having population
registers will usually be able to produce all the
n · tion data needed for local projections.
0 r countries may, for e.:'!.ch local .district,
estimate the average net migration for various
cohorts between two population censuses. The
second problem is how to apply the migration
data. in the forecasting procedure. If we wish
to obtain consistence between total in-migration
alld out-migration, we cannot confine ourselves
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to the migration rates alone. Either adjustments
have to be made in the results obtained when
the migration rates are applied, or we have to
base the migration assumptions on a model
which automatically brings total in-migration
and out-migration data in consistence with each
other.
13. In some papers on projections of population in subdivisions of a country it is held
that since future internal migration is very
difficult to forecast, it is better to make projections without taking migration into account
at all. It is claimed that it is better to leave it
to the planning authorities and other interested
parties to make their own assumptions with
regard to migration. The author of this paper
is opposed to this viewpoint It is of course true
that the planning authorities, who often deal
with only one or a few communes will be in a
much better position than the central statistical
offices to estimate the future migration to or
from these municipalities. The problem of forecasting cannot, however, be solved onlv bv
adding or deducting the number of migrants to
and from sets of "base" projections which do
not consider the migration factor. We must
also take into account the further demographic
consequences of the migration factor. Especiallv
do we have to consider the fact that the most
typical age groups for internal migration are
the groups between 15 and 30 years of age. But
these age groups are also the most fertile ones.
If we leave it to the "consumers" of the
projections to make their own assumptions
regarding migration, we also leave it to them
to make allowances, especially regarding births,
but to a minor extent also regarding deaths,
for the induced consequences of the migration.
In most cases it seems to be better for the
consumers to have projections including a
"normal" migration to or from the various
municipalities. If the .consumers feel that the
future migration will differ from the migration
allowed for in the projections, the corrections
they have to make will usually be less if
"normal" . migration is included in the projections than if no assumption about migration
has been made at all.

III.

AN EXAMPLE OF A POPULATION PROJECTION FOR COMMUNES

14. In connexion with the population census
in 1960 and with the census data as base, the
Norwegian Central Bureau of Statistics in
1961-1962 made population projections for each
of the approximately 700 communes in Norway.
As mentioned in paragraph 9, the computations
were done on a small computer. The data were
published in booklets (one booklet for each
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commune) containing all the main census results
for the communes). 1 Some details as to the
method used, assumptions etc. were as follows:
(a) Five years time intervals were applied
and projections made for 1965, 1970, 1975 and
1980;
(b) Projections were made for one-year age
groups up to 44 years for women and up to
14 years for men. Projections for each commune
were only published for age groups 0-6 years
(pre-school population), 7-14 years (primary
school population), 15-19 years (secondary
school population), 20-29 years, 30-39 years,
etc., up to 70 years +. All input data on sex
and age distribution were produced automatically during the census processing and stored on
magnetic tape. In this way manual punching of
the data was avoided;
(c) In accordance with the declining trend
in mortality, it was, with some modification,
supposed that the age-specific death rates would
decline geometrically. Since the regional
differences in mortality are small, it was not
found necessary to consider such variations ;
(d) As to fertility rates it was not considered
sufficient to take the differences in birth rates
between the various countries or main districts
into account. Within each county or main
district there are great differences in fertility
according to the socio-economic type of the
communes. After having multiplied the one-year
age distribution of women in each commune by
the corresponding (1-year) fertility rates for
the whole country, the result was multiplied by
a "correction factor". This factor was, with
some modifications, derived by comparing the
actual number of births in a preceding period
with a theoretical number assuming the same
fertility in the commune as in the country as
a whole. It may be regarded as superfluous to
use 1-year age-specific fertility rates in estimating the number of births in each commune. The
reason why this was done in the Norwegian
projections was the desire to add the commune
data for regions and get "good" projections both
for these and for the whole country;
(e) In the Norwegian "migration-model"
the communes are grouped in three categories :
communes with net out-migration, communes
with net in-migration and communes with inmigration and out-migration approximately in
balance. The out-migration communes were
again divided into four groups according to the
relative size of the net migration. Based on the
migration-frequencies in each group of communes in 1957-1959 and specified by sex and
1 Norway, Central Bureau of Statistics: 1'ellings1't>stdtater- Tilba!Hgaemk tall-Prognoser (Oslo).
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5-year age groups, the future out-migration
was projected. After allowances were made for
future emigration, the total population lost by
out-migration communes was divided between
the in-migration communes. For each 5-year
group this was done according to the distribution of net in-migration for the communes in
1957-1959.

IV.

ADDING PROJECTED COMMUNE DATA

15. The projections for communes may be
added and thus give projections for greater
subdivisions of the country. In conjunction with
the Norwegian projections another interesting
application of the commune forecasts has been
demonstrated. 2 The various communes were
grouped according to their socio-economic type
in the following groups (based on census
results):
Densely populated communes:
(a) Towns;
(b) Suburban communes ;
(c) Industrial communes;
(d) Other.
Sparsely populated communes:
(a) Agricultural and fishing communes ;
2 Bj¢rnulf Bendiksen, "Bosettingen i Norge 19601980", Sosial¢konomen, 5-6 (1963), pp. 10-14, 21.
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(b) Other.

16. For each of the groups, the projected
commune data (by sex and age) were added.
The results indicate among other things that
whereas the population in the administrative
towns will increase only in approximately the
same proportion as the country as a whole, the
population in the suburban communes will
increase by 60-70 per cent in the next 20 years.
As many young families are moving into these
communes, the number of pupils in secondary
schools will increase by 75 per cent if only the
same proportion of persons in the age group
15-19 years goes to these schools. This proportion is, however, also expected to increase.
In contrast to the densely populated communes
(1960 status) the population in the sparselv
populated communes is expected to decreas~.
In the agricultural and fishing communes the
population, according to the projections, will
decrease approximately 10 per cent.
17. The forecasts by communes, regions of
the country and "types of communes" have
attracted a great deal of attention in Norway.
The results have been much discussed in the
newspapers and among officials and politicians.
The Central Bureau of Statistics has consequently decided to refine the methods used and
in the future to make more frequent projections.

Success and failure in population forecasts of the 1950's; a general appraisal
JoHN V.
l. THE

PROFESSION'S EMBARRASSMENT IN

GRAUMAN

1954

1. Failure of population projections of the
1940's overshadowed this topic of discussion at
the 1954 World Population Conference. 1
Prediction is the aim of science, demography
is a science, but disarray had induced such
humility that a demographer speaking in 1954
of "forecasts" rather than "mere projections"
might have been censored as rash; yet predictive relevance would ordinarily be implied in
such an exercise. Times have changed much
since 1954.
2. In the 1940's, the world's most favoured
provinces had been re-visited by nationally
organized violence; yet only in these parts had
efforts aimed at economic and social betterment
by then become systematic. Another profession-not demography-had been more
disastrously misguided, and possibly still is.
But during the calmer 1950's technocratic
development efforts of varied inspiration became
world-wide and the need for population forecasts is now universal. The standpoint of 1965
differs from that of 1954, but this is no cause
for complacency : already, times and requirements are changing agam, yet forecasts must
be directed into that uncertain future. As
parents of a generation destined to live into
the coming century, we are intimately concerned with conditions of welfare during the
decades ahead.
3. Seven of the 1954 conference papers dealt
with projection methods on the national scale, 2
including one of well-intentioned pessimism 3
1 Papers presented at, and reported on, meeting
No. 13 of that conference; see vol. III (pp. 1-146)
and Summary Report (pp. 74-79) in Proceedings of
the World Population Conference, 1954 (United Nations publication, Sales NQ.: 55.XIII.8). The title of
meeting No. 13 was "Methods of making population
projections".
2 Papers at meeting No. 13 by Angenot, Fougstedt,
Hyrenius and Siegel were concerned with methods
for sub-national population segments.
a John Hajnal, "The prospects for population forecasts", Proceedings of the World Population Conference, 1954 (United Nations publtcation, Sales
No.: SS.XIII.8), pp. 43-53.

and another (this author's) of naive optimism. •
Two papers covered those respects in which
forecasts had not done too badly, 5 and one
showed a method that, had it then been used,
could have identified stabler trends below the
temporarily disturbed surface. 6
4. It is worth noting that only two papers
then had concern with methods for the world's
countries of poorer statistics, and of these, one
referred to methods then already out-dated. 1
Consequently, the 1954 conference saw only
one paper which showed a successful adaptation
of modern procedure to the needs of a modernizing country. 8 Elsewhere at the conference, as
was then usual, projections for technologically
retarded countries erred by much underestimation of their fertility. 9
II.

WHY THAT DlSAJtRAY?

5. The causes of embarrassment in 1954 can
now be clearly seen. First, a victory of more
4 Jonn V. Grauman, "Towards a general methodology of population projections, by sex and age, for
countries with only moderate amounts of statistics",
Proceedil:gs of the World Population Conference,1954
(United Nations publication, Sales No.: SS.XIII.S),
pp. 75-91.
II H. V. Musham, "The international comparability
of population forecasts," and Robert J. Myers, "Com~
parison of population projections with actual data",
Proceedings of the World Population Conference,
1954 (United Nations publication, Sales No. SS.XIII.
8), pp. 88-100.
6 Louis Henry, "Perspectives de naissances apres
une perturbation de la natalite", Proceedings of the
World Population Conference, 1954 (United Nations
publication, Sales No. 55.XIII.8), pp. 55-56.
7 Vicente Mills, "A logarithmic polynomial for
predictions of population growth", Proceedings of the
World Population Conference, 1954 (United Nations
publication, Sales No. 55.XIII.8), pp. 77~87.
s Paul E. Vincent, "Perspectives relatives a !a population musulmane de l'Algerie: methode d'elaboration, comparaison avec les resultats d'un recensement
ulterieur", Proceedings of the World Population Conference, 1954 (United Nations publication, Sales No.:
SS.XIII.S), pp. 135-146.
9 Papers by Lyra Madeira, Gopalaswami and Bad~
shorst, at meeting No. 14, also in vol. III of Proceedings of the World Populatiotl Conference, 1954.
The title of meeting No. 14 was "Prospects for future
population changes"; and the three papers cited presented population projections for Brazil, India and
South Africa.
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refined over cruder forecasting methods had
taken place in the 1930's and had led an
interested public to expect much of demographic
techniques. Secondly, the new refinement was
insufficient for the rapidly changing circumstances of the 1940's and the public, having
expected too much, was all the more severely
disappointed. In the third place, the more
refined method failed for essentially the same
reason as did the earlier crude method.
6. The earlier method had been the extrapolation of population totals by mathematical
curve, but no curve was fine enough to pay respect to each of the trends developing separately
in the "component" factors of births, deaths and
migration. The new method extrapolated the
"component" trends, with evidently greater
flexibility and refinement, and yet remained
insensitive for the detection and projection of
significant shifts in "sub-components", such as
age at marriage, intervals between births,
ultimately desired family size, etc.

7. \Ve now understand that prediction of
any social phenomenon can at best only be an
extrapolation but, with varyingly refined judgment, such extrapolation can be applied to
relevant components or sub-components of any
statistically attainable level. At different times,
and under varied conditions, good population
forecasts may have to be made in quite different
ways.
8. The chief virtue of the newer methods
was not the attention paid to "components", but
the necessary "age-specific-ness" of the projection. Vastly more information results from
a population forecast by age groups than from
an extrapolated aggregate, and that information
became especially useful when interest in economic and social needs became so detailed. Cannan
had recognized this as early as 1895 with a
success sufficient to shame his critics even 36
years later. 10 In the 1920's, Bowley pioneered
in serving the League of Nations with socially
interesting age-specific projections. 11 The
method became respectable practice in Europe,
1u Edwin Cannan, "The probability of cessation of
the growth of population in England and Wales
during the next century," Economic Journal (December 1895); and Edwin Cannan, "The changed outlook in regard to population, 1831-1931," Economic
Journal (December 1931). This was pointed out by
Hajnal (see foot-note 4, above).
11 A. L. Bowley's 1926 League of Nations "Estimates of the working population of certain countries
in 1931 and 1941" are cited in Hugh H. Wolfenden,
Population statistics and their compilatiOit (Chicago,
1954).

North America and Japan in the 1930's; 12
additional work along the san1e lines might
have consolidated ground being gained but, in
the 1940's, the ground itself was severely
shaken.
9. Projections done during that insecure
time were clearly labelled by their authors as
"illustrative" or "speculative," and the experts
warned against the dangers of their misuse.
Juridically, therefore, they were "not guilty" of
misleading the public. But responsibility is not
escaped so lightly. More than speculative work
had been hoped for during such crucial years
for >vhich the experts had not been prepared.
As far as an anxious public could understand,
the forecasts had gone wrong. The whole profession suffered a loss of prestige which it took
the work of another to recover. It is tragic that
a disenchanted public attached small importance
to demographic research during that decade
when 500 million individuals were added to the
world's population, most of them in misery.

III.

SoME LESSoNs LEARNED

10. Publicized failure frankly discussed
carried the seeds of eventually greater success.
Among the best known projections that had
failed were those of eminent demographers,
namely Sauvy, Whelpton, and N otestein and
his associates. 13 They all implied the onset of
population decrease within the present living
generation in countries where population growth
was conspicuously revived from about 1946
onwards.
11. Two comforts have been drawn from
Sauvy's admitted "failure". First, the dismal
prospect of imminent decline in the population
of France provoked such changes in attitudes
and legislation that the trend was promptly
reversed; that reversal, in a sense, is a measure
of the "success" of the projection. Secondly, the
events led to Henry's analysis of fertility by
parity progression ratios, 14 an instrument for
fresh insight which permitted fairly successful
12 Irene B. Taeuber, "Th_e development of population
predictions in Europe and the Americas," Estodistica,
vol. II, No. 7 (Mexico, 1944).
13 E.g., A. Sauvy, "Calculs demographiques sur Ia
population fram;aise jusqu'en 1980, "Journal de la Societe de Statistique de Paris, 73e annee, no• 7-9 (juillet-septembre, 1932) ; P. K. Whelpton, "Population
of the United States, 1925 to 1975," The American
Journal of Sociology, vol. 34, No. 2 (September,
1928); Notestein, Taeuber, Kirk, Coale and Kiser,
The future population of Europe and the Soviet
Union (Geneva, League of Nations, 1944.)
H Louis Henry, Fecondite des mariages, nouvelle
methode de mesure, Cahier de "Travaux et documents". No 16 (Paris, IN~D, 1963).
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population forecasts to be made for Europe their first census and some already have two,
even during its post-war rehabilitation. l5
whereas up to 1950 there had been none.
12. Whelpton's discomfiture spurred him on Scientifically designed surveys have multiplied
to an even greater achievement. His study of and the accuracy of some of these can now be
fertility trends by successive cohorts of wo- appraised. Eventually, the characteristic populamen 16 became the key for repetitive surveys tion trends of the 1950's emerged clearly enough
which now constitute a veritable population for their systematic worldwide survey.19
barometer 17 and for decidedly improved me17. Enough was known by 1956 for pubthods of population forecasting lately introduced lication of a United Nations manual on
even in the citadel of the United States Bureau methods of population projections for countries
of the Census. 1s
with only moderate amounts of statistics. 20
Essentially
they replicate "component" pro1.3. Cakulated during a ;var which changed
the face of Europe, Notestein's projections had jections, but model patterns are substituted for
small chance of success, but they had another otherwise deficient detailed fertility and mortamerit of transcendent importance. A scheme lity statistics. The projections so calculated are
was shown that could serve in the simultaneous justifiable provided that ( 1) not much disturbpreparation of an entire set of population pro- ance of trends is anticipated; (2) "sub-compojections, including some for countries with nent" trends are unlikely to interfere much
faulty statistics. \Vhether his particular scheme with trends in the simplified components ; and
fitted postwar Europe or any other part of the (3) basic quantities have been estimated with
world is immaterial. The significant fact is that tolerable accuracy. The first two conditions
it offered an inspiration, much needed then, have mostly been met by actual experience of
pointing the way towards the adventure of the 1950's, but more help was needed to ensure
making population projections for those large the third.
parts of the world where, for fear of the poor
18. Practical applications of stable-populastatistics, this had not been dared before.
tion theory eventually facilitated improvements
14. All schen1es eventually fail and new ones in estimates of fertility, mortality and age commust forever be devised. Notestein's particular position in many instances of otherwise defective
projections had a varied fate, but the effective statistics. 21 It is unfortunate that the oversuggestion of seeking ever new schemes has worked United Nations staff has not yet been
able to make these methods widely available.
been their lasting success.

IV.

UNITED NATIONS WORK ON DATA AND
METHODS

15. The United Nations Statistical Office
now assembles world population data on an
unprecedented scale, and these are supplemented
with analytic estimates of the United Nations
Population Branch, and from other sources.
The analytic methods developed as rapidly as
data permitting their testing became available.
Starting from little, progress was gradual and
cumulative, and it still leaves much to be desired.
16. Many censuses taken around 1950 were
analysed in subsequent years. Censuses taken
around 1960 now provide checks for previous
estimates and a deepened time perspective for
new analysis. In the decade many countries took
Hi E.g., Alfred Sauvy and J. Bourgeois-Pichat, "Les

problemes de population europeenne", Population 8e
annee, No. 1 (janvier-mars, 1953).
16 P. K. Whelpton, Cohort fertility, native white
·women it~ the United States (Princeton, 1954).
17 Campbell, Whelpton and Tomasson, "The reliability of birth expectations of U.S. wives,'' International Population Conference, New York 1961, vol. I
(London, 1963), pp. 49-58.
18 United States Bureau of the Census, · Projections of the Population of tlte. United States by AQ.e.
and Ses to 1985, Series P-25, No. 286 (July 19Q4).

V.

THE UNITED NATIONS PROJECTIONS

19. Improvement in data, methods and basic
estimates enabled the United Nations to prepare
with increasing assurance popnlation projections
for parts of the world where this had scarcely
been done before. Success is hard to judge
since the earlier calculations were admittedly
less assured whereas the more recent ones have
not yet stood a test of time.
20. World-wide projections were calculated
in 1951, 1954, 1957 and 1963. 22 The 1951
19 On mortality: United Nations, Population Bulletin, No. 6 (United Nations publication, Sales No.:
62.XIII.2). On fertility: United Nations, Population
Bulletin, No. 7 (United Nations publication, Sales
No.: 64.XII1.2).
20 United Nations, Methods for population projectiom by ses and age (United Nations publication,
Sales No.: 56.XIII.3).
21 Methods reflected in reports cited in foot-note 20.
A manual on such methods (still unpublished) has
been prepared at the Latin American Demographic
Centre, Santiago, Chile, and another is being prepared at the Princeton Office for Population Research, Princeton, New Jersey, U.S.A. At the United
Nations there is an as yet unpublished report on the
theory underlyi~ the elaboration of these methods.
. 22 United Nations, "The past and future growth
of world population- a long-range view", Papula-

{foot·note contimud on nest page)
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experiment was still done in the midst of a large
statistical void. Projections of 1954 relied
rigidly on rates of growth, often considerably
under-represented, which are implied in the
routine series of official annual population
estimates for many countries. The 1957 forecast
used the component method to represent population growth for a number of demographic
types to which the actual current data were
assimilated ; where these data still compromised
the official extrapolation of earlier rates of
increase, the forecasts erred by under-estimate.
Only in 1963 was the bold step taken of forecasting the population of each world region by
separate estimation of regional age composition,
current trends and future prospects, often in
much independence of official data ; the success
of this latest effort cannot be judged until the
1970 round of population censuses.
21. United Nations forecasts for particular
regions show similar development. Those of
1954 and 1955 for Latin American countries, 23
for the lack of improved appraisals of official
data, erred by under-estimates of fertility. Stablepopulation analysis enabled improvements to be
made in the forecasts for Asian countries
published in 1958 and 1959, 24 the latter also
including a stable-population forecast for India
by the Princeton Office for Population Research
which has proved singularly successful. 25 Other
Asian censuses taken in 1960 and 1961 confirmed the essential correctness of the United
Nations estimates, and their decided superiority
over many of the routine series of annual
official estimates then still in use. 26 The United
tion Bulletin, No. 1 (United Nations publication,
Sales No.: 52.XIII.2); United Nations, Population
Division, "Framework for future population estimates,
1950-1980, by world region", Proceedings of the
World Population Conference, 1954, vol. III (United
Nations publication, Sales No.: 55.XIII.8), pp. 283328; United Nations, The future growth of world
population (United Nations publication, Sales No.:
58.XIII.2) and United Nations, World population
prospects, as assessed in 1963 (Sales No.: 66.XIII.2).
23 United Nations, The population of Central America (including Mexico), 1950-1980 (United Nations
publication, Sales No.: 54.XIII.3), and United Nations, The population of South America, 1950-1980
(United Nations publication, Sales No.: SS.XIII.4).
24 United Nations, The population of South-East
Asia (including Ceylon and China: Taiwan), 19501980 (United Nations publication, Sales No.: 59.XIII.
2) and United Nations, The population of Asia and
the Far East, 1950-1980 (United Nations publication,
Sales No.: 50.XIII.3).
25 A. Coale and E. Hoover, Population growth and
economic development in low-income countries
(Princeton, New Jersey, 1958).
26 H. Gille, "What the Asian censuses reveal", Far
Eastem Economic Revie-dl (Hong Kong, 29 June
1961); and H. Gille, "Acceh!ration demographique en

Nations estimates for China, derived from
stable-population analysis of existing fragmentary data, unfortunately remain unverified.

VI.

NATIONAL PROJECTIONS

22. In countries with good statistics, this has
been a decade of much progress and success in
population forecasting. In Europe, births are
commonly projected from nuptiality and rates
by duration of marriage; in the Soviet Union,
they are projected separately for the urban and
rural segments; in the United States this is now
done by an elaboration of \Vhelpton's "cohort"
methods. Opinion surveys in Eastern Europe,
the United States and Japan are used as guides
in forecasting current fertility expectations.
Mortality prospects have been restudied in the
light of trends in causes of deaths. Migration,
an elusive subject, is still mostly calculated with
ad hoc models.
23. In many countries of poorer statistics,
the United Nations methods of population
projections have been brought into use. Time
has been too short to judge success in the
national adaptation of these methods, and a
large share of responsibility will be attributed
to the United Nations in the event of their
failure.
24. There has been much advance in the
"specific-ness" of forecasts, no longer confined
to the conventional five-year age groups. Forecasts often show the school-age, voting and
pensionable population in the precise age groups
specified by law. Numbers of households and
families of varied size, economically active and
dependent persons, widowed persons and old
persons living alone, are also projected, and
attempts are made to forecast the composition
of manpower by branches of activity and by
levels of skill.
25. Much of this may still be unduly
advanced work in the countries of poorer
statistics, though there also the size of the
labour force, school population and numbers of
households need to be anticipated within tolerable margins of error. One development of
increased "specific-ness," in great need of
attention, is the separate projection of urban
and rural population. Little has been done on
that so far.
26. International comparability of uational
population forecasts has been much enhanced
Extn!me,Orient. Quelques resultats des recensements
de 1960-1961", Population, 16e annee, No. 4 (octobre,
decembre, 1961).
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by regional coordination, especially in Europe, 21
and attempts have also been made elsewhere. 28
Modern computing equipment may some day
facilitate the mechanical tasks in preparing
detailed population forecasts covering large
areas of the world.

VII.

POSSIBLE SOURCES OF DELUSION

27. A tendency to generalize too widely from
a few recent observations may again vitiate the
judgment of the future. Undue caution, on the
other hand, leads to cryptic statements which
the users of population forecasts often fail to
understand. According to temperament, some
forecasters take their job too lightly, and others
take it too heavily, to render the kind of service
which the public has a right to expect. Much
progress remains to be made in drawing up
those common-sense statements which reflect
the degree of confidence to be placed in the
forecasts, the uses to which they may be put,
and the reserves which should be observed
while using them. Mutual understanding between makers and users of forecasts will have
to be constantly cultivated.
28. One problem where understanding
should be much improved is that of separating
fluctuations from trend. Meaningful population
forecasts consider periods such as two or three
decades, and it is reasonable to expect that
short-run fluctuations will deviate at any time
from the longer trend. The problem is to know
how much of a deviation can reasonably be
regarded as a fluctuation, not necessarily
invalidating the entire forecast.
29. All, or nearly all, population forecasts
share one common source of bias. Being prepared with planning purposes in view, the forecasts must foresee conditions neither so good as
to make all planning unnecessary, nor so disastrous as to make all planning futile. "Guarded
optimism", therefore, is the general watch-word.

1965

An independent observer, however, such as one
who inhabits another planet, will recognize that
the likelihood of success and of reversals are
unequally distributed among particular areas
upon this earth. An equal measure of "guarded
optimism"-and this is what all planning
forecasts have in mind-is not conducive to
the greatest objectivity. With time, new delusions accumulate and some day another storm
may break loose.
30. For this reason, a place ought to remain
for independent demographers-other than
those more directly engaged in planning and
programming enterprises-who, upon suitable
occasion, can act as prophet or Cassandra.

VIII.

WHAT rs "succESs" IN POPULATION
FORECASTS?

31. Demography is both an abstract science
and applied technology. In the abstract, a forecast :is successful if the ensuing sequence of
events literally bears it out. There is every
reason to expect that success of this type,
in population forecasts of the 1950's, will
eventua1Iy prove to have been very small indeed.
32. Technologically, the population forecasts
can serve in the decision-making processes of
economic and social policy. Risks and possible
benefits must be weighed in terms of probabilities which change as time proceeds and new
observations are made. In the 1950's, increasing use was made of population forecasts for
such purposes, and as it is understood these
must be frequently revised. It can be said that
they have become increasingly successful. More
:success will depend on an added specificity of
forecasts so that they may come to serve a ·
growing variety of purposes.
33. In a deeper sense, it is to be hoped that
population forecasts of the 1950's, and others
yet to be made, have begun to contribute to an
eventually successful accommodation of the
human species to its limited natural enviroument.
There has been much talk of "economic development," and the 1960's have also been referred to
2T Organization for European Economic Co-operation, DemDgraphic trends in Western E14t'ofJe, 1951- as the "development decade." But what if efforts,
1971 (May 1956); Demographic trends in Western as now conceived, only prove their eventual
Europe aml the United States, 1956-1976 (August
1961); a third set, intended to cover the period from insufficiency? Already there is evidence of much
new thinking on this subject. May this become
1960 to 1965, is in preparation.
28 One such initiative is that of the French Minfruitful enough to regenerate an authentic hope
istry of Co-operation, e.g., Perspectives de popula- for mankind's future. Have recent population
tion dans les pays africains et malgache d'expression
fran,aise (Paris, 1963). Efforts at the Economic forecasts provided some of the stimulus for
Commission for Latin America and the Latin Amer- ground-breaking new thought? Will population
ican Demographic Centre, Santiago, Chile, also aim projections yet to be calculated intensify that
in that direction, as witnessed by a number of popu- motivation? Here is another matter on which
lation projections, prepared under their joint auspices
and cited in United Nations, World population pros- "guarded optimism" will have to be strenuously
maintained.
peels DS DSsessed in 1963 (Sales No.: 66.XIII.2).

Forecasts in some Asian areas during recent years: criticism and suggestions
SHIGEMI KoNo

l.

INTRODUCTION

1. The purpose of this paper is to review
population projections recently carried out in
some countries o£ Asia. Special references are
made to the Republic of China (Taiwan),
Japan, and the Republic of Korea. Various
projections have been worked out for the
countries of this region. However, in most of
the countries, available demographic statistics
are inaccurate and incomplete and greater
efforts have sometimes been directed to the
corrections of the base population and vital
rates rather than to projections themselves.
To this field, the United Nations Secreta riat
has contributed greatly not only in providing
the standard method of population projections 1
for the countries with fragmentary statistics but
in performing the population projections for all
the areas of Asia and the Far East, the results
o£ which have been of invaluable use particularly
for the countries where official projections have
not been initiated. 2
2. In most of the countries of East and
South-East Asia, population projections have
been performed by the component method
(cohort survival method), with reliance on the
standard method of projection devised by the
United Nations Secretariat. F or Indonesia,
Laos, Viet-Nam and others where demographic
information is too few to apply the United
Nations standard method, the method of stable
population model has been used. The official
projections of Japan's population are basically
of the component type with direct use o£ detailed
and accurate population statistics.

II.

M ETHODS AND ASSUMP'l"IONS OF POPULATION
PROJECTIONS

3. As mentioned in section I, the cohort
survival method has been most widely used
1 United Nations, .Methods for PoP•~Iation ProjectioM by Sex a11d Age (United Nations publication;
Sales No.: 56.XIII.3).
2 United Nations, The Population of South-East
Asia (Including Ceylon and Chilla: Taiwa11), 19501980 (United Nations publication, Sales No. : 59.
XIII.2) ; The PoPtllation of Asia and the Far East,
1950-1980 (United Nations publication, Sales No.:
59.XIII.3).

in this region particularly in relation to
the United Nations standard method. Apart
from the United Nations population projections
for Asia and the Far East, 8 the United Nations
standard method has been directly applied to
the population projections in the Republic of
Korea and the Philippines. The projections of
Taiwan's population done by Tun-yih Lu are
also by the component method.
4. For the Republic of Korea, two sets of
population projections have been made in
addition to the United Nations projections, one
by Kim Yun in 1960 4 and the other by Taebin
Im in 1963. G The U nited Nations projections
are of a constant-high fertility type without any
variant, while Kim's projections consist of
"high", "medium" and "low'' variants. As to
mortality assun1ption, the U nited Nations and
Im's projections assumed a normal decline,
whereas Kim's projections assumed a relatively
rapid decline. As to fertility, Kim's initial fertility level is relatively low and t he rate of
fertility decline is considerably rapid on the
medium and low assumptions, indicating 10
per cent per quinquennium for 1960-1965 on
the medium assumption. Im's projections also
assumed fertility decline but a rapid decline will
only come in the later period.
5. The population projections made by Lu
were based on t he observed age-specific fertility
rates and the life tables constructed specifically
in Taiwan. 6 In his projections, the use of the
United Nations model life tables was discarded
since the past studies in the Republic of China
made it clear that substantial discrepancies were
noticed between the mortality pattern observed
in Taiwan and that implied in the model life
tables. I n his projections, mortality was assumed
s United Nations, The Population of Asia and tht
Far East, 1950-1980 (United Nations publication,
Sales No.: 59.XIII.3).
• Kim Yun, PopulotiM Projectio1~s fo r the Republic of Korea, 1955-1975 (Bombay, Demographic
Training and Research Cc;ntre, 1960).
G Taebin Im, The Future Populo tio1~ Projection for
tire Republic of Korea, 1960-1980 (draft) (Seoul,
Bureau of Statistics, Republic of Korea, 1963).
6 Tun-yih L u, "Population projections for Taiwan,
1956-1976", buiustry of Free Cllit~a, vol. XIII, No. 1
and No. 2 (January and February 1960) .
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to decline further but at a diminishing rate by
1971. As to fertility, there were three
assumptions: (a) constant assumption; (b) the
1956 rates declining at 1 per cent per year by
1966 and thereafter declining at 2 per cent;
(c) the 1956 values declining linearly to the
1950 rates of J apan by 1976.
6. Various population projections have been
made in Japan. Four sets of official projections
have been worked out since 1955 by the
Institute of Population Problems, M inistry of
Health and Welfare, namely in 1955, 1957,
1960 and 1964. 1 The assumptions involved are
somewhat different from each other, each series
reflecting newly observed conditions of mortality and fertility.
7. Mortality in Japan has already been low
but it is expected to decline further with a
diminishing rate pursuing a trend similar to the
western experiences. As to fertility, in the 1955
and 1957 series of projections, it was considered
that total fertility might decline to an eventual
value of 1.6 and tend to remain constant thereafter, this value to be reached, on alternative
assumption, by 1 October 1960 (low), 1 October
1962 (medium ), or 1 October 1965 (high).
T hese assumptions were soon realized to be too
low and were revised in the 1960 and 1964
projections.

III.

E vALUATION OF TH E RESULTS

1965

excluded {rom the civil population. Deviations
of 7 to 10 per cent are noted in the age group
0-4 where the projected figure is larger than
the actual regardless of sex and assumption.
This may imply that fertility decline was faster
and mortality decline was slower than expected.
The 1961 registered population used here {or
comparison was the one compiled with some
necessary corrections in co-operation with the
Taiwan Population Centre. 8

10. The percentage differences of the 1960
totals for the Republic of Korea in the United
Nations and Kim's projections from the actuals
are about 3 per cent (minus) in both sexes,
males and females. The percentage differences
of the 1960 figures in the United Nations and
Kim's projections from the actuaJs are considerable (more t han 13 per cent) in the ages
0-4 and 65, and over. For age group 0-4, the
percentage differences are up to 14 ~r cent
(minus) in the United Nations project1ons and
up to 19 per cent (minus) in Kim's projections.
For age groups 80-84 and 85 and over, the
differences are up to 21 per cent (plus) in both
sets of projections.
11. In studying the deviations from the
actual figures and in a comparison with 1m's
pr ojections, the United Nations and Kim's
projected population seem to be quite small,
but with d ifferent reasons for each. This implies
t hat t he U nited Nations projections might have
been too pessimistic with respect to the future
decline in mortality whereas Kim's assumption
might have been too optimistic with respect to
decline in fertility.

8. In order to ascertain the deg ree of success
and the sources of errors involved, calculations
a re made for obtaining percentage differences
of the projected population by sex and age
from the corresponding actual population. The
12. In the case of the 1957 projections of
following is an evaluation of the projections Japan's population, the totals for both sexes,
with reference to these calculations.
males and females, a re about 0.5 per cent lower
9. The percentage of deviations of the 1961 than the corresponding census totals. The ageTaiwan population projected by Lu from the wise deviations range from 0 to 7 per cent.
actual population generally r emain small; less The largest percentage difference is found in
than 3 per cent for both sexes, males and age group 0-4, being 7 per cent lower t han the
females. There are no distinct differences actual figur e. The second largest deviations are
a111ong the projected figu res on three different observed in age group 75-79 (3 per cent
assumptions since Lu's projections were made higher) and in age group 80 and over ( 3 per
relatively recently. It is interesting to note that cent lower than the census population). This
scores are generally smaller among females is in line with the general tendency in this
than males. J n the age groups 25-29 and 30-34 region to find the youngest and oldest age
of males, 11 and 22 per cent differences are groups the most difficult segments of a popu·
found and this would be an indication of the lation to forecast precisely, though J apan's
under-enumerations of male population aged scores are smaller than those in other countries.
20-24 and 25-29 in 1956 when some males were
13. The fuct that the projected totals for
7 Institute of Population P roblems, Ministry of
1960 for J apan are smaller than the actual totals
Health and Welfare, Japan, "Future pOpulation can be large!y explained by the smaller size of
estimates for Japan by sex and a,e", Jinko Mondoi
KenkJ*I, No. 62 (December 1955) ; Ftllttre PoJ>t~la
s Government of. the Republic o£ China, the P rovin·
tiM Esti111atcs for Japa11, 1955·2015. Institute of
POJll!lation Problems Series, No. 118 (1957), No. 138 cia! Civil-Affairs Department, 1961 Taiwan. Demo·
graphic Facl Book (1963).
(1960), and No. 159 (1964).

POPULATION SIZE AND AGE-SEX STRUCTURE

the projected population aged 0-4, which is,
in turn, considered to be due to the lower
estimates of levels of fertility for 1956-1960 and
the following period than the actuals. For this
reason, the projections made in 1960 were
revised to adopt an assumption of moderately
higher fertility, and another revision was made
in 1964 on the basis of even higher fertility
assumption than in 1960.

IV.

CRITICISM AND SUGGESTIONS

14. Two comments are niade on the projections of Taiwan's population. Since the
registered and census population of Taiwan
have included only the civil population, there
are some difficulties in evaluating their demographic data and in carrying out accurate
population forecasts. It is, therefore, desired to
include the armed forces in the statistics.
Secondly, Lu's low assumption that fertility
would decline to the level of Japanese fertility
in 1950 by 1976, may be a little questionable,
since demographic circumstances of Japan
around 1950 were quite unusual, retaining the
aftermath of the postwar "baby boom". As an
alternative, it may be suggested that the
experience of Japan in the prewar period of
1925-1938 be employed, since Japanese fertility
was declining during this period, showing its
gross reproduction rate substantially lower than
that in Taiwan in 1954 and utilizing the distribution of relative age-specific fertility rates
similar to those in Taiwan in recent years.
15. In the three different sets of projections
concerning the population of the Republic of
Korea, the future trend of fertility was estimated by the sex-age adjusted birth rate and by
applying the United Nations standard set of
weights, 1 : 7: 7:6:4: 1 to the five-year age
groups of females aged 15-44. A word of
caution should be given as to the use of this
standard system of weights, because these
values represent averages of relative agespecific birth rates of women for fifty-two countries in various years. It is observed that relative age-specific fertility rates in Japan and
Taiwan for all the years for which the data
were given differ considerably from the standard, whereas the weights in Taiwan in recent
years are much more akin to those in Japan
for the prewar years 1925-1940. In this regard,
it is suggested that a regional standard set of
weights for East Asia be prepared, relying
heavily on the information in Japan and
Taiwan. This is because there are cultural
affinities existing in the Far East which
presumably affect demographic- behaviour in a
similar pattern.

17

16. Likewise, another point is raised with
respect to the application of the United Nations
model life-tables to the projection of Korea's
population. The United Nations model lifetables were used there as important tools not
only for estimating the cohort survivors in
each age group but also for determining the
number of past births by reverse survival ratio.
If discrepancies are wide between the mortality
levels of the model life-table and of an individual country, double features of error will
creep into projections even though errors may
not be added up in the same direction. Since
the United Nations model life-tables were
constructed ten years ago in 1955 on the basis
of available national life-tables for a limited
number of countries, actual values for a country would sometimes deviate substantially from
those of the model table. In this connexion, the
necessity for conducting a moderate scale of
well-planned sample survey on mortality in
Korea should first be emphasized. Secondly, a
proposal is made for analogous use for the
Republic of Korea of mortality improvements
in some underdeveloped prefectures in Japan
for which life-tables have been available since
1921.
17. Generally, the errors creep into the
population projection from several sources,
such as errors in base population, errors in
current and future estimates of fertility, mortality, migration and sex ratio at birth. In view
of the quality of demographic statistics and
recent trends of fertility and mortality, no
appreciable errors were likely to occur in
Japan's projections except in estimating the
future fertility trend. Actually, a new change
has been occurring in the timing of childbearing among low parity women, leading to
an increase in age-specific birth rates for
females aged 25-29 and in birth rates for first
and second order of births and thus resulting
in a slight rise in crude birth rate lately, in
spite of the sustained decline in high order
birth rates and in age-specific birth rates for
other age groups. This is a clear indication of
the transition in Japanese fertility towards
early bearing of a few children in married life.
18. In view of this, it now becomes evident
that the conventional method of fertility projection considering only age-specific fertility is
no longer sufficient for assessing correctly the
dynamic nature of the present structural change
in fertility. It seems, therefore, important to
incorporate the concept of "parity" into the
framework of projection in an analogy to the
work which \Velpton and others conducted in
the United States by making use of cohort
analysis. In Japan, statistical materials neces-

18
sary for cohort analysis are not abundant, but
efforts should be made to utilize more effectively
for projection the currently available data
which should be supplemented by information
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through sample surveys, particularly on current
parity structure and complete fertility of females
and on social-psychological factors affecting
fertility.

Population projection for Iran, 1956-1976
NASSER MAROUFI-BOZORGI
INTRODUCTION

1. In Iran the first census was not taken
until 1956. Before that population data were
mere guess-work. Even now demographic information is not available in such detail as is
needed by the social scientists. The situation,
however, has improved.

2. There has been scattered information
that fertility in the country is rather high, as
in many other Muslim countries, and that
mortality may also be high enough to counterbalance this ; but this is all speculation. All in
all the growth rate has not been too high in the
past. But in recent years, due to the availability
of cheap and efficient drugs, public health
programmes and so on, the rather high death
rate in the country has been controlled. Improvements in the health status can also be
anticipated at quite a high rate for some time
to come. The economic, social and cultural
climate in the country is not yet favourable for
any appreciable fall in the birth rate. Thus the
implication is that the growth rate will increase
speedily and may even reach 3 to 3.5 per cent.
The rapid growth of the population, lack of
enough demographic data, the accent on planning in recent years, all have brought in their
wake the need for, and importance of, population projection by age and sex at least for a
period of 20 years.
3. This study attempts to project the population of Iran by age and sex from 1956 to
1976 by the component method. As a necessary
preliminary to the study, the available data was
evaluated and adjusted and the results were
made use of. Incidentally, vital rates were also
derived from the census figures as a by-product
of the evaluation and adjustment, in view of the
lack of reliable vital registration or survey data.

quinary ages and sex. No direct estimates of
the sex ratio at birth, fertility or mortality are
available due to the registration system being
incomplete. Even survey data become of not
much value due to inherent errors. The census
figures, coupled with the fragmentary information from registration and survey, provide
usable estimates of sex ratio at birth, fertility
and mortality.
5. Regarding migration it is known that
international migration to and from Iran has
not been so considerable as to affect population
growth and its structure. In the years to come,
due to governmental policies, it may be reasonably anticipated that this factor will play a
diminished role in the population growth and
structure.
Evaluation and adjustment of data
6. Demographic data are usually subjected
to several different types of errors due to many
reasons. Any error in the basic data, if not
evaluated and adjusted, will be carried over
and compounded and will thus vitiate the projections. It is therefore necessary first of all
to look for these errors and then adjust the
data for the specific errors.

7. In a thorough investigation into the age/
sex statistics of Iran from the census of 1956
which was carried out by the writer it was
found that as in the case of other countries in
the ECAFE regions some very young children
were missed from the count. In the age range
10-69, as anticipated, there were tremendous
age and digit preference errors and in the old
age group the usual phenomenon of overreporting was observed. To remove these
diverse types of errors in the various age
segments the usual techniques were applied and
table 1 (second part) gives the adjusted age/
sex distribution of Iran.

DATA

4. The 1956 census of Iran provides direct
data on age/sex structure even though the
enumeration figures may be faulty. Table 1
(first part) gives the enumerated population by
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8. Even though no direct estimate of the
sex ratio at birth is available, the census data
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'l'able 1. Reported and adjusted age distribution for Iran -1956 eensus
Reported

Age

grO«P

Adjusted

Males

Females

Malu

Females

1,663,985
1,403,925
847,697
710,495
797,809
776,775
686,471
450,925
439,806
294,588
409,654
173,604
290,220
359,529
4,277

1,766,837
1,419,050
1,110,061
964,408
788,241
676,644
626,165
555,531
484,852
414,965
342,151
280,448
225,042
192,899

1,745,614
1,403,925
1,104,777
962,117
769,077
654,314
612,211
536,580
445,446
372,902
311,403
256,842
211,079
207,608

Unknown ..........

1,683,713
1,419,050
974,786
710,029
699,369
736,460
704,469
569,543
487,167
348,080
394,111
196,080
327,223
392,078
2,786

ToTAL

9,644,944

9,309,760

9,847,294

9,593,895

0-4 ..............

5-9 ..............
10-14 ........ ' .....
15-19 ............. '
20-24 ........ ' .....
25-29 ..............
30-34 .... . .......
35-39 ..............
40-44 ....... '. ' ... '
45-49 ..............
S0-54 ......... . " ' .
55-59 ............. '
60-64 .......... ' ...
65+ ......... ' ....
~

are suggestive of a sex ratio of 106. Moreover,
where data have been reliable, the sex ratio is
usually within a very narrow range 105-107.
It is assumed that the ratio will be 106 in Iran
for the period 1956-1976.

9. The registered birth and death rates in
the country are known to be defective. Thus
direct evidence of fertility and mortality level
and trend is unavailable. On the basis of the
agejsex structure of the census of 1956 it has
been estimated that the crude birth rate will be
about 51 and the mortality level corresponds
to an expectation of life at birth of 35 years
during 1951-1956.
10. As pointed out earlier, the social climate
in the country is as yet unfavourable for any
appreciable reduction in fertility, and since the
crude birth rate is affected by the age/sex
structure of the population, it is assumed that
the level of fertility as measured by the age/
sex adjusted birth rate of 57.7 corresponding
to a crude birth rate of 51 will remain constant
during the period of projection. Projection of
births into the future have been carried out in
the usual manner using this constant agejsex
adjusted birth rate. The distribution by sex
has been derived by using the sex ratio at birth
of 106.
11. The planned development of the country,
the availability and knowledge of cheap and
efficient drugs, etc., have contributed for the
rather rapid decline in the death rates. It can
be reasonably anticipated that there will be
quite substantial gains in the health status and
that mortality level will be reduced to low

levels in the years to come. It has been the
international experience that, when the level of
mortality is not too low or high, substantial
increments in the expectation of life at birth
of up to one year is normal, but once reasonably high levels are reached, only reduced increments of about half a year per year can be
expected. With this in mind it is assumed that,
during 1956-1961, 1961-1966, 1966-1971 and
1971-1976, the expectations of life at birth will
be respectively 40, 45, 50 and 52.5 years, using
these levels of mortality from the model life
tables.
PROJECTION

12. By the well-known component method
the populations by quinary age and sex groups
have been obtained for 1961, 1966, 1971 and
1976 and are given in table 2.
IMPLICATIONS OF THE PROJECTION

13. Because of this high growth, the density
of population also about doubled in the 20
years. With an area of 1,648,000 square kilometers, the population does not look at all big.
As a matter of fact, the density of less than
25 even in 1976 is quite low, but of course this
has to be considered in conjunction with the
availability of arable land and also with the
investments in men and materials needed to
train the manpower, to educate the ever-increasing number of children, to cater to the
health needs of the growing population, to
create jobs for the manpower potential of the
country and so on (table 3).
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Table 2
Age

group

1956

1966

1961

1971

1976

Projected population (males) 1956-1976

0-4 ...................
5-9 ...................
10-14 ...................
15-19 ...................
20-24 ...................
25-29 ...................
30-34 ...................
35-39 ....................
40-44 ...................
45-49 ...................
50-54 ...................
55-59 ...................
60-64 ..................•
65 and over ............

1,766,837
1,419,050
1,110,061
964,408
788,241
676,644
626,165
555,531
484,852
414,965
342,151
280,448
225,042
192,899

2,101,865
1,607,468
1,380,026
1,079,978
926,989
751,194
642,406
590,912
518,644
445,094
371,975
296,440
231,342
266,772

2,515,855
1,952,002
1,572,907
1,350,079
1,045,527
891,300
720,545
613,562
559,771
484,517
407,261
330,202
251,618
327,659

2,991,648
2,376,225
1,919,599
1,545,499
1,315,112
1,012,906
862,154
694,893
587,792
529,935
450,310
368,337
286,549
384,814

3,619,540
2,847,450
2,342,007
1,890,421
1,510,262
1,278,946
983,734
835,082
669,043
559,754
495,966
410,728
322,921
457,601

TOTAL

9,847,294

11,211,105

13,022,805

15,325,773

18,223,455

Projected population (females) 1956-1976

10-14 ...................
15-19 ...................
20-24 ...................
25-29 ...................
30-34 ...................
35-39 ...................
40-44 ...................
45-49 ...................
50-54 ...................
55-59 ...................
60-64 ...................
65 and over ............

1,745,614
1,403,925
1,104,777
962,117
769,077
654,314
612,211
536,580
445,446
372,902
311,403
256,842
211,079
207,608

2,028,720
1,589,382
1,362,790
1,071,744
922,382
730,623
618,719
576,642
502,883
413,819
340,832
277,460
219,292
275,789

2,427,610
1,887,610
1,553,303
1,330,628
1,036,484
886,040
699,718
590,877
548,559
474,671
385,017
309,408
243,083
335,615

2,885,432
2,297,247
1,854,258
1,525,188
1,296,697
1,004,767
857,155
675,508
568,542
524,203
447,947
356,218
276,889
402,079

3,487,287
2,751,836
2,263,248
1,825,146
1,491,329
1,262,334
976,432
831,440
653,149
546,141
497,626
417,397
321,665
476,839

TOTAL

9,593,895

10,931,077

12,707,723

14,972,130

17,801,869

0-4 ...................

5-9 ...................

Table 3. Density of population, 1956-1976
(Per square kilometer)

Density.................

1956

1961

1966

1971

1976

12

13

16

18

22

14. The projections imply the following vital rates:
Table 4. Vital rates

B. R. .................

D. R. .................
G. R. .................

1956·1961

1961-1966

1966·1971

1971-1976

50.44
24.46
25.98

50.39
20.41
29.98

49.38
16.77
32.61

49.53
15.03
34.55

15. We see that there is a slight reduction
in the crude birth rate whereas the reduction
in the dealth rate is drastic, causing increased
rates of growth. The slight decrease in crude
birth rate is due to changed age/sex structure

of the population, and the drastic fall in the
death rates is due to the implied vast improvements in health status brought by the increased
expectation of life (table 4).
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provements will be among females rather than
among males.

16. From table 5, we see that there will be
a drastic fall in infant mortality and the im-

Table 5. Infant mortality rates

Male ................. .
Female ..............•

1956·1961

1961-1966

1966-1971

19'11-1916

196

169
149

144

131

176

124

112

rather high, and in 1976 it is very large. This
is due to the continuing high fertility and
rapidly falling mortality. Correspondingly the
percentage in the young adult agefgroup 15-64
has declined. The percentage in the old-age
group 65+ has shown a slow but steady increase, as can be noted from table 6.

17. This improvement in infant and early
childhood mortality has caused an increase in
the child population even in spite of no change
in fertility.
18. The percentage of children aged 0-14
has increased from 43.98 to 48.05. Even in the
base period the percentage in this group is

Table 6. Percentage of population by broad age group, 1956-1976

0-14
15-64

65+

······~~-·~·········"~·

..

•

•••••••••••

~

••••• « •••••••••••••

•••••••••••••

Dependency ratio

~

~

~

······~···

•••••••••••••

•••••

~

0

•••••

~

•

•••••••••••••••• *

1956

1961

1966

1971

1976

43.98
53.96
2.06
85.3

45.48
52.07
2.45
92.1

46.28
51.14
2.58
95.5

47.28
50.12
2.60
99.5

48.05
49.35
2.60
102.6

19. This rapid increase in the child population and slight increase in the old age segment
has resulted in quite a large increase in the
dependency ratio. Whereas it was 85 in 1956,
in 1976 it has become 103. This has been
brought about by the constant high fertility and
the rapidly declining mortality. This increase
in the dependency ratio has implications in
terms of labour force, economic development
etc.

20. The fast increase in the child population
also has social implications like the need for
providing facilities for schooling, recreation
and so on. Considering that age 7-12 is the
compulsory elementary school age, the population in this age segment can be calculated
roughly from the formula :
P7-12=0.472 Ps.9+0.856 Pl0·14-0.128 PtS-19

21. The figures are given below:

Table 7. Elementary school-age population. 1956-1976
1961

1966

!911

1976

1,496,560
1,485,191

1,801,790
1,779,553

2,094,943
2,049,834

2,566,931
2,476,321

3,106,781
3,002,588

2,981,751

3,581,343

4,144,777

5,043,252

6,109,369

1956

Males .
Females

~

..... ....... .
~

'

.... .........
~

~

TOTAL

22. The school age population has more than
doubled in 20 years. This is only to be expected
when we consider that the total population
itself has almost doubled and that the increase
is more in the child population. Participation
in school programmes is not very high at

present, but the problems in the future with
increased populations and with anticipated
improvements in school participation may become more acute. Proper planning for education
should be set in motion at once so that bottlenecks can be avoided.

The use of cost functions in making assumptions for population forecasts

H. V.

MuHSAM

more than a sequence of thoughts--'-a kind of
model-which leads to principles which might
guide the demographer in selecting assumptions
for alternative projections, and to illustrate
this model by a schematic example. But in the
course of this discussion, the importance of the
former aspect will also emerge in a new light.
3. The first step in this sequence of thoughts
consists in asking the question : how could a
planner take advantage of alternative projections? This will lead to the further question:
how should these alternatives be prepared and
presented, in order to enable the planner to
take such advantage? And finally, we may try
to deduce the conditions under which the
advantage will be maximal.
4. Let us consider a simple, almost trivial
example. Imagine that a projection is performed
in order to plan elementary schooling for the
prospective school age population of a town.
If a single forecast of the school age population
were presented, the planner could easily determine the capacity of the planned building,
equipment, etc., required for this forecast population. But no sensible planner puts unrestricted
confidence in a forecast. submitted to him; he
always wishes to leave some margin of safety,
in this case by providing for a slightly larger
school age population than forecast. This is
well established practice and not only with
population forecasts. But how large a margin
of safety would appear most advisable? This
depends on three factors: the degree of confidence which may be placed in the forecast, the
additional cost of providing immediately for a
larger population, and the ultimate consequences of having planned and provided the
required service for too small or too large a
population. The demographer obviously cannot
express any view regarding the two latter
points, whereas the first one should be his
exclusive concern. But in order to get the
l J. ]. Spengler, "Population predictions in ninenecessary guidance as to how he should formuteenth century America", The American Sociological
late his views on this aspect, the demographer
Review, vol. I (1936), pp. 905-921.
should understand the ways and means of
2 United Nations, Methods for Population Projections by Sex and Age (United Nations publication, assessing the two other points, as well as the
Sales No.: 56.XIII.3).
methods of combining all the information into
s D. V. Glass, "Estimates of future population of
various countries", Eugenics Review, vol. XXXV a single plan. In our present discussion, we
will disregard matters of prestige, public rela(1943), pp. 71-84.

1. The device of presenting alternative
estimates of future population, instead of a
single forecast, is probably older 1 than most
modern techniques of population projection.
Nowadays, this has become such a generally
accepted practice among demographers, that
nobody questions its soundness. But it seems
that the ways and means of selecting data,
methods and assumptions which ultimately lead
to such alternative projections, have never been
the subject of a theoretical discussion or even
of a thorough comparative investigation. The
authors of the most comprehensive and detailed
text in the field of population projections
seem to be satisfied by stating 2 (given in
para. 8) that " ... the purpose of any estimate
would be defeated, if it were attempted to make
the alternatives embrace the entire range of
possible future events . . . it is desirable to
choose the upper and lower limits in such a
way that the future trend will more probably
lie between these limits than outside them ...".
Not only are these advices of little practical
help, but the procedure recommended in the
latter (cited) sentence definitely embraces the
rejected procedure of the former (cited) sentence as a particular, though extreme, case.
2. Two main reasons for the presentation of
alternative projections are given by various
authors who adopted this procedure: "The
range between the 'most pessimistic' and the
'most optimistic' results is in some way a
measure of the margin of indeterminateness ..." 3 and "[a single projection] ... is less
useful, as a guide in formulating . . . policies
and programmes ..." 2 (given in para. 295). In
the present communication, an attempt will be
made to cast some light on this last mentioned
aspect, namely, that of the utility of alternative
projections for practical planning purposes. It
will, however, not be possible to indicate here
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tions and similar consideration. Now it is easily
seen that both the above-mentioned immediate
cost and ''ultimate consequences" can be measured by a single amount of loss depending,
in a first approximation, only on the difference
between the assumed number of persons being
actually provided for by the plan, and the true
number, which obviously will become known
only much later. This "loss" is the difference
between the cost of providing immediately for
the true number of persons and the cost of
providing immediately for the assumed number
of persons and that of providing later for any
excess of the true number over the assumed
number. The former cost is practically always
smaller than the latter-otherwise planning
would not be worth-while. Indeed, if the true
population is smaller than the assumed population, it is obviously cheaper to provide for the
true population; and if it is larger it is, in
general, also cheaper to provide immediately
for the true population, than to provide first
for a certain smaller number and later for the
excess. In the case of schooling the latter circumstances may, for example, involve the construction of two small buildings instead of one
larger one. It is obviously often possible to plan
in a flexible fashion ; but to take this into consideration would render this discussion only
more complicated, without changing our main
lines of thought or our conclusions.
5. Thus, the loss of function has a minimum
for a zero difference between the true and the
assumed population figures, and increases in
both directions from this minimum; its shape
depends, in the present case, on engineering
problems, administrative and educational practices, the rate of interest, the price of land, etc.
But this is not the aspect which is of interest
to the demographer. For him, it is important
to know that the loss function is a continuous
function, increasing monotonously--at least for
a certain range--from its minimum value for
a zero error (not in the "best" forecast, but in
the figure assumed by the planner) to both
sides, i.e., for positive and negative errors, but
in general not in a symmetric fashion.
6. Thus, the planner is in a very common
situation, where he has to take a decision (to
assume a population figure) when he is faced
with uncertain information (a set of high,
medium and low projections), and hence the
risk of losses in case of any decision. Under the
circumstances, it is customary, though not
necessary, t to attempt to take the decision in
such a way that the "expected loss" is minim• ]. W. Pratt, et al., "The foundations of decision
under uncertainty", Journal of the American Statistical Association, vol. LIX (1964), pp. 353-375.

WORLD POPULATION CONFERENCE,

1965

ized. In other words, the assumed population
figure should be determined by minimizing the
sum over all the products of possible losses
(varying according to the difference between
the assumed and all the possible true figures),
multiplied by the probability of the respective
loss being suffered.

7. This reveals the task of the demographer:
he should supply the probabilities of the true
population figures to reach all possible numbers.
Now it is well known that ". . . it is impossible
to calculate the probability that any given
assumption . . . will be realized" 2 (given in
para. 296). But two circumstances alleviate
the situation:
(a) It is not necessary to calculate the
probabilities of various alternative projections,
or, more exactly, the likelihood that the true
population figure will lie within the ranges
delimited by these projections. Guesses as to
these probabilities suffice for computing the
expected loss and for determining the assumed
figure which minimizes this loss. It is true that
errors in those guesses render the estimate of
the best assumed figure less reliable. But this
is by no means a shortcoming peculiar to this
procedure; misjudgement at any stage of planning is liable to divert a plan from its most
desirable form. But in the absence of, at least,
guessed probabilities, it appears utterly impossible to plan at all rationally while in the case
of errors in these guesses, like any other errors,
the plan may just not be optimal;
(b) These guessed probabilities need not to
be expressed in precise, quantitative terms. It
has, in fact, been shown 5 that it does not make
any appreciable difference, in the estimate of
the best assumed population figure, whether the
probability of all the figures within a given
range is considered to be equally probable and
all values outside this range are considered
definitely impossible, or whether the probability
is assumed to have a maximum value somewhere within this range, to taper off, gradually,
at both sides of this maximum and to become
zero just a little beyond the limits mentioned
before. Thus, in practice, a rectangular probability function will yield almost the same result
as a triangular distribution over a corresponding range. In view of this, the demographer may satisfy all requirements by expressing his views on the likelihood of his
different alternative projections in a very vague
manner.
5 H. V. Musham, "The utilization of alternative
population forecasts in plauning", Bulletin of the
Research Cormcil of Israel, vol. V (1956), pp. 133146.

25

POPULATION SIZE AND AGE-SEX STRUCTURE

8. Let us return to the example presented
above and assume that the demographer has
prepared a projection of the school-age population and presented a low projection of a, a
high projection of b and a medium projection

native assumptions : " ... several rather diverse
possibilities . . . appear to be almost equally
probable ... ". This may perhaps be interpreted,
and more strictly formulated, to mean that low,
medium and high projections are of equal likelihood, or, in quantitative terms:
All outcomes within the range delimited by
the low and the high projections are equally
probable.
10. In order to complete the distribution,
and to keep mathematics simple, we shall
assume that for a short range beyond the low
and the high projection, probabilities are still
at the same level and then they fall off abruptly,
in such a way that the following condition is
fulfilled :
It is as likely that the true figure lies within
as outside the range delimited by low and
high projections.
11. Finally, for the sake of symmetry, we
shall assume that:
Outcomes below a are as likely as outcomes
above b.
These three sentences suffice to determine the
likelihood of all possible true figures. Indeed,
we have introduced a rectangular probability

a+b

of - - . We shall also assume that the planner
2
found that if he plans for a school-age population of :r0 persons, and the true figure turns
out to be :r, the loss to the town will be
c(:r- :r0 ) if :r > .t'o and d(.ro- .r) if Xo > :r.
Often c > d, but this needs not to be assumed,
here. What should the planner do in this situation with the demographer's figures, if they are
presented as they often are with the only qualification that the true figures should be e..xpected
to lie between a and b. Should the planner plan
for the medium assumption, which will be
recommended as the most acceptable by the
demographer? Should he try to avoid the
danger of unnecessary expenses and plan for
the smaller number of a persons, or would it
be more advisable to try to avoid the danger
of larger losses and plan for the larger number
of b persons, or perhaps for even more than b
persons?
9. The planner's difficulty stems obviously
from the lack of specification of the likelihood
of various outcomes. In order to specify these
likelihoods, we shall try to follow through the
ideas which lead, in the opinion of the United
Nations 2 (given in para. 294), often to alter-

distribution over a range from a - -b-a
- to
2
b

+ b 2 a. The probability p(.x) of any popu-

lation figure :r is, thus

0, x <a-

1
b-a _.,
2(b-a) 'a--2-::::::::

=

p(x)

0, x

>

b

+

.x::::;; b

+ b2a

b2a

The expected loss is, then

L

f

b

.t'0

c(xo - x) 2(b
b- a

+

~a) dx + fd(x -

a --2-

Xo

b-a

!)

and the minimal loss is obtained for the value of
the condition

-~L
vXo

%0

which fulfils

= 0. This value Xn is easily seen to be

~
%0

1

o 2(b - a) dx

ca

=

c

db

+

12. As a first approximation considering
only the first term of the right hand side, the
most profitable assumption is a weighted average of a and b, i.e., a figure somewhere between
the low and the high projection, but nearer to

t

(b- a) (d- c)
c d

+

the one which would involve the larger loss if
an unweighted mean was used. The correction
term, to this approximation, is, first of all,
proportional to the range ( b - a) of a to b ;
the larger this range, the less the first approxi-
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correction term could be neglected, and the
problem of the planner considerably simplified.
15. Another, more important conclusion,
which
can be drawn from the expression for
13. In order to gain further insight into the
implications of the choice of assumptions, the optimal assumed population figure .under
leading to low and high projections, we shall the more flexible assumptions, emerges if it be
now loosen some of the above, strict conditions. assumed that the range within which the tnte
Let us replace the condition in paragraph 10 by population figure is assumed to lie is approxiknown to the demographer, and his
the assumption that the likelihood of the mately
main
problem
consists in determining, where,
true figure to He within the range of a to b is p
within the limits of this range, he should place
and that of lying outside this range: q 1 - p. his
low and high projections. Under these cirAt the same time, let us assume that the prob- cumstances
the range ( b - a) is proportional
ability of it being below a is estimated to be r to the probability
p, i.e., the wider the gap
times that of being above b. Thus, our prob- between the low and
the high projection, the
ability distribution is still rectangular, but now higher
the likelihood of the true figure to fall
over the range from
inside this gap. This is obviously always true,
but in the case of a rectangular probability diso - 1 ~,. ; (b - a) to b + 1
(b - a)
tribution, the ratio of p to ( b - a) is a constant.
The correction term is, then, proportional to
and the optimal assumption is
the probability q of the true figure to fall outside the range of the low and high projection.
; 0 , = ca + db
.!L (b
) d - cr ·
It would therefore appear advisable to select
c+d +p
-a I+r
the low and high assumptions in such a way
14. The position of the optimal assumed that they embrace nearly all plausible outcomes;
population figure is still mainly determined as this would permit the planner to follow his
· ted average of low and high projec- intuition and to select a weighted average of
the
tions.
correction term, to be applied to this the low and high projections, as the assumed
weighted average, depends now in a slightly population figure· which he introduces in his
peculiar, implicit manner on the lack of sym- plans.
metry ·of the loss function and of the prob16. It should be stressed that even these few
ability distribution. But it may be noted that results could be obtained only under slightly
the demographer might be able to choose his unrealistic assumptions. But on the one hand,
low and high assumptions in such a way that was it our main purpose to show that as soon
the correction term disappears. This will be so as some assumptions are made, they lead to
if r
!!..,
i.e., if the ratio (r) of the likelihood results which may be useful to the demographer
in selecting his low and high assumptions. And
c
of the true population figure to lie below the on the otber hand, we are sure that even if our
low projection to that of this figure to lie above conclusions are affected by the type of assumpthe high projection is inversely proportional to tions we made, this effect is quantitative rather
the rate of increase of the loss for increasing than qualitative, i.e., even if we had made
errors in the corresponding directions. If this different assumptions, we should not have
could be achieved, at least approximately, the arrived at widely divergent conclusions.

mation, which is, intuitively, highly acceptable,
will be reliable. It is also proportional to the
lack of symmetry ( d - c) of the loss function.

=

!,. ;

=

The degree of success achieved in the population protections for Latin
America made since 1950. Sources of error. Data and studies needed in
order to improve the basis for calculating projections

CEsAR A. PELAEZ
I.

II.

INTRODUCTION

1. This paper is an attempt to evaluate the
degree of success achieved in the population
projections for Latin America made since 1950
in the light of the results of recent censuses,
to investigate the relative importance of the
sources of error and to suggest ways of improving the accuracy and reliability of projections in the future.

4. Owing to the fact that the relevant information varies greatly from country to country in both quality and quantity, it was not
possible to apply a uniform method for evaluating the degree of success of the projections.
The results obtained cannot, therefore, be considered strictly comparable. In attempting to
evaluate the accuracy of the results of the projections, taking the census results as the point
of reference, it must be borne in mind that
census results never represent an exact count
of the population. Evaluation of the projections
was based largely on the results of studies
carried out by fellows and teaching staff of the
Latin American Demographic Centre. In order
to arrive at the results presented below, the
theoretical analysis model set out in the following paragraph was applied so far as possible.

2. Differing views have appeared in print
concerning the most suitable criterion for
evaluating the degree of success of a projection. 1 This paper attempts to analyse the
differences between the census results and the
projections without going into the implications
of these errors for the formulation and implementation of economic and social development
plans.
3. The study is confined to an evaluation of
the projeetions prepared by the United Nations
in 1954 and 1955. 2 No account has been taken
of other projections based on more recent information. It was considered more important
to explore the possibility of obtaining good
estimates of the future population as soon as
further census results are available. This is not
meant to imply that projections made at any
given time should be taken as final and should
not be revised periodically.3
I Sidney H. Coontz, Teorias de la Poblaci61~ y su
interpretaci6n econ6mica, Mexico City, 1960. John
Hajna!, "The prospect for population forecasts",
Proceedings of the World Population Conference,
1954, vol. III (United Nations publication, Sales No.:
55.XIII.8), pp. 43-53; J. V. Grauman, "Population
estimates and projections", The StudJ.• of Population,
P. M. Hauser and 0. D. Duncan, eds. (Chicago,
1959), chap. 23.
2 The Population of Central America (including
Me~co), 1950-1980, (United Nations publication,
Sales No.: 54.XIII.3); The Pop~tlation of South
America, 1950-1980 (United Nations publication, Sales
No.: 55.XIII.4).
3 General Principles for National Programmes of
Population Projections as Aids to Development
Plam£ing (United Nations publication, Sales No.:
65.XIII.2).

SOURCES OF INFORMATION AND METHOD

5. Let us asstnne that we have the adjusted
population figures for the date on which the
projection begins and for the date of the census,
and an adjusted estimate of births during the
period between those two dates. Let us also
assume that the effect of international migration
on the size and structure of the population was
nil during the period in question. In order to
simplify the reasoning, let us consider only the
case where the difference in years between the
starting point and the date of the census with
which the results of the projection are being
compared is a multiple of five. Let P:; represent
5
the population between the ages of x and x
years estimated in the projection for the moment n; let (P A): represent the adjusted popu-

+

lation of the same age group; let ai1J

(PA)0
=~

"'
represent the correction factor for the popu5, as
lation between the ages of x and x
estimated in the projection for the starting
point; let B c-w-a represent the births assumed
in the projection for the five-year period beginning at c-.t"-5; let (BA)c-IJJ-Ii represent the
same births adjusted; let bx = (BA)c-"'- 5

27

+

Bc-~J-5

28

WORLD POPULATION CONFERENCE,

represent the correction factor for the error in
births, as estimated in the projection for the
five-year period beginning at c-x-5. When
these magnitudes are known, the error in the
E

= l:

(P~+c(l-a,.)]

x=O,S,..

+ l:

(F;,(l-b,.)J

x~c-5

estimation
pressed as
butable to
jection by

+ l:

[a,.·F;,+c

of the total population can be exthe algebraic sum of the errors attrieach of the assumptions in the promeans of the following formula:
(PA'fx+c1

x=O,S,..

in which the first sum represents the error due
to the initial structure of the population, the
second represents the error due to the assumption of fertility, and the third plus the fourth
represents the error due to the assumption of
mortality. Any reference to the effect of a
factor should be understood to mean only the
direct effect. For instance, if the female population of reproductive age is over-estimated,
this results in an over-estimation of births. In
the above model, this secondary effect is attributed to the assumption of fertility and not to
the error in the age structure.
III. THE 1954 AND 1955 PROJECTIONS IN THE
LIGHT OF THE CENSUS EXPERIENCE OF
1960-1964
6. The table shows the census results and
the results of the projections for fifteen countries of Latin America. The high projection
underestimated the population of the fifteen
countries as a whole by 3.35 per cent. The
underestimate is 4.5 per cent in the case of the
medium estimate and about 7 per cent in the
low estimate. Despite the fact that the reports
in which the projections are presented caution
the reader against the natural tendency to consider the medium projection the most plausible, 4 it is very likely that most users adopted
that projection. However, even if the high projection had been adopted for the countries of
Central America and Mexico and Tropical
South America and the medium projection for
the countries of Temperate South America-a
choice which would also have concorded with
the views of the authors -the population of
the fifteen countries would have been underestimated by about 3.75 per cent. The underestimate in the high projection was 4.71 per
cent for Central America and Mexico and about
4.5 per cent for Tropical South America. The
medium projection underestimated the population of Temperate South America very
slightly (0.20 per cent).
7. An analysis of the results for each country shows a much more varied situation. The
fact that the census result falls (or does not
4 Umted Nations, The Population of Central America (including Mexico), 1950-1980 (United Nations
publication, Sales No.: 54.XIII.3); The Population
of South America, 1950-1980 (United Nations publication, Sales No.: 55.XIII.4).
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+ l:

[b,.·P;,-(PA);J

x~c-5

fall) between the high and the low estimate
may be considered an indication of the success
or failure of the projections. Applying this criterion, it could be said that, generally speaking,
the projections were definitely not a success.
In only four of the fifteen countries in question
(Honduras, Nicaragua, Panama and Argentina) was the population covered by the census
larger than the low estimate and smaller than
the high estimate.
8. It might also have been thought that the
medium projection was the most plausible for
Temperate South America and the high projhectido~ for th~ otbher two shub-regiolns: Again,
t e lSCrepanctes etween t e popu atlon enumerated and the population estimated according
to those criteria · are sizable in many of the
countries. The populations of six of the fifteen
countries (Costa Rica, Guatemala, Mexico,
Brazil, Venezuela and Chile) were underestimated by more than 5 per cent. The populations of three other countries (Peru, Paraguay and Uruguay) were over-estimated by
more than 5 per cent. The error was much
greater than 5 per cent for some of those countries: Costa Rica ( -8.53 per cent), V enezuela ( -9.58 per cent), Peru (12.04 per cent)
and Paraguay (10.01 per cent).

IV. SouRcEs

OF ERROR IN

THE PROJECTIONS

9. The fact that the figure for the total
population enumerated may tally with the estimated total does not necessarily mean that
development actually occurred as forecast in
the projections, since the errors due to the
assumptions may have cancelled each other
out. Consequently, in order to evaluate properly the degree of success of the projections,
a detailed analysis must be made of the different sources of error.
10. The high projection for Costa Rica
underestimated the population by more than
8.5 per cent. The birth rate appears to have
remained at a level of about 50 per thousand,
which is far above the rate of 44 per thousand
assumed in the projection. This error probably
resulted in an underestimate of the total population of about 5 per cent. The assumption concerning mortality also contributed to the underestimation of the population, probably by between 2 and 3 per cent. There are signs that
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Census results (1960-1964) and results of the projections prepared in 1954 and 1955 for fifteen countries
of Latin America (in thousands of persons)
Projectioru •
Country

Fifteen countries of Latin AmerICa .......................... 174,557
Six countries of Central America
and Mexico .................. 48,555
1,333b
Costa Rica ..................
2,557c
El Salvador .................
4,278*
Guatemala ... ' ..............
1,885
Honduras .... ...... ' .......
!vfexico ...................... 35,953d
1,5361>
Nicaragua ...................
Panama .....................
1,013"
Four countries of Tropical South
America .................... 93,392
Brazil ...................... 70,967e
4,581* e
Ecuador ...................
Peru ........ ' ..... ' ......... 10,32()e f
7,524lr
Venezuela ...................
Four countries of Temperate
South America .............. 32,609
Argentina ........ ' .......... 20,759h
7,374J
Chile ' ......................
Paraguay ... ' ...............
1,817*
2,659k
Uruguay . . .. ..............
'

High

Censtu

Medium

Low

168,704

3.35)

166,708

(-4.50)

46,267
1,220
2,528
4,058
1,891
33,952
1,600
1,018

(-4.71)
(-8.53)
(-1.12)
(- 5.16)
(0.35)
5.57)
(4.18)
(0.48)

45,030
1,175
2,458
3,886
1,842
33,139
1,538
993

(-7.26)
(-11.90)
(-3.84)
(-9.18)
(-2.28)
(-7.83)
(0.09)
(-2.02)

43,849 (-9.69)
1,133 (-15.05)
2,392 (-6.43)
3,725 (-12.93)
1,194 (-4.80)
32,356 (-10.01)
1,480 (-3.65)
969 (-4.42)

89,200
66,371
4,464
11,562
6,803

(-4.49)
(-6.48)
(-2.56)
(12.04)
(-9.58)

89,133
66,353
4,445
11,540
6,795

(-4.56)
(-6.50)
(-2.97)
(11.83)
(-9.69)

86,919
6.93)
64,765
8.74)
4,309
5.95)
11,224
(8.76)
6,621 (-12.01)

33,237
(1.93)
21,273i
(2.47)
7,014 (-4.88)
2,072 ' (14.03)
(8.24)
2,878

32,545
20,823i
6,918
1,999
2,805

(-0.20)
(0.31)
(-6.19)
(10.01)
( 5.50)

31,901 (-2.17)
20,374i (-1.85)
6,866 (-6.89)
1,931
(6.26)
(2.73)
2,731

162,669

(-6.81)

*Provisional results.
Figures for the dates of the censuses interpolated between the results of the projections mentioned in
foot-note 3. The dates of the censuses were as follows: Costa Rica (1 April 1963), El Salvador (2 May 1961),
Guatemala (18 April 1964), Honduras (17 April 1961), Mexico (2 May 1960), Nicaragua (25 April 1963),
Panama (11 December 1960), Brazil (1 September 1960), Ecuador (25 November 1962), Peru (2 July 1961),
Venezuela (26 February 1961), Argentina (30 September 1960), Chile (29 November 1960), Paraguay (14
October 1962), Uruguay (16 October 1963). The figures in parentheses are the corresponding errors in the
projections.
b Provisional results by sampling.
c Adjusted census result. See: Alex A. Alens, Repziblica de El Salvador: proyecci6n de la poblaci6n por
scxo y grupos de edad, 1961-1981, Latin American Demographic Centre, series C, EjCN.CELADE/C.25,
Santiago, Chile, 1964.
d Adjusted census result. See: Zulma L. Recchini, Pro)•ecci6n de Ia poblaci6n total de Mexico por sexo
y gmpos de cdades: 1960-1980, Latin American Demographic Centre, series C, E/CN.CELADE/C.33, Santiago, Chile, 1965.
"Does not include indigenous jungle population.
f Adjusted census result. See: Julia Salazar H., "Calculo de Ia poblaci6n total por sexo, grupos quinquenales y edades individuates en 1961, cifras corregidas". Boletin de Anrllisis Demografico, National Directorate of Statistics and Censuses, Year 1, No. 1, Lima, July 1964.
g Census result excluding adjustment for omission estimated at 5.8 per cent and indigenous jungle popu·
lation estimated at 31,800 in 1%1.
h Adjusted census result. See: Zulma C. Camisa, ReP1lblica Argentina, E~·aluaci6n y ajuste del censo de
poblaci6n de 1960 por sexo y edad y tabla abreviada de mortalidad 1959-1961, Latin American Demographic
Centre, E/C.N.CELADE/C.32, Santiago, Chile, 1964.
1 Including the net effect of migration recorded since 1950, calculated in accordance with the model used in
The Population of Smtih America 1950-1980.
j Population covered by the census, excluding adjustment for omission estimated at 5.4 per cent.
k Provisional adjustment of the census result provided by A. Cataldi, United Nations Technical Assistance
expert.
a

migration had a positive influence on population growth, which might account for at least
a small part of the total underestimate.
11. The high projection for El Salvador
underestimated the total population by a little
more than 1 per cent. This error was the net
result of larger errors due to the assumptions
concerning fertility and mortality and, perhaps

to a lesser degree, migration. The difference
between the assumed birth rate ( 42.7 per
thousand) and that estimated by A. A. Alens
(about 48 per thousand) probably resulted in
an underestimation of the total population
amounting to about 3 per cent. The projection
assumed a life expectancy for both sexes of
52.6 years in 1950-1955 and 55 years in 1955-
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1960. Alens has estimated that this indicator
hardly rose above 46 years in the period 19501961. This error is probably the main cause of
the difference between the total underestimation and that attributable to the assumption
concerning fertility. There are also some indications that emigration to Honduras may have
been sizable.
12. In the case of Guatemala, only a provisional figure for the total population was
available from the 1964 census. It was therefore ·
·
to determine clearly the effect
of the
erent sources of error in the projections. The birth rate was probably not substantially different from the 49.4 per thousand
assumed in the high projection. However, the
assumption concerning mortality (life expectancy of 39.50 and 41.75 years in 1950-1955
and 1955-1960 respectively) certainly contributed to the underestimation of the population,
since this indicator was above 43 years in 1950
(United Nations Demographic Yearbook,
1957). One significant source of error was the
estimation of the population for 1950; the population for that year as estimated by B. Barrios
and H. Ruiz was nearly 8.5 per cent higher
than the figure used in the projection.
13. The high projection for Honduras overestimated the population by less than 0.5 per
cent. This apparent success was due to the
fact that the errors resulting from different
causes largely cancelled each other out. The
assumed birth rate ( 40.3 per thousand) probably underestimated the true rate by about
20 per cent, resulting in an underestimate of
the total population of about 5 per cent. The
estimate of the total population for 1950 according to the projection was approximately
3 per cent higher than the total population as
adjusted by G. Avila. The assumed mortality
(life expectancies of 52.6 years in 1950-1955
and 54.76 years in 1955-1960) contributed to
the over-estimation of the population, probably by a little more than 2 per cent. Avila estimated that life expectancy was only 45 years
in 1950-1955 and 47 in 1955-1960. It is also
possible that migration from El Salvador to
Honduras affected population growth in both
countries.
14. The high projection for Mexico underestimated the total population (adjusted result) by about 5.3 per cent. On the assumption
that the effect of migration had been nil, the
conclusion was reached that all the sources of
error had contributed to the underestimation
of the population. The projection assumed a life
expectancy of about 51 ye.·us in 1950-1955 and
53 years in 1955-1960, whereas Recchini estimated that this indicator was above 53 years
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in 1950-1955 and nearly 58 years in 19551960. The underestimation of the population
due to this error was probably about 2.5 per
cent, concentrated especially in the highest and
lowest age groups. The projection assumed a
birth rate of 44.1 per thousand. Recchini estimated the birth rate at about 45.5 per thousand.
This error contributed to an underestimation
of the total population of about 1.5 per cent
and of the population under ten years of age
of more than 4 per cent. A comparison of the
estimate of the structure by sex and age for
1950 used in the projection with the corrected
result of the 1950 census showed estimated
errors which probably contributed to the underestimation of the 1960 population by a little
more than 1.5 per cent.
15. The high projection underestimated the
population of Nicaragua (provisional result)
by a little more than 4 per cent. It is not possible, with the information available, to estimate the magnitude of the errors due to each
of
· s. Two factors may have con·
tributed to
underestimation of the population the assumed birth rate ( 47.1), which
was possibly a little lower than the true rate,
and the estimated population for 1950, which
was not corrected for census omission. The
assumption that life expectancy would reach
the level of 52.6 years in 1950-1955 and 55
years in 1955-1960 and the assumption that
migration would be nil may have contributed
to the underestimation of the population; mortality appears to have been higher, and there
are signs that emigration to Costa Rica may
have been considerable.
16. In the case of Panama, the high projection over-estimated the population enumerated (final result, unadjusted) by less than
0.5 per cent. According to the estimates made
by H. Araica, the assumed birth rate underestimated the true rate by about 10 per cent.
The estimated population for 1950 also contributed to the underestimation of the population,
since it did not take into account the omission
from the census of children under 5 years of
age, estimated by Araica at about 4.5 per cent.
Life expectancy (62.3 years in 1950-1955 and
64 years in 1955-1960) contributed to the overestimation of the population. Life expectancy
for the period 1950-1960 was estimated by V.
Medica at a little less than 57 years.
17. The high projection underestimated the
population of Brazil by about 6.5 per cent. It
was assumed that life expectancy would be 44
years in 1950-1955 and 46.5 years in 19551960. However, C. Arretx has estimated that
life expectancy for the inter-censal period
reached a level of 52.5 years. This error may
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have contributed to an underestimation of the
population of 7 or 8 per cent. The projection
assumed that international migration would be
nil. However, the positive net effect of this
factor during the inter-censal period was estimated at about 600,000 per-sons, or a little
more than 1 per cent of the population enumerated. The estimated population for 1950 also
contributed to an underestimation of the 1960
population, probably by a little less than 0.5
per cent, being the net result of the underestimation of the population between ten and
twenty years of age and the overestimation of
the population over twenty years of age. The
assumed birth rate ( 46.6 per thousand) contributed to an underestimation of the total
population of about 2 per cent; it has been
estimated that the rate for the inter-censal
period was not more than 43 per thousand.
18. In the case of Ecuador, it was not possible to determine clearly from the information
available why the high projection had underestimated the population enumerated (preliminary result) by more than 2.5 per cent. Once
the final results of the census are known, it will
be possible to estimate the development of the
different components of population growth
during the inter-censal period and to compare
it with the development assumed in the projection.
19. The population of Peru (adjusted census result) was over-estimated in the high projection
12 per cent. As a result of research
by A.
i and J. Salazar for the intercensal period 1940-1961, the effect of the errors
in the assumptions can be estimated. The most
significant cause of error was the over-estimation of the 1950 population by more than 7.5
per cent, which contributed to an over-estimation of the 1961 population of about 6.5 per
cent. The assumed life expectancy ( 52.6 years
in 1950-1955 and 54.7 in 1955-1960) contributed to an over-estimation of the population
of about 4.5 per cent. A. Cataldi estimated this
indicator at 34.2 years for 1940-1950 and 46.8
years for 1950-1960. The birth rate used in
the projection ( 46.3 per thousand) was slightly
higher than that estimated by Cataldi ( 45.2
per thousand) and contributed to an over-estimation of the population of 1 per cent.
20. The high projection for Venezuela
underestimated the population enumerated by
more than 9.5 per cent. It was not possible,
with the information available, to estimate the
effect of the errors in each of the assumptions
used in the projection. The estimated population for 1950 did not take into account omissions in the census of that year; this certainly
contributed to the underestimation of the 1961
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population. The over-estimation of mortality
was probably a major source of error. A life
expectancy of 52.8 years in 1950-1955 and of
55 in 1955-1960 was assumed. However, life
expectancy was estimated at about 54 years
in 1950 by Paez Celis and about 65 years in
1961 by Michalup. It is possible that the birth
rate assumed in the projection ( 46.5 per thousand) was not a significant source of error and
that migration had an appreciable positive
effect on population growth.
21. If an estimate of the net effect of migration during the period 1950-1960 is added
to the estimated population for Argentina in
1960 according to the medium projection, there
is very little difference between the result and
the adjusted census result. However, the estimate of the net effect of migration is subject
to a considerable margin of error. The projection assumed a life expectancy of about 63
years in 1950-1955 and of a little over 64 years
in 1955-1960, and this may have contributed
to a slight underestimation of the population.
Camisa estimated that this indicator was about
61 years in 1947 and 66 in 1960. The birth rate
(25.1 per thousand) probably underestimated
births in the first five-year period and overestimated them in the second. The effect of
these errors was certainly very minor, since
they themselves were not large and tended to
offset each other.
22. The medium projection for 01ile underestimated the population enumerated by more
than 6 per cent. According to J. L. Sadie's calculations, the estimate of the population for
1950 used as the starting point for the projection underestimated the population in that
year by more than 6 per cent. The life expectancy assumed in the projection ( 50.6 years in
1950-1955 and about 53 years in 1955-1960)
over-estimated the level of mortality. J. M.
Pujol and 0. Tacla estimated life expectancy
at about 55 years for 1952-1953 and a little
over 57 years for 1960-1961. The birth rate
(33.3 per thousand) underestimated births in
the period 1950-1960 by more than 8 per cent.
Sadie calculated that the rate was more than
36 per thousand.
23. In the case of Paraguay, the high projection overestimated the population covered
by the census (provisional result) by more
than 14 per cent. It was not possible, with the
information available, to make a precise estimate of the errors due to each assumption. It
was assumed that life expectancy would be
57.5 years in 1950-1955 and a little over 59
in 1955-1960. However, A. Silvera estimated
life expectancy in the period 1950-1962 at
about 53 years. The estimate of the 1950 popu-
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lation used as a basis for the projection was
nearly S per cent higher than the corrected
estimate calculated by R. Mellon. There are
signs that emigration to neighbouring countries,
particularly Argentina, may have been sizable.
The assumed birth rate ( 47.1 per thousand)
does not appear to have been a major source of
error.
24. The medium projection underestimated
the population of Uruguay (provisional result
of the 1963 census) by 5.5 per cent. The assumptions concerning mortality and fertility
coincide with the recent estimates by A. Cataldi
and do not therefore appear to have been causes
of appreciable errors. According to the same
writer, the estimate of the 1950 population
which was used as the starting point for the
projection was higher than the true population
at that date, possibly by more than 10 per cent.
It appears that migration had a positive effect
on population growth, but it is difficult to
determine the error due to that factor, since
the statistics of migratory movement are of
doubtful quality.

V.

DATA AND STUDIES REQUIRED IN ORDER TO
IMPROVE THE BASIS FOR POPULATION PROJECTIONS

25. The subject of this section is a corollary
of the preceding one, since the evaluation of
projections made in the past is an operation
which, while indicating the need for further
projections, also makes it easier to avoid the
same errors in the future. The errors brought
to light in the course of evaluation may be
due to the methodology employed or to the
estimates made of the levels and trends of
demographic variables in the past. These depend
both on the basic information available and on
the evaluation and adjustments effected. The
possibility of applying a given methodology
also depends on the basic information available.
26. Censuses are the source of basic information for the preparation of studies on the
growth and structure of the population, the
components of growth and factors influencing
these components. 5 Following the success
achieved by the 1950 census programme for
the Americas, the development of censuses in
Latin America appears to have suffered a setback with the censuses taken since 1960. This
setback was both quantitative and qualitative. 6
li United Nations, National Programmes of Analy-

sis of Population Census Data as an Aid to Planning
and Policy-Making (United Nations publication,
Sales No.: 64.XIII.4).
6 G. Mortara, "Appraisal of census data for Latin
America", The Milbank Memorial Foundation Quar~
terly, vol. XLII, No. 2 (April 1964), part 2, Demography and public health in Latin America.
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The 1970 World Census Progran1me will place
great emphasis on the collection and tabulation
of information needed for demographic research
and for formulating economic and social development plans. It will also stress the importance
of evaluating census results, of considering the
use of sampling methods in census-taking and
of adopting modern methods of data processing
to speed up the release of the results. 7
27. According to a recent publication, 8 the
register of births and deaths is incomplete in
fourteen of the twenty republics of Latin America. The degree of incompleteness of the registers is not known, however, even though
attempts have been made to gauge it directly
in some countries. The accuracy of the information contained in the statistical reports on
the vital events registered is also not known.
28. The development of vital statistics in
the countries of Latin America has been
slow. 11 The improvement of this situation raises
more complex problems than the improvement
of censuses. The magnitude and continuity of
the administrative operations required, the fact
that the registers are used for legal as well as
statistical purposes, the need for collaboration
between different governmental bodies and
departments, and the fact that the registration
of vital events requires the active participation
of the public are some of the factors which contribute to the delay in developing this source
of information in Latin America.
29. These problems have been raised, and
solutions have been suggested, at a number of
international seminars. 10 The report on the
Second Inter-American Seminar on Civil Registration discussed the bases for a regional
civil registration improvement programme
during the period 1964-1960. 11 The implementation of this programme depends largely on
two subjective factors. The first is recognition
1 United Nations, Economic and Social Council,
thirteenth session of the Statistical Commission, Progress Report ot• the 1970 World Popltlation and
Housing Census Programmes (E/CN.S/337), 24
March 1965.
8 United Nations, Population and Vital Statistics
Report, Statistical Papers, series A, vol. XVI, No. 3
(ST/STAT/SER.A/70).
ll A. Gaete Darb6, "Appraisal of vital statistics in
Latin America", The Milbank Memorial Foundation
Quarterly, vol. XLII, No. 2 (April 1964), part 2,
Demography and public health in Latin America.
10 United Nations, Final Report of the First InterAmerican Semi~tar on Civil Registration (United Nations publication, Sales No.: 55.XVII.7), Statistical
Papers, series M, No. 23; United Nations, Seminar
on Evaluation and Utilisation of Population Census
Data in Latin America, Santiago Chile, 30 November-IS December 1959 (E/CN.9/CONF.l/Rev.l)
(ST/SAO/SER.C/46).
ll]bid., pp. 20-23.
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by Governments and their various agencies of
the need to have good vital statistics as part of
the over-all administrative information required
for economic and social development planning.
The other is the co-operation of the public,
which appears to be proportionate to the degree of economic and social development
attained in a given country. It is believed, however, that an active publicity and educational
campaign may be a very useful way of enlisting
such co-operation.
30. Another source of information which
may help to improve the basis for population
projections in the future is sample surveys.
The organization of an efficient national system of vital statistics will require a considerable period of time in some countries of the
region. In the meantime, sample population
surveys can provide the information which is
essential for the preparation of population projections. However, the most significant contribution of surveys would be the possibility of
estimating differential fertility, mortality and
migration and the attitudes and motivations
connected with them. Studies of this kind are
very useful, especially as a basis for assumptions concerning the future development of the
components of population growth. Owing to
its complexity and the large number of ques-
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tions which must be asked, such research cannot be carried out with the information currently obt:"linable from censuses and from registers of vital statistics. The Latin American
Demographic Centre, in collaboration with
other institutions and the Governments of some
countries in the region, is doing very important
work in this field.
31. Lastly, a few words concerning international migration. Despite the fact that it is
very difficult to provide bases for the assumptions relating to this component in the projections, and despite the further fact that its relative significance to most of the countries will
probably wane in the future, the importance
of studying international migration trends
should not be underrated. As was seen in section IV, international migratory movements
appear to have been a major cause of the error
in the projections for some countries of Latin
America. The fact that their effect could not
be fully verified indicates the need to improve
international migration statistics. The possibility that international migration from overseas countries may be replaced in the future
by migration between the different countries
of the region, especially those belonging to
economic groupings, should also be borne in
mind.

The use of electronic computers for population projections

A. F.

POBEDINA

[Translated from Russian J
1. The purpose of population projections is
to estimate the future size and structure of
the population on the basis of certain assumptions.
2. It is impossible to organize social production or public services on a sound basis
without data on the size and structure of the
future population. Plans for the building and
siting of industrial enterprises, power stations,
railways, municipal services, shops, schools,
hospitals, children's institutions, housing and
so on must be related to the size of the total
population and of the working population, the
number of children of school and pre-school
age and the size of other age groups.
3. The most accurate of the various methods
of making population projections is the aging
technique, which yields sufficiently reliable estimates of the future size of the population by
age and sex.
4. This method has been in use in the Soviet
Union for a long time. It was used, for example, to make population projections for the
first five-year economic development plan
(1928-1932).
5. The method is very labour-consuming.
For example, to estimate the population of a
particular territorial unit twenty years ahead
under such headings as urban and rural population, male and female population, and so on,
taking migration into account, it is necessary,
with 2,000 items of basic data, to perform over
100,000 calculations.
6. Soviet economic planning requires population forecasts for Union Republics and economic and administrative regions as well as for
the country as a whole. As the amount of calculation work therefore runs into millions of
operations, population projections made with
conventional calculating machines would, of
course, require a great deal of time and labour.
Today, problems of this kind are being solved
through the use of electronic computers.
7. The use o£ electronic computing equipment is worth while when a calculation consists of a large number of cycles each of which
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can be performed within a single programme.
Population projections in which a large number of calculations for many regions are carried
out within a single programme meet these
requirements.
8. Electronic computers can perform calculations in a small fraction of the time required
by conventional electric calculating machines.
Whereas with the latter a great deal of time
and labour is required to calculate even one
alternative, the former can quickly produce
several alternative projections based on different assumptions about reproduction rates.
9. Soviet statisticians have worked out
models for calculating the reproduction rate on
the basis of natural population movement both
with and without migration.
10. These models are based on the aging
technique.
11. The programmes for population projections are drawn up on the basis of various
assumptions about the reproduction rate. One
alternative, for instance, was based on the
assumption that the reproduction rate would
remain constant during the whole period, while
other alternatives made various assumptions
about changes in the reproduction rate.
12. In making population projections with
a model allowing only for natural movement,
with the reproduction rate constant, the following basic data were used :
{a) Population at the beginning of the period by sex and one-year age groups (from 0
to 100 years), broken down into rural and
urban population;
(b) Aging factors by sex and one-year age
groups, for rural and urban population, and
aging factors for infants born during the year ;
(c) Fertility rates for one-year age groups
(from fifteen to forty-nine years) of women,
for rural and urban population;
(d) Birth timing for males and females.
13. The technique of aging is as follows.
The population of each territorial unit at the
beginning of the period (for example, on 1
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January 1964) is converted, by one-year age
groups of each sex, from the base year t to the
beginning of the following year t + 1, each
such group being multiplied by the corresponding aging factor, i.e., the population at i
is converted to age i + 1. This gives the next
year's population in each age group, except
for the group aged less than one year (i = 0).
14. The number of children aged less than
one year is obtained as follows :
(a) The mean population of women aged
fifteen to forty-nine years, inclusive, during
the year in question is calculated. By multiplying the mean population of women in each
age group i by the fertility rate for that age
group and summing the products, we get the
total number of children born in year t;
(b) The total number of births for the year
is apportioned between males and females in
accordance with the male-to-female ratio for
newborn infants ;
(c) The figures thus obtained for the number of male and female births are multiplied by
the aging factor for infants born during the
calendar year, and this gives the number of
children of zero age at the beginning of
year t + 1.
15. All these calculations are then repeated
to obtain the population at the beginning of
each subsequent year in the period.
16. The components of the model which
takes into account only natural reproduction
factors with constant rates, are as follows:
(1)

Aging for ages 0 to 99 years inclusive

K9€x9€t

+ K'f/\nf3t

=

Xof3<t+l)

(2)

Aging to obtain population aged 100 years and over
K'!!1 ~a{3

i=49

:E 'l'>i !(xi women t

1-=15

Calculation of number of births in year t and number
surviving at beginning of year t + 1

where t

calendar year;
age (0, 1, 2 ... 98, 99) ;
fl = age 100 years and over;
a = urban or rural;
{3 = male or female ;
x~f3t = population by age, sex and rural/
urban distribution at the beginning
of the period (year t) ;

Ktf3

=

aging factor by sex and one-year
age groups from 0 to 99 years for
rural and urban population;
K'f/ = aging factor by sex for rural and
urban population aged 100 years
and over;
K~ = aging factor for infants born during
the calendar year ;
4>~
fertility rate for women aged 15 to
49 years, inclusive, with rural/
urban distribution;
~af3 = percentage of males and females
males
among newborn infants
+ ~females 100 per cent).
17. In addition, the number of deaths in
year t is calculated in this model according to
the following formula :

a

(l

:ruaf3t

:E xillt(l

Kfil)

+ Na{3t (1 - K'!!1 )

( 4)

i=O

where Mailt

=

number of deaths classified by
sex and by ruraljurban distribution in year t;
Nrxf3t
number of births classified by
sex. and by rural/urban distribution in year t.
18. Comparison of the figures for estimated
population derived by means of electronic computers with those calculated from statistical data
(census data plus births minus deaths) showed
that there was very little difference between the
two
0.1 per cent).
19. This, however, was true only for the
total population. The model as a whole was
still incomplete because it did not take movements from rural to urban areas into account,
i.e., it did not allow for migration.
20. The high rate of industrial development
in the USSR is accompanied by the movement
of large numbers of people from the country to
the towns. The proportion of urban population
is constantly rising while that of the rural
population decreases. As a result of migration,
the sex and age structure of the urban and
rural population is changing, this being one of
the major factors determining natural increase
and therefore the future size of the population.
21. As there was no doubt about the need
to take migration into account in making population projections, further work was done to
improve the mathematical formulation and
programme for demographic projections in such
a way as to include migration.
22. The new model for population projections provided for different assumptions about
changes in the rate of reproduction and for the
following types of migration :
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(a) Intra-republic (intra-regional) migration, i.e., the movement of population from rural
to urban areas within a republic (region) ;
(b) Inter-republic (inter-regional) migration, i.e., the movement of population from the
urban and rural areas of one republic (region)
to the urban and rural areas of another republic (region);
(c) Increase in urban population and decline in rural population due to the transformation of rural communities into urban ones
as a result of industrial development.
23. The extent and direction of migration
are strongly influenced by widely differing
factors. As migration trends depend much less
on past conditions than on future developments,
estimates of future migration cannot be derived
solely from statistical data for past years.
24. The reproduction model allowing for
migration was constructed in such a way that
the total extent and direction of migration were
determined when the basic data were prepared,
and this information was fed into the machine
for each year together with the basic data on
the size of the population and other factors.
25. Accordingly, in order to allow for migratory movements of population in making population projections, it is necessary first to determine the likely volume of migration, on the
basis of the plans for the economic development of the administrative units in question,
and then, since population projections are made
by one-year age groups and by sex, to determine the ratios for distributing the migrants by
age and sex.
26. This distribution is determined differently in the model for the different kinds of
migration. In the case of the net intra-republic
and inter-republic migration (the balance of
migration), the ratios for the distribution of
migrants by age and sex are determined at the
stage when the basic data are prepared; this is
done by using the previous years' statistics on
movements of population in the USSR as a
whole, in the union republics and in economic
regions and by taking into account the characteristics of the future age-sex structure of the
population.
27. The basis for the calculations was as
follows: in the case of net intra-republic migration, the percentages of males and females and
the distribution of migrants by age were determined from the data for each territorial unit;
in the case of inter-republic migration, uniform
figures were adopted for all territorial units on
the basis of the data for the USSR as a whole,
since it was necessary to avoid double counting

WORLD POPULATION CONFERENCE,

1965

of persons leaving one republic or region and
arriving in another.
28. Net intra-republic and inter-republic
migration was calculated on the electronic computer in accordance with the following formula :
tl'BfJt,-/pft

where p~'

+ dflt"''"'tp~t

percentage distribution of migrants by age within a territorial
unit (~11t = 100) ;
percentage distribution of migrants by age in inter-republic
migration (~Pft = 100) ;
percentage of males and females
in intra-republic migration ;
percentage of males and females
in inter-republic migration;
net intra-republic migration for
vear t;
inter-republic migration for year
t;

+1 for urban area (a = urban
area);
-1 for rural area (a = rural
area).
29. The sex-age distribution of the population passing from the category of rural to the
category of urban population as a result of
rural areas becoming urban areas was carried
out on the electronic computer in accordance
with the sex-age distribution of the total population of each republic or region in the year in
question. The idea behind this was that in their
economic development and way of life, and
hence in their sex-age structure, such communities occupy an intermediate position between long-established urban areas and purely
rural areas and that the sex-age distribution of
their population is halfway between that of
urban and rural populations.
30. The mathematical formula for such
changes in status is as follows :

where

rt

-

total number of persons
changing category in the
year in question (t = 1964,
1965, etc.);
urban population by age
and sex;
rural population by age
and sex;
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l =

total population of the territorial unit at the beginning of year t.
31. The assumptions about future changes
in the reproduction rate are based on a study
of such changes in the past and on various
suppositions about future economic and social
changes.
32. In particular, a decline in infant mortality, a decline in the mortality of other age
groups and a rise in age-specific birth rates in
certain republics are assumed in making alternative population projections.
33. In accordance with these assumptions
about changes in the future reproduction rate,
functions of the changes in fertility rates and
in aging factors were introduced into the model.
34. In calculating the number of births with
allowance for a rise in the birth rate, the
average annual rate of change in the fertility
rate for the years in question is used (pf1).
35. The annual rate of change in the fertility
rate is calculated by the electronic computer in
accordance with the formula:

-

Calculation of aging factor with allowance for expected
decline in mortality by the end of the period

(b)

Calculation of the average annual rate of change in
aging factor

where

Ka/:l

'

\;.vif

p.(ft

where

purpose are the values for the probability of
death ( qff:l), from which the basic aging factors
are calculated, as well as the expected rates of
change in the probability of death for the entire
period ( Tff/:l).
38. The average annual rate of change in
the aging factor is calculated for each subprogramme in accordance with the following
formulas:

M~~

expected increase in fertility
rate from the base year to the
end of the period in question
(broken down by female age
groups and by urban and rural
population) ;
n = number of years in the period
in question.
36. For the purposes of the aging technique,
the average annual rate of change in the aging
factor is determined for each age group, broken
down by urban and rural areas and by sex
(Aftlt).
37. In order to obtain the annual rate of
change in the aging factor, it is necessary first
to calculate new aging factors for the period
which take into account the .expected decline
in mortality. The basic parameters used for this

39. The rate of change in the aging factor
(>..ff:lt) obtained in this way is used in the basic
programme for aging.
40. In its complete form, the model, taking
into account the migration factor and future
changes in the reproduction rate, is as follows :
X town {jt

[ •"'Bf:lt./ pft

ytf:ltKff:lxff:lt

Aging

+

+ df:lt'l'atpftJ

ect

Rural-urban population movement
(balance of migration)

aging factor at the beginning of
the period;
aging factor with allowance for
decline in mortality by the end
of the period;
probability of death during the
next year of life for age group
i, sub-population a/3;
rate of change in q~/3 for period
in question;
number of years considered ;
rate of change in aging factor
during one year of the period
considered.

+

(

i

+

Xcountry
vi i

"'

+

49

-1

-1

~ p.'!'t... ~.l Cx~woment
. . ' ... , 2
'

+

rt =

v,~+l'l{lt+l) (1')

""

Rural-urban population movement
due to change of category

t..9f 1K9f · x9C 1
t..gf:ltJq~f:lxnf:lt = x;l13 (t+Il
Aging to obtain population aged 100 years and over
AafitKaf:l.a/:)

13t)

x"'womenl}...
K~women)
,_1
•-1 •-1

- - - - - - o i=15

Calculation of number of births in year t and number
surviving at beginning of year t+l

(2')

(3')
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Mo,fJt

= k

xfllt(l- KfPxfPt)

+ Natlt(l- K~l x~f

1965
(4')

i==o

Calculation of number of deaths during year t

41. The procedure for population projections, inclusive of migration, covering one year
in one territorial unit is basically as follows.
42. First, all those operations are carried
out which relate to aging and to the determination of the number of births, i.e., the same
procedure is followed as in the programme
which excludes migration.
43. Then, from the planned figures for
movements of population within and between
republics, the final figure for the urban and
rural population at the beginning of the year
in question is calculated.
44. It is assumed in the calculations that
when a community moves from the rural to the
urban category its reproduction rate changes
at the same time from rural to urban.
45. These newly obtained population figures
are taken as the basis for the calculations from
the beginning of the next year, and so on.
46. The basic data and the programme must,
before being fed into the computer, be transferred to punched cards, perforated tape or
some other recording medium.
47. After the programme and basic information have been fed into the computer, it automatically solves the problem in sequence on the
instructions of the programmer (see block
diagram on page 39).
48. The results are then delivered to the
printer.
49. The block diagram of the basic programme consists of the following blocks, the
sequence of which is dictated by the calculation
techniques (see diagram) .

50. The various ·blocks in ·this diagram
represent complete parts of the programme.
51. The first block (I) represents the input
of the basic data from the funched cards, verification of the accuracy o the punched cards
and of the accuracy of the input.
52. The second block (II) represents the
verification of the completed steps with the aid
of the expression r.,- r1. The cell r 1 stores
the number of steps executed and the cen rw
contains the number of steps required.

53. The third block (III) represents the
operation of carrying the figures forward to
the beginning of the following year and of
taking from the magnetic drum the coefficients
needed for the calculation.
54. The fourth block (IV) represents the
actual calculation of the population and consists in its turn of five blocks, (a), (b), (c),
(d) and (e), representing this calculation in
accordance with the appropriate formulas and
in the prescribed sequence.
55. The fifth block (V) represents the verification of the conditions justifying the delivery
of the results for the year in question to the
printer. This is done in accordance with a scale
which is a combination of zeros and ones, where
"1" stands for ''a step which must be delivered
to the printer" and "0" stands for "a step which
does not require delivery of results to the
printer".
56. The sixth block (VI) represents the
delivery of the results to the printer.
57. The output information for the beginning of each year for each territorial unit is
printed in nine groups as follows :
Urban population (male, female, both sexes);
Rural population (male, female, both sexes);
Total population (male, female, both sexes).
58. For each group the computer delivers
the following data; number of births and deaths,
total population, population by one-year age
groups, by five-year age groups and by other
age groups necessary for economic development
planning and the planning of public-health,
cultural and other facilities and services.
59. In addition, from the absolute population figures the computer calculates and prints
a number of relative mdices : number of births,
deaths and natural increase per 1,000 population ; proportion of different age groups m the
total population in each category; proportion
of urban and rural population in the total
population ; and so on.
60. All the above data are delivered by the
computer in the form of decoded tables.
61. When calculations with the computer
have been completed, a comprehensive economic
analysis of the data obtained is made, and the
optimum alternative is selected.
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Preparation for beginn.ing of computation

IV.

Executi\)n of one step in model, i.e.; calculation of population for one year:
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Calculation of population at beginning of next year aged 0 to 99 years
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Calculation of number 'of infants aged 0 ye~;~r at beginning of year t
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Projection basis for populations of Tropical Africa: a general discussion

A.

ROMANIUK

1. The purpose of this paper is to examine
the basis which can be used to make projections by age for the population of Tropical
Africa. In the first three sections, we discuss
the basic data on the age distribution, the
fertility and the mortality as given by the censuses carried out in recent years. The last
section presents some qualitative considerations
concerning the future trend of fertility and
mortality. Lack of space compels us to omit
from the discussion related topics such as the
size of population and the growth rate derived
from the population based on consecutive censuses.
I. AGE DISTRIBUTION
2. Censuses carried out in Africa in recent
years generally give the age distributions in
quinquennial or decennial groups. In addition
to numerous irregularities (caused by accidental errors, age differential omissions and, perhaps, some past fluctuations in vital rates),
these distributions show deviations of an obviously systematic nature. These deviations are
so similar among the different African populations considered, that one can actually speak
of a specific African pattern of age misreporting. When compared to a stable age
distribution based on the estimated or observed
current vital rates, the reported age distribution shows, above all, an apparent deficit among
the young adults (ten to twenty), in some
cases up to 50 per cent of the expected proportion, and an apparent excess among the adults
from twenty to forty-five years of age, especially for females. It also shows, for many of
the populations studied, a deficit less pronounced yet typical enough, in the proportion
of old persons. In contrast to this, the reporting
with respect to children under ten, and especially for those under five years of age, is
generally much more satisfactory.
3. The problem which one faces in setting
up the projection is how to adjust the age
distribution at base date. The choice of method
depends on the main cause of the distortion.
In this respect, there are some differences of
opinion among demographers working in Africa. The authors of the projection made recent-

1y for French-speaking Africa, for example,
content themselves with an averaging of the
age distribution of individual countries, thus
eliminating some accidental errors, but leaving
intact the main shape of the age distribution
as reported. They think that the deviations in
reported age distribution are in fact, to an
important extent, due to the past fluctuations
in the vital rates. 1 A similar view is held by
the authors of the projection of population for
the Democratic Republic of the Congo. 2 It is
quite possible that some fluctuations in vital
rates have taken place in the past. It is doubtful, however, whether these would be really
noticeable in an age distribution which is dearly
biased.
4. The only practical solution would be to
fit to the reported age distribution a stable age
distribution based on the observed or estimated
current vital rates. It is true that not all African populations are of the stable or quasistable type. Yet, even for those which underwent a declining fertility trend, a stable age
distribution, based on the current mortality
and fertility rates, would be preferable to a
dubious empirical smoothing.

II.

MORTALITY

5. In addition to the conventional information by age groups on deaths occurring during
a twelve-month period, for certain countries
censuses provide data on the proportion of
deceased children among all the children born,
by age groups of mothers. This proportion can
be converted into probability of death from
birth to age (,.q0 ) by means of a special technique perfected by W. Brass. 3 It is generally
agreed, however, that neither one nor the other
set of data are reliable enough to be used directly for the construction of a survival table needed
for the projection. Therefore, it is now cus1 France, Ministere de la Cooperation, Perspectives
de population dans le.r pa~s africains et malgache
d'expression franfaise (Pam, 1963), p. 4.
2M. Fabry et ]. Maver, La population future du
Congo (Bruxelles, Centre d'etude des probh~mes sociaux et professionnels de la technique, 1959).
a W. Brass, "The construction of life tables from
child survivorship ratios", International Population
Conferetlce, New York, 1961, vol. I (London, 1963).
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ternary to resort to a survival table selected
among the existing models (United ~ations,
Princeton) which fits, as much as poss1ble, the
presumed actual mortality schedule of the projected population.
6. Under these circumstances, the practical
problem one faces is that of finding, throt~gh
the analysis of the available data on mortahty,
a basis on which the selection of a proper
model can be made. It is reasonable to assume,
indeed that not all data are erroneous to the
same clegree. A careful~y detailed analysis n:ay
disclose some parts rehable enough to prov~de
some indication about the level of mortahty
and, eventually, its age pattern, so that a ~uit
able model could be selected. The companson
of two largely independent sets of mortality
data may help to assess their respective value.
A further consistency test may be carried out
through an internal analysis of the age sequences of mortality rates of each set of d~ta. In
either case . we must be able to convert dtfferent
mortality indices into a common expression so
as to make them comparable (for example into
1 q0 or 5 q0 ). This can be done with the help .of
the United Nations or the Coale-Demeny hfe
tables models. The latter models have the
advantage of being subdivided according . to
four different typical age patterns of mortahty,
labelled W'est, East, South and North. 4
7. The age pattern of mortality, w~ile. of
relatively little sign~ficance for the proJectt~n
itself (the latter bemg only approx1mate), 1s
of great importance for the analysis of th~ data
in the way outlii!-ed above. T~us, the ~nfant
mortality rate denved from a gtven post-mfant
death rate is significantly higher when one
uses the "East" model than when one uses the
"North" model. Unfortunately, in view of
heavy differential age misreporting affecting
both living and dead persons, it is extremely
difficult to assess with any certainty the true
age pattern of mort~lity of Afr.ican populati?ns.
Better evidence extsts regardmg the relatlOnship between infant mo~tality a~d .child m?rtality. Indeed, the analysts of baste mformabon
seems to suggest that among African populations, a relatively low infant mor~ality is as.sociated with a given level of chtld mortahty.
This shows a relationship similar to that implied in the Coale-Demeny. ''N_orth" mo.del
based on life tables for Scandmav1an countnes.
4 A. J. Coale, "Estimates of various demographic
measures through the quasi-stable age distribl!tion",
Emerging techniques in population research (Mdbank
Memorial Fund, 1963); A. J. Coale and P. Demeny,
Regional Model Life Tables and Stable Populations
(Princeton, 1964).
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8. The table in the appendix compares, for
a few African countries, the reported quotient
and the quotients derived by means of the
"North" model. The most interesting feature
of this comparison is the conspicuous understatement of the infant mortality rate (col. 1)
based on infant deaths reported for the twelvemonth period. The implication of this finding
is that the post-infant death rate (col. 2), as reported, provides a better basis for selecting. a
model than does the crude death rate and 1s,
indeed, much better than the infant death rate.
It is not easy to decide which is the more adequate measurement of actual mortality, the
post-infant death rate, as based on the deaths
for a twelve-month period, or the indices derived from children who have died among all
the children born (cols. 3, 4). Both types of
measurement have their merits and their faults.
The reader is referred to Frank Lorimer's
paper, 5 which discusses their respective merits
more thoroughly. One should, ho·wever, note
that both are subject to under-reporting. In addition the post-infant mortality supposedly
reported for a twelve-month period may be
affected by the errors connected with indetermination of the period reference. On the other
hand, the indices based on proportion of deceased children might express the past rather
than the present mortality conditions, even
when the sequence of nqo values is restricted
only to age five (i.e., children born to women
thirty to thirty-four years of age).

III. FERTILITY
9. Statistics on fertility are not only more
thorough and diverse, but also appear to be
more reliable. Thus, along with information on
births occurring during a twelve-month period,
used to calculate conventional fertility rates,
censuses for many African countries give, by
age groups of mothers, data relevant to the
average number of children borr~. The l~t~er
can be converted into the conventional fertlhty
rates or can be used as the basis for adjustment
of the reported birth rate in the m.an~er :how.n
in the appendix. Although age dtstnbutron 1s
generally strongly distorted, it is nevertheless
true that the reporting on young children is
relatively correct for countries where a houseto-house census was taken and where the registration of births has reached a fairly high percentage, thus providing the exact date of b~rth
for many children. A fairly reasonable btrth
rate can be derived in this case by means of
5 F. Lorimer, "Possibilities and problems in the
estimates of vital rates in Africa", lntemational Population Conference, Ottawa, 1963 (Liege, International
Union for the Scientific Study of Population, 1964).
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the stable population model, combining an to justify them. As far as the present high
assumption of the mortality with the reported fertility populations of Tropical Africa are conpopulation of children under five years of age. cerned (i.e., those with a birth rate of 50 per
Finally, though not directly related, the pro- 1,000 or higher, and a sterility rate less than
portions of sterile women which are available 10 per cent), we would think that the assumpfor many countries, give an idea of the repro- tion implying an unchanged fertility trend is
ductive capabilities of those populations.
the only one consistent with the analysis of
10. The table in the appendix (cols. 5, 6, 7) underlying factors. Perhaps the most concompares, for a few countries, the estimates of vincing argument in favour of this assumption
birth rates based on the three different proce- is the observation one can make with respect
dures outlines above. It is encouraging to find to urban fertility in Afric-1.. Indeed, in spite
that for certain countries (the Central African of the fact that urbanization entails an imporRepublic, the Democratic Republic of the Con- tant change in living conditions, the traditional
go, Dahomey, Upper Volta, etc.) all three atitude towards procreation has not, as yet,
estimates, in spite of their being largely inde- changed among African urbanites. The demopendent of one another, lead to a very similar graphic surveys undertaken in recent years do
fertility level. For other countries (Guinea, not reveal any significant lowering of urban
Niger), the margin of indetermination is un- fertility. This does not mean, however, that
there is no change at present or that we canfortunately larger.
11. For a more refined projection, one not expect any change in factors of fertility
needs fertility rates by age group. Unfortunate- in the near future among African populations.
ly, these rates as reported are strongly affected For example, the rise in the marriage age, due
by age misreporting of women. On the aver- to a greater education and the state's enforceage, they are depressed, approximately to the ment of a minimum age for marriage, is already
extent to which the reported proportion of wo- noticeable. The decline in the practice of polymen within fifteen to forty-four years of age gamy in many parts of Africa may
is in excess over the true (stable) proportion duce some depressing effects on nttpti ty :
(see paragraph 2). (For some countries, the delay in the marriage age and increase in the
general fertility rate as reported is ten to proportion of unmarried women. While these
twenty per cent lower than the stable general changes may affect to some extent the age
fertility rate.) Certain projections are based on pattern of fertility, however, their lowering
the reported age pattern of fertility and the effect on the birth rate may be more or less
latter is adjusted only for the general level. We offset by factors operating in the opposite direcdo not know, and there is no way of finding tion. In particular, we would like to mention
out, how the rates are affected for each indi- a weakening of certain customs such as avoidvidual age group. It would probably be less ance of sexual intercourse during nursing, and
erroneous to use simply the general fertility hence, reduction of the intervals between births.
rate instead of age-specific fertility rate (even The development and use of maternity hospitals
if the latter is adjusted for its general level). in the cities and some rural areas may result
Since the reported general fertility rate is de- in a reduction of death in childbirth and
flated, a "correct" one can be calculated simply delivery accident rates.
by dividing the best available estimate of birth
14. The problem is more complex when one
rate by the stahle proportion of females in the considers populations that exhibit a relatively
fifteen to forty-four age group in the total low birth rate and high sterility (see appenpopulation.
dix). Although the majority of African populations are extremely prolific, there are neverIV. FUTURE TRENDS OF FERTILITY AND MOR- theless important regions where sterility reaches
an abn
high rate (central regions of the
TALITY
Democr
epublic of the Congo, Gabon, the
12. ·what course are fertility and mortality southern part of the Sudan, and other regions).
likely to take for a medium range projection Different explanations are advanced for this
of about twenty-five years?
high sterility. Our own study of fertility factors
for
the Democratic Republic of the Congo, as
A. Fertility
well as other research done in other countries,6
13. The most current assumption for a
6 H. Greffith, "Gonorrhcea and fertility in Uganda",
medium range projection for Tropical Africa
The Eugenics Revue (July, 1963); A. Romaniuk,
is that fertility will remain at its present level. L'aspect
demographiqzte de la sterilite des femmes
Other assumptions of low and high trends are congolaises (Loopoldville, Editions de l'Univer11ite
also made, but without any serious attempt Lovanium, 1961).
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have convinced us that venereal diseases constitute the main, if not be only reason, for infertility. If this is true, then the future trend of
fertility in present low fertility regions will
depend mainly upon the success of a medical
programme directed towards the suppressing
of venereal diseases. In contrast to the
social factors of fertility which are slow to
change, the sanitary factors may produce quite
a rapid impact on fertility. At any rate, the
sanitary aspect of fertility in Africa deserves
closer scrutiny than it receives in the current
analysis.
B.

"~! ortality

15. Most of the projections made for Tropical Africa which we have thus far consulted
imply an assumption of a rise in expectation of
life at birth, by half a year per year during
approximately the next twenty years. However, little, if any, analysis of underlying factors is made in order to justify such an assumption. This simply rests on confidence in
further medical and technological progress in
Africa and on recent experience· in such countries as Ceylon and Mauritius. The increase

of expectation of life in these countries was
approximately one year per year during the
period 1950-1960. This increase amounts to
about 0.6 years per year for the coloured (nonBantu) inhabitants of South Africa. It should
be recognized that the examples cited benefit
from particularly favourable conditions, hardly
duplicated elsewhere in Tropical Africa on a
significant scale. The past reduction in mortality has probably been achieved primarily
through pacification and the control of epidemics, especially trypanosoma. The eradication
of paludism and intestinal worms, two main
causes of morbidity in Tropical AfricEt, will
require tremendous effort and much time. The
next stage of medical improvement, curative
medicine, will for many years benefit only privileged classes of African society and selective
areas since the low income of the population
does not yet make possible the implementation of curative medicine on a popular basis.
Considering also the economic and political
difficulties which accompany the process of
decolonization in some countries, the outlook
for a substantial reduction of mortality does
not now seem very promising for Tropical
Africa, as a whole.

APPENDIX
Infant mortality rate ( 1q 0 ), birth-rate and proportion of childless women for a few African countries
(The purpose of these estimates is essentially illustrative)
Birth·rate
(BR)
Per 1,000

Infant mortality (1 q 0 )
per 1,000
Coum.try

Central African Republic (1959-1960) .......
Congo (Leopoldville) (1958-1959) ............
..................
Dahomey (1961)
. ........ . . . . . .. ' ' .
Gabon (1960-1961)
Guinea . . . . . . . . ' . . . . . . . . ' . .....................
Konkoure (Guinea) (1957). .. ' ........ ' ... ' ....
Niger (1960) ' ' ' ... ' .... . . ' ' .. ' ...............
North Cameroun (1960). .. ' ...... ' ...........
Upper Volta (1960-1961).
' . ' ' .........
"

~

2

J

190
104
110
129
216
114

154
154
207
230
280
164

194
153

207
177
228
182

180
174

180
219

227
165
210
225

4

184
228

s
48
43
54
36
62
40
60
42
49

6

7

Childless
womett
per 10()
8

46
45
56
35
53
46
55

47
43

16
20

30
50

57

41

53
41

50

48

6
10
6
12
6

1 : 1 q0 as based on the infant deaths reported by the survey for a 12-month period.
2: Infant mortality as derived from the post-infant mortality rate (over age 1) based on the reported 12month period deaths.
3 : 1 q0 as derived from the proportion of children deceased among the children born to women aged 15 to
19 years (Brass Method).
4: 1 q0 as translated from the rRo by means of the Coale-Demeny "North" model. The 5 q0 is based on the
children deceased among the children born to women aged 30 to 34 years (Brass Method).
5 : BR as based on the reported births for a 12-month period.
6: BR as derived from the proportion of children under 5 years of age, by the Coale-Demeny "North"
model; the mortality assumption: 1 q0 (col. 3), and col. 2 if 1 q0 (col. 3) not available.
7: BR as adjusted by reference to the average number of children born to women aged 20 to 24 years (observed BR is multiplied by the ratio of parity at age 22.5 to cumulative fertility up to age 22.5).
8: Percentage of women over 45 years of age who never gave birth to a live child, to the total number of
women of that age group.

The post-war population development of Finland compared with predictions
made after the war
LEO TORNQVIST

1. As a result of the war, and of post-war
developments, all earlier Finnish population
forecasts became dearly misleading. Therefore
in 1947 a new series of predictions was made
under the direction of the author. In these predictions extending to the year 2000 the future
development was calculated by means of graphically predicted survival rates for each sex
and five-year age group, and corresponding
birth-rates for women. About each of them
three different predictions were made called
"high", "low", and "medium". The two firstmentioned were aimed at giving an 80 per cent
confidence interval for the actual development.
The names of those predictions tell if a change
from "medium" to "high" or "low" will cause
an increase resp. a decrease in the population.
Because migration was not believed to have
any notable effects on the results of the calculations, and the effects of new antibiotics were
not yet predictable, these factors were not taken
into account.
2. When predicting the future development
of the age specific fertility rates of Finnish
females the observed high numbers for the year
1947 were supposed to descend ra idly to the
level prevailing before the war.
number
of births for the period 1946-1950 was, however, badly underestimated. The total 24 per
cent decrease in the number of births from the
maximum level to a "normal" level almost
agrees with the "high" prediction according to
which the corresponding decrease was supposed
to be 24.7 per cent. But as a matter of fact
this "normalization" of the birth-rates, which
was expected to be completed by the beginning
of the 1950's, did not end before the second half
of the decade. This was due to a remarkable increase in the proportional number of marriages
in all fertile age groups. This increase has been
especially striking in the female age group of
20-25, in which the population of married
women has increased from 27.6 per cent to 45.4
per cent during the period 1940-1960. As a
result of the underestimation of the birth-rate
the actual number of births during the period
1946-1960 was 9.8 per cent higher than the
"high" prediction.

3. New antibiotics like penicillin, streptomycin and aureomycin were already known in
the 1940's, but because their demographic
effects could not then be determined the steady
increase in the survival rates taking place in
the 1930's was supposed to continue. In reality,
however, the development in this respect has
been so much stronger that the level, which
according to the forecast could not be reached
until the year 2,000, was approximately
reached at the end of the 1950's. During the
period 1936-1940 new-born boys were expected
to live 54.3 years and new-born girls 59.5
years. During 1956-1960 the same figures were
64.9 and 71.6 years, while the corresponding
"high" predictions were about eight years
lower. For comparison it may be mentioned
that according to the "high" prediction the
expected length of life in the year 2000 was
supposed to be 64.0 years for new-born boys
and 73.9 years for new-born girls.
4. The exceptionally rapid increase in the
expected length of life is, I think, mainly due
to new antibiotics, but also the increase in the
number of marriages may have caused a slight
decrease in mortality.

5. Curves describing the post-war development of total population, number of births,
deaths and the total deductions including the
number of deaths, net emigration and statistical corrections are presented in figure I. Actual
and predicted population growth are illustrated by the shadowed areas between the
curves describing the number of births and
deductions.
6. The actual state of the Finnish population in 1960 and the three predictions are presented by the age pyramid in figure II. In
the scale used, the part of the pyramid describing the actual and the predicted population
aged over 55 years agree with each other very
well. In the age group of 20-54 years, on the
contrary, the actual number of persons is 0.8
per cent smaller than what was expected according to the "low" prediction. This is due
to the fact that migration has caused an un-

44

45

POPULATION SIZE AND AGE-SEX STRUCTURE
1945

1950

1960

1955

1965

1970

1975

1980

1985

1990
5.5

5.5

5.0

0
~

4.5
4.0

l§
[J

><
G ,_..Jil
': ..... ,... .... ....

.,..,...,.........

_ ............................... .

...::.:-::-:.::..............

~::.:::.-;:
~

~"""

~

4.5

_ _ Actual population
__ - "High" prediction

~

u

.....

o"
x

Medium" prediction
Hortman's Proiection
StrOmmer's Projectio.n
No migration
..

110,000
100,000

5.0

,, .... ~····

110,000
A

100,000

B

90,000

90,000

60,000

80,000

70,000

70,000

60,000
50,000

60,000

c

D

50,000

E

40,000

40,000
30,000
20,000
10,000

A
8
C
D
E

"High" predicted number of births
Actual number of births
Total deductions
"High" predicted number of deaths
Actual number of deaths

30,000
20,000
10,000

Figure I
Post-war population development of Finland

expectedly great decrease in this age group,
overcompensating the error caused by the
underestimation of the increase in survival
rates. The number of persons born before 1945
aged over 15 years in the year 1960, however, practically agrees with the corresponding
number of the "low" prediction. The effect of
migration has been relatively small on the
population aged 15-19 years. The underestimation of the decrease in mortality explains why
the actual number of persons in this age group
is 4.4 per cent higher than the "high" prediction. Taken altogether, the population in the
year 1960 was 5.9 per cent higher than "high",
7.6 per cent higher than "medium" and 11.3
per cent higher than "low'".
7. In the years 1950 and 1960 complete censuses of population were made in Finland. The
information collected from them forms the basis
of our new population projections that were
made under the direction of Tor Hartman in

the year 1963. These projections for the years
1970, 1980 and 1990 are described in the publication "Regional projections of population
and households to the year 1990". The projections are based on the following assumptions:
(a) The net emigration remains at the level
registered in the 1950's, namely, 7,000 per
year;
(b) The migration from one region to
another or from rural communes to urban communes or vice versa will, regarding direction
and intensity, remain as calculated in the later
half of the 1950's;
(c) The life tables remain invariable during
the period of projection as calculated on the
basis of the mortality for the year 1961 ;
(d) The birth rates and their differences
between different parts of the country decrease.
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Population of Finland

8. Results of these projections until the
year 1990 are also described in figures I and
II, comparing them graphically with the "high''
or the "medium" prediction of our first postwar forecast. It is seen from the figures that
according to the calculations the number of
births will remain continuously at a higher
level than expected according to the "medium"
prediction though, contrary to the "medium"
prediction, any clear repetition of the post-war
"baby boom" is not envisaged in this projection. As to the part of the population aged
over 45 years in 1990, who had already been
born in 1945, the number of persons in this
age group will be practically the same according
to both the calculations. So the larger number
of our "medium" prediction in the female age
group is fully compensated by the smaller
number of males, and the decrease in mortality
by the assumptions made in the later projections about migration.

9. If the welfare of the Finnish people continues to increase without disturbances until
1990, Hartman's projected number for 1990
of 5.25 million could, I think, be considered as
a "low" prediction. The latest 1964 projections
directed by A. Strommer, ''Calculations concerning the population development in communes of Finland during 1960-1990" (pub1.
The National Planning Offices, series A :16)
result in the corresponding number 5.19 million, according to the calculations taking migration into account, while the higher number, 5.48
million, is obtained according to calculations
taking no account of migration. If besides migration we also take inl!o account the further
increase in the expected length of life during
the period 1960-1990, and the fact that all
earlier plausible predictions and projections
made have been surpassed by the actual developments, it would rtot surprise me at all if the
actual rtumber for 1990 were above 5.5 million.

Population projections for countries of Middle South Asia during the 1950's
PRAVIN

M.

1. This paper attempts to examine the
population projections made during the 1950's
for four countries of Middle South Asia in
order to evaluate : (a) the degree of success
in estimating population trends ; (b) the probable sources of errors ; and (c) the directions
in which further research is required to improve the basis for future projections. It covers
India (including Sikkim), Pakistan, Ceylon
and Nepal, which have each taken two censuses between 1950 and mid-1964.
2. Populations enumerated by the latest censuses in these countries were as follows : India
-439.2 million on 1 March 1961; Pakistan93.8 million on 1 February 1961; Ceylon-10.6
million on 8 July 1963; and Nepal-9.4 million
(provisional figure) on 22 June 1961. The table
in the annex shows the percentage differences
between these census counts and the population
projections made by various authors and the
method and year of projection. Differences between the census dates and the reference dates of
projections have generally been allowed for by
interpolating between the average growth rates
of successive quinquennia. Since the base populations of most projections for India excluded
areas for which censuses were not taken in
1951, the projected populations are compared
with the 1961 count for areas covered by the
1951 census. Further, since almost all the projections for India and Pakistan have fallen
short of the recent census counts, except in
one case, only the upper limit of the various
projections by an author or agency has been
shown for these two countries.
3. The main features of the table may be
summarized as follows :
(a) While a majority of projections for
Ceylon overestimated the population, for the
other three countries all projections (except
one) fell short of the counts ;
(b) If one projection by Sarkar is excluded,
the range of difference between the projected
and censused populations varies from -7.5 per
cent in the case of the Planning Commission's
projection for India to +7.1 per cent in the
case of Selvaratnam's "high" projection for
Ceylon. The most successful projections have
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been: (i) the low projections by Ceylon's Census and Statistics Department; and (ii) the
one by the United Nations for Pakistan, based
on medium assumptions. Several of the projections made in the late 1950's have come
within 3 per cent of the census counts ;
(c) All projections, except one based on the
mathematical method, have either used the component method or have extrapolated the growth
rate over some period in the past, sometimes
with adjustment. Projections based on the component method have fared better than those
extrapolating the past growth rates.
4. In a broad discussion of the probable
sources of errors in various projections, the
quality of the data on the base populations
may be considered first. While Nepal had no
synchronous country-wide census until 1961,
the other three countries have a fairly long
tradition of periodical censuses. And yet, nearly 3.6 per cent of Pakistan's 1961 population
was either enumerated on special tribal schedules or was merely estimated. The low density of population in Nepal and some apparently socio-cultural factors in Pakistan also raise
questions about the completeness of census
coverage. The situation is no doubt improving.
But differentials in the completeness of enumeration in successive censuses could partly
explain the discrepancies between the projected and enumerated populations. In 1951,
conditions in India and Pakistan were comparatively unsettled and 1961 census conditions
were better than those of 1951. India's sample
checks on census coverage have shown a net
undercount of 1.1 per cent and 0.68 per cent in
1951 and 1961, respectively. 1 According to these
estimates, better census coverage in 1961 can
explain a discrepancy of about 1.8 million between the projected and enumerated populations of India. The point is relevant also to
I However, the 1951 sample verification did not
cover the Punjab and West Bengal, the two border
Provinces, where conditions were probably more unsettled. An "adjusted estimate" of India's population
in 1950 according to the United Nations, is 368.8
million. See: United Nations, 1963 Report on the
World Social Situation (United Nations publication,
Sales No.: 63.IV.4), p. 8.

48

WORLD POPULATION CONFERENCE,

Pakistan where an under-enumeration of 5 per
cent of the urban population in 1951 is officially acknowledged.
S.. Except perhaps in Ceylon, a major problem m preparing population projections has
been the paucity of information on levels of
fertility and mortality. In Ceylon, the registration of vital events is approaching completeness.
But in India and Pakistan the official vital
registration is grossly deficient and it is virtual!Y nonexistent in Nepal. While India had, even
m the early 1950's, a few ad hoc special studies
which provided generally reliable estimates of
vital rates in the local areas, Nepal and Pakistan did not enjoy that advantage. The stable
and quasi-stable population models do provide
reasonably good estimates of birth and death
rates; but then the age data in these countries
have also been deficient and with the possibility
of under-enumeration, the age distributions of
Pakistan present a serious puzzle.
6. However, despite the non-availability
and various limitations of data, the projections
of the 1950's based on the component method
have generally come closer to the census counts
than others. The main reason for the relatively
poor performance of projections based on an
extrapolation of the past experience is the
rapid decline in mortality in Ceylon from 19461954 and in India and Pakistan from 19511961, which has resulted in what seem to be
unprecedentedly high growth rates for these
countries. In fact, demographers were slow to
learn the lesson from Ceylon and elsewhere.
They held that larger countries like India and
Pakistan could not expect a similar achievement. 2 Coale and Hoover were the first to
point out the implications of various public
health programmes undertaken in India's Fiverear Pl:ms for her rate of population growth,
m the hght of the experience of Ceylon and a
few other low-income countries. 3 Their penetrating analysis has had an impact on all subsequent projections in the region; aud it was
corroborated by the estimates of vital rates
dur' 1957-1958 by the Indian National Sample . rvey. Subsequently an official expert
committee on Vital and Health Statistics prepared a new projection- apparently the first
official projection of the 1950's to be based on
the component method - for use in the for2 Even in early 1960, Ajit Das Gupta preferred to
stick to his conservative view of mortality decline.
See his: "The population problem and the Indian setting", Indian Population Bulletin, No. 1 (New Delhi
April 1960), p. 187n.
'
3 Ansley J. Coale and Edgar M. Hoover, Pppulation Growth and Economic Develo[nntmt i1~ LowIncome Countries (Princeton University Press, 1958).
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mutation of India's Third Plan, which missed
the census count, two years later, only by 1.8
per cent. The official Indian life-tables prepared after the 1961 census have estimated an
expectation of life of 41.2 years during the
years 1951-1960, indicating the actual decline
in mortality to be even higher than that envisaged by Coale and Hoover. 4 For Pakistan,
there is suggestive evidence that besides some
underestimation of mortality decline, the level
of fertility was perhaps underestimated in the
projections based on the component method. 5
However, Selvaratnam's projections for CeyIon which exceed the census count by 7 per
c~nt seem to have overestimated mortality dechne. Selvaratnam had assumed a life expectancy of 65.9 years for Ceylon from 1961-1966
as against the United Nations assumption of
an expectancy of 65.6 years from 1975-1980.
. 7. An aspect of population change taken
mto account only in projections for Pakistan
is international migration. True migration statistics are notoriously deficient and the stimuli
and magnitudes of migration cannot be foreseen. Moreover, while important in Nepal and
Ceylon, migration is relatively unimportant in
large populations of India and Pakistan. However, in a retrospective analysis, the subject
deserves due consideration. The available data
for Ceylon indicate an estimated net emigration of about 130,000 persons between the two
censuses, which can explain 65 to 80 per cent
of the difference between the United
Nations
projections and the 1963 count. 6 Elsewhere, a
net immigration of 0.8 million persons 7during
1951-1961 is reported by Pakistan. And
India's census data on religion suggest an immigration of over 2 million Hindus and about8
1 million Muslims from East Pakistan.
Further, this coincides with the fact that,
except in one case, projections for East Pakis4 Since the Indian life-tables are based on inter~
censal survivorship rates, better enumeration in 1961
than in 1951 could somewhat inflate the estimate of
expectation of life.
5 See Karol J. Krotki, "Population size, growth
and age distribution: fourth release from the 1961
census of Pakistan", The Pakistan Development Review, 3 (1963), pp. 279-305.
6 The registered net emigration from Ceylon during
1953-1961 was 113,500. The annual average for the
period, applied to the inter-censal period, gives the
above estimate. See : Government of Ceylon, Department of Census and Statistics, Statistics Abstract of
Ceylon, 1962 (Ceylon, Government Press, 1962), p. 65.
7 Government of Pakistan, "Population census of
1961, sex, urban-rural, religion, non-Pakistanis",
Census Bulletin, No. 2 (Karachi, Ministry of Home
Affairs, 1961), p. 4.
s Government of India, "Census of India, 1961 census-religion", Paper No. 1 (New Delhi, Government of India Press, 1963) pp. xxxiv-xxxvii.
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tan have either exceeded the census count or
have fallen short of the latter by a smaller
percentage than projections for West Pakistan.
The subject of international migration needs
careful investigation in these countries in the
context of observed differences between projections and census counts.
8. The preceding analysis brings out the
need for intensive research to improve and
evaluate the data on the base population and
to obtain reliable information on fertility, mortality and migration. During the past decade
or so, the availability of data and demographic
skills in the region have improved both quantitatively and qualitatively. A few specific
points for research may be mentioned here:
(a) The usefulness of sample post-enumeration checks on the coverage and the content
of censuses needs more recognition. The limitations of such checks notwithstanding, they
can, if properly conducted and analysed, prove
valuable supplements to indirect tests on subjects like the alleged census undercounts of (i)
infants and young children, perhaps with sex-
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selection and (ii)) females in particular agegroups or marital status categories ;
(b) As was mentioned at the Asian Population Conference in 1963, the applicability of
the United Nations model life-tables to countries like India, Ceylon and Pakistan is somewhat questionable. Contrary to the recorded
experience of developed countries including
Japan and Taiwan, females in these countries
have a lower expectation of life at birth than
males. An identification of factors contributing to this phenomenon will help to project
accurately the future course of sex-age-specific mortality;
(c) Special studies and periodical surveys
are necessary to verify and detect the possible
rise of reportedly non-existent socio-economic
differentials in fertility in the initial stages of
change;
(d) The collection and analysis of infonnation on the demographic characteristics of international migrants is vitally necessary for
Ceylon and Nepal and desirable also for India
and Pakistan.

ANNEX
The salient characteristics of population projections made for India, Pakistan, Ceylon and Nepal
during the 1950's

Country/
author(s)
of
projection
(1)

Year
when
projection
was
made
(2)

Percentage·

projectton

Projected
population
(in
millions)

(3)

(4)

Method

.of .

difference
from
the latest
census
count
(5)

India a
1. Kingsley Davis ..................... .
2.

3.
4.

5.
6.
7.
8.
9.

10.

1951 Extrapolation of the 1921-1941 growth
rate
402.5
R. A. Gopalaswami ................. . 1953 Extrapolation of the 1941-1951 growth
rate
407.1
A. Das Gupta and M. Majumdar ..... . 1952 Component method
409.0
Planning Commission ............... . 1956 Extrapolation of the percentage change
during 1941-1951
401.5
A. ]. Coale and E. M. Hoover b .•....• 1956 Component method
425.0
T. Chellaswami ..................... . 1957 Component method
423.7
United Nations ..................... . 1958 Component method
417.0
S. N. Agarwala .................... . 1959 Component method
423.0
Expert committee on vital and health
statistics ........................... . 1959 Component method
426.4
Ministry of Labour and Employment. . 1959 N.A.
417.0

Pakistan
1. Census office c . . . . . . . . . . . . . . . . . • . . . • •
2. Nationai Planning Board..............
3. lnam-ul Haq . . . . . . . . . . . . . . . . . . . . . . . .
4. Habibur Rehman . . . . . . . . . . . . . . . . . . . .

N.A.
1957
1957
1959

N.A.
Extrapolation of the 1951 growth rate
Mathematical method
Extrapolation of the 1951 growth rate
with adjustment
5. W. Parker Mauldin and S. S. Hashmi c 1959 Component method
6. United Nations c . . . . . . . . . . . . . . . . . . . . 1959 Component method (conservative assumption)
7. United Nations c . . . . . . . . . . . . . . . . . . . . 1959 Component method (medium assumption)

-7.27
-6.22
-5.78
-7.51
-2.10
-2.40
-3.94
-2.56
-1.77
-3.94

89.0
89.1
89.3

-5.15
-5.00
-4.83

89.8
91.4

-4.32
-2.54

92.5

-1.41

94.5

+0.71
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ANNEX (continued)

The salient characteristics of population projections made for India, Pakistan, Ceylon and Nepal
during the 1950's (continued)
Year
when

Country/
author(s)

projection

/WtJJCt:fioK

made

.of.

(l)

WtU

(2)

Method

.of .

proJettioK

(3)

Percentage
difference
Projected
from
popUlation the latest

(in

cm.rru

(4)

(5}

millions)

count

Ceylon
1. N. K. Sarkar. . . . . . . . . . . . . . . . . . . . . . . .

2.
3.
4.
5.
6.
7.
8.
9.
10.

1957 Extrapolation of the 1921-1946 growth
rate
N. K. Sarkar. . . . . . . . . . . . . . . . . . . . . . . . 1957 Component method
Department of census and statistics.... 1957 Component method (high)
Department of census and statistics.... 1957 Component method (low)
United Nations....................... 1958 Component method (high)
United Nations ....................... · 1958 Component method (medium)
United Nations....................... 1958 Component method (low)
S. Selvaratnam....................... 1958 Component method (high)
S. Selvaratnam....................... 1958 Component method (medium)
S. Selvaratnam....................... 1958 Component method (low)

8.79 -17.29
10.16 -4.34
10.95 +3.09
10.68 +0.50
10.82 +1.81
10.80 +1.63
10.78 +1.42
11.38 +7.12
11.37 +7.02
11.36 +6.93

Nepal
1. United Nations.......................

1959 Assumption about percentage increase
in population

9.26

-1.35

N.A. = Not available.
a The projected populations are compared with a population of 434.1 million enumerated by the 1961
census in areas that were censused in 1951.
b The projection mentioned here assumes an infant mortality rate of 250 in 1951. On an alternative assumption of infant mortality rate of 225, an upper limit of 424 million was estimated by the authors.
c The reference date of the projection is 28 February 1961.

Under-enumeration of the initial population and under-registration of the
births as sources of errors in population projections

J.

TOHR YAMAGUCHI

1. A number of studies on the quality of UNDER-ENUMERATION AS A SOURCE OF ERRORS
the census enumerations and birth registration
3. To illustrate how the enumeration errors
of the United States have shown, among other
things, varying degrees of deficiency in the affect the projected estimates, a component
coverage completeness. 1 However, a lack of projection is considered for a "closed" popuconclusive information makes it difficult, if not lation, i.e., subject to no migration, by age
impossible, to account for the deficiency in and sex, over an arbitrarily chosen time interprojecting population size and sex-age struc- val of n-years. Let p(:r,t) denote females of
ture even though if unadjusted, it would also the population, aged .:r-years at the beginning
be projected and result in errors in the pro-- ofthe interval in a given year t, and tt.,( :r,x+ 1)
jected estimates. Moreover, the general pur- a survival probability of p(:r,t) successively
pose of population projections is to approxi- from age x to x+ 1. The number of survivors
mate, rather than predict, future population from p(i,t) at the end of the interval then betrends a p:riori under assumed trends of fer- comes,
tility, mortality, and net migration, within a
n+i-1
p(i+n, t+n) = p(i, t) 71' ui(.T,x+l)
(1)
plausible range of variations into which the
ilJ=l
approximation is likely to converge. Considerations of relatively insignificant errors arising where i represents any member of a set of
from the undercount of the initial population positive integers and zero and its upper limit
and also the under-registration of the vital equals to the higest age observed among the
events may not be too relevant.
females living at the beginning of the interval.
2. Nevertheless, this paper is an attempt to The total number of survivors aged n years
visualize the extent to which the projected and above at the end of the interval will then
estimates can be affected by such errors. Illust- equal,
rations are based, for the most part, on the
projections to 1985 of the United States popu"'
1
lation, by age and sex, according to the U.S.
""
P(i+n,
t+n)
=
Jp(i~t)
"::~
~t,(x, or+l)di (2)
2
Bureau of the Census and on the estimates
of enumeration and registration completeness
i=o
according to Coale-Zelnik, Yamaguchi, and the
4. As evident in these equations, the estiU.S. National Office of Vital Statistics. 3
mated
number of survivors aged n-years and
1 For examples, see: Ansley J. Coale, "The popu·
lation of the United States in 1950 classified by age, above reflect errors inherent in the enumerasex, and color : a revision of census figures," I ournal tion (or estimation) of the initial population
of the American Statistical Association, vol. C, No. 44 in two ways: (1) numerical values given for
(March, 1955), p. 44; Ansley J. Coale and Melvin
Zelnik, New Estimates of Fertility and Population in p(i,t)'s and (2) for u, (x,:r + l)'s. If the forthe United States (Princeton, Princeton University mer is 10 per cent under-enumerated, then the
Press, 1963), pp. 42-66; Pascal K. Whelpton; estimated number of survivors will have an
"The completeness of birth registration in the United under-estimation by 10 per cent provided that
States", J mwnal of the American Statistical Asso- the survival function is free from the underciation, vol. XXIX, No. 186 (June, 1934), pp. 126-136.
enumeration errors. Very often the survival
:l United States Bureau of the Census, "Projections
of the population of the United States, by age and function, derived from relevant life-table values
sex: 1964-1985 with extensions to 2010.'' Populatimt which are based on the age-specific death rates,
Estimates, Series P-25, No. 286 (July, 1964).
11 m.,-values, in a stationary population, is sub8 Ansley J. Coale and Melvin Zelnik, op. cit.; J.
Tohr Yamaguchi, Completeness of enumeration: na· ject to the influence of under-enumeration but
tive population of the co"tinental United States in
1940, 1950, and 1960, by native state, race, sex, and
some age-groups (unpublished); and U.S. National
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Office of Vital Statistics, Vital Statistics of the
United States, vol. I (1950), chapter 6.

52

WORLD POPULATION CONFERENCE,

if there is a positive correlation between the
omissions of population from the census count
and of deaths from the registration, ,.m.,-values
are not seriously affected.
5. A method devised by Drs. C. Chandra
Sekar and Edward W. Deming 4 can be applied
to approximate the unbiased estimate of deaths
and subsequently to determine the degree of
variability in the survival function due to the
unregistered and unenumerated events at the
beginning of the interval, but when the mortality level e,'{pressed in terms of Co is in the
order of 65 years and more, deviations in the
survival functions from one level to the other
would be extremely small. For this reason,
the influence of under-enumeration on the survival function is excluded from the discussion.
6. Estimates and projections shown in
4 C. Chandra Sekar and Edward W. Deming, "On
a method of estimating birth and death rates and the
extent of registration," Journal of the American Statistical Association, vol. 44, No. 245 (March, 1949),
pp. 101-115.
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table 1, based on a set of the four projections
by age and sex to 1985 of the United States
population according to the U.S. Bureau of
the Census, 11 are those of the population under
25 years of age in 1960. Projections are obtained under the assumption of a slightly declining mortality trend which would vary from
eo of 66.6 years in 1960 to 68.0 years in 19841985 for males and of 73.1 years in 1960 to
74.5 years in 1984-1985 for females. The population is assumed to have no migrational
movements (international). These estimates and
projections are different from any figures
shown by the Bureau because the beginning
of the projection period refers to 1 July 1960,
rather than 1 July 1963. This is necessary because the measures of under-enumeration and
under-registration refer to the former date.
Survival rates are calculated by appropriately
interpolating those given by the Bureau. 6
5 U.S. Bureau of the Census, op.
6 Ibid., appendix A, tabl~ A-3.

cit.

Table 1. Estimates and projections of the population of the United States, by age and sex: 1961).1985
(in thousands; figures relate to 1 July and include armed forces abroad)
1960

Male
Under 5 .........................
5-9 ............................•
10-14 ............................
15-19 ............................
20-24 ............................
25-29 ....... ' ....................
30-34 ............................
35-39 ............................
40-44 ........................•..•
45-49 ..........................••
Female
Under 5 ........................•
5-9 .............................
10-14 ............................
15-19 ............................
20-24 ............................
25-29 ............................
30-34 ............................
35-39 ............................
40-44 ............................
45-49 ...........................•

10,352
9,572
8,595
6,814
5,558

1980

1965

(1)

(2)

10,305
9,547
8,557
6,761
5,509

10,013
9,254
8,314
6,651
5,554

7. The figures in column 1 of the table are
to he adjusted for under-enumeration and then
projected to 1985 under the same assumption
on mortality and migration. Adjustment factors can be directly calculated from per cent
completeness of the enumerations in 1960
shown in table 2. These figures actually refer
to the natives of continental United States as

9,977
9,238
8,297
6,630
5,532

(5)

10,278
9,505
8,490
6,701
5,459

9,960
9,219
8,271
6,605
5,504

10,233
9,431
8,415
6,641
5,397

9,939
9,191
8,240
6,572
5,466

10,153
9,348
8,341
6,568
5,306

9,909
9,157
8,200
6,527
5,409

l985
(6)

10,064
9;267

8,251
6,459
5,163

9,872
9,113
8,145
6,461
5,325

of 1 April 1960 but are assumed to apply also
to the foreign-hom as well as the population
of Alaska, Hawaii, and other island-areas since
the former accounted for only 5.4 per cent and
the latter less than 1 per cent of the total de
facto population of the United States including
military personnel abroad in 1960.
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Table 2. Per cent enumeration completeness of the native populations of the United States, by colour,
sex, and age up to 25 years (figures relate to 1 April 1960, and include military personnel abroad) a
Total

Under s.........................
5-9 .............................
10-14 ............................
15-19 ............................
20-24 ............................

White

Non-white

Male

Female

Male

Female

Male

Female

96.9
96.9
96.8
95.5
92.9

97.8
98.1
98.2
96.5
96.2

98.0
97.5
97.1
96.7
94.8

98.6
98.7
98.7
97.6
97.5

90.8
93.6
94.4
88.2
80.0

93.3
95.2
95.0
89.8
87.9

a Yamaguchi, op. cit. Figures are obtained on the basis of intercomparison of the enumerated natives,
by state of birth, colour, sex and age, in 1960 with the corresponding population expected in the same year.
The latter is estimated by projecting a cohort of births registered in a given state during a five-year time
interval which starts, consecutively, from 1 April 1935. The registered births are adjusted for under-registration and depleted by life-table survival rates to allow for mortality. The 1940 and 1950 birth registration
tests and also state life-tables are used for such adjustments. Later, figures for each state are combined
to derive corresponding percentages for each region and finally for the United States.

8. Revised estimates and projections are
shown in table 3. Although per cent errors
prevalent in the 1960 estimates are brought
forward with the surviving cohorts, the deviations in terms of the absolute magnitude
amount to as much as 2,486,000 among males

and females aged 25-49 years in 1985. Such a
magnitude of error measures more than 68 per
cent of the estimated contribution of 3,647,000
by net migration to the same population. 7
1 U.S. Bureau of the Census, op. cit., table B-2,
pp. 69-70.

Table 3. Adjusted estimates and projections of the population of the United States, by age and sex:
1960-1985 (in thousands; figures relate to 1 July and include armed forces abroad)
1965
(2)

Male
Under 5 ........................ .
5-9 ............................ .
10-14 ........................... .
15-19 ........................... .
20-24 ......... ' ................. .
25-29 ........................... .
30-34 ........................... .
35-39 ........................... .
40-44 ......................•.....
45-49 ............ ' ........ ' ..... .
Female
Under 5 ........................ .
5-9 .. '.' ....... ' ............... .
10-14 . ' ... ' ............ ' ........ .
15-19 ..... ' .................. ' .. .
20-24 ..... ' .................. ' .. .
25-29 ........................... .
30-34 ........................... .
35-39 ... '' ..................... .
40-44 ........................... .
45-49 ..... ' ... ' .......... ' ...... .

10,673
9,869
8,870
7,121
5,953

10,233
9,430
8,464
6,884
5,765

10,624
9,843
8,831
7,065
5,900

10,196
9,414
8,446
6,862
5,742

9. The completeness of census count is
known, empirically at least, to fluctuate by age
and sex. 8 Such a sex-age selectivity of the
under-enumeration then implies that the sexage composition of the projected population
would be affected by the undercount of the
initial population by sex and age. However, to
8

Coale and Zelnik, op. cit., pp. 60-61.

1970
(3)

10,597
9,800
8,762
7,003
5,847

10,179
9,394
8,420
6,836
5,713

1975
(4)

10,550
9,723
8,684
6,940
5,780

10,158
9,366
8,388
6,802
5,674

1980

1985

(5)

(6)

10,468
9,638
8,608
6,864
5,683

10,127
9,331
8,348
6,755
5,615

10,376

9,554
8,515
6,750
5,530

10,089

9,286
8,292
6,687
5,527

measure the impact of such a selectivity would
require taking into account also the survivors
of children to be born during the projection
interval and presenting, therefore, a difficult
problem since the latter is further influenced
by the under-enumeration as well as the underregistration of births in connexion with the
fertility projection.
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UNDER--REGISTRATION OF T:S:E :sr~T:a:s

.A's

A

SOURCE OF ERRORS

10. To illustrate how the registration
errors affect the projected estimates, a fertility projection is considered over a time interval of n years . Notations are identical to those
defined previously except : B (I m) denotes
the number of female children to be born in
year (t m) where 0 til 1 l - 1; f (i, t
m)
refers to the age-specific fertility rate per 1,000
women aged i years in ( t m) where once
again 0 m n - 1 ; and k represents a reciprocal
of the sex ratio at birth..· (approximately
0.4878). Then,

+

+

+

+

'1 ·"

ii :·I il

B(t+m)

IJ' .;!

.,

= Kf

p(i,

t+mH~)j(i, t+m+~)di

(3)

l-0

I n terms of a single fertility indicator such as
sex-age adjusted birth rate, it becomes,
B(t+m) = K [ Weighted female population aged
15-44 years in year (t+m+Ya)

Sex-age adj usted birth
X [ rate in year (l+m+Yz)

]9

J

·

11. As previously shown, the first entry on
the right side of tl1e equation is affected by the
deficiency in the en umeration of the initial
population in year t which is projected to year
(t
m
Yz). The second entry is influenced
not only by the same factor but also by the
deficiency in the registration of births in year
t which, in terms of sex-age adjusted birth rate,
is projected to year ( t nt lf2).

+ +

+ +

12. An example of how the second entry
is so affected is shown in a fertility projection
over the interval of 1960-1975, which is analogous, approximately, to the fertility projection of the Series B projection prepared by
the Bureau of the Census. 10 In such a projection, the fertility level is assumed to decline
from the 1960 level by 4.6 per cent in 19601965, 11.2 per cent in 1965-1970, and 13.1
per cent in 1970..1975. Expressed in sex-age
adjusted birth rate, uncorrected for underenumeration and under-registration, the level
is measured 27.99 per 1,000 of a weighted
9 United Nations, M ethods for Po~u/ation Projutions by Se~ and A ge (United Nations publication,
Sales No.: 56.XIII.3), pp. 41-44.
10 U.S. Bureau.of the Census, op. cit.., p. 63.
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ag~egate of number of women in the various
qumquennial age groups 15 to 44.
13. In order to adjust this rate, estimates
of female population by age are corrected upward for under-enumeration. Per cent census
enumeration errors cited by Coale and Zelnik 11 for the native whites in the United
S tates aged 15-44 years as of 1 April 1960,
are used in conjunction with the author's own
estimates for the whites and nonwhites 12 to
calculate an adjustment factor to be applied to
all age-groups 15-44. It is assumed that ilie
same completeness by age and sex applied to
the natives and foreign-born and that the completeness ratio of the whites to the nonwhites
at ages 15-24 applied to all other age-groups
25-44. An upward adjustment coefficient so
calculated is 1.013513.
14. On the basis of the 1950 test of birili
registration by type of attendance 18 and births
recorded in 1960 according to the corresponding attendance type, it is possible to estimate the completeness of birth registration in
the same year. According to such a procedure,
the completeness is estimated to be 98.9 per
cent which is assumed to apply to births by
all ages of mothers. A sex-age adj usted birth
rate, taking into consideration the adjusted
population estimates and registered births,
then becomes 27.96.
15. The difference between the corrected
and uncorrected rates is thus extremely small
and the variance of only .03 may very well be
due to some other factors. Nevertheless, if it
r epresents causes due to the under-enumerat ion and under-registration, errors in the proj ected population estimates would be only in
the order of 10,000 in each of the years 1965,
I970, and 1975.
16. In conclusion, examples illustrated in
the United States population projections indicate that the under-enumeration of the initial
population can affect the projected estimates
more significantly than the deficiency in ilie
birth registration. However, these bias factors
are, no doubt, more acute in their roles where
the quality of census and vital statistics data
is below the standard of the U nited States, and
consequently, population projections based on
such dentographic data will have more significant errors due to the under-enumeration and
under-registration.

n Coale and Zelnik, op. cit., p. 183.
Yamaguchi, op. cit.
U.S. National Office o£ Vital Statistics, op. cit.

12
13

SUMMARY OF PAPER
Methods of analysing interrelationships
between demographic phenomena and
social and economic phenomena
VITTORIO CASTELLANO

The author observes that the failures of the
leading policies find their real justification in
the weaknesses of a descriptive social science
which might permit reliable forecasts. In particular, in the field of the relationships between
demographic and socio-economical phenomena,
data are insufficient to give scientific dignity to
the numerous forecasts of future population, to
which the whole world is devoting close attention. The author exposes a programme of work,
financed by the Italian National Research
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Council and to be carried out by a group
of Italian University Institutes, for the systematic analysis of these relationships in Italy.
He exposes the general methodology of this
analysis, which consists in tracing the relevant
variations of demographic phenomena and in
cutting down in space and time the field of
research, in order to single out all the possible
situations as in an experimental plan in which
to dispose artificially the variations of the
factors, so as to test their importance.
As a first contribution to this study, for the
period 1878-1962, the author applies a system
to find out the years for which it is almost
certain that the variations ascertained in demographic phenomena result from general factors
which it is hoped to determine.

Meeting 8.5
PROJECTIONS OF URBAN AND RURAL POPULATION, ECONOMICALLY
ACTIVE POPULATION, HOUSEHOLDS AND FAMILIES

PAPERS
Some factors limiting the study and calculation of households in Latin America
HILDEBRANDO ARAICA

A.
[Translated from Spanish]

!.

INTRODUCTION

1. In order to clarify the meaning of the
following paragraphs, it should be noted that:
(a) The term "household", as used in this
document, has the meaning recommended in the
programme for the Census of the Americas
(COTA-1960). The household is thus considered to consist of a group of individuals
sharing the same private dwelling, whether
related or not. This definition includes the
person living alone, who constitutes a oneperson household;
(b) In view of the fact that a family- a
group of persons related by marriage or blood
- is always a household, or part of one, implicit and very brief references to this basic social
institution are unavoidable. Such references,
which occur from time to time in the following
pages, may also be explained by the fact that
information concerning the family often emerges during the processing of the results of an
inquiry when the structure of the household is
analysed according to the relationship of its
members;
(c) Although this paper does not go into
the problems involved in analysing households,
its title implies that, in principle, all demographic projections should be accompanied by
a brief study of the situation.

II.

IMPORTANCE OF THE STUDY OF HOUSEHOLDS

2. The study of the characteristics and
growth of households is important from two
points of view : the economic and the social.
With regard to the first, it should be realized
that in many communities these groups constitute units cf production and that, given the

nature of certain goods, they replace the
individual as the basic unit of consumption. A
classic example of this latter aspect is the
dwelling unit. In fact, much of the growing
interest in the study and calculation of households in Latin America is attributable to the
difficult housing situation. From the sociological
point of view, it should be noted that the
processes of reproduction, allocation of status,
socialization and upkeep take place within the
household ; hence the importance of studying
the household in official surveys of the component families, the reproductive capacity and
the cultural, economic and health levels of the
population. In Latin America, as in other
developing regions, another important factor
in the analysis of the structure and growth of
households is the need to know the extent of
the changeover from joint (extended) families
to biological (nuclear) families. This trend,
resulting from the intensive urbanization of
Latin America, may influence housing needs,
which are already acute owing to the shortage
of capital and the pressure of accelerated
demographic growth.

III.

APPROACH

TO THE CALCULATION
HOUSEHOLDS

OF

3. Ideally, a household projection should
consist of an analysis of the "existing" situation,
a description of the hypotheses and methods
of work, the projection itself and comments on
the meaning of the results. In addition to giving
a picture of the main characteristics (size and
geographical distribution of households and
demographic, economic, social and cultural
attributes of heads and members of households), the analysis should include an evalua-
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tion of the data which serve as a basis for
calculating the number of households. The
hypotheses and procedures to be applied in
projections are based on such analysis.
4. Various methods have been developed
for projecting the number of households. Their
degree of refinement depends on the quantity
and quality of the statistical information available, but however rough or elaborate the
method applied, a projection of the total population will always be necessary, except in the
case of a simple extrapolation of the number
of households. A number of calculation methods
are outlined below:
(a) Where the proportion of the population
forming households and the average household
size are known, the projection is obtained by
dividing the estimate of the population forming
households by the average number of inhabitants per household. Of course, the proportions
and ratios used may be constant or variable,
depending on the amount of data available and
the hypotheses implicit in the method;
(b) Another simple method is based on the
distribution of population by marital status and
on assumptions concerning groups of persons
of a specific marital status who constitute
households. 1 Once the ratios of such groups to
the base population have been projected, estimates of the number of households are obtained
by adding the products of those ratios to the
projected population. This type of calculation
is a working alternative at the stage where
housing needs are estimated and desirable
standards of housing which take demographic
growth. into account are applied;
(c) Similary, the (fixed or .variabie).perce
s. of heads of households by age and sex
in r
'on to the
'on ofthe same sex
and ·age may be ap
to a projection of the
population classified by the same·. attributes.
This method of calculation, which is similar
to that often used in estimating the.· school-age
population and the labour force, gives not only
the number o£ households but also distributions
of heads of household by sex and age, which
may be useful for various purposes;
(d) The procedure described in (c) may be
refined by using the marital status variable.
This does not complicate the calculations, but
a projection of the population by sex, age, and
marital status is necessary ;
1 Ju!io Morales, Estimated housing requirements in
Chile, 1952-82 (United Nations, E/CN.9/CONF.l/
L.18). Document prepared for the Seminar :on .Evaluation and . Utilization of Po
tion . Census Data. in
Latin America:, Santiago,
30 November-18 De-

cember 1959.

WORLD POPULATION CONFERENCE,

1965

(e) When the methods of collecting and
processing census data permit, estimates may·
be made of specific family groups, such as total
nuclear families constituting households or
parts of households, total families headed by
men or by women, etc. 2 For this it is necessary
to have projections of the population by age
and sex, to formulate hypotheses concerning
the proportion of the population forming households and to know or estimate the proportion
of unmarried and married persons and other
related data.
5. The field of application becomes more
limited as methods become more elaborate,
owing to tl1e basic information required. When
it is difficult to obtain population projections,
it would be over-optimistic to hope to obtain
estimates of the number of households by size,
for example, and broken down according to
the sex, age and marital status of the head.
Calculations distinguishing between households,
families i11 the generic sense mentioned above,
nuclear families, married couples, etc. are even
less feasible. These observations hold good for
most Latin American countries where, as indicated below, there are many difficulties to
overcome.

lV.

DIFFICULTIES IN ESTIMATING THE NUMBER OF HOUSEHOLDS IN LATIN AMERICA .

6. The factors which have created and
boosted demand for adequate and up-to-date
statistics include the rapid population increase,
the .expansion of pubHc services and the need
to · rationalize the use of national resources
through planning.. Nevertheless, "In spite of
the considerable .importance ·of information on
the number and characteristics of households
for various planning purposes, the data on
families· and households available for the countries of Latin America are quite limited.'! a
. 7. The main factors which make it·· difficult
to calculate the number of households
Latin
America may be summed up as · follows:
shortage of personnel and equipment, ignorance
of the usefulness of demographic statisties and
inadequacy or absence of basic statistical· information.

in

2 Bureau of the Census, United States .Departinen~
of Commerce, Current Population Report, Series
P-20, No. 69 (31 August 1956).
3 United Nations, Demographic Infor:mation. re~
quired /or Hat~siniJ Programmes, with Special l?.eUrmce to Latin Am11rica (ST/ECLA/CONF.9/L;l2),
do€ument prepared" by: the United Natioi.ls Demogra.plric Centre for . Latin. Ameri<:a for ::th~.: Latin
American •Seminar on Housing, Statistics . and Programmes, Copenhagen, ·netun:irk; · 2-25 · Septeti'ibei:

1962, p. 5.
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(a) Shortage of personnel and equipment.
There has been a shortage of skilled personnel
to prepare and carry out plans for analysing
the information. Data processing equipment
has often been in short supply and inadequate,
so that the benefit derived from analysing the
data collected has borne no relation to the
resources invested;
(b) Ignorance of the usefulness of demographic statistics. The statistical information
obtained from population censuses, vital statistics and demographic surveys has not been put
to the best advantage, largely owing to ignorance of the way in which it may be used in the
formulation, implementation and evaluation of
policy and action plans. In short, the problem
might be described as unawareness of the uses
to which the data may be put, a situation which
has led to a waste of scanty resources;
(c) I nad.~quacy or absence of basic statistical informaJion. The main sources of infor-

mation for the study and calculation of households and families are population censuses,
vital statistics and demographic surveys, which
provide data on fertility, mortality, nuptiality,
divorce and widowhood rates, the age structure
of the population and the tendency of families
to share the same dwelling; in other words,
data on the factors which determine the growth
of households. These sources also provide the
information needed for demographic projections, which are necessary for calculating purposes in household projections. Some of the
difficulties inherent in each of the tools referred
to and which affect the analysis and calculation
of households, are mentioned below.
8. The attempts to estimate net omissions
from enumerations in Latin America are of
recent date and the countries which have
studied the matter have not made proposals to
remedy the situation, so that the population
and household projections are not adjusted
for census omissions and are therefor of limited
value.
9. The age-specific distributions of population derived from Latin American censuses
clearly show mistakes in the reporting of ages
in the enumeration. Such errors make it essential to apply data-adjustment techniques, or to
form appropriate compensatory age-groups
before making demographic projections.
10. In some Latin American countries,
environmental, cultural and economic conditions
explain the high rate of consensual or free
unions, which are true substitutes for marriage.
Data on the marital status of persons who live

59
together as man and wife without being legally
married are usually very defective. Even when
the census instructions are designed to ascertain
the de facto or de jure situation of such persons,
the pressure of social conventions may cause
them to declare a different marital status. This
is the cause of the striking differences between
the sexes to be noted in the distribution by
marital status of the population of some Latin
American countries.
11. With a few exceptions, recent (i.e.,
about 1960) census information on households
is lacking, and the information obtained during
the 1950 Census of the Americas (COTA1950) is scanty. At the end of 1964, only one
country (Panama) had published data on
households and families obtained during the
1960 census. Fourteen countries provided information for 1950 on the number of households by size; only eleven countries published
data on the relationship between the head and
the members of the household; no publication
contained data on the household structure
groups and only a few countries gave figures
on the sex and age of heads of households.
12. Legislation establishing civil registers
has existed since the middle of the nineteenth
century. Theoretically, the vital statistics provided by the registers should exist for a very
long series of years, but in fact this is not the
case. The statistical information in the civil
registers does not go back to the time when the
respective acts were promulgated. Furthermore,
there is one country, Honduras, which does
not have civil registers. \Vith the exception of
a few countries, the data are defective and
there is no telling to what extent the registers
are complete. There is clear evidence of omissions in the registers of births and deaths. This
under-registration can noticeably affect demographic projections if correction factors are
not applied to the rates which serve as a basis
for those projections. It should be noted that
in some countries it is not enough to analyse
marriages and divorces in order to study the
formation and dissolution of families, for a
high proportion of the families are organized
not on the basis of legal marriage but of de
facto unions.
13. The third source of information which
can be of use in studying the formation and
growth of families and household structure is
field surveys. Despite the fact that many countries make periodic surveys, which could be
designed to include the study of households,
there is no record of this source having been
utilized.
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V. AN EXAMPLE
14. By way of illustration, and subject to
all necessary reservations, some alternative
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calculations based on two of the methods described in this document are given below for
three Latin American countries.

Calculation of the number of households in Brazil. Cuba and Panama
(In thousands)
Year
Cowntry

Method•

1965

19111

1975

1980

Brazil ...........

(a)
(c)
(a)

. .... ..

(c)
(a)
(c)

16,191
16,670
1,697
1,750
287

18,166
19,026
1,868
1,958
334

20,409
22,668

Cuba ............

14,409
14,686
1,536
1,567
247
238

Panama

~

~

275

321

388
374

*Methods (a) and (c) described in paragraph 4.

VI.

CoNCLUSIONS

15. Since the recommendations that might
be made are conditioned by the difficulties
outlined above, one need only stress the need
to modify procedures-for the purpose of
studying dependency, for example-so that
the category of head of household is given a
more precise meaning and is not merely an
honorary title, as is often the case because the

person considered the head is the one recognized as such by the other members of the
household. Lastly, it would seem advisable to
adopt the definition of the household that identifies it with the private housing unit, and to
defer until the data processing stage the formation of whatever groups of persons related
by blood, marriage, or adoption are best
adapted to the concept of the family prevailing
in each country.

Conceptual aspects of urban projections in developing countries
KINGSLEY DAVIS

1· Projections have most frequently been
made for political units such as nations, provinces, cities. They have often sought to foretell
numbers in age-sex, marital-status, and labourforce categories, who would be using various
public services. Such short-run forecasts are
obviously required for official planning and are
now made on an almost routine basis, various
techniques being utilized. 1
2. Our task is to discuss a whole class of
projections called urban, and to discuss the
conceptual and analytical aspects rather than
the accounting procedures. What kinds of projections fall within this "urban" class? The
types may be outlined as follows:
I. lndividMl-city projections:
(a) For the whole city;
(b) For constituent areas.
II.

Urbanization projections:
(a) Of the urban population;
(b) Of the urban proportion of the total population;
(c) Of rural-urban migration.

III. Inter-city projectioiiS:
(a) Of the rank-size distribution;
(b) Of the geographical distribution :

1. Of the urban population;
2. Of the urban places, by size.

IV. City-strt.:cture projections:
(a) Of concentration or deconcentration;
(b) Of settlement patterns.

3. This list refers to analytically separable
features of urban phenomena. Although not
exhaustive, it suggests that up to now the
interest in urban projections has been onesided. A preoccupation with individual-city
projections has led either to ignorance of the
possibility of other types or to a failure to
develop them. This overemphasis is paralleled
by a preoccupation, in planning circles, with
planning for individual cities as against national
or regional urban planning. The assumption
Jacob S. Siegel, "Forecasting the population of
small areas", Land Eco11omics, vol. XXIX (Feb.
1

1953), pp. 72-84.
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has been unconsciously made that "cityplanning" is the planning of the individual city ;
yet it is increasingly apparent that the development of individual cities is far more influenced
by national changes and policies than by the
particular city plans.
INDIVIDUAL-CITY PROJECTIONS

4. Popular as city projections are, they raise
some of the knottiest problems of prediction.
One difficulty is that, other things being equal,
the smaller the unit the greater is the relative
variability in the determining factors. Although
some cities are larger than some nations, the
fact remains that on the average their populations are smaller and less stable than those of
nations or provinces. In particular, especially
in developing countries, a big factor in local
city growth is migration. Since migration
is chiefly determined by social and economic
factors, it is more unpredictable than fertility
and mortality, which have some biological
restraints. ·within nations there is normally
either no regulation of movement at all or only
poorly enforced regulation, with the consequence that net movement into or out of a city
is hard to estimate in advance. If the migratory
factor is uncertain with respect to whole cities,
it is even more uncertain with respect to
sectors or neighbourhoods within cities. For
these reasons alone, individual-city forecast:;
are hazardous and have no practical value
except for very short-run periods, say ten
years or less. In a survey of ninety-nine United
States forecasts for local areas (most of which
related to cities, counties, and metropolitan
areas), Siegel found that "the average error
was 8.4 per cent, and more than a quarter of
the errors were 10 per cent or more [although 1
the forecast period was under ten years in all
but a few instances and quite commonly under
five years." 2
5. A more profound problem-affecting
hypothetical projections as well as practical
2 Jacob S. Siegel, op. cit. The average error was
"7.6 per cent for forecasts less than 5 years ahead
and 9.6 per cent for forecasts 5 or more years ahead'',
pp. 79-80.
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forecasts- is the question of the areal unit
of analysis. Normally, the forecasters are
thinking in terms of political units (e.g., cities,
counties, n~unicipios, wards) with fixed boundaries, and the task then becomes the prediction
of population growth within the particular unit.
However, for purposes of understanding the
actual growth and change of urban aggregates,
we cannot be confined by the legal boundaries.
Populations spill over political limits.
6. Efforts have long been made to designate
more realistic units for analysis- units variously called ''urbanized areas," "metropolitan
areas", "greater towns," "conglomerations,"
etc. 3 But these units change in their geographical boundaries from one time to another. It
follows that any model of growth which is to
be used for prediction and as a basis for
planning should be a two-variable model- that
is, should predict the growth in both population
and territory. 4
7. This requirement may seem obvious, ~ut
it is seldom met. The usual way of analyzmg
"city" or "metropolitan" growth is to "hold
boundaries constant." To fail to hold boundaries constant has been regarded as an error,
whereas this is necessary if we are to represent reality.
8. In the case of urban subunits, one can
argue that the governments within those areas
need to know exactly what populations in the
future they will be dealing with and therefore
want the calculations made with fixed boundaries. True, and there is no reason why projections cannot be made on that basis. However,
if this alone is done, the result will likely be
false. It is not reasonable to make projections
for a particular area within a metropolitan
complex without reference to the relation of
that unit to others in the complex. The best
idea of a given area's future may come from
trends in areas contiguous to it. Blighted areas,
for example, move outward from central parts
of an urban agglomeration; a particular area's
future may be governed by transport plans
developed by some larger unit. Therefore, local
governments within urban complexes need
future estimates that are connected with estimates for the other units and for the entire
urban complex.
8 See The World's Metropolitan Areas (Berkeley:
University of California Press, 1959), published in
Spanish as Las Areas Metropolitanas del Mundo
(Mexico: Compaiiia Editorial Continental, 1961).
4 This point and parts of the following argument
from the writer's study (with Eleanor Langlois),
Future Demographic Growth of the San Francisco
Bay Area (Berkeley: University of California, 1963),

pp.

1-4.
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9. If the components of metropolitan areas
are defined in ecological terms- e.g., "central
city", "rings," and "urban fringe"- the distortion that comes from holding their boundaries constant is great. As the total urban
agglomeration grows, what was once a part
of the ring becomes a part of the centre, and
what was in the fringe becomes a part of the
intermediate rings.
10. The change in territory of urban
communities is a fundamental aspect of the
future of such communities. Growth in territory permits a growth in population without a
corresponding rise in population density. From
this observation comes a definition of urban
concentration and deconcentration. Deconcen·
tration is occurring when the territory covered
by the urban settlement is growing faster than
the population; concentration is occurring when
the reverse is true. In the case of the San
Francisco Bay Area, for example, the population rose from 364,000 in 1890 to 3,217,000
in 1960, but the over-all density declined from
5,643 to 2,501 per square mile, because the
territory expanded at a faster pace than the
population.
11. Territorial e..'{pansion has restraints that
differ in character and timing from those
affecting population growth. It must normally
be outward rather than inward. It thus often
runs into other urban units undergoing similar
expansion. The big urban community "eats"
the smaller nearby ones, although the latter
may be large when compared to the nation's
cities generally. In short, estimating models
must be two-variable models, embracing territory as well as population.
12. The moving boundary of a growing
urban community is hard to determine,
especially if censuses have not been directed
to this purpose. However, the true boundary
at different times can be approximated by
taking the smallest territorial political units
(e.g., barrios) and, on the basis of specified
criteria, separating those which belong to the
urban complex from those belonging to the
rural sector. Among the criteria are the following: (a) contiguity to the main city. Does
the civil division share part of its boundary with
either the central city or some division already
included in the urbanized area?; (b) employment primarily in non-agricultural pursuits.
Does the unit have most of its labour force in
pursuits outside of farming or forestry?; (c)
commutation to the main city. Does a fourth
or more of the labour force commute inward to
places of work more centrally located?; (d)
density of settle,ment. Is the density in the unit
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more similar to the established urban areas
than to the outlying rural areas?; (e) transportation to the central city. Do good transport
facilities provide the residents with ready
access to the central city?
13. Data for applying all of these criteria
will not normally be available. Further, a unit
may qualify as urbanized on one count but not
on another. For these reasons the criteria
cannot be applied automatically but always
require judgement and knowledge of the local
situation.
14. The urbanized area, with its moving
boundary, almost always grows faster in population than will a city or a metropolis with
fixed boundaries. This faster population growth
affects the future economy of the urban
complex. Merchants in the central city feel the
demand for goods coming from the new areas
absorbed into the urban aggregate; urban
utilities have to cope with the needs of the
expanding population at the fringe; transportation facilities throughout the urbanized area
have to handle the traffic of fringe-area
residents as they make trips to other parts of
the ecological city. Serviceable projections for
individual cities must therefore be made with
reference to both territory and population.
PROJECTIONS OF NATIONAL URBANIZATION

15. One could forecast the total urban
population and the total rural population by
summing the projections for local units. But
seldom are projections available for all such
units in a nation. Other, less cumbersome,
methods of estimating the future process of
urbanization must thus be found.
16. One such method is to project rural and
urban populations as wholes. In so far as this
is done by estimating future birth, death, and
net migratory rates for each population - the
relevent data are difficult to find in underdeveloped regions. Births and deaths should be
allocated according to the residence of the
parents, and internal migration should be
measured with reasonable accuracy. 5 Since
such information is almost never available in
adequate detail (e.g., on an age-sex basis), the
technique is so dependent on assumptions and
"corrections" that it is hazardous as a guide
to the future. Perhaps its main value is not
the projections it produces but the data-inadequacies it exposes.
5 A fuller discussion of this method is in John V.
Grauman, "Development of a model of rural-urban
population change, with relevance to Latin America,"
International Population Conference, New York, 1961,
vol. I (London, 1963), pp. 448-451.

17. A third approach is to project the
change in the rural-urban ratio itself, which
describes a typical attenuated "S" curve. Fitting
a logistic curve to the past points and projecting
it is a good method for judging the short-run
future course of urbanization, and it is probably
superior for judging the long-run course.
Alternatively, one can take as a model the
course of urbanization in the past history of
some now developed nation. For this purpose
there should be a rough correspondence
between the urbanization curves of the two
countries, ignoring difference in dates. Since
urbanization in India has followed the French
more closely than the Japanese or United
States curve, France therefore serves as a better
projection model, although other features of the
demography of India and France are not
similar.
18. Great interest attaches to estimates of
future rural-urban migration; yet internal
movement is more poorly documented than
virtually any other demographic phenomenon.
It therefore tends to be calculated as a net
residual, either by subtracting natural increase
from population growth or by analyzing age
structure. Given a knowledge of past internal
migration, its future can be estimated by whatever assumptions we care to make. By projecting the future urban ratio, we can add
estimates of rural-urban differences in naturai
increase and thus compute the rural-urban
migration required to attain the projected
change in the urban population. Two corrections must be made because many rural people
become urban, not by moving to a city, but by
staying at home (the place where they live
grows from the status of "rural" into the
status of "urban") and because, between any
two dates, some of the natural increase in
cities is contributed by migrants. 6
INTER-CITY PROJECTIONS

19. A fundamental aspect of urban demography is the size-distribution of a nation's
cities and towns. It is generally assumed to be
more variable than it actually is. If the populations of the urban places of a nation
(especially a large nation) are plotted on
double-log paper, they will be found to fall
rather closely along a straight line, approximately described by the formula RS = C, where
R is rank, S is size, and C is a constant. 7 By
6 For application of these methods to India, see the
writer's paper, "Urbanization in India: past and future," in Roy Turner (ed.), India's Urban Future
(Berkeley: University of California Press, 1962),
pp. 3-26.
7 See George K. Zip£, National Unity and Dis!tnity (Bloomington: Principia Press, 1941), ch. 1.
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a least-squares solution one can derive a variant
of the formula for a particular country; 8 it
seems to remain much the same over time.
20. Sometimes a country is called "topheavy" or "unbalanced" in its urban structure.
But what is the standard adopted? Grauman,
writing about Latin America (op. cit.) says:
"Latin American urban population is 'topheavy'. If about equal numbers in four size
groups, like in Canada, is a standard, Turkey's
urban population is 'regressive' while that of
Argentina, and most countries in Latin America, is markedly 'progressive'." Canada is a
purely arbitrary standard. Also, the application
of fixed-size classes to urban populations of
varying magnitudes has a distorting effect.
21. Over the short run a country's urban
structure tends to be constant. 9 It can vary in
the long-run, but hardly enough to affect
planning. Increased urbanization seldom pro-

duces a change in the rank-size system. The
latter refers to size relations simply among
cities themselves, regardless of degree of urbanization. As urbanization occurs, maintenance
of the same structure among size classes
requires that the larger cities grow faster than
the smaller ones, because the bottom class is
bounded whereas the top class is unbounded.
In Argentina between 1947 and 1960, the
proportion of the total population living in
cities of 100,000 or more increased from 39.2
to 49.1 per cent, a substantial rise in urbanization. When growth by fixed size classes is
analysed, the largest class shows most gain:
Per

City

cent
gain

(OOO's)

1947·
1960

sise

100-199 ............................... .
200-499 ............................... .
500+ ......... ········· .... ···········

s Otis D. Duncan and Albert J. Reiss, Jr., Social
Characteristics of Urban and Rural Communities,
1950 (New York: Wiley, 1956), pp. 25-28, find that
the following gives a reasonably good fit to places in
the USA of 1,500 or more inhabitants:
Rl.o5o04S = 13,237,000.
9 Zipf, op cit., pp. 20-22, finds United States ranksize distribution had same slope in 1930 as in 1900,
regardless of increased urbanization. He also finds
Canadian distribution retained virtually the same slope
through six censuses, 1881 to 1931.

100-199 ....................
200-499 ....................
500+ .....................
TOTAL

Percent
of

1960

4
3
1

-8

CITY-STRUCTURE PROJECTIONS

23. With a rise in the level of living, urban
deconcentration tends to occur, despite increased urbanization and population growth. 10
10 In United States, from 1950-1960, the proportion
living in "urbanized areas" rose from 45.8 to 53.5 per
cent, but the average population density within these
areas fell from 5,408 to 3,752 per square mile.

79.5

city population

1947

The top class rose as a proportion of the total
because it could gain new members but could
not lose any. If the total system is altered in
size, the use of the same class boundaries will
vitiate the comparison of its rank-size structure.
22. To maintain comparability, one must use
proportionate classes. When this is done, one
finds virtually no change in the rank-size system in Argentina in 1947-1960.

15.6
-19.2

Such a procedure is deceptive, because the
number of cities in the system, the identity of
those in each class, and the relation of the
classification to the total city population all
change. The result makes it look as if the city
population was concentrating in the bigger
cities. The fault can be seen by examining the
distribution at the two dates :
Number of
cities

Size
(OOO's)

1965

1947

1960

3
3

9.5
16.7
73.8

6.9
8.9
84.1

11

100.0

99.9

5

Consequently, an extrapolation of past trends
will often lead to the prediction of sparser
urban settlement. However, there is a limit to
urban deconcentration; it is the point at which
one expanding urban aggregate begins to run
into another. With the fantastically fast growth
of human populations plus further urbanization,
the collision of cities is gaining in frequency.
Within three to four decades, at rates of growth
exhibited in the past, the San FranciscoOakland urban aggregate will merge, with
cities whose centres are still seventy miles away.
Along the Eastern seaboard of the United States
the cities have already coalesced for a distance
of some 500 miles.11 In such cases, the population in the area of the collision can no longer
grow without incurring greater density. As
11 Jean Gottman, Megalopolis (New York: Twentieth Century Fund 1961), passim.
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more and more collisions occur, deconcentration
will no longer become possible.
24. Within a country the pattern of concentration or deconcentration is apt to characterize
all cities more or less similarly. Consequently,
for national policy, projections of future concentration or deconcentration do not have to
be made for every city.
CONCLUSION

25. Space does not allow discussion of every
kind of urban projection in our outline. Re-
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flection on types considered indicates that urban
projections have little value if the person
making them does not understand what he is
doing. There is no automatic routine technique
to obtain satisfactory future estimates. With
understanding of urban phenomena, projections
become quantitative statements of contingent
possibilities rather than presumed predictions.
It is the contingent possibilities rather than
stark predictions that make planning intelligent.

Projections of the economically active population
ERLAND VON HoFSTBN

1. As is well known, a population projection of the usual type for one or several future
points of time and for a certain geographical
area, gives the total population, with breakdowns by sex and age, and possibly also by
marital status. 1 The projection is founded on
assumptions with regard to fertility, mortality
and outer migration. These assumptions may
be more or less realistic. If they are considered
realistic, when the projection is made, it is
called a forecast. 2
2. The future growth of a population may
be influenced to some extent by policy decisions. In order to moderate a population
growth which is considered too rapid, it may
thus be possible to stimulate birth control,
sterilizations, abortions and emigration. If, on
the other hand, growth is considered too slow,
fertility and immigration may be stimulated,
or birth control and abortions may be checked.
3. A population forecast may have, as a
consequence, decisions which aim at making
the future population deviate from what looked
most probable when the forecast was made.
The forecast may thus "kill itself," so to speak.
In order to avoid this, the forecast may take
future policy decisions into account; this implies that the forecast includes elements of programme or planning, and that we are dealing
no more with a forecast, in the proper sense
of the word.
4. However, in so far as we are dealing with
the total population of a country for which
outer migration can be considered unimportant,
the scope for planning is relatively limited, and
it can be maintained that we are still dealing
with a forecast, in the proper sense of the
word.
5. That this is so, is fully realized if the
purposes of a forecast are considered. Data for
the projected population, with breakdowns by
1 See, for instance, United Nations, Methods for
Population Projections by Se~ and Age, manual III
(United Nations publication, Sales No.: 56.XIII.3).
2 See United Nations, Multilingual Demographic
Dictionar~ (United Nations publication, Sales No.:
58.XIII.4), paragraph 720.
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sex and age, are used for planning the building
of schools, the training of school teachers, the
building of hospitals or old people's homes and
for making cost estimates for old age pensions,
etc. In such cases, a relatively clear distinction
can be made between the forecast itself and
the plans, which take the expected population
changes into account. The plans referred to can
be assumed not to have any influence on the
future population.
6. However, if the purpose is to make a
forecast for a smaller area for which outer migration is important, or if the aim is to make
a forecast for a certain segment of the population, the element of planning is so important
that we may, in fact, be dealing with a plan,
rather than with a forecast. This is especially
obvious if the aim is to make a forecast for the
economically active population. Such a forecast
will be used primarily for the formulation of
long-term economic policy, especially in regard
to employment and unemployment. There is,
therefore, a direct relation between planning
and the forecast. If policy decisions are being
based on the forecast, without its being remembered that the forecast is already based on certain assumptions regarding policy, the situation will be confused.

7. In order to become statistically measurable, the concept "economically active" must
be more closely defined. In the post-war period,
the "labour force" concept has become increasingly popular for this purpose. According
to the definitions given by the Eighth International Conference of Labour Statisticians
(1954), the total labour force is the sum of the
civilian labour force and the armed forces. The
former includes both the employed and the
unemployed. Among the employed, the most
important category is persons at work, i.e.,
"persons who performed some work for pay
or profit during a specified brief period, either
one week or one day". Persons who are temporarily absent (on account of illness, injury,
v-acation, etc.) are also included among the employed, as are workers on their own account
and unpaid family workers who are occupied
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for at least one third of the normal working
time. 3
8. In many countries, statistical data about
the labour force are collected through smallscale "labour force sample surveys." Sweden
is one of many countries which regularly
undertake such surveys, based upon a probability sample of approximately 12,000 persons,
and with the data collected by trained interviewers. The Swedish surveys refer to one
calendar week of each quarter of the year, and
the international definition for the labour force
is used. Thus, part-time workers having
<~For

further details, see the report of the Conference and International Labour Organisation, The
International Standardization of Labour Statistics
(Geneva, 1959).

worked for at least one hour during the survey
week are included in the labour force.
9. The surveys give age-specific labour
force participation rates (LFPR's), i.e., the
number of persons in the labour force as a
percentage of the total number of persons in
corresponding age groups. Figures for Sweden
for May, 1964, are given below. Corresponding figures for other countries and areas
show that the position may vary considerably.
This can be explained by a number of factors
which cannot be analysed here. 4
4 For such a discussion, reference is made to United
Nations, The Determinants and Conseq1tences of Population Trends (United Nations publication, Sales
No.: 53.XIII.3), chap. XI: "Population and labour
supply."

Table 1
Age,

year.t

Unmarried
women

Men

14-17 .....
' ... ' ... '
18-24 ...... . ' ' . ' .......
25-29 ....................
30-34 ....................
35-39 ....................
40-44 ......... . . . ' . . . . . . '

36.4
77.3
95.5
96.1
97.9
96.8

45-49 ....................
50-54 ....................
55-59 ....................
60-64 ....................
65-69 ....................
70-74 .............
75- ........... ' .......

96.8
94.7
81.4
51.6
24.6
10.2

'-

~

28.2
72.7
87.0
77.4
78.5
87.0
82.0
75.4
64.2
49.0
16.2
3.9
2.3

97.7

10. The natural method for arriving at the
future labour force is to apply expected
LFPR's to the projected total population by
age and sex. 5 But how can we arrive at
LFPR's for the future? To assume that they
will remain constant in the future would almost
certainly imply a heavy bias. It is necessary
to take into account a number of factors which
may influence the LFPR's in the future.
5 "Projections of population and labour force," b>ternational Labour Review (1961).

Married
'fVOmen

50.2
43.5
48.3
50.0
54.3
56.2
51.1
39.5
26.9
8.0
7.3
1.3

11. Seasonal variations. For most purposes,
it is important to know the size of the economically active population over a whole year.
As a labour force sample survey relates only
to the conditions during one week (or an alternative short period), seasonal changes may be
obscured. In Sweden, seasonal variation is, on
the whole, without great significance, except
for the younger age groups, where LFPR's for
four consecutive quarters are shown below.

Table 2
Unmarried women

Men
14·17
:;ears

November 1963 ....
February 1964 ..
May 1964 ....
August 1964 ....

40.7
38.7
36.4
56.4

18·24

14-17
years

18·24
years

75.4
73.9
77.3

31.2
27.3
28.2
41.3

72.1
72.4
72.7

years

80.3

80.6
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It can be seen in the above data that the higher LFPR's can be seen from the following figfigures for August are clearly due to the fact ures (1Iay, 1964) :
that many school children and students take
Table 3
temporary jobs during their holiday.
12. Ages below 25 years. For these ages, Nu.mbn
LFPR'.r
a higher school-leaving age, as well as enhanced chiZ/ren
l ..
below
J>W
high school and university enrolment, may in- 7 years
cetol
fluence the LFPR's considerably. It is neces46.9
0 ......................•...............
sary to know something about the plans for
38.0
1 ..................................... .
developing the educational system if reliable
24.1
2 ..................................... .
forecasts for these ages are to be possible. This
21.4
3 ..................................... .
is a good example of how planning must15.5
4 and more .......................... .
and can -be taken into account for the formulation of a forecast.
Changes in regard to fertility, as well
13. Ages above 65 years. From the figures as 16.
changes in the proportion of married women
quoted above, it can be seen that in Sweden in the child-bearing ages, may thus have an
the LFPR's for the highest age groups- at important influence on the LFPR's. This is
least in regard to men- are so high as to ~lso a case, however,, in wh~ch planning may
make it essential to take into account the labour mfluence the LFPR s constderab1y. An inforce in these age groups. Several factors may creasing number of day nurseries, as well as
influence future development. On one hand, other measures being taken in order to make
many old people may now work from sheer it possible for women with children to have
necessity; gradual improvement in pensions paid jobs, may result in increases (see paramay cause them to stop working. On the other . graph 19). (When considering the economic
hand, improved health conditions in the higher effect of the increase, one must, of course, take
age groups may influence more and more into account that part of the women added to
people to continue working after the normal the labour force are required as personnel at
retirement age. As regards women, for whom the day nurseries.)
the rates in the higher age groups are now
17. Many married women with older childquite low, it should be remembered that these
ren
are not prevented from having paid jobs
rates refer to women, only a few of whom had
paid jobs when they were younger. It is grad- by the necessity of caring for small children
ually becoming more common in the lower but the LFPR's are much lower for thes~
age groups that women- more especially the women than for those who are unmarried. As
married ones -have paid jobs, and that an the married women in the age groups above
increased proportion will continue to work approximately 40 years are gradually replaced
while growing older. (It should be noted that by younger married women who have become
widows are included among the unmarried more accustomed to paid jobs, the LFPR's will
women.) The rules for direct taxation may also presumably increase. 6
have an influence on LFPR's in the higher age
18. For the married women in the labour
groups. It is very hard to tell what the pre- !orce, the amount of work performed for pay
dominant tendency will be. On the whole, the 1s, on the whole, rather lower than for other
present author believes that for Sweden, the categorie~. This can be seen from the following
LFPR's in the higher age groups will increase. table, wh1ch shows a percentage distribution of
14. Men and unmarried women between 25 the number of hours worked (May, 1964).
and 64 years. For men in these ages, the It can also be seen that a rather high proporSwedish LFPR's quoted above are so near tion of men worked many hours during the
100 per cent that no substantial increase can week, perhaps because they had an extra job
occur. For the unmarried women, a certain in- in addition to their normal occupation. This
crease can take place. In both categories, factor is also of importance.
changes of the number of hours worked can
19. From the 1960 census, it is known that
occur without their being visible in the LFPR's the LFPR's for married women vary consider(see paragraph 18).
ably from place to place. This is primarily a

15. Married women between 25 and 64
years. This is a difficult category, composed
of two groups : one with small children, and
the other without. That the presence of children plays an important part in the size of the

6 Historical data on the labour force participation
of American women are given in Stanley Lebergott,
"Popu.lation change "!-nd the supply of labour", Demographu; and econom;c change sn developed countries
(Princeton, 1960).
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Table 4
Hours
worked

Unmarried
women

Married
women

2.1
4.4
9.1

4.7
9.1
19.5

24.7

25.8
32.8
8.1

12.7
29.4
22.1
15.9
14.7

Men

0-14 ........ '.' .... ' .. ''.
15-29' ..... ' ..... ' ' ' ' ' '
30-39 .. " ' ' ' ' ' " ' ' ' ' ' ' ' "

40-44' ' " ' ' ' '
45-50.' ''

43.3

16.4

51- " " ' "
TOTAL

100

100

Median ............ .

45.8

consequence of the varying demand for female
labour; in the rural areas and in many smaller
places where there is only a limited demand
for female labour, the rates are low. The varying number of places for children in day
nurseries also has an influence. Day nurseries
are, on the whole, not very common in Sweden,
and there are many places where there is no
such institution available. 7
20. Unemployment and underemployment.
From the statistical-technical point of view, the
unemployed are (as mentioned above) included
in the labour force, and are, consequently, considered as part of the economically active population. Unemployment is related to underemployment, which sometimes takes two forms:
visible underemployment, which is characteristic of persons involuntarily working part-time ;
and invisible (or "disguised") underemployment, which is characteristic of persons
working at a very low productivity level. 8
Population groups characterized by visible
underemployment will be included in the labour
force. Invisible underemployment, which in
7 For the whole of Sweden (7.6 million inhabitants), there are only 10,000 places in day nurseries.
8 International Labour Organisation, The international standardization of labm~r statistics (Geneva,
1959), p. 49.

42.7

5.2
100
33.7

most countries is common among women, and
which also plays an important part in the agriculture of underdeveloped economies, will, in
the first instance, be found among persons not
in the labour force.
21. In some areas of Sweden, there has
been a certain amount of structural unemployment during the post-war period, and the comparatively low LFPR's for women may be
interpreted as underemployment. In general,
however, the amount of unemployment and
underemployment has been small during the
post-war period; for long periods, and in many
areas and occupations, there has been a marked
lack of manpower. Vvhen projections of the
economically active population are made, it is
assumed that the labour market in the future
will also be characterized by full employment.
The problems are : how big the future manpower deficit will be, and how it will be met.
22. With regard to many other countries,
and especially with regard to underdeveloped
nations, the problem is the opposite : how much
can and must be done in order to prevent the
increase of unemployment and underemployment. This may provide an entirely different
interpretation of labour force projections. 9
D "The population and labour force of Asia, 19501980," International Labour Review (1962).

Anticipating eity growth and population projections for urban development
planning
JoHN STUART MAcDoNALD

1. This paper reviews experience accumulated in making and revising successive
population projections, parallel to continuing
economic projections, for a particular urban
agglomeration. Since Neopolis, the anonymous
city under discussion, has moved far toward
continual comprehensive planning, the evolution of its population projections should
illuminate similar problems to be found by city
planners following the same course, particu1arly
where economic and population projections are
calculated in unison.
2. Neapolis is not unique, being one of
several rapidly growing industrial agglomerations found in the sparsely-populated tracts of
the underdeveloped world. The traditional
market town, villages and homesteads which
antedated Neopolis held some 4,000 inhabitants
at the census of 1950. At that time, the entire
region was devoted to extensive livestockraising and shifting agriculture, with the exception of the small beginnings of the extractive
operations which have since gathered great
momentum. Shortly after the 1950 census, a
regional transportation and administrative
centre was established outside the old market
town. A residential area for senior employees
was constructed nearby. This company suburb
housed a ·variety of nationalities and, later, a
growing number of indigenous white-collar
workers from other parts of the country.
Almost at once, clusters of huts formed be~
tween the old and new towns, quickly congealing into a shanty town. By the mid-1950's,
heavy industry was set up. Subsequently the
area has received a remarkable volume of investment. The census of 1961 revealed a population of some 42,000. In the following year,
the old and new towns, the intervening
shanties, and the immediate countryside were
incorporated as a single city. Up to the present,
some agriculture, grazing and traditional
trading persist within the city limits. But the
economy is already dominated by manufacturing and extractive operations, around which
have formed modern forms of commerce,
transportation, government and other services.

3. Since the national government is openly
committed to developing Neopolis, economically
and socially, it is an attractive place in the eyes
of the great proportions of unemployed and
underemployed in the rest of the country, who
have already shown that they have no aversion
to internal migration. The assumption of these
responsibilities necessarily poses the question of
anticipating population growth which, on the
one hand, spells manpower while, on the other
hand, it spells social development requirements,
including the costs of the unemployed. This
situation presents a problem for economic and
social development theory: how much will
localized development effort on the production
front be cancelled out by the arrival of the
persistently unemployed? A number of tentative population projections have been made
for N eopolis in order to whittle this problem
down to more manageable proportions, and
further research has been designed to put the
next, more definitive population projections on
a firmer footing. The provisional population
projections already made are of two types:
economy-based projections and strictly demographic projections.
4. The on-going planning process of Neapolis involves consideration of the costs of
prospective popu1ation under its consumption
aspect and under its human resources investment aspect, as well as in terms of industry's
manpower requirements. Successive balances
have been calculated by Neopolis' economists
and manpower analysis in order to project
economic growth and the investments required
thereby, including the associated allocations to
human resources and social welfare. These economic and manpower balances imply certain
trajectories of population growth. Although
natural increase in N eopolis is in the order of
3.5 per cent per annum, even the most pessimistic economic prognostications imply continuing large-scale in-migration to provide
manpower. Projections of the city's economic
growth, and associated increases in infrastructure and services, imply a corresponding
amount of employment. This derived employ-
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ment figure implies a corresponding amount of
unemployment, since the country as a whole is
unlikely to approach full employment over the
next 10 years. The total labour force in turn
implies a certain number of dependents. Adding
together employment, unemployment and dependents should give the total population,
granted that each of the preceding steps is correct. Another way of arriving at the same result
is to calculate the total population figure from
the labour force participation rate.
5. Column 1 of the table shows the results
of a recent exploratory exercise in the economy-based population projection method.
Rough employment estimates for each establishment and for each branch of activity were
the first steps in the calculations. These estimates were drawn from direct and indirect
sources. As is usual with local government
areas in even the most statistically sophisticated
countries, there was no single source of data,
and the data which were most to the point
were incomplete. The direct sources were the
last census, a labour force and employment
survey, two non-household establishment surveys of employment, and a survey of employment in construction. These direct sources do
not cover the entire gamut of economic activity
in Neapolis simultaneously, and are, to some
extent, uncertain or contradictory. Therefore,
extended inferences and indirect data from
comparable populations were drawn upon, in
addition to some casual observations and plain
guesses. For example, the particular volume of
employment in a projected factory with no
existing counterparts in Neapolis had to be
predicted on the basis of employment observed
in similar establishments in other parts of the
country or abroad. It was assumed that there
would be an unchanging mix of traditional
labour-intensive commerce and distributive activities with more modern capital-intensive
commercial and service organizations, as
observed in the country's other industrial
centre. Increasing labour productivity was
allowed for on an arbitrary basis. The census
labour force participation rate of 35 per cent
was used to calculate the entire population from
the estimated employment, allowing for a
sliding scale of unemployment beginning at 25
per cent in 1961, the census year, and falling
to 10 per cent in 1975. The labour force survey
in 1962 indicated a labour force participation
rate of 25 per cent; although the difference
between this and the census figure can be partly
explained in terms of different definitions and
coverage, the labour force survey rate is still
suspect until it is checked against the next
survey in 1965.
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6. The economy-based population figures in
column 1 of the table could be calculated in
another way with the same result, by assuming
that each household would continue having 5.8
members, among whom 1.5 would be employed.
The latter figure is from a multi-purpose survey
of the country's only other highly industrialized
city. Household size was measured by the 1961
census.
7. A set of economic and demographic projections was calculated to see what might happen if the population grew independently of
economic development in the 1960's but
gradually reached a critical point discouraging
further massive in-migration because of the slowness of economic growth. Thus unsuccessful
economic development was assumed, on the one
hand, and heavy in-migration lured by false
economic expectations, on the other hand; there
would be a time-lag of several years before the
former would effectively inhibit the latter. Population growth in the 1960's was supposed to
continue as the result of 1,000 in-migrants per
month, the volume suggested by the length-ofresidence data from the 1%2 labour survey.
These in-migrants were ascribed the same rate
of natural increase as the inhabitants born or long
resident in N eopolis, estimated at 3.5 per cent.
The trend of gainful employment was -set pessimistically low. The proportion of unemployment would increase because all in-migrants
after 1970 were given the poor employment
record found by the 1962 labour survey among
Neapolis' shanty-town dwellers. The average
size of family was kept at 5.8 persons. Gainful
employment trends were derived from much
simpler calculations than in the economy-based
population projection. Heavy industry employment is typically easier to project than other
categories of employment. The total economically-active population was reached by assuming, first, light industry and crafts would be
only half that expected by the medium-level
economic development programme being prepared. Then it was assumed that manufacturing
would constitute 30 per cent of the total economically-active population. Labour force
growth was linked to population growth in the
1970's by assuming that the labour force participation rate would move from the 25 per cent
reported by the 1962 labour survey to the 35
per cent found by the 1%1 census.
8. Four strictly demographic population
projections were also calculated. Age- and sexspecific projections of in-migration and outmigration, or of net migration balances, could
not be made for lack of any plausible data.
Therefore the demographic projections do not
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use the component method hut simply trace one
or another plausible trajectory for population
growth as a whole. Column 3 in the table
shows the population of Neopolis if it grew at
13.3 per cent per annum. Thts percentage represents the difference between the population
counted at the 1961 census and the population
estimated from the 1962 sample survey. Column
4 of the table shows the results if population
grew by 23 per cent per annum, the rate of
intercensaJ growth from 1950 to 1951. The
base population is set at 44,000, instead of
42,000, to allow for 5 per cent underenumeration the margin of error calculated for the
cou~try's total population. The population at
the census of 1950 was raised by 10 per cent
to allow for the undoubtedly greater undercounting at that time. Column 5 of the table
gives population growth as if there were a
constant increment from natural increase and
in-migration combined; the constant increment
of 5 200 being the estimated difference betwe~ the population at the 1961 census and
the 1962 labour survey, converted into annual
terms. These very simple projections have no
other purpose than sh?w~ng th~ . uppe; and
lower limits of N eopohs tf cond1ttons m the
future continue as in the past. The difficulty
here is to identify past conditions, as reflected
in past population growth ; the evidence is ambiguous. Which is the better, a rate of 13 or
23 per cent? At present there are no grounds
for choosing one against the other, except to
say that 23 per cent is impossible year after
year. So N eopolis' planners need not ;p~epa;e
for a population of more than half a mtlhon m
the 1970's. This is not a particularly useful
conclusion.
9. The most intellectually satisfying, if not
most realistic demographic projection, is in
column 6 of the table. This limits Neapolis'
future growth in acco~dance with the .experience of the country s only othe~ raptdly
growing industrial town. The populatiOn there
increased at nearly 10 per cent yearly at the
peak of its economic growth, when it possessed
173 000 inhabitants. This projection holds that,
the ' closer N eopolis' population approached
173 000 the closer its initial growth rate of 23
per 'cent would fall toward its industrial prede~
cessor's peak rate of 10 per cent.. Thus Neapolis' growth rate decelerates until 1970, and
thereafter remains at 10 per cent. This projection shows what would happen if Neopolis
recapitulated its industrial predecessor's success. Although this would be a very remarkable achievement in itself, the development of
Neopolis should be considerably faster if the
draft economic and social programmes were
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put into effect. This brings us back to economybased projections.
10. Although N eopolis' economy-based pop~
lation projections are only exercises at thts
stage, they are in principle superior to narrow
demographic projections in the case of an open
population such ~ a ~ity. Undoubtedly ~he
coefficients used m denvmg total populatton
from employment-and employment from economic growth-are quite debatable. Greater
confidence in these coefficients requires a set
of theories about these relationships, as well as
more data from Neapolis and elsewhere. T~ere
is a great need, particularly, for a compendium
of coefficients showing the relationships between employment and economic expansion in
each category of economic activity under various broad conditions. The 1965 labour survey
will put these coefficients on a firmer basis, but
will not solve the problem that manpower
analysts do not have a comprehensive set of
international figures to use as a ready reckoner.
Such comparative information is ?bviously ir;dispensable in the case of prospective econo~tc
activity of a type which does not yet extst
there.
11. Better coefficients for convertin~ economic growth into employment !vill not ~1rec~y
answer the problem of accountmg for m-ungration which may go into unemployment rather
than employment. Therefore a special study
will be made contrasting in-migrants, out-m!grants and residents-since-birth, not only wtth
respect to their different age and sex. pyran?ds
during regular periods, but also thetr mottv;,;tions. Improved information about economtc
activity in N eopolis and ot~er parts of t~e
country will soon provide mtgrat10n-econom1c
growth coefficients which can be related to the
e survey of migrants: and non-~igrants'
ations. At the same ttme, a spectal study
of development prospects in the coun}ry's other
regions and cities will show the shtfting field
of opportunities in which the potential migr~t
will make his calculations about the relative
advantages of moving to Neapolis, . movil!g
elsewhere or staying at home. On thts basts,
the com~nent method of population projections can be used, for the present and prospective incidence of mortality and fertility by age
and sex is already fairly well known.
12. Another avenue of investigation ~s the
relations among the number of econonlfca!lyactive persons per household, the pnnctpal
branch of activity of the main breadwinner, ~d
the number of depe!l?ents. Probable ch~ges tn
mortality and fertiltty do not figure m the
economy-based projections on the grounds that
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the population required by the city's economic
growth would be drawn to it, if it were not
already living there in sufficient quantities.
However, changes in fertility and mortality are

likely to change the ratio of dependents in each
household. Also female labour force participation-which is not given a special place in the
present projections-should be affected too.

lllustrative population projections a
(In thousands)

Economybased •· b

1961. ..... .......
1962 ...... ' .......
1963 ..............
1964 ..............
1965 ..............
1966 ............. 1967 ..............
1968 ..............
1969 ..............
1970 ..............
1971. .............
1972 ..............
1973 ..............
1974 ..............
1975 ..............

42

76
97
113
141
153
185
236
246
286
309
352
391

Semi·
inde·
pendent •· •

42
48
64
80
98
115
134
153
172
193
215
235
255
285
315

Compounded
at
13.3
per

Compounded
at
23.0
per
cent •

42
49
55
62

44
54

cent d

67

78
88
98
111
124
139
157
176
197
221

67

82
101
124
152
187
231
284
349
429
528
649
798

Incre·
ments

of
5,200
per
annum t

44
49
54
60
65
70

75
80
86
91
96
101
107
112
117

Historic
maximum a, c:

44
54
65
78
92
107
123
139
165
173

190
209
230
253

279

a These projections are presented simply for the sake of discussion as contrasting types. They are not
meant to suggest that any of the underlying hypothetical economic developments will in fact become official
policy.
b Based on a plausible draft of an economic plan.
c Assuming continuation of recent demographic trends irrespective of economic growth until 1970's when
a hypothetical economic crisis would repel more in-migration.
d The total population estimated from the 1962 labour force survey implied 13.3 per cent annual growth
since the 1961 census.
e The difference between the 1950 and 1961 censuses, allowing for 10 per cent underenumeration at the
former and 5 per cent at the latter, implied 23 per cent growth per annum.
f The total population estimated from the 1962 labour force implied an annual increment of 5,200 since
the last census.
g Beginning at 23 per cent, growth decelerates toward the 10 per cent peak of the country's only other
industrializing boom town by the time 173,000 inhabitants are reached, whereupon a steady 10 per cent increase is maintained.

Some views on the needs and problems of school-age poptdation projections
in the developing countries
SURINDER

I.

INTRODUCTION

1. Perhaps the only valid rationale for
making school-age population projections for
developing countries is their relevance to
social and economic planning. The conquest of
illiteracy and the raising of the level of educational achievement in the general population
are accepted goals in any programme of development. Although in developing countries
the gap between the facilities needed for universal education, at however modest a level,
and those achievable, may be very wide, there
is still need of some basis for judging the
· de of the problem. Knowledge of the
le future number of persons of school
age is pertinent not only for the promotion of
general education, but also for meeting specific
manpower needs for economic development.
National planners must have some idea of the
number of persons with various skills, training,
and education who will be needed for social,
economic, and cultural development. Once these
needs are determined, strategies of planning,
resource allocation, and poHcy formation with
respect to education can be developed.

2. Parnes has succinctly stated the argument
that planning for education must be based in
considerable measure upon analyses of future
manpower requirements. He writes: "The rationale for according manpower forecasts a
prominent role in assessing educational needs
is perfectly straightforward. It runs something
like this : a nation with plans or aspirations for
economic development cannot afford to slight
the preparation of its human agents of production. The creation of a new steel works, for
example, is meaningless unless provision is also
made for the scientists, engineers, managers,
technicians, skilled workers, clerical staff, etc.
necessary to operate it. Since one of the functions of the educational system in a society is
to provide its work force with the abilities required for productive activity, it follows that
that system must be reasonably well geared to
the production requirements of the economy.

K. MEHTA
Moreover, it is the future pattern of manpower
requirements that must guide today's educational decisions. The reason is that the 'lead
time' in producing qualified manpower is exceptionally long. \Vhen one considers the time
involved in constructing new school facilities,
in training new teachers, and in filling up the
educational pipeline in order to expand significantly the number of university graduates, it
becomes dear that the educational planner must
have in mind the prospective patterns of manpower r
·
ts at least a decade or two in
advance.
us the need for long-term forecasts
of manpower needs." 1
3. Future manpower requirement is not the
only factor that influences planning for education. Among other things, political pressures
and strains witl1in the nation also have to be
taken into account. And, of course, the future
number of persons for whom primary, secondary, and university level education will
have to be provided must be estimated fairly
well. This is necessary to determine the investment needed in buildings, equipment, teacher
training, and training of school and universitv
administrators.
·
•

4. It needs to be recognized that not all
education is necessarily conducive to economic
development. John Vaizey has argued that
education in most countries has not been
directed primarily toward the fostering of either
new skills or inventiveness. He states that
"only rarely, historically speaking, has education been concerned with developing what may
very broadly be called a 'scientific' or pragmatic
attitude to life. Indeed ... we may truthfully
say that in many cases schools and colleges
have been deliberately designed to counter the
growth of this attitude. This is certainly so,
for example, in most educational systems which
have been dominated by traditional religious
1 Herbert S. Parnes, "Manpower analysis in educational planning", Planning Education for Economic
and Social Development, ed. Herbert S. Parnes (Organization for Economic: Co-operation and Development, 1962), p. 73.
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forms." A system of education devoted to
perpetuating archaic norms, values, and culture patterns or to maintaining the status quo
in poor countries will also retard development.
Thus, one may contend that education is a necessary but not a sufficient condition for socioeconomic growth.
5. The importance of education for social,
economic, and political development should not
be underestimated, however. 3 Countries, both
rich and poor, are development minded, and
education is necessary for development. Obviously an education that is calculated to
promote the goal of socio-economic progress
rather than hinder or retard it is the type that
is required.

II.

PROBLEMS IN MAKING NATIONAL POPULATION PROJECTIONS

6. Before going into the problems involved
in projecting school-age populations, some
general problems encountered in the preparing
of projections of national populations should
be mentioned. There are essentially two different methods of making population projections. In the "mathematical method" formulas
are used or curves are fitted to past data
(usually census data for a number of points in
time). Once these formulas or curves have been
chosen, future population figures can be readily
computed or simply read off the extrapolated
curve. The second, the "component method",
estimates the three components of population
change (births, deaths, and migration) separately. It begins with the age-sex groups
(and other subdivisions by race or ethnicity,
if needed) of a census population. Each subgroup is "survived" into the future by applying
appropriate age-sex survival ratios, usually in
steps of 5-year intervals. Future births by sex
are added by applying age-specific birth rates to
the female population, and these in turn are
successively "survived" by applying survival
ratios. If, in addition, some assumptions about
2 John Vaizey, "The role of education in economic
development", Planning Education for Economic and
Social Development, ed. Herbert S. Parnes (Organization for Economic Co-operation and Development,
1962), p. 41.
a See the stimulating study by Frederick Harbison
and Charles A. Myers, Education, manpower and
economic growth: strategies of human resmwce development (New York, McGraw-Hill Book Co., 1964);
also see United Nations, 1961 Report on the world
social situation (United Nations publication, Sales
No.: 6l.IV.4) which showed very close associations
between education and various indicators of social and
economic development for the countries of the world
for which the necessary data were available.
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future change due to migration are needed, the
procedure is modified by adding in or subtracting out estimates of net migration for each
age-sex cohort. It should be apparent that the
component method is in a sense a variant of the
mathematical method in that often the assumptions about future birth and death rates are
based on some sort of extrapolation of past
rates.
7. The earliest mathematical methods employed simple linear projections. Later methods
became more complicated, culminating in the
"rediscovered" logistic curve of Pearl and
Reed. 4
8. The component method was developed in
its detailed form ih the United States of
America by Thompson and \Vhelpton in the
1930's. 6 This newer method of population projection not only has the advantage over the
mathematical method of yielding separate
estimates of age-sex groups, but is inherently
more flexible in regard to assumptions about
the future course of the components of growth.
9. Although the component method has
undergone many refinements and improvements,
the history of predictions or projections
of future populations has been a sad one,
studded with failures of varying magnitude.
Essentially, the failures have been due to the
inability to foresee significant shifts in the patterns of mortality, and, particularly, of fertility.
This was notably the fate of many of the
population projections (mathematical, component, or other) made in the 1930's and early
1940's. Even the projections of such eminent
demographers as Whelpton, Sauvy, and Note4 Raymond Pearl and Lowell J. Reed, "On the rate
of growth of the population of the United States
since 1790 and its mathematical representation", Proceedings of the National Academy of Science, vol. VI,
No. 6 (1920), cited by Robert J. Myers, "Comparison
of population projections with actual data", Proceedings of the World Population Conference, 1954, vol.
III (United Nations publication, Sales No.: SS.XIII.
8), p. 102.
5 Pascal K. \Vhelpton, "An empirical method of
calculating future population", Journal of America!~
Statistical Association, val. XXXI (1936), cited by
R. J. Myers in "Comparison of population projections
with actual data", Proceedings of the World Population Conference, 1954, vol. III (United Nations publication, Sales No.: SS.XIII.8), p. 102. Precursors of
this general method were Edwin Cannan (making
projections of the population of England and Wales
in 1895), and A. L. Bowey (making projections of
various countries for the League of Nations in 1926).
See John Hajnal, "The prospect for population forecasts", Proceedings of the World Population Conference, 1954, vol. III (United Nations publication, Sales
No.: SS.XIII.8), p. 46; and Hugh Wolfenden, Population statistics and their compilation, revised edition
(Chicago, University of Chicago Press, 1954), p. 93.
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stein and his associates came to grief because
of the unforeseen and sustained high fertility
and the unexpected decline in death rates.
10. In the last two decades considerable improvements in methods have been made. 7 Methods have even been developed for making
population projections for countries with only
"scanty and imperfect" demographic statistics. 8
It needs to be pointed out, however, that many
problems of both methodology and prescience
still remain. Past experience has shown that
more refined and complicated methods have not
necessarily given better approximations to
future populations than simpler mathematical
procedures. 9 Although Grauman 10 is "guardedly optimistic" about the success of current
population forecasts, the results of the recent
"round of censuses in Asian countries have
shown how even short-term projections may be
wildly wrong". 11

III.

SoME PROBLEMS IN MAKING SCHOOL-AGE
POPULATION PROJECTIONS 12'

11. In making school-age population projections all the problems involved in making na6 For citation of the published projections see John
V. Grauman, "Success and failure in population forecasts of the 1950's: a general appraisal", Proceedings,
vol. III.
7 Grauman (ibid.) has discussed these. Among other
advances he cites the improved methods of population
projections utilizing stable-population analysis and
cohort fertility analysis pioneered by Whelpton. (Incidentally, cohort analysis also gave insight into why
earlier methods had failed.) Also see the various papers on population projections in vol. III of the
Proceedings of the World Population Conference,
1954, op. cit.; and John G. C. Blacker, "The use of
stable population models for the construction of population projections," International Population Conference, Ottawa, 1963 (Liege, International Union for
the Scientific Study of Population, 1964).
8 United Nations, Methods for Population Projections by Sex and Age (United Nations publication,
Sales No.: 56.XIII.3), p. 1.
9 See Robert ]. Myers, "Comparison of population
projections with actual data", Proceedings of the
World Population Conference, 1954 and Jacob S.
Siegel, "Some aspects of the methodology of population forecasts for geographic subdivisions of countries", in Proceedings of the World Population Conference, 1954, vol. III (United Nations publication,
Sales No.: 55.XIII.8), P.f.· 113-132.
10 John V. Grauman, 'Success and failure in population forecasts of the 1950's: a general appraisal",
Proceedings, vol. III.
11 Blacker, op. cit., p. 75. Blacker cites H. Gille,
Acceleration demographique en Extreme-Orient :
quelques resultats des recensements de 1960-1961,
Population, No. 4 (1961), pp. 637-648.
12 I would like to point out that this paper is
concerned throughout with school-age population projections and not with projections of school enrolment figures. Planners and policy makers would require both types of projection for the purpose of
planning for education. For some projections of en-
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tional population projections discussed above
will be encountered, but the pitfalls will be even
greater.
12. The basic requirement for school-age
population projections is the availability of one
or more reasonably good census counts of the
population-by sex and age (preferably by
single years). The school-age population is subject to the influences of changing number of
births (if projections are made for a period
exceeding the school-entering age of children
in the given country) and changes in infant and
child mortality. Even if the basic data required
for projections are available, one has to make
assumptions about the future course of fertility
and mortality and here one may be "wildly
wrong". A very serious problem encountered in
most of the underdeveloped countries is that
even current levels of fertility and mortality
can be estimated only roughly. 18
13. School-age population projections are
inherently subject to greater proportionate
error than are projections of total populations
since the base population (school-age) that is
being projected is much smaller. Furthermore,
to be of greatest value school-age projections
should preferably be made by single years of
age or at least by primary and secondary
school-age groups, by sex. 14 The requirement
of this finer detail in the projections will further prejudice the results.
14. Regarding projections of the age-groups
from which college and university students
come, such projections are necessary in countries such as the United States of America or
the USSR where a large proportion of the
population graduates from high school and
many go on to college, but it is doubtful if such
projections are necessary in countries where
only a minute proportion of the population
gets any higher education. In the developing countries the need is for estimates
of the number of secondary school graduates
rolment and other educational statistics see U.S.
Dept. of Commerce, Bureau of the Census, "Illustrative projections to 1980 of school and college,
enrollment in the United States", Ct~rrent Population
Reports, Population Estimates, series P-25, No. 232
(Washington, D.C., 2Z June, 1961), and U.S. Dept
of Health, Education, and Welfare, Projectio114 of
Educational Statistics to 1973-74, 1964 edition (Washington, D.C., 1964).
111 Fortunately, various techniques for appraising
the quality of a country's vital and population statistics for population projections are available. See, for
example, United Nations, Methods of Appraisal of
Quality of Basic Data for Population Estimates
(United Nations publication, Sales No.: 56.XIII.2).
14 The necessity of the breakdown by sex is clear.
Even countries that have only subtle aspects of the
double standard must plan for the differential educational needs of the two sexes.
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and requirements of highly trained and
educated personnel. 15
15. In planning educational facilities, locational considerations must be faced. Very serious problems are encountered when projections of school-age populations are made for
regions, states, and communities, rather than
for the country as a whole. Not only are current local levels of fertility and mortality in
doubt 16 (because of the highly variable adequacy of local vital statistics) but the future
courses of fertility and especially of mortality
are subject to greater variability on the local
than on the national level. Greater change in
fertility and mortality in the local community
may occur due to successful public health measures and family planning programmes, for example, whereas the effects of these measures and
programmes may be relatively less pronounced
in the country as a whole. Furthermore, at the
national level migration is not usually a very
disturbing factor (barring war or other calamities, international migrants will constitute only
a small fraction of the population for most
countries and thus will not greatly affect the
15 Of course, estimates of the number of primary
school graduates are in turn necessary so that plans
for secondary level education can be made.
16 Local sample surveys may be employed as one
method, among others, of obtaining relatively adequate
vital statistics data. See M. A. El-Badry and C.
Chandrasekaran, "Some methods for obtaining vital
statistics in India", International Population Conference, New York 1961, vol. II (London, John Wright
and Sons, 1963), pp. 377-386. Also see other papers
in part 10 of this volume.
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future population), but at the local level,
internal migration can and probably will play
havoc with the projections. This is because the
effect of social, economic, political, and demographic changes on internal migration is
extremely difficult to predict for the local
scene. 17 Here it may be suggested that "economic" methods 18 be used in conjunction with
"component" methods for making school-age
population projections.
16. In closing, I wish to make two final
points. One, the range of error for local area
population projections will be great even for
total populations, but the errors will be still
greater in the case of school-age populations.
Two, the longer the period for which the projections are made, the more likely it is that the
projected figures will deviate by increasing
amounts from actual future populations. 19
17 Local epidemics, floods, famines and location of
new industries are some of the occurrences I have in
mind.
18 For a brief discussion of these methods, see footnote 8, op. cit., chapter I. Also see Van Beuren
Stanbery, Better Population Forecasting for Areas
and Communities (United States Department of Commerce, Washington D.C., September 1952). Siegel
believes that "the methods which attempt to assess
the economic prospects of an area represent the most
logical and promising approach to the problem of
forecasting local populations", op. cit., p. 119. It should
be noted that where the economy is planned the extent
of internal migration for local areas may be easier
to predict.
19 For
an excellent discussion and extensive
evidence in support of this statement, see Siegel, op.
cit., pp. 122-126.

The choice of assumptions in household and family projections
ROBERT PARKE, JR.

1. Projections of households and families
typically include estimates of the future number
and average size of households and families. A
few projections of a somewhat experimental
nature inclure, in addition, estimates of the
future distribution of households and families
by number of members, and estimates of the
composition of families with respect to the age
of members and the number of children. Guides
for the preparation of household and family
projections have been published by the United
Nations, as part of its programme for the study
of housing needs. 1 • 2 • 3 The following discussion treats a few issues having to do with the
design of household projections prepared by
demographic methods, and the selection of assumptions used in the projections.

3. One wishes to incorporate a population
characteristic in the projection scheme where-ever (a) the headship rate is subject to substantial variation as between classes of the
characteristic ; and (b) changes in the distribution of the population with respect to the
characteristic can be anticipated and can be
expressed numerically. Hence, it may be desirable to include urban-rural residence in the
projection scheme:1• 5 However, although residence and the age-sex distribution have an
important place in the scheme for projecting
households, the assumptions employed in preparing population projections by these characteristics are outside the scope of this paper.

!. THE DEMOGRAPHIC METHOD
2. A demographer views the number of

4. The simplest and most important classification by marital status is the dichotomy of
married persons and persons not married. (For
this purpose, persons in consensual unions are
probably better classified as married.) Evaluation of the assumptions about marital status is
facilitated if the population not married is
further dichotomized into single persons (never
married) and widowed and divorced persons.
The projected
s of single persons by
age may then
ed to see if they imply
an acceptable average age at first marriage.
Methods for calculating average age at first
marriage from proportions single have been
described elsewhere. 6
5. Future distributions of the population
by marital status may be estimated by extrapolation of trends for age groups. 7 For instance,

II.

households (or the number of births, deaths,
persons in the labour force, etc.) as the cumulative effect of the action of a schedule of rates
upon a population which may be distributed in
various ways with respect to susceptibility to
these rates. Accordingly, nearly all schemes for
·
household projections require the
n of the population by age, sex, and
marital status. For each class, projections are
prepared of (a) the total number of persons in
the class; and (b) the ratio of household heads
to the total number of persons in the class
(headship rate). The projected number of
households in the entire population is obtained
by summing over all classes the product of
these figures calculated separately for each
class.
H. V. Muhsam, "Population data and analyses
needed in assessing present and future housing re·
quirements" (E/CN.9/CONF2/L.l0), paper prepared
for the United Nations Seminar on Evaluation and
Utilifilation of Population Census Data i1~ Asia and the
Far East (Bombay, 1960). See also Estadistica (June,
1963), pp. 301-322.
2 United Nations, Economic Commission for Europe, Techniques of Surveying a Country's Housing
Situation, including Estimating of Current and Future
l1 ousing Requirements (United Nations publication,
Sales No.: 62.II.E/Mim.33).
3 United Nations, Statistical Office, Methods of
Estimatiii[J Housing Needs (E/CN.ll/AS TAT/
HSP/L.4) (1963).
l

ASSUMPTIONS ABOUT MARITAL STATUS

4 Louis Henry, "Structure de la population et besoins de logements," Population, No. 3 (Paris, 1949),
pp. 433-466 ; and "Perspectives relatives aux besoins
de logements", Populatum, No. 3 {Paris, 1950), pp.
493-512.
5 United Nations, Committee on Housing, Building, and Planning, World Housing Conditions and
Estimated Housing Requirements (E/C.6/13) (1963).
6 U.S. Bureau of the Census, "Marital status and
fan1ily status: March 1962", Current Population Reports, series P-20, No. 122 (Washington, D.C. 1963).
7 See United Nations Economic Commission for
Europe, Techniques of Surveying a Country's HousiHg Siiu<.>tion, including Estimating of Current and
Future Housitt!} Requirements (United Nations publication, Sales No.: 62.II.E/Mim.33).
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curves fitted to past data for females 30 to 34
years old are used to estimate the future proportions in each marital status class for females
30 to 34 years old. Pressat, however, has
offered an alternative method in which these
trends are extrapolated for cohorts. 8 For
instance, according to Pressat's method, the
proportion married five years hence among
females 30 to 34 years old is based on (a) the
current proportion married among females 25
to 29 years old; and (b) change in the proportion married between ages 25-29 and 30-34
experienced by females who are now 30-34. A
method similar to Pressat's has been used by
the U.S. Bureau of the Census. 9 Applied with
care to avoid unreasonable proportions ultimately married, methods based on cohorts have
much to recommend them. For estimating
future proportions single, they are to be
preferred because they eliminate the possibility
of implying negative marriage rates and reduce
the probability of implying unreasonably high
marriage rates in certain ages, both of which
errors are possible under the conventional
method. These methods are useful primarily
for ages of the cohort after a substantial
proportion of marriages have occurred. For
younger ages (under 25 in the U.S.A.),
conventional methods are preferable.
6. The method of cohorts may help to
resolve a problem that arises when the projected distributions by marital status prepared
separately for each sex are considered jointly,
that is, the disparity between the number of
married males and married females. This disparity is a result of the fact that, in actual populations, marriage rates are distorted by changes
in the relative number of males and females
of marriageable age. These changes may
result from changes in the number of births,
because men and women marry at different average ages. Since the numerical relationship between a birth cohort and each other
birth cohort is fixed, and the sex ratio at birth
changes a little, it should be true that the
relative number of marriageable persons of
the opposite sex is a fairly stable characteristic
of a cohort, except insofar as this number is
altered by mortality and migration.
7. Dispa.rities between the projected numbers of married males and females may be ads Roland Pressat, "Un essai de perspectives des
menages", International Population Co11jerence,
Vimna, 1959 (Vienna, International Union for the
Scientific Study of Population, 1959), pp. 112-121.
9 U.S. Bureau of the Census, "Illustrative projections of the number ~f households and families, 1960
to 1980", Current Popula#on Reports, series P-20,
No. 90 (Washington, D.C., 1958). ·

justed by making the male number equal to the
female number, 10 and by adjusting to a number
midway between the figures. 11 Where the
disparity is large, a less arbitrary adjustment
based on analysis of the causes of the disparity
may be in order. 12 • 13
Ill.

ASSUMPTIONS ABOUT HEADSHIP RATES

8. The development of assumptions about
headship rates depends upon whether the projections are expected to produce estimates of
housing needs or estimates of households. For
estimating future housing needs, a set of headships is required that reflects the number of
married couples, other family nuclei, individuals, and groups of unrelated persons, who
are presumed to need separate housing units. 14
Such rates are intended to yield estimates of
the number of persons who would occupy separate housing units assuming no restriction
upon their doing so. Rates of this type are
commonly held constant throughout the projection period. 15 • 16
9. For projecting the number of households,
the headship rates express the proportion of
the population who are household heads, as
distinguished from the proportion who potentially might be. In some studies, rates of this
sort have been held constant throughout the
1o U.S. Bureau of the Census, "Illustrative projections of the number of households and families, 1960
to 1980", Current Population Reports, series P-20,
Ko. 90 (Washington, D.C., 1958).
11 United Nations, Economic Commission for Europe, T ecltniques of Sttrveying a country's housing
situation, including estimating of current and future
housing· requirements (United Nations publication,
Sales No.: 62.II.E/Mim.33).
12 S. P. Brown, "Analysis of a hypothetical stationary population by family units : a note on some
experimental calculations", Population Studies, ·vol.
IV, No. 4 (London, March 1951), pp. 380-394.
13 A. R. Hall and M. R. Hill, "Housing demand
in Australia, 1959-1974", Economic Record, vol.
XXXVI, Ko. 76 (Melbourne, December 1960), pp.
550-567.
H United Nations, Economic Commission for Europe, Techtliques of Sttrveying a country's housing
situatim~, including estimating of current and future
housing requirements (United Nations publication,
Sales No.: 62.ILE/Mim.33).
15 \Villem Steigenga, "Family structure, age composition and housing needs", International Population Conference, N e~t' York, 1961 (London, International Union for the Scientific Study of Population,
1963), vol. I, pp. 243-250.
16 A. H. Walkden, "The estimation of future numbers of private households in England and Wales",
Popttlation Studies, vol. XV, No, 2 (London, 1961),
pp. 174-186.
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projection period;
elsewhere, the rates
have been designed to reflect anticipated
changes in living arrangements. 19 Projections
prepared from constant headship rates are
offered as measures of future changes in the
number of households attributable to population
growth and changes in the distribution by age,
sex, and marital status, and not as forecasts.
When projections based on constant household
headship rates are accompanied by projections
of potential households, as described in the
preceding paragraph, the two series together
provide some indication of the range within
which the future number of households may
actually fall. For instance, recent projections
for France include a series based on actual
headship rates and a series that includes, in
addition, the estimated number of secondary
families. 20 However, the "actual" and the
"potential" series may differ so much that they
provide the data user with insufficient guidance
as to the probable future number of households.
10. In the United States, statistics and
projections of households are widely used as a
basis for planning by government agencies and
by manufacturers and merchandisers who
require estimates of future changes in the
market for goods and services for which household and family groups are the main consumers. In these circumstances, projections
must describe probable (not merely hypothetical) future changes in the number of households. That is to say, the projections must be
based on calculations of future changes in
household headship rates.
11. At the U.S. Bureau of the Census, these
changes are projected by extrapolating past
trends. For example, in preparing the household projections for 1960 to 1980, the proportion of married couples by age of husband who
were separate households was calculated for
1950 and 1957, and the average annual increase in the proportion was obtained. 21 For
projection series A (the high series), this
17 Gerard Calot, "Perspectives du nombre des menages de 1954 a 1976", Etudes Statistiques, Nouvelle serie, no 2 (France, Institut national de la statistique et des etudes economiques, April-June 1961),
pp. 149-159.
18 Shigemi Kono, "Household projections for Japan,
1960 to 1975", Jinko Mondai Kenkyu, No. 83 (Tokyo,
July 1961), pp. 1-13.
19 U.S. Bureau of the Census, "Illustrative projections of the number of households and families,
1960 to 1980", Current Population Reports, series
P-20, No. 90 (Washington, D.C., 1958).
20 Gerard Calot, op. cit.
21 U.S. Bureau of the Census, "Illusrative projections of the number of households and families,
1960 to 1980", Current Population Reports, series
P-20, No. 90 (Washington, D.C., 1958).
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average annual increase was assumed to continue to 1965. For series B, one-half this
increase was assumed to continue to 1%5.
The projected proportions were multiplied by
the projected numbers of married couples by
age of head, to obtain estimates of the future
number of husband-wife households. Similar
calculations were performed for other elements
of the population. Only two per cent of the
married couples in the United States are now
doubled up in the households of others, so that
at the present time little further undoubling is
to be expected. However, significant changes in
other groups, for example the proportion of
widows forming separate households, can be
~xp~cted and must be allowed for in the proJeCtions.
12. Calculations of future changes in household headship rates imply assumptions about
the trend in the housing marlret, income, and
other factors. This is true whether the basic
household concept be of the "household-housing
unit" type 22 such as that used in the U.S.A.,
which establishes an identity between the number of households and the number of occupied
housing units, or whether it be of the "housekeeping unit" type, which permits the enumeration of more than one household per housing
unit. Precisely what assumptions are implied is
unknown because of the lack of quantitative
information about the relationship of housing
market conditions and income to the occupancy
of separate housing units.
13. In short, for analytical purposes, one
may adopt a constant set of headship rates. For
projections of housing needs, the headship rate
will be designed to reflect the number of family
nuclei and the number of non-family members
who are presumed to need separate housing.
For projections of the number of households
which must serve in part as forecasts, the
headship rate will reflect anticipated changes in
patterns of housing occupancy.

IV.

HousEHOLD SIZE

14. For the planning of housing programmes,
the average household size is insufficient, and it
is desirable to prepare projections of the number of households of each size. The principal
task in this connexion is the estimation of
future distributions of families by size. The
complexity of the assumptions that may be
required to prepare such estimates is indicated
22 United Nations, "Demographic and social characteristics of the population," Handbook of Population Census Methods, vol. III (United Nations
publication, Sales No;: 58.XVII.6).
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by Brown. 23 \Vorking with a stationary population model distributed by marital status,
Brown developed estimates of families by size
from information on number of children ever
born by marriage duration and age at marriage,
and information on families by number of
children in the home. The results were used by
Glass and Davidson to develop estimates of
households by size and composition in a
stationary population. 2 * For present purposes,
the value of Brown's work is that it gives the
reader a lively sense of the processes that
underlie the distribution of families by size.
15. Muhsam has proposed a method based
on (a) the projected number of families, by age
and sex of head; and (b) the assumption that
census distributions of families by size, within
age and sex groups of family head, will continue unchanged. 2ll It can generally be expected
that estimates from this method will be superior
to estimates based on the assumption that the
size distribution of all families (disregarding
age of head) will continue unchanged. There
is a more or less typical association of family
size with age of head; consequently, the total
number of families in each size class depends to
a large degree on the distribution of heads by
age.
16. The projection of families by size
obtained by this method may be checked for
agreement with the average size of family calculated from projected to total numbers of
families and family members. 26 A mean value
is imputed to the terminal class (e.g., in the
U.S.A. in 1960, the average size of families
with 7 or more members was 8.1). The value
for each class is then multipfied by the
projected number of families in the class (2 X
the projected number of 2-person families, 3 X
t he projected number of 3-person families, etc.)
and the sum of products is divided by the total
number of families.
S. P. Brown, op. cit
Ruth Glass and F . G. Davidson, " Household
structure and housing needs," Pop11latio1• Studiu,
vol. IV, No. 4, U>ndon (March, 1951), pp. 395-420.
25 H. V. Muhsam, "Population data and analyses
needed in assessing present and future housing requirements", United Nations Semi11ar on Evaluation
and Utilization of Popu/atkm Cms1~s Data in Asia
and the Far East (E/CN.9/CONF .2(L.10) (Bombay, 1960); Esladistica (June 1963), pp. 301-322.
26 In the U.S.A., the number of family members
is the total population less inmates of institutions,
primary indiv iduals, and secondary individuals. Projections of the number of persons in these categories
are prepared as part of the , eneral scheme for projecting households and famihes U.S. Bureau of the
Census, "Illustrative projections of the number of
households and families, 1960 to 1980'', Currmt Poplllation Reports, series P-20, No. 90 (Washington, D.C.,
23
24

1958).

17. If the result of this calculation differs
greatly from the average previously obtained,
the major fault will likely be found in the
assumption of constancy in the family-size distribution by age of head. It is possible that, by
projecting trends in this distribution from data
for past years, a set of future distributions will
be found that yields an over-all projected
family-size distribution consistent with the
previously established average family size. On
the other hand, inter-generational differences
in age at marriage, childspacing, patterns of
completed fertility, and ages at which children
leave home, may be such that no conciliation
is possible other than by means of a scheme
such as Brown's which takes each of these
factors into account.
18. A simple mathematical method has been
used by Dousa to project the distribution of
households by size for Czechoslovakia. 21 Dousa
first estimated the future mean size of all households. T he future size distribution was
estimated by an application of the P oisson
crefficient to the estimated mean, with adjust·
ments reflecting the very minor deviations of
the Poisson prediction for 1950 from the distribution shown by the 1950 census. This
method worked remarkably well in the 1950
data for Czechoslovakia and its component
regions. One would like to see it tested on data
for several countries in order to learn under
what circumstances it works, before relying on
it as a basis for projection.
V.

RATIONALIZING THE ASSUMPTIONS

19. To a large degree, the assumptions currently employed in household projections are
prepared ad hoc. That is to say, each characteristic in the projection scheme is introduced
by assumptions that are independent of t hose
for other characteristics. For instance, projections of proportions of widows by age are
generally prepared without regard to the implications of the mortality rates used to project
the population. Similarly, changes in fertility
patterns assumed in the population projections
have implications for the future distribution of
families by size that are taken into account in
only the most elaborate schemes for projecting
this distribution.
20. One approacl1 to the rationalization of
household projection methods would be to design population projections with the requirements of household projections in mind. For
instance, Wilson Grabill of the U.S. Bureau of
27 J. Dousa, "Problemy zjistovani perspektivni
skladby domacnosti," Statisticky Ob:~or, No. 12 ( Prague, 1959), pp. 536-544.
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the Census has devised an experimental method
of projecting births that he calls the "marriageparity-progression method". 28 Essentially, the
method consists of the sequential application,
to a population of initially single women, of
marriage rates by age, and birth rates specific
for birth order and interval since previous
birth (or since marriage, for childless women).
With some modification, Grabill's method ought
to be able to provide much of the information
required to project the distribution o£ U.S.
families by size. The additional information
required would pertain mainly to marital dissolution, sharing of the home by relatives, and the
age at which children leave home.
21. Another approach, by Orcutt and his
associates, is the development of an electronic
computer model in which individuals rather
than classes of persons are subjected to
probabilities of marriage, divorce, childbirth,
and death. 29 Experimental work of a similar
28 U.S. Bureau of the Census, "Projections of the
population of the United States, by age and sex: 1964
to 1985," Cttrrent Popttlation Reports, series P-25,
No. 286 (Washington, D.C., 1964), pp. 35-37.
29 Guy H. Orcutt et aJ., "A demographic model of
the U.S. household sector," Microanalysis of Socioeconomic Systems: A Simulation Study, part II {New
York, Harper and Brothers, 1961).
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nature is being conducted at the Bureau of the
Census. The simulation of demographic processes in models such as these can be expected, in
the long run, to provide more satisfactory
household and family projections than methods
in which the assumptions ta.ke the form of
statistical distributions.
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Population projections in which allowance is made for migration

P. G.

PODYACHYKH

[Translated from Russian]
1. After the Second World War, especially
in the decade 1950-1960, higher rates of population growth were observed almost everywhere in the world. The rate of increase for
the world as a whole was 20 per cent for the
period 1950-1960, as against 11.4 per cent for
1940-1950 and 12.8 per cent for 1930-1940. In
the economically developed countries, the rate
was considerably lower, and in the developing
countries it was higher. In 1950-1960, the rate
of increase in Europe (excluding the Union of
Soviet Socialist Republics) was only 7.8 per
cent; in North America it was 19.8 per cent, in
Asia (excluding the Union of Soviet Socialist
Republics) 21.7 per cent, in Africa 23.2 per
cent, in Central and South America 30.9 per
cent and in the Union of Soviet Socialist Republics 18.9 per cent. In 1961-1964, the rates
of increase continued to be high, although in
some countries they were showing a tendency
to decline.
2. The higher rates of increase after the war
were due mainly to the fact that while the birth
rate continued to be relatively high, the death
rate declined sharply as a result of medical
progress in the treatment and prevention of
widespread diseases.
3. The rise in the rates of population growth
is a cause of alarm to the Malthusians. With
remarkable; ingenuity, worthy of a better cause,
they have raised an outcry in the Press over
the prostx:cts of population growth, declaring
that it is a terrible disaster which will prevent
any economic or social progress. They warn
that if the rate of growth does not decline, the
rapidly increasing population will soon not only

lack the means of subsistence, but will not even
have any "standing room" on earth. One
hundred and sixty-six years ago, Malthus
declared that the population would double every
twenty-five years. Although the population of
the world has never doubled within twentyfive years, there are "scientists" who declare"
that the population will soon double in approximately such short periods of time. \Vithout
going into the social and economic causes of
population growth, but attributing it to simple
biological factors, the Malthusians, as in the
last century, recommend an unwarranted policy
of artificial birth control. It is quite common
for them to appeal for abstinence, the use of
contraceptives, sterilization and even the employment of compulsion to render a part of the
population incapable of having children. Some
even go so far as to reiterate that poverty,
hunger, epidemics and war are the natural
means of establishing a balance between population and the means of subsistence. The
Malthusians divert people's attention from the
substance of the matter and even prevent them
from finding the real social and economic
causes of population growth and from taking
action to develop the economy to meet the
needs of an increasing population.
4. The accurate forecasting of population
growth has considerable scientific and practical
significance. The population projections published in the world Press are often clearly
exaggerated and merely lead to a further Malthusian outcry.
5. The main social and economic factors
which influence the birth rate are the following:

Factor.r cau.ring a ri.re
in the birth rate

Factor.r Cflu.ring a decline
in the birlh t'ate

Improvement in living conditions.
Elimination of unemployment and uncertainty about
the future
The attainment of political independence by colonial
and dependent peoples

Industrialization and the consequent increase in
migration and in the absolute and relative size
of the urban population
The granting to women of equal rights with men
and increased participation by women in economic, cultural and political life

83

A rise in the cultural and sanitary standards of the
population
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in the birlh rate

The democratization of the political system
Increase in government expenditure on the education of children and in the number of children's
institutions (clinics, nurseries, kindergartens, etc.}.
Increased benefits for mothers
Expansion o£ the network of national health institutions providing free services, particularly prenatal and post-natal services and services for
chidren

6. In addition to the factors listed, there are
also many others (legal, national, religious),
which also influence the level of the birth rate,
but they are either less important or operate
for shorter periods. Such factors include, for
example, the prohibition or permitting of
abortions legal recognition of the father's responsibility for the upbringing of his children,
permitting of induced sterilization (use of
contraceptives), the prohibition or permitting
of divorce and the taxation of childless persons
of reproductive age. In many cotmtrtes, the
level of the birth rate is also influenced to
some extent by customs permitting or prohibiting marriage at an early age and by cus~oms
forbidding induced abortions, second marnages
or marriages with foreigners or people of
another nationality.
7. All these factors affect the level of the
birth rate in different ways in different countries and are further influenced by the level of
economic and social development, the political
system, the national compos~tion of the population, and natural, geographtcal and other conditions. The history of many countries and regions shows, however, that as they develop
economically and culturally in the cou~se of
time, the influence of the factors C<l;Usmg a
decline in the birth rate increases considerably.
This is particularly true ~f ir:dust~ializati<:n
and the consequent increase m mtgratton and m
the absolute and relative size of the urban population. These factors actively affect each other;
in particular the growth of industry and
urbanization ~re accompanied by a rise in the
level of culture, since modern industrial production is becoming increasingly impossible
without a certain minimum level of general and
technical knowledge on the part of the workers.
In urban areas, women are to a greater extent
drawn into production and into cultural and
political life. It is these .factors, !al<en togethe~,
which cause a decline m the btrth rate. It 1s
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Far:tMs causing a decline
in the birth rate

Higher age at marriage and reduction in the childbearing period of women
The break-up of family life and the sharp deterioration in the economic position of families as the
result of war

A decline in the proportion of men of reproductive
age as a result of war
A decline in the marriage rate as a result of war,
economic depressions and other dislocations of
the econnmy

the task of every researcher who wishes to deal
objectively with the question of population
growth to give close attention to the influence
of these factors on the level of the birth rate
and on the rate of population growth.
8. This paper has the comparatively limited
objective of showing that disregard for even
one factor such as the predominant growth of
the urban population as compared with the
rural population 1eads to considerably exaggerated forecasts of the growth of the population as a whole. This is especially true of population forecasts for the developing countries.
9. As we know, the developed countries at
some time in the past all went through the
same stages of economic and cultural development which the developing countries are
passing through now. The birth-rate levels il1
the developed countries at those stages were
similar to what they now are in the developing
countries. In the United States of America, for
example, the birth rate during the last century
remained for a long time at a level of 40 to 50
per thousand and even went as high as 55 per
thousand. In pre-revolutionary Russia (prior to
1917), which had a poorly developed industry
and backward forms of agriculture, the birth
rate was also extremely high, and even as late as
the beginning of this century (in 1913) it was
still 46 per thousand. At one time the birth rate
was high in England, France, Germany and
other countries which are now industrially
developed. The birth rate and the rate of
natural increase began to decline in these countries mainly as a consequence of indus~rializa
tion, the growth of the urban populatmn and
the employment of female labour.
10. The changes that have occurred in the
urban and rural population of the Union of
Soviet Socialist Republics by comparison with
pre-revolutionary Russia in 1913 and 1917 are
shown in the following table:
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Table 1
Total
population
(in millions)

Urban
population
(percentage)

Rural
population

A. Territory of Union of Soviet Socialist Republics previous to 17 September 1939:
1913 ....... ' . ' ' ... ' ......... '
1917 . ' ........................
1920 ..........................
1926 (December) .. ' ...........
1939 (January) ................

139.3
143.5
136.8
147.0
170.6

~

24.8
25.8
20.9
26.3
56.1

114.5
117.7
115.9
120.7
114.5

17.8
18.0
15.3
17.9
32.9

28.5
60.4
69.4
86.3
103.8
118.6

130.7
130.3
109.1
108.1
108.5
107.7

17.9
31.7
38.9
44.4
48.9
52.4

B. Present territory of Union of Soviet Socialist Republics:
1913
1939
1950
1955
1960
1964

'

.........................

'

....... .................
............. ... .......

.

'

'

'

159.2
190.7
178.5
194.4
212.3
226.3

'

........................

........................
.........................

''

'

11. During the forty-six years of existence
of the Union of Soviet Socialist Republics,
there has been only one period-namely, 19171921-when there was a proportionate increase
in the rural population. The explanation for
this one e..xception was that during the period
of economic dislocation caused by the First
World War, the Civil War and the intervention
of imperialist States against the young Soviet
Republic, and also because of a bad harvest
in 1921, there was some migration of urban
population to the country. Except for those

years, the entire history of the USSR has been
marked by an exceptionally high rate of urban
population growth, owing to industrialization.
According to population projections, the proportion of urban population in the Union of
Soviet Socialist Republics will continue to
increase and will be 58 per cent in 1970, 63
per cent in 1975 and 68 per cent in 1980.
12. Figures on the sources of the increase
in the urban population of the Union of Soviet
Socialist Republics from 1927 to 1963 are
given below :

Table 2. Increase in the urban population of the Union of Soviet Socialist Republics
(In millions)
Entire period

Total increase (migration and natural
increase) a • • • • • • • • • • • • • • • • • • • • • • * •
Migration from rural to urban areas ..
Change of status from village to town ..
.
Natural merease
.....................
~

~

.

Annual average

19271938

1939-

1958

19591963

19271938

1939·
1958

19591963

29.8
18.7
5.8
5.3

39.6
24-25
7
8

18.5
7.2
3.8
7.5

2.48
1.56
0.48
0.44

1.98
1.2-1.25
0.35
0.40

3.71
1.44
0.76

1.51

a The figures for 1927-1938 relate to the territory
of the Union of Soviet Socialist Republics previous
to 17 September 1939; the figures for other years

relate to the present territory of the Union of Soviet
Socialist Republics.

13. The industrialization of the Union of
Soviet Socialist Republics required an increase
in the urban labour force, whereas the collectivization of agriculture made it possible to
release rural. manpower by raising productivity.
Rural-urban migration accounted for 82 per
cent of the total increase in urban population
in the period 1926-1938, for 80 per cent in
1939-1958 and for 59 per cent in 1959-1963;
natural increase accounted, respectively, for 18

per cent, 20 per cent and 41 per cent. The
figures for the annual averages show that
during the last five years there has been an
increase in the rate of urban population growth
from all sources-direct migration, change of
status from village to town, and natural
growth.
14. As the urban population increases, the
level of the birth rate declines, as appears from
the following figures:
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Table 3
Rural birth
rate as a
percentagl1

cf ...-ban
birth rate

Year

1913....................
1926....................
1928....................
1935. ... . .. . .. .. .. . . . ...
1940....................
1950....................
1955.......... .. . .. . . .. .
1958....................
1960....................
1963....................

30.2
34.1
30.2
27.8
30.5
26.0
23.5
22.5
22.0
18.6

15. During the fifty years between 1913 and
1963 the urban population increased more than
fourfold, whereas the urban birth rate declined
by more than one third {38.4 per cent). As a
result of rural-urban migration-and especially
the migration of males of working age, which
altered the age and sex structure of the rural
population-the rural birth rate declined at an
even greater rate (more than twice as fast)

48.8
46.1
47.5
31.4
31.5
27.1
27.4
27.9
27.8
24.0

162
135
157
113

103
104
117

124

126
129

than the urban rate, although the level of the
rural birth rate still continued to be considerably higher than that of the urban birth rate.
16. The proportionate increase in the urban
population and the accompanying decline in the
crude birth rate of the Union of Soviet Socialist
Republics can be seen from the following
figures;

Table 4

Year

1913 ................... .
1926 ................... .
1939 ................... .
1940 ................... .
1950 ................... .
1960 ................... .

1963 ................... .

Urban
population
(percentage)

18
18

32
33
39

49
52

17. Population projections show that by
1970, when the proportion of urban population
will have reached 58 per cent, the crude birth
rate will have declined still further and will
apparently be less than 20 per 1,000.
18. The growth of the urban population at
the expense of the rural popu1ation and the
parallel decline in the rate of growth of the
population as a whole have occurred in all the
industrially developed countries. In the United
States of America, the birth rate fell during
the period of industrialization and urban growth
in the last century from a level of 50-55 per
1,000 to a level of 31-35 per 1,000 by the end
of that century; by 1911-1913 the birth rate
was 25.1 per 1,000, i.e., only slightly higher
than it is now (21.6 per 1,000 in 1963). In
Germany, in the last century and at the
beginning of this century, the birth rate was

Cmde IMth rate of the USSR
P11t'1,000

45.5
44.0
36.5
31.2
26.7
24.9
21.2

Percentage
of 1913

100
97
80
69

59

55
47

35-39 per 1,000, and not until 1910 did it fall
below 30 per 1,000. The birth rate in the
Federal Republic of Germany now fluctuates
between ll and 18.5 per 1,000. France is
unusual as far as the birth rate is concerned.
As early as the beginning of the second half
of the last century the birth rate there had
declined to between 25 and 26.5 per 1,000, and
by the end of the century to 22.1 per 1,000. In
this century the birth rate was for many years
so low that it was exceeded by the death rate,
i.e., there was a population decline. At the
present time, the birth rate in France is between 17 and 18 per 1,000. In England the
birth rate was 34-35 per 1,000 in 1870-1880,
24.3 per 1,000 in 1911-1913, and 18.5 per
1,000 in 1963.
19. The growth of urban population in the
industrially developed countries has been ac-
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companied by a decline in the crude rate of
increase not only in those countries but also in
a number of agricultural countries, especially in
Europe. This has been mainly due to the considerable volume of migration from these countries to the countries with growing industries.

20. The proportion of urban population is
steadily increasing. In many industrially
developed countries, the urban population at
present far exceeds the rural population. The
size of the urban population by continents is
as follows:

Table 5
TQtal

population
at oeginning

World .................. .
Europe .................. .
Asia .................... .
Africa ................... .
America ................ .
North and Central. ..... .
South ................. .
Australia and Oceania .... .

21. In Europe, the following countries have
a particularly high proportion of urban population : United Kingdom-78 per cent, German
Democratic Republic-72 per cent, and Federal
Republic of Germany-71 per cent. In France,
the proportion of urban population was 56 per
cent in 1954. By 1962 it had increased to 63
per cent, mainly as a result of the continuing
trend of rural-urban migration. In America,
the proportion of urban population is highest
in the United States and Canada (70 per cent).
The countries of Central and South America
also have a high proportion of urban population, although numerous localities with a
population -of many thousand engaged almost
exclusively in agriculture are classified there as
urban areas.
22. In Asia, only Japan has a high proportion of urban population (63 per cent). In
North Korea the urban population comprises
41 per cent of the population and in Iran and
Turkey, 32 per cent. In other Asian countries,
the proportion of the urban population is small,
between 15 and 20 per cent. For example, in
India it is 18 per cent, and in Pakistan 13 per
cent. In Africa, only the United Arab Republic
has an urban population of as much as 38 per
cent; in the other countries, only a small
proportion of the population lives in urban
areas.
23. According to population forecasts published in the world Press, a further rise is
expected in the crude rate of increase in countries of Asia, Latin America and Africa,
where more than 70 per cent of the world population lives. According to these forecasts, the
highest rate of increase is expected there during
the period from 1975 to 2000. On this basis, it

Urban

of 1964

Urban
population

3,240

1,042
310
415
52
251

22

182

64

(in millions)

619

1,886

275

441
284
157
19

population

(percentage)

32
50
19

57

69

44

14

72

is contended that by the year 2000 the world
population will be between 6,000 million and
7,000 million.
24. Both the assumed rates of increase in
the countries mentioned and the world population figures based on them give rise to serious
doubts, since all these assumptions fail to take
into account the prospects for development and
for social and economic change in these countries.
25. The countries of ·Asia and Africa and
much of Latin America were until quite recently colonial and dependent territories and
sources of raw materials for the imperialist
countries. Agricultural methods there were
extremely primitive. Some of the countries had
almost no industry at all, and others had only
processing industries in which both equipment
and production methods were extremely antiquated. Having achieved independence and
the right to decide their own affairs, these
countries are taking measures to develop their
national economy and expand industry and to
increase the productivity of labour, especially
in agriculture. There is no reason to believe
that industrialization and the increase in the
productivity of labour will not bring into operation there the same factors which caused a
decline in the rates of population growth in
the industrialized countries. In other words,
the developing countries must go through the
same stages of development as the industrialized countries have done. It is clear that
in each developing country the course of
development will have its own specific character. It will be influenced by the social, economic, historical, natural, geographical, na-
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tional and other conditions prevailing there.
There is, however, no doubt that, at the present
level of development of productive forces and
of science, technology and communications in
today's world, industrialization and the cultural
revolution will require considerably less time
in the developing countries than was needed
fifty to one hundred years ago. This will mean
that urban population growth and the related
factors, both direct and indirect, which cause a
decline in the birth rate will come into operation much earlier than was the case in the past.
As the fertility of women living in the urban
areas is known to be lower than that of women
living in rural areas, rural-urban migration, by
increasing the female population of urban areas,
in both absolute and relative terms, will cause
a decline in the crude birth rate.
26. The increase in urban population likewise brings down the birth rate because ruralurban migration disturbs the normal ratio between men and women of the most fertile ages
in both urban and rural areas, is conducive to
marriage at a later age and so on. Even more
notable, however, are the indirect effects of
urban population growth in lowering the birth
rate, since in urban areas : (a) women are
drawn into greater participation in political,
economic and cultural life; (b) the cultural
level of the people rises much more quickly;
(c) there are greater opportunities for using
contraceptives and for relying on the services
of medical institutions for preventing and
terminating pregnancy; and (d) the question of
finding housing for a family is much more
difficult, and so on.
27. Since the urban population in the developing countries will undoubtedly increase in
the next few years, those countries will soon
be facing a decline in their crude rate of
increase, and this should not be overlooked in
making population projections. When, however,
such projections are prepared for individual
continents and countries, the prospective increase in urban population and the related
decline in the birth rate are not, as a rule, taken
into account. The widely-publicized projection
of a world population of between 6,000 million
and 7,000 million by the year 2000 has been
calculated on the basis of the current high rates
of population growth, although a mere glance
into the recent past shows that these rates of
growth cannot be maintained for long.
28. Population projections for the Union of
Soviet Socialist Republics published in the
world Press are considerably exaggerated precisely because they do not take into account
the continuing growth of the urban population
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and the resulting decline in the birth rate. For
example, in the United Nations publication The
Future Growth of World Population, issued in
1958, the population of the Union of Soviet
Socialist Republics in 1975, on high and
medium assumptions, is estimated at 275 million, which is 14 million higher than the
figures obtained after allowing for the increase
in urban population. Even on the low United
Nations assumption, the population of the
Union of Soviet Socialist Republics is estimated
at 5 million more than the figure obtained after
allowing for migration.
29. In the projected trends of the growth
of population and the labour force given in a
paper (Report I-PTCE/I) issued by the
International Labour Organisation in 1963, the
mean annual population of the Union of Soviet
Socialist Republics in 1975 is estimated at 271
million, which is 10 million higher than the
figure obtained by Soviet statisticians after
allowing for migration. The mean annual rate
of population increase in the Union of Soviet
Socialist Republics during the period 19601975 is estimated at 1.6 per cent according to
the ILO projection but at 1.3 per cent according to a projection in which migration is
taken into account.
30. In the United Nations Report on the
World Social Situation (1963), it is estimated
that the population of the Union of Soviet
Socialist Republics in 1970 will be 18 per cent
greater than in 1960; this means that in 1970
the population of the Union of Soviet Socialist
Republics will be 252 million. On the basis of
projections which allow for migration, it is
estimated that the population of the Union of
Soviet Socialist Republics in that year will
be 246 million.
31. Population projections made by the
statistical and planning agencies of the Union
of Soviet Socialist Republics make allowance
for rural-urban migration and its effect on
the birth rate. A projection up to the end of
1980 was carried out on the basis of the survivorship function for 1958-1959 and the agespecific female fertility rates for 1960-1961.
The calculation was made separately for urban
and rural areas, taking into account the characteristics of the age and sex structure and
the level of urban and rural birth rates and
death rates in each of the Union republics.
The calculation allowed for a possible decline
in the age-specific death rate, and especially in
infant mortality, and also for some increase in
age-specific fertility rates in the individual republics. The increase in age-specific fertility
rates allowed for in the calculations for some
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republics may result from such factors as a
levelling-off in the ratio between men and
women, a further improvement in living conditions and an increase in government expenditure on such child-care facilities as nurseries,
kindergartens and other children's institutions,
thus easing the burden and expenses of families.
32. A distinctive feature of these projections
as made in the Union of Soviet Socialist Republics is that they take into account the
presumed movement of population from rural
to urban areas, and also between republics and
economic regions. The volume of migration for
the period covered by the projection is determined by the planning agencies on the basis
of the plans for the distribution of the forces
of production, i.e., construction of industrial
enterprises and provision of auxiliary services
connected with the development of industry
(construction, transport, housing and communal
services, trade, public catering, health, education, etc.), and of the plans for supplying the
necessary manpower. For example, the population projection for the largest of the Union
republics, the Russian Soviet Federative Socialist Republic, for the period 1965-1970 is
based on the assumption that up to 1968 departures from the Russian Soviet Federative

Socialist Republic will exceed arrivals from
other republics, whereas from 1968 onwards,
on the contrary, population coming to the
Russian Soviet Federative Socialist Republic,
and mainly to its urban areas, will exceed
departures to other republics. At the same time,
there will be a considerable movement of population from rural to urban areas within the
Russian Soviet Federative Socialist Republic
(more than 6 million people between 1966 and
1970).
33. From the technical point of view, population projections which allow for migration
are considerably more complicated than those
which do not, and they require more time both
for the preparation of the basic data and for
the actual calculation. The latter, however, is
no longer a complicated problem because of the
use of electronic computers. 1
34. The projected population of the Union
of Soviet Socialist Republics for the period
1965-1980, allowing for migration, is as follows:
1 See the paper entitled "Calculation of population
projections with the aid of electronic computers",
presented at meeting B.4 by A. F. Pobedina, Chief
Specialist of the Computing Centre of the State Planning Commission of the Union of Soviet Socialist
Republics.

Table 6
Year

1960 ..........
1963 ..........
1964 ..........
1970 ..........
1975 ..........
1980 ..........

Populatio>l
at end of ;year
(in millions)

216.1
226.3
229.1
247.5
262.9
280.0

Urban
population

Rural
populatioH
(in millions)

Urban
population
(percentage)

108.3
118.2
121.5
143.4
164.5
190.3

107.8
108.1
107.6
104.1
98.4
89.7

52
53
58
63
68

(in millions)

so

35. The projected figures for the birth rate, death rate and
rate of natural increase during the period 1965-1980, as compared
with the actual figures for 1960 and 1963, are as follows:
Table 7
Per 1,000 population
Year

1960 ............... .
1963 ............... '
1964 .... ' .......... .
1970 ............... .
1975 ............... .
1980 .......... '' .. .

Birth
rate

Death
rate

24.9

7.1

21.2
19.7
19.7

7.2

20.8

21.3

7.0
7.9
8.2
8.8

Rate of
natural
increase

17.8
14.0
12.7
11.8
12.6
12.5
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36. The considerable increase in the urban
population, in both absolute and relative terms,
is accompanied by a general downward trend
in the birth rate. This projection also takes
into account, however, some other factors which
influence the birth rate, with the result that the
number of births per 1,000 population will decline up to 1970 but will increase after 1972.
This is mainly due to the fact that, beginning
in 1962, women born during or shortly after
the war (1941-1948) will be entering the 20-29
age group, which produces the largest number
of births. As these women are fewer in number
than those born in other years, the number
of children born to them will also be relatively
smaller. As from 1972, when the women born
during the war years will begin to leave the
20-29 age group, the number of births, and thus
also the birth rate, will gradually begin to rise.
Moreover, the increase in the female fertility
rate in certain parts of the country, which is
foreseen in the projection, will also contribute
towards a rise in the number of births and thus
also in the future birth rate. The rise in the
crude death rate, despite a certain decline in
the age-specific death rate, is explained by the
increase in the proportion of elderly people in
the total population.
37. Population projections for the Union of
Soviet Socialist Republics carried out by
foreign specialists are often based on the birth
rate and death rate for a given period of time
for the country as a whole. In recent times,
these projections have used the birth and death
rates for 1950-1960 with the emphasis on the
highest rates of natural increase for 1959-1960.
The extent to which the population is over~
estimated in forecasts of this kind is demonstrated in the following projection.
38. In the period 1950-1960, the natural
increase of the population of the Union of
Soviet Socialist Republics as a whole averaged
17.4 per 1,000 annually. If this rate of increase
is taken as the basis for projecting the future
population of the Union of Soviet Socialist Re~
publics, the figure by the end of 1980 will be
305 million, which exceeds by 26 million, or
9 per cent, the projected population determined
with due allowance for migration between
urban and rural areas and for changes in the
age and sex structure of the population.
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39. The mean annual rate of increase in the
period 1950-1960 was 16.0 per 1,000 in urban
areas and 18.6 per 1,000 in rural areas. If
separate projections of the urban and rural
population are made on the basis of these rates,
without any allowance being made for migration, the total population of the Union of Soviet
Socialist Republics by the end of 1980 will be
seen to be almost the same as in the projection
based on the crude rate of increase, i.e., 304
million. In comparison, however, with the
projection in which allowance is made for
migration, the urban population (151 million)
is under-estimated by 39 million, and the rural
population (153 million) is over-estimated by
63 million. According to the projection considered here, the proportion of rural population
in 1980 will be higher than it was in 1963.
40. A projection also produces misleading
results when it is based on the average rates
(of fertility, mortality, etc.) for the country as
a whole and the population figures thus
obtained are then distributed between urban
and rural areas according to their relative
proportions. It is clear that in a projection
carried out by this method no account can be
taken of the decline in fertility resulting from
the much faster rate of growth of the urban
population by comparison with the rural
population.

*

*

*

41. Projections of the world population
must allow for the prospective change in the
ratio between urban and rural population. It
should be borne in mind in this counexion that,
whereas the urban population of the countries
which are now industrialized grew slowly over
many decades, this process will be greatly
accelerated in the developing countries, for the
advance of industrialization in these countries
is taking place at a time of exceptional progress in science and technology. Also, such
developments as a rise in the cultural level of
the
and the participation of women in
pr
tion, which accompany the development
of industry and the growth of the urban population, will also, as a rule, proceed more
rapidly there. All these factors must soon result
in a decline in the rate of population growth.

Some principles and methods of projections of urban-rural population by age
and sex
JACOB

s.

1. Urban and rural populations tend to
differ sharply in their demographic, social, and
economic characteristics, and these differences
have become intensified in many countries by
a continued heavy migration from country to
city. As a result, the problems and needs of
these two population segments differ. National
policy and social and economic development
programmes should take these into account. For
this purpose, projections of urban and rural
population by age and sex serve as a necessary
tool. Projections of the urban-rural sectors may
serve as the basis for designing realistic national
goals relating to urban and rural development.
Furthermore, they may be useful in deriving,
and appraising the demographic implications of,
projections of national population by age and
sex, which are basic ingredients in a wide
variety of projections needed for developing
and implementing national plans.
2. The principles and methods of projections
of urban-rural population by age and sex are
similar in many respects to those for geographic
areas within countries. The subsequent discussion calls attention to these common principles
and methods and treats urban-rural projections as a special case of projections for geographic areas within countries.
3. Population projections may be viewed as
approximations o£ probable future population
size and changes resulting from various stated
assumptions. In view of the considerable uncertainty regarding future changes in the urbanrural sectors, it is desirable to develop a set of
several projections employing alternative assumptions with regard to the various components, particularly those which show great
variation or uncertainty and potentially great
impact on population size. The components
vary with the method chosen. It is recommended that the principal series of projections
employ only probable or realistically possible
assumptions so that, as a set, the projections
give an indication of the range in which the
future size and age-sex distribution of the urban
and rural populations will very probably fall.

SIEGEL

Such projections are not to be interpreted as
predictions even though realistic approximations to future population size are sought. In
fact, projections may be rendered seriously
inadequate as predictions if, on the basis of the
figures, the national plan specifically attempts
to modify the course of regional growth to
achieve preset national goals. Although planners tend to prefer only a single series of projections, it is more realistic to recognize the
very wide range of uncertainty in urban-rural
projections and to reflect it in the projections
prepared. Furthermore, a "medium" or "most
probable" series may best be avoided as prediction in a special guise. Accordingly, an even
number (e.g., four) of principal series of
projections are recommended; this does not
preclude the preparation of additional "analytic" series for interpretative purposes, however.
4. It is suggested that projections of urbanrural population by age and sex be prepared
at 5-year time intervals for a period of about
20 years after the latest census date. For
example, census data for 1960 may be carried
forward to 1980. Projections for longer periods
are quite speculative and are subject to such
large errors that they would hardly serve as
useful guides for planning. Available evidence
indicates that projections for geographic areas
within a country may become seriously unrealistic after 20 years, and urban-rural projections are subject to even greater uncertainty.
The projections should be subject to frequent
review and revision, not only as new data
become available and new population trends
develop but also as public policies change.
Furthermore, the mere passage of time, however "successful" the last set of projections,
necessarily renders certain series out of line
with current population developments in a brief
period, and a revision is then indicated.
5. Although the computations may be
carried out in terms of 5-year age groups, in
recognition of the large probable errors, the
results should be combined into broader classes
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such as under 5, 5-14, 15-24, 25-44, 45-64, and
65 and over. As a minimum, ages under 15,
15-44, 45-64, and 65 and over (or under 15,
15-39, 40-59, and 60 and over) are needed
to distinguish the working ages from the nonworking ages and to compute dependency
ratios. The specific age detail will, of course,
have to take national needs into account.
6. Projections of urban-rural population
involve, in addition to the usual problems of
projections for geographic areas within countries, special problems of the availability of
adequate basic data, both in terms of quantity
and quality, concern with additional factors of
change (e.g., reclassification of areas), complexities in methodology, and special problems
of international comparability. These problems
will be considered below.

7. The wide differences in national definitions of urban-rural population would seriously
affect international comparability of any projections based on official definitions. Alternative
definitions which would improve comparability
would divide the population into one or more
size-of-locality intervals, say at 10,000 or
20,000. Another alternative is to separate the
population into that residing in the principal
urban agglomerations and the remainder and,
possibly, further to subdivide the latter into
places above and below 20,000. Use of such a
definition may prove more convenient and useful for national purposes, too.
8. A first requirement for the preparation
of projections of urban and rural population,
by age and sex, are census data on the age
and sex distribution of the urban and rural
population or for areas permitting estimation
of the age-sex distribution of the urban and
rural population. Tabulations by age and sex
may be available only for principal political
subdivisions, principal cities, or administrative
centres. It may be necessary, then, to assign
the age-sex distribution of the population of
the primarily urban subdivisions or the
principal cities to the national urban total, or
to project only part of the urban population,
e.g., the population in the principal cities. Most
methods call for comparable census data for at
least two censuses. Since this requirement
cannot be met in many countries, a somewhat
less elaborate method based on only one census
may often have to be employed.
9. A first step in the preparation of urbanrural projections is the evaluation and possible
correction of the basic. census data for net underenumeration and age misreporting. Particularly in the statistically less developed countries,
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such errors may be substantial. Methods of
evaluating and adjusting census data have been
described elsewhere.
10. \\'here possible, postcensal information
on urban-rural changes should be taken into
account. For example, the results of recent
national sample surveys or population estimates
for principal cities or major political subdivisions may give useful suggestive indications
of recent trends.
11. The method selected for preparing the
projections will vary with the basic data available, the resources available for effecting the
computations, the detail required in the results,
and the quality of results needed. A number of
methods are available, each being appropriate
for different circumstances. As requirements
and the available resources differ from country
to country, a uniform procedure cannot be
prescribed. It may be useful to test more than
one method until an effective approach is
established. Detailed consideration cannot be
given here to the methods of projections of
urban and rural populations. Rather, I propose
to consider several types of methods briefly and
illustratively, noting the general procedure and
the problems presented by each method. In
some of the methods described below, prior
projections of the population of the country as
a whole by age and sex and of the total urban
and rural population are required. The projections of the former type are often available, or
established teclmiques for preparing them are
at hand. Projections of the total urban and
rural population are much less frequently available, and, in fact, are sometimes derived by
prior calculation of age-sex projections of
urban and rural population.
12. Projections of total urban and rural
populations may be derived rather simply by
a ratio method, that is, by projecting the trend
of the percentage urban in the national total on
some mathematical or other basis and applying
the projected proportions to the available national totals for future years. For example, the
rate of change in the proportion observed in
one or more previous intercensal periods may
be assumed to approach zero gradually by some
terminal date; i.e., the proportion urban would
eventually reach stability. Or the proportion
may be projected by analogy with the past
change in the proportion in some much more
urbanized country. An even simpler device may
be applicable. The average annual rates of
change in the rural population for a number
of past intercensal periods are often consistently
low or negligible while the urban population
grows rapidly, absorbing all or nearly all the
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national population increase. Given projections
of the total population and an assumption of a
specific, constant rate of growth of the rural
population, it becomes a simple task to derive
projections of the urban and rural populations.
13. Two ratio techniques of projecting the
age-sex distribution of regional population,
applicable to urban-rural projections, have
received special attention in the literature. The
first employs the ratio of the per cent of the
urban (rural) population in each age-sex group
to the corresponding per cent for the total
(urban plus rural) population from the last
census or censuses. It may then be assumed
that the ratios of the per cents will not change,
will change according to the intercensal
"trend," or will approach unity by some distant
date. The projected ratios are then applied to
the projections of the percentage age-sex distribution for the country as a whole to obtain
projections of the percentage age-sex distribution for the urban (rural) population. Each of
these per cent distributions must then be proportionately adjusted to 100 per cent for all ages
before being applied to the projections of the
total urban and rural populations, respectively,
to obtain absolute numbers. Proportionate
adjustments of the urban and rural figures at
each age to the national totals at that age, and
of the age-·sex figures for the urban and rural
populations to the urban and rural totals,
respectively, follow in order. This cycle of
adjustments is repeated to obtain full agreement
with rim totals (known as the Registrar
General's Square Table Method or two-way
raking).
14. Two-way raking is also applied in the
second ratio procedure. Here, the total male
population and female population at each age
at the first projection date is distributed by
urban and rural residence according to the
urban-rural distribution at the last census, and
the results are then adjusted proportionately
to the previously projected total urban and
rural population. The resulting figures are again
subjected to the same adjustment cycle until
complete reconciliation with assigned rim totals
has been achieved. The final results are then
utilized as a basis for deriving the projections
at the next projection date by the same procedure, and so on. These two ratio techniques
described may be effectively merged into a
single procedure. The first technique, using
(urban-rural) residence group-to-total ratios of
the per cents in each age-sex group, may be
applied to each projection year on the basis of
the final projections for the preceding projection year after raking is completed.
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15. The ratio methods described depend on
the availability of adequate recent data on the
age-sex and urban-rural distribution of the
population as well as of adequate projections
of total population by age and sex. Mechanical
methods of this kind have the advantage of
simplicity of computation, but they also have
the shortcoming that little is offered as to the
demographic or socio-economic implications of
the indicated trends. They are capable, however, of providing satisfactory projections for
use as a basis of overall population, economic,
educational and other projections.
16. Other methods of projecting urban and
rural population attempt to take more explicit
account of the demographic or socio-economic
components of population change, and hence
provide more meaningful results for use in
national development plans or as bases for
more specialized projections. They are, there··
fore, viewed as superior. They are also likely
to provide more realistic projections, but this
has not been demonstrated since no testing of
the accuracy of urban-rural projections has
been done. They also require a greater body
of basic data, greater technical know-how, and
more computational resources. For this brief
presentation, I shall refer to the ratio method
employing agricultural labour force, the cohortcomponent method, economic analysis method,
the area-component procedure, and use of
migration and population models.
17. The first of these involves the relationship between the proportion of the labour force
in agriculture to the proportion of the population in rural areas, by age and sex. Prior
projections of total population by age and sex
and of labour force by age and sex, in agriculture and not in agriculture, are required. The
latter may be developed by correlation techniques using geographic areas within a country
to provide a guide as to possible future changes
related to various presumed levels of industrialization. The difference, absolute or per cent, between the proportion of the labour force in
agriculture and the proportion of the population rural should tend to show a considerable regularity or even stability. This difference, possibly projected, can be used to
convert the proportion for agricultural labour
force to the proportion rural. This procedure
can be applied on an age-sex specific basis as
well as on the basis of total population. Projections of rural population in the non-working
ages (say, under 15 and over 65) may be
estimated either in relation to the rural population of working age or by applying projected fertility rates to the rural female popu-
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lation of childbearing age. Projections of the
urban population are derived by subtraction
of the rural from the total population.
18. The cohort-component method, the second of the analytic methods enumerated,
involves carrying forward the current urban
and rural populations by age and sex, to future
dates by allowing separately for fertility,
mortality, migration, and other changes. This
method is especially appropriate for projections
by age and sex. Growth of the urban and rural
populations may be viewed as consisting of (a)
overall growth of national population leading to
increased density and reclassification of areas
from rural to urban; (b) urban-rural differences
in fertility and mortality; and (c) internal migration leading to growth of urban areas at the
expense of rural hinterlands. The cohortcomponent method directly deals with the fact
that the strategic demographic variable in
urban-rural projections is internal migration
although fertility also is subject to wide variation. The method thus poses the difficult
problem of securing recent data, by age and
sex, on urban-rural differences in fertility and
mortality and net migration between urban and
rural areas (and, possibly, reclassification of
areas from rural to urban). (A general simplification of the cohort-component method
involves computation of "migration-survival"
rates-rates of net change by age cohorts-for
the urban and rural populations.)
19. Data on urban and rural mortality are
usually not available but, if overall mortality
can be established, differences are not expected
to he so great as to have any substantial impact
on the projections. An indication of the urbanrural difference in mortality may possibly be
secured from data for the principal city and
for the remainder of the country, or for the
principal political subdivisions grouped as
principally urban or rural. In the light of the
inadequacies of registration data in many coun~
tries and the further difficulties of securing
death statistics according to the definition of
urban and rural used in the population census,
it is often not possible to secure satisfactory
information on urban-rural mortality differences from this source. There is the possibility of
securing estimates of crude death rates for the
urban and rural sectors from a national sample
survey, but experience and success with this
approach are still quite limited. The possibility
of borrowing the age-sex specific pattern of
urban-rural differences in mortality from
another country, to be used in combination with
the overa11 level of mortality in the country
under study, should also be considered.
20. The next task is the projection of the
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mortality rates to future dates. This may be
done in proportion to prior projections of
overall mortality. Whether urban and rural
mortality will converge with the passage of
time, as seems generally reasonable, and what
the rate of convergence will be, are matters of
judgement. This step would be aided if there
were available a systen1 of model urban-rural
life tables related to various levels of overall
mortality.
21. The estimation of current differences in
urban and rural fertility is somewhat more
important for projections than differences in
mortality but the task may be easier. The
registration system may not provide reliable
indications of the difference, but the census is
a valuable source. The basic census data on the
urban and rural population by age and sex
represent a ready basis for measuring the difference in the level of recent urban and rural
fertility, although ratios of children to women
are affected by other factors, including differential net undercounts of children and
women and migration of families between urban
and rural areas after a child is born. Historical
changes are reflected in such ratios from several
censuses or in data on children ever born per
1,000 women who have completed or nearly
completed their childbearing. The data on
children ever born, which describe lifetime fertility, may be converted into age-specific birth
rates by differencing the rates at successive
ages and, if similar data are available for a
prior census, interpolating between census years
as required.
22. Projection of urban and rural fertility
rates presents a more difficult task than for
mortality rates since the range of effective uncertainty is greater. Once again, urban and
rural rates may be extended in relation to total
fertility. Convergence of fertility rates may or
may not occur in the projection period; an
analysis of urban-rural differences in relation
to the level of total fertility for prior census
dates or for a number of countries should prove
useful in this regard. The method requires that
general fertility rates or age-specific birth rates
for each projection period be applied to females
of childbearing age, producing births for each
5-year period.
23. The most difficult problem is the measurement of the component of net migration.
Information on this component may possibly
be provided directly by a census or sample
survey. Census data on place of birth or place
of residence at some previous date for the population classified by current urban-rural residence, age and sex, are occasionally tabulated
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in terms of prior urban-rural residence, or even
farm residence. To use the data on place of
birth from two censuses to derive migration
for the intercensal period requires considerable
manipulation, however. Census or survey data
which show inter-area streams of migration in
a specific past period may permit a more
refined representation of the direction and
volume of migration.
24. A more general possibility is to obtain
estimates of net migration, by age cohorts and
sex, as a residual by removing natural change
from total change, by age cohorts, between
hvo earlier censuses. There are a number of
difficult conceptual and technical problems in
applying the residual method. Such a residual
would ordinarily represent a combination of
net migration and reclassification of population
from rural to urban. The effects of reclassification can be excluded if "urban" is defined not
merely by a size criterion but also as referring
to a specified list of areas such as "county
seats". "Census survival rates" may serve as a
useful tool for estimating past migration between urban and rural areas by the residual
method. Censal survival rates are ordinarily
based on national data by age and sex from
two censuses and theoretically are used to
eliminate from the total change by age cohorts
the parts due to mortality and to changing
net census undercounts in the two censuses.
Thus, applying national censal survival rates
to the urban and rural populations provides
estimates of net migration (and reclassification)
for each sector. A similar national censal
survival rate based on births permits estimates
of net mi~rration of young children. The
problem p;~sents itself both of converting
intercensal net migration to net migration for
5-year periods or to an annual average basis,
and of determining the base for the migration
rates.
25. A variety of assumptions regarding
future net migration are then possible. One
useful assumption recognizing the continuity
of demographic changes is to employ the "pattern" of net migration in the previous intercensal period. \Vhether amounts or rates are
employed is a matter of judgement. Gradual
change to half or some other proportion of the
previous intercensal amounts or rates by some
future date is a type of alternative assumption.
Because of the characteristically wide difference
between the fertility of urban and rural areas,
it is important to consider whether migrants
will be assigned the rates of their area of origin
or destination during the 5-year period of their
arrival and subsequent periods.
26. Considerable error is possible in projec-
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tions of urban-rural migration and hence of
urban-rural population. The evidence is that,
although the major migratory currents are persistent, the volume of migration varies considerably over time. The component method may
easily grossly under- or overestimate the prospective urban population while over- or underestimating the prospective rural population,
depending on the assumptions made with
respect to the various components. Furthermore, only infrequently can it be manipulated to
take explicit account of future reclassification
of areas from rural to urban, the effect of
which may vary considerably from one period
to another. The method has severe limitations
if comparable data by residence are not available from two previous censuses for estimating
net migration, and it cannot allow for any
future change in the definition of urban and
rural.

27. The differences in the economic condition and structure of urban and rural areas,
specifically in job opportunities and per capita
income, basically determine the flow of migrants from one type of area to the other. It
would seem useful, therefore, to design a
method of projecting rural-urban migration
which takes explicit account of the difference
in relative economic status of urban and rural
areas, past and prospective. Studies are necessary to determine the predictive value of
various economic indicators for urban-rural
migration. Regression techniques applied to
spatial, if not temporal, units may be useful
here. The demographic trend in the area of
origin, usually rural, may be quite important
too. One indication of the number of persons
who will migrate from farms, a major factor
in rural population change for many countries,
is the replacement ratio-the excess of the
number of persons reaching working age over
the number leaving through death or retirement
(e.g., number 10-14 as per cent of the number
60-64). Similarly, the change from one census
to another between the population aged 2029 and the expected population 20-29 (allowing
only for death since the preceding census),
or the ratio of the population 20-29 to the
population 10-19 in the same census, may be
used to reflect the change in the potential
supply of labour (an economic variable). The
relation between these ratios and net migration
of the working-age population from rural to
urban areas could be analysed by a regression
method and possibly used in projections. Oi
course, economic series may be used directly to
project the population of working age or the
total population of urban and rural areas rather
than the net migration component.
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28. A somewhat different approach to
urban-rural projections is employed in the areacomponent method. Here, projections are
prepared for individual urban agglomerations,
individual "urban" provinces, or urban parts
of provinces or regions ; these are then
combined to represent the total urban population. Or the entire country may be divided into
"economic areas"-small economically integrated areas akin to metropolitan areas or
type-of-farming areas- which may be identified
as primarily urban or rural and for which
separate population projections can be prepared.
To project the pulation of each area, various
methods, incl
those described earlier, may
be used. We may mention here especially the
cohort-component method, or its simpler version
employing local migration-survival ratios, and
various
of economic analysis. In the
the economically active may first
latter me
be projected and then converted to total population, following a study of the economic prospects for the area. One approach involves
separate consideration of several main branches
of the economy, proceeding from national to
local employment in these branches and then to
net migration and total active population related
to such employment, and finally to inactive
population and to total population. These more
intensive procedures are difficult to apply since
they require considerable data and involve the
problem of demographic and economic interdependence. Furthermore, even if the simplest
method is employed, the calculations become
voluminous when age and sex detail is included
and projections are prepared for a large number
of areas. Under these circumstances, it would
be desirable, or rather necessary, to carry out
the work by electronic computer. The proposed
projections for each ind!vidual area sho~lld
finally be submitted for rev1ew b;Y.local planmng
agencies and other local authonties.
29. Another approach to be considered is
to develop a model of urban-rural migration
or population change, or to incorporate urbanrural population changes by age and sex into
a national demographic model. J. V. Grauman
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has suggested a model of urban-rural population change which would, in effect, incorporate
migration into a system of stable population
models. The model would take into account a
number of pertinent variables and it would be
possible to determine how much variation in
the projections of population would result from
change in one or another of the variables. The
possibility of developing a model of internal
migration for use in projecting population has
been reviewed by H. ter Heide. He believes
that, although there has been substantial
progress in the development of a model which
describes past migration, the problems of employing this model for purposes of population
projections are almost unsurmountable, if only
because of the general lack of projections of the
several independent variables on which the
model depends. Further research on this
method is indicated.
30. This review of the methodology of
urban-rural population projections suggests the
following concluding reflections. A key problem is the improvement of the basic data on
urban and rural population by age, both as a
base for the projections and as a necessary
element in the measurement of net migration.
Progress in the improvement of urban-rural
projections may depend primarily on progress
in internal migration research. More information on the causes of migration and the characteristics of migrants is needed. Is it possible,
on the one hand, that continued migration to
cities can cause such deterioration in the condi·
tions of city life as to render the "pull" factor
inoperative or, on the other hand, that the
spread of urban conveniences to the countryside
and the rising status of a declining rural population would stem the "push" factor? There
is a need for evaluation studies. A number of
reports with projections of urban-rural population were published several years ago so that
some evaluation studies could now be carried
out. A wide variety of estimating techniques
need to be applied, both simple and complex,
to serve the variety of needs of projections,
including simple short-cut procedures.

The methods of drawing up the current and planned balances of labour
resources in the Union of Soviet Socialist Republics

A. F.

ULYANOVA

[Translated from Russian]

1. The basic purpose of planning in the
Union of Soviet Socialist Republics is to ensure
the fullest possible satisfaction of the various
needs of society through the most efficient use
of the cour:.try's material and labour resources.
2. The quantitative expression of the most
important links and relationships is to be found
in the balance of the national economy. Of this
balance, the balance of labour resources is an
organic part.
3. In socialist state planning the balance
method is a tool to promote the rational use of
available labour resources and the balanced
distribution of labour expenditure among the
individual branches of the economy and indi~
vidual territorial subdivisions, so as to obtain
the maximum saving of manpower and work
time and raise the productivity of social labour.
4. The Soviet Union, whose population as
of 1 July 1964 was about 228 million, has
enormous labour resources. The uninterrupted
growth of industrial and agricultural production in the Union of Soviet Socialist Republics
is accompanied by a steady increase in the
number of manual and non~manual workers. In
1963 the number of manual and non~manual
workers in our country was almost five~and~a
half times the 1913 figure. Over the last fiveyear period (1959~1963) the annual growth in
the number of manual and non-manual
workers in the Union of Soviet Socialist
Republics averaged 4.1 per cent (not counting
the increase in the number of workers on state
farms organized on the basis of some collective
farms). The level of employment is also
rising: over the past five years the total number of workers in the national economy has
risen from 82 to 86 per cent of the total ablebodied population (not counting servicemen).
5. Since the establishment of the Soviet
system there has been a redistribution of the
employed population among the branches of
the national economy. The proportion of
workers employed in industry and construction
in 1%3 was almost four times greater than

in 1913, and now constitutes 34 per cent of the
total number of persons employed in the
national economy of the Union of Soviet
Socialist Republics.
6. Before the Revolution, 75 per cent of all
workers were employed in agriculture. In the
period 1913 to 1963 this proportion declined to
less than half that figure.
7. As a result of the steady rise in the
cultural level and material well~being of the
Soviet people the proportion of workers
employed in education, health, science and
scientific services increased thirteenfold over
the same period. The number of persons
employed in these branches now constitutes 13
per cent of the total number of persons
employed in the national economy of the Union
of Soviet Socialist Republics.

8. Over a twenty-year period (1961~1980)
the Soviet Union plans to increase its industrial
production by at least 600 per cent and its
agricultural production about 350 per cent,
while the total volume of material production
(or the so-called gross social product) will approximately quintuple, the number of workers
increasing by about 40 per cent over the same
period. The productivity of labour will grow
over this period by 400 to 450 per cent in
industry and by 500 to 600 per cent in agriculture. Here it should be borne in mind that the
approximately fivefold increase in the volume of
material production is to be achieved without
an increase in the working time expended in
the sphere of production, since in the course of
this period the working day will be considerably shortened and vacations lengthened, and
there will also be a more rapid increase in
the number of workers in the non-productive
sector.
9. In these conditions it becomes particularly
important to secure the most rational use of
labour resources. For this purpose it is necessary to draw up current and plan balances of
labour resources, and particularly plan balances
for a long period ahead.
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10. The drawing up of current balances is a 55 and over), and working juveniles under 16
prerequisite for the drawing up of a plan years of age.
balance of labour resources. Without assessing
16. The present upper limit of the worldng
and analysing the quantitative
· ns age corresponds to the legislation in force in
already prevailing in the expenditure labour, the Union of Soviet Socialist Republics conwithout ascertaining the existing composition cerning old age pensions for manual and nonof the labour force and the sources from which manual workers. Under this legislation men
it is replenished, it is not possible to draw up may retire at 60 and women at 55. Manual and
a balance of labour resources for the plan non-manual workers employed underground, in
period on a rational basis.
unhealthy working conditions, in hot work11. The current balance of labour resources, shops, and in other occupations with arduous
like the whole complex of statistical operations working conditions, and women who have
of which it is a part, is subordinated to the borne five or more children and raised them
tasks of state administration and planned to eight years of age, may retire five to ten
guidance of the economy. It charactenzes the years earlier. The fixing of definite ages for
availability and composition of labour resources retirement does not mean that persons reaching
and their territorial disposition and utilization. those ages lose the right to work guaranteed
12. According to Soviet statistical practice, by the Union of Soviet Socialist Republics
current balances of labour resources are drawn Constitution. Many old people do not retire, but
up as of 1 January and 1 July of each year, continue to work.
17. The present lower limit of the working
and also on an annual-average basis. The pur~
pose of drawing up current balances as of 1 age was determined on the basis of the law
January and 1 July is to study the status and concerning compulsory universal eight-year
utilization of labour resources in the , periods education, which provides that juveniles under
of minimum and ma.."'l:imum employment in 16 must be at school.
agriculture. By comparing the balances of
18. The limits of the working age are not
labour resources drawn up as of the dates of permanent. They may change with changing
minimum and maximum employment, we <:an socio-economic conditions of life and work.
judge the seasonal fluctuation in the employ19. Current balances of labour resources,
ment of labour resources.
both dated and averaged over the year, are
13. The balance of labour resources •:x- drawn up in two parts: the first part characterpressed in terms of the average for the year izes the availability and composttion of labour
characterizes the availability, composition ~md resources, and the second the distribution of
utilization of labour resources on an average labour resources by employment. A schema of
annual basis. Whereas the dated balances :are the current balance of labour resources is given
based on indicators valid at a particular time below:
and, consequently, the accounting unit in these
( 1) All 'labour resources
balances is physical persons, the balance of of which:
labour resources averaged over the year is
(a) The able-bodied population of working
based on annual-average indicators.
age (population of working age minus non14. Current balances of labour resources working, non-able-bodied persons in this age
are drawn up not only for the country a:> a bracket) ;
whole, but also for individual geograph:[cal
(b) Older working persons and working
areas. In order to characterize the geograph·icai
juveniles.
disposition of labour resources, current balances
(2) Distribution of labour resources
are drawn up individually for the Union re(a) Manual and non-manual workers, bropublics and, within them, for major economic
areas, regions, territories and autonom:ms ken down by branches of the national economy;
(b) Collective farmers working in the public
Soviet Socialist Republics.
15. Labour resources in the Union of Soviet sector of collective farms, broken down by
branches of the national economy;
Socialist Republics include:
(c) Other able-bodied persons (craftsmen
(a) The population of working age (men
aged 16-59 and women aged 16-54), excluding and others not organized in co-operatives) ;
non-working, non-able-bodied periods in these
(d) Students aged sixteen and over studying full time ;
age brackets;
(e) Able-bodied persons of working age
(b) The working population outside the
limits of the working age, i.e., older people who employed on personal subsidiary plots, and in
work (men aged 60 and over and women aged housekeeping and the care of children.
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20. The balance of labour resources according to the above schema is drawn up both
for the country as a whole, and for urban and
rural areas.
21. Depending on the purposes of the investigation, the balance of labour resources may
be constructed according to a more extended
schema. In Soviet statistical practice such a
Total

balance of labour resources is drawn up by
social groups of the population-manual and
non-manual workers and members of their
families, collective farmers and members of
their families, other population groups (craftsmen not organized in co-operatives and others).
22. An extended schema for the balance of
labour resources is given below.
Of which:
Other PoP<datkm
Manual and non·
Collective
(craftsmen and
manua:l workers
farm 'WOrkers
others not
and members of
and members
organised in
their families
of their families co-operatives)

(I) All labour resources of
which:
Abled-bodied population
of working age
Older working persons
and working juveniles
(II) Employed in national economy of which :
In State, co-operative
and public enterprises,
institutions and organizations and on
collective farms
On the personal subsidiary plots of collective farmers and the
families of manual and
non-manual workers
Other population (craftsmen not organized in
co-operatives and other
groups)
(III)

Students aged 16 and
over studying full time

(IV) Able-bodied persons of
working age employed in
housekeeping and the care
of children

23. To compile the balance of labour
resources according to the schema given above,
the population employed in the national economy is broken down into persons employed
in branches of material production (in industry,
construction, agriculture, forestry, transport,
communications, trade, public catering, supply
and sales) and persons employed in nonproductive branches (education, health, science,
housing and community services, organs of
state administration, etc.).
24. Compiling a current balance of..labour
resources involvesawhole complex of calcula-

tions based on labour statistics, population
statistics, surveys of the budgets of manual and
non-manual workers and collective farmers,
statistics pertaining to agriculture, education,
social security and so forth, and data from
population censuses.
25. Individual items in the balance of labour
resources are calculated as follows:
(1) The size of the population of working
age is determined, separately for urban and
rural areas, from population census data and
the once-yearly record of the sex and age
composition of the rural population, ·and from
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data on the natural movement and migration of
the population. To determine the size of the
urban and rural population of working age in
the years following a census, the following
changes are made in the basic data for each year:
(a) The number of persons attaining
working age by the beginning of each po~t
census year is added ;
(b) The number of persons passing the
upper limit of the working age by the beginning
of each post-census year is subtracted;
(c) Persons of working age deceased during
the year elapsed are subtracted ;
(d) The increase representing the balance
of migration of persons of working age over
the year elapsed is added ;
(e) The population of woddng age of rw·al
inhabited localities which have become urban
localities during the year elapsed is added in
the case of urban areas and subtracted in the
case of rural areas.
The number of non-working non-able-bodied
persons of working age for the balance of
labour resources is determined from the records
of the social security authorities. The size of
the working population outside the workingage bracket (working juveniles up to sixteen
years of age and older working persons-men
aged sixty and over and women aged fifty-five
and over) is calculated from the once-yearly
registration of the age and sex distribution of
manual and non-manual workers, and in 1he
case of collettive farm workers from the annual
returns of collective farms.
(2) The number of persons employed in the
national economy is computed from current
labour statistics, full-coverage and sample
surveys of the size and composition of the
work-force, and the annual returns submitted
to the state statistical authorities by all state,
co-operative and public enterprises, institutions
and organizations. The employed populatilon
includes: manual and non-manual workers of
state, co-operative and public enterpris.es,
institutions and organizations; collective farm
workers employed in the public sector of collective farms ; craftsmen not organized in cooperatives and other employed persons; collective farm workers and members of the families
of manual and non-manual workers of working
age employed on personal subsidiary plots.
The number of persons e'mployed in the national economy is determined separately for
each of the enumerated types of employment,
in the following manner:
(a) The number of manual and non-manual
workers employed in state, co-operative and
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public enterprises, institutions and organizations and their breakdown branches of the
national economy are calculated from current
and annual labour returns (records of the number of manual and non-manual workers are
submitted to the state statistical authorities by
all enterprises and organizations of productive
branches monthly, and by institutions and
organizations of non-productive branches
quarterly) ;
(b) The number of collective farm workers
employed in the public sector of collective farms
is determined from the annual returns of collective farms concerning the participation of
collective farms in the work of the farms. Since
collective farm workers are usually employed
over the year in occupations relating to different branches of activity (in addition to their
agricultural work, they may be employed in
repair shops, at construction sites, etc.), the
breakdown of collective farm workers by
branches of the national economy in the balance
of labour resources is effected on the basis of
data concerning the time worked by them in
the various branches of collective-farm activity;
(c) The number of able-bodied persons of
working age employed on the personal subsidiary plots of collective farm workers and the
families of manual and non-manual workers is
determined from sample budget surveys
designed to ascertain the unit labour cost of
work on private plots and from returns indicating the extent of private subsidiary farming
(head of cattle privately owned by the population and the extent of the agricultural areas
in private use).
( 3) The number of persons aged sixteen
and over studying full time is determined from
the returns of general education schools, higher
and secondary specialized educational institutions, teclmical and vocational colleges and
schools and other educational esta1>1ishments.
( 4) The size of the able-bodied population
of working age employed in housekeeping and
the care of children is determined as the difference between the total labour resources and
the number of persons employed (including
those employed on personal subsidiary plots)
and persons of working age studying full time.
26. The study of the composition of labour
resources is of great importance in Soviet
statistical practice. The following are used for
this purpose: population census data, which
allow a more detailed study of the age and sex
structure of the labour force, the level of education and distribution of the employed population
by occupation, and so forth ; current statistics
on the size and composition of the labour
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force, based on the regular returns of enterprises, institutions and organizations; data
from the annual statistics on the size and
composition of the body of specialists with
higher and secondary specialized education
employed in the national economy; data from
the periodically compiled statistics on the
composition of the labour force by sex, age
and length of service, and also statistics_reflecting change in the composition of the labour
force by occupations and skills occasioned by
the rapid development of Soviet science and the
rapid mechanization and automation of production; reports on the training of skilled workers
carried out both directly in industry and
through the system of vocational and technical
education, and a number of other operations.
27. Population census data concerning the
composition of the unemployed population of
working age, and particularly the composition
of the female component by age, possession of
children and other characteristics, makes it
possible to determine the extent to which they
may be brought into social production. It should
be noted that in the USSR today almost half
of all employed persons are women. In a
socialist economy, with no unemployment and
equal pay for equal work, the evergrowing
participation of women in social production is
bringing about a further improvement in the
level of living of the workers.
28. The current balances reflect the actual
size of labour resources, their disposition and
the level of employment of the population in
social production, the quantitative proportions
in the distribution of labour resources by type
of employment, branch of the national economy, etc. The current balances are the basic
data, the starting point for the compilation of
the plan balances of labour resources.
29. The main practical purpose of the plan
balance of labour resources is to ensure that
the national economy is supplied with manpower in accordance with the targets of the
state plan for the development of industry
and cultural construction.
30. One of the key functions of the plan
balance of labour resources is to establish the
most rational proportions in the expenditure of
labour as between the various branches of the
national economy. In this connexion, the
rational distribution of workers between the
sector of material production and the nonproductive branches assumes particular importance.

101
31. The following are preliminary requirements for the planning of labour resources :
(a) A full accounting of all labour resources
for the plan period and full employment of the
able-bodied population ;
(b) Ascertainment of the aggregate and
supplementary manpower requirements;
(c) Ascertainment of the sources from
which supplementary manpower requirements
may be met in each branch and each geographical area ;
(d) Establishment of the need to improve
the qualitative composition of labour resources
in accordance with the requirements of the
national economy (training of skilled workers,
training of specialists, advanced training, etc.) ;
(e) Determination of the extent to which
manpower has to be redistributed.
32. Compiling a plan balance of labour
resources, particularly a long-term balance,
means above all establishing such proportions in
the distribution and use of labour resources as
will ensure the greatest possible rise in the
productivity of labour and the material wellbeing of the workers.
33. The plan balances of labour resources
for individual territorial units (regions, republics) determine how far the manpower
requirements of all branches of the national
economy may be met from local resources, and
how far supplementary manpower may be
drawn from other parts of the country.
34. The plan balance of labour resources is
compiled on an annual average basis for republics and regions, urban and rural areas
being dealt with separately.
35. The number of manual and non-manual
workers in the plan balance of labour resources
is determined on the basis of a plan for the
number of manual and non-manual workers
drawn up independently. The number of
workers employed in the sector of material
production (industry, construction, agriculture,
transport, etc.) is calculated on the basis of the
projected volume of production and rates of
growth of labour productivity. The number of
workers in non-productive branches (education,
health, housing and utilities etc.) is determined
on the basis of plans for the expansion of
public service facilities and the norms governing services to the population.
36. The number of collective farm workers
working in the public sector of collective farms
is included in the plan balance of labour resour-
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ces in accordance with the figures for the plan
balance of collective-farm labour resources
prepared on the basis of the plan for the
development and mechanization of agricultural
production and the planned growth of labour
productivity.
37. The number of students aged sixteen
and over studying fuii time is determined on
the basis of the plan for admissions to, and
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graduations from, educational institutions in
the plan period.
38. Provision is made in the plan balances
for a gradual reduction in the numbers employed in personal subsidiary farming and
housekeeping. Enlistment in social production
of the able-bodied population thus employed is
one of the most important purposes of the
better use of labour resources.

The analysis of family structure in projecting the number
and composition of families

A. G. VoLKov
[Translated from Russian]

1. With the development of economic
planning in many countries, demographic projections not only of the total population and its
age-sex composition but also of the number and
composition of families are coming to play an
increasingly important role.
2. While we now have a sufficiently detailed
stand~rd method for making general demographic projections (the application of aging
fact~rs derived from mortality tables to
particular age groups), the methods used in
the long-term projection of the number and
composition of families are essentially still in
their infancy. Attempts to estimate the future
number of families and their size distribution
have been made in many countries. In the
majority of cases, however, such calculations
are limited either to projecting the average
family size: and then determining the number
of families on the basis of long-term population
figures obtained in the usual way, or to
extrapolating (with various qualifications) past
trends in the changing number of heads of
fami\ies. These calculations are too general in
nature, and suffer from the drawbacks inherent
in any extrapolation. In addition, since it has
to be based not on transient but on constant
trends, extrapolation requires a number of
successive censuses, each not only providing
for special study of the family but also preserving continuity of method in the registration and
processing of family statistics.
3. The above-mentioned methods of computation rarely deal in sufficient detail with the
initial composition of the family and the
changes it may undergo. The influence of
factors affecting population reproduction is
concentrated in the family and directly connected with its c?mpo?ition in terms of age,
sex and the relatwnsh1p among its members.
The formation and development of families is
an uninterrupted process : young families arise
in the bosom of the old and are then separated
from them. giving rise in their turn after a
certain time, to new families. Families differing in their composition have extremely

different development prospects. Thus, for
example, the possibilities for development of
two three-person families are completely different if one consists of a married couple with
one child and the other of a mother and two
adult children. It may therefore be rewarding
to analyse the composition of families at a
certain moment in time, from the standpoint
of their possible further development. 1 This
paper gives an account of some results of such
an analysis.
4. For the analysis of the internal structure
of the family we used the materials of the trial
population census conducted as of 1 August
1957 in the town of Bolotnoye and the
Bolotninsk district of the Novosibirsk region
(Russian Soviet Federative Socialist Republic)
to test the schedule and organizational plan for
the 1959 All-Union Population Census. The
urban population of the Bolotninsk district in
1957 was about 26,000, and the rural population about 33,000. Data concerning some 16,000
families and persons living alone were available
for analysis. Although this town and the surrounding district were chosen as being to some
extent typical of the small provincial town, the
material of the trial census cannot be regarded
as fully representative of the country as a
whole. 2 In addition, although the trial census
was very little different from the 1959 census
in method, the material may contain certain
inaccuracies and mistakes due to inexperience
on the part of the census personnel. The data
given here should therefore be regarded mainly
as illustrative of methodology.
5. In both the trial and the main censuses
a family was understood to be a group of
persons living together, connected by blood or
1

The composition of the family in our country was
studied on a large scale when the 1926 population census data were processed. Cf. "Structure of the
urban family (results of special processing)" The AllUnion Population Census of 1926, vol. LVI, part I
(Moscow, 1931).
2 Comparison with other data, however, in particular . material from a sample survey in the Moscow
regwn, has shown that the composition of families
here has no marked peculiarities.
~rst
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marriage and having a common budget. Thus
defined, the concept "family" is somewhat
different from the concept "household", whkh
does not necessarily require kinship. It is also
broader than the concept "family" understood
as a biological nucleus (parents and children),
since it covers families comprising two or
more married couples and other relatives. The
study of family composition was not a specific
purpose of the trial census. However, the
population count was effected family by £amity,
the head of the family usually being registered
first and the other members of the family being
indicated in terms of their relationship to him.
By special processing of these records it proved
possible to isolate the married couples, their
children, other relatives and so forth, i.e., to
reconstruct the internal structure of the
families. The youngest complete married couple
with or without children or one of the spouses
with children was taken as the basis of the
family. The other members of the family were
then disposed according to their degree of
relationship to this married couple. Only those
living with the family permanently were taken
into account.
6. In order to ascertain the distribution of
families by composition, the families were

1965

divided according to the nature of the kinship
ties into families consisting only of persons
related in the direct line (children-parentsgrandparents) and families consisting of
persons related in the indirect as well as the
direct line (with relations of one of the spouses
or their parents).
7. The majority of families processed-92.8
per cent in the town and 91.3 per cent in the
country-consisted of persons related in the
direct line only. Of the families including
persons related in the indirect line, most
consisted of brothers and sisters of one of the
spouses living with the married couple's
parents, with or without children, i.e., families
in which the older children continue to live
with their parents after marriage. The comparatively small number of families consisting of
persons related in the indirect line indicates
that, as a rule, the oldest child, once married,
soon leaves the parent family.
8. Table 1 shows how families are grouped
by the number of generations in the family, and
presents similar data from a number of other
surveys. 3
a A. G. Kharchev, Marriage and the family in the
Union of Soviet Socialist Republics (Moscow, Mysl
Editions, 1964), p. 231.

Table 1
Percentage of families
Bolotninsky
district,
Novosibirsk
region,

Russian
So'l!iet
Federative
Socialist
Republic

Number of
generations
in
family

1 .......... .

2 ............... .
3 ............... .
Other· ........... .
TOTAL

12.0
70.4
17.3
0.3
100

9. Although the above data reflect differences in registration methods, the general
picture emerges fairly clearly : in all cases the
basic family type is the family comprising
representatives of two generations (parents and
children).
10. Since in the monogamous family the
basic unit is the married couple, the analysis
of family composition should provide for the
breakdown of families by the number of married couples. Processing of the material for
the Bolotninsky district along these lines
revealed the following :

Virn,atino
'IJi lage,
Tambovsk
region,
R-ussian

So'Viet
Federative
Socialist
Republic

19.3
60.3
20.0
0.4

--100

Trans·
carpathian
Ukraine

Lithuanian
So'Viet
Socialist
Republic

6.6

13.6
65.3
13.0
8.1

64.2
24.2

5.0
100

100

Table 2
Number
of
married
couples
in
family

Percentage of families

0 ...................... .
1 ...................... .
2 .................. •.• .. .
3 ..................... .
ToTAL

Town

Country

21.6
75.8

28.5
69.4

2.5

2.1

0.1
100

100
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11. The existence of a fairly large number
of families without married couples is explained
mainly by the losses sustained by the population of our country in the last war. The
majority of these families are women with
children, who lost their husbands on the field of
battle. The development of these families must
of course he taken into account for the purpose
of short-term projections, but in general this
type of family is a passing phenomenon. A
certain proportion of the families without married couples consist of young unwed mothers
and their children; the existence of such
families is also connected with the disproportion between the sexes resulting from the war.
The bulk of the families, however, have one
married couple. Of the families with two married couples, the overwhelming majority are
shown on analysis to be families in which one

of the children is married and continues to live
with the parents. Cases in which both married
couples belong to the younger generation are
comparatively rare.
12. A more detailed breakdown of families
by types is presented in table 3. This table
shows that the family consisting of a married
couple with or without children, living with
or without their parents, may serve as the
basic type. These families may be called "simple
families". From the standpoint of the prospects
for further development, it is useful to distinguish the following three groups of families :
( 1) Simple families consisting of childless
married couples ;
(2) Simple families with children;
(3) Families consisting of one spouse with
children (with or without parents).

Table 3
Town
Percentage
of
famdie.r

Type of family

Families with a complete basic
married couple. . .. . . . . . . . . . .. . .
Of which:
Married couple without children and without parents ....
Married couple without children but with parents ..... .
Married couple with children
but without parents ....... .
Married couple with children
and parents ............... .
One of the spouses with children
but without parents ........... .
One of the spouses with children
and parents .................. .
Other types of family ........... .
ToTAL

Country
Percentage
ofwcmcn
aged
15-4'}

78.0

Percentage
of
fam•lies

Percentage
of women
aged
15-4'}

71.0

13.5

52.3

12.8

39.2

1.8

95.6

1.8

93.9

53.1

89.4

47.6

84.9

9.6

97.7

8.8

97.7

18.1

23.2

2.6
1.3

4.0

100

13. As far as the first group is concerned,
the distribution of these families by the wife's
age makes it possible to distinguish married
of
couples in the initial or concluding
family development, i.e., not yet having
en
or no longer having them, the children having
left the family and living independently.
14. The families in the second group are
the most numerous-62.7 per cent of the whole
in the town and 56.4 per cent in the country. If
these families are to be considered in terms
of the possible increase in the number of their
children, we will find, bearing in mind our
purpose, that cohort tables-increasingly used

1.8

100

for demographic projections-may be a great
help here. With certain qualifications, such
tables can also be constructed on the basis of
census data, if the census includes a question
concerning the length of marriage, and if in the
processing the children of particular mothers
are grouped according to their date of birth.
15. The third group of families, as we have
already indicated, is atypical. Understandably,
they contain fewer children on the average
than families with a complete married couple. It
might be thought that in these families the
children would be less likely to leave on
marrying; on the contrary, however, the mar-
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riage of the children is connected to a greater
extent than in other families with the advent
of another spouse in the family.
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but relatively stable percentage of married
women without children. In developing these
data it is useful to ascertain the distribution
of married women according to the number of
their children (see fig. 1).

16. An assessment of the long-term development prospects of the various types of family
must naturally start from the grouping ot
women by age. A breakdown of all women of
child-bearing age (15-49) in Bolotnoye \vas
made according to their marital status, possession of children and composition of family. This
breakdown is presented in table 4 (in percentages of the number of women in each age
group). The table shows how the distribution
of women by type of family changes with age.
As may be seen from the table, the bulk of
women at the age most favourable from the
standpoint of potential childbearing are married, live without their parents and have
children. It may be noted that there is a small

30

lli!IZ!

Town

c:::J

Country

6+
Number of chllclreJ'!

Figure 1
Distribution of basic married couples with children
by number of children

Table 4
Are married
Live with
parents

Are not married, do
Ml /w.ve children
Age of
womtn

15-19 .....................•
20-24 ......................
25-29 .....................•
30-34 ......................
35-39 ........ ' ..........•..
40-44 ......................
45-49 ......................
15-49 ......................

Live
.reparatel:y

Livewi#r.
parents

15.8
17.2

78.2
26.1
5.3
1.0

7.8
5.5

Do

/w.ve
children

Have
chiidrm

Have
children

1.8

0.5
9.1

1.3
26.4
53.7
57.9

6.4

8.5
8.6
10.1

Do
not

Live without
{'arents

18.5

17. One of the most important questions
from the point of view of projections is the rate
of new family formation. This should be
regarded as the process of separation from the
parent families of, basically, young married
couples, who either continue to live for a time
with the family, or leave immediately after
marriage. This is not just a question of the
marriage rate alone, since we need to know not
only the number of newly formed married
couples, which gives us the marriage rate
statistics, but also the effect of their departure
on the size and composition of existing families.
18. A new married couple may arise from
the marriage either of two persons living alone,
or of one person living alone and a member
of a family, or, finally, of two members of
different families. Correspondingly, the newlyweds may either form a separate family, or live
with the parents of one of them.

6.7
2.9
1.0
0.8

15.5

0.9
1.1

7.3

2.2

14.4
12.1
4.3
9.1

56.6
50.9
44.6
40.4

not
/w.ve
children

2.4
9.8
4.9
4.5
4.9
5.9
13.1
6.1

Are not
married, Are married,
/w.ve mtJrried
have
children
children

4.7
9.9
15.7
19.2
25.8
24.8
13.1

0.7
3.5
0.5

19. If marriageable men and women were
divided equally into those living separately and
those living with their parents, and if after
marriage the spouses were equally likely 4 to
live either on their own or with the parents
of one or other of them, it would be easy to
calculate that of every twenty-four newly
formed married couples, fourteen would live
separately after marriage, five would live with
the family of the wife's parents, and five with
that of the husband's parents.
20. In practice, however, these probabilities
are different and depend on the age of marriage, the rate at which members of the family
have left hitherto, housing conditions and a
number of other factors. According to our
data, the ratio of unmarried women living alone
4 For simplicity we are assuming that those members of the family who leave it after marriage do not
return to it
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to those living with families (in the urban
population) was 2:3 for the 20-24 age group
and as high as 3 :2 for the 25-29 age group. If
we assume that the probability of marriage does
not depend on whether a woman lives with a
family or alone, then the ratio "living separately: living with parents" among those
getting married must be approximately the
same. It appears that the latter ratio also differs
with sex.
21. Newly formed married couples are even
less regularly distributed by families. Before
the Great October Socialist Revolution, when
the size of the allotment, i.e., the quantity of
land available to the peasant household,
depended on the number of men in the family,
in the majority of cases the wife went to live in
her husband's house. Today this factor no
longer operates, although the tradition is still
alive, not just in the country but in the towns
too. However, in the towns another factor

comes into play-the availability of living space
for the young family. According to a sociological survey carried out in Leningrad by A. G.
Kharchev, 5 of 500 newly-weds polled about 20
per cent intended to live with the groom's
parents and 16 per cent with the bride's
parents ; 25 per cent intended to live on their
own. Our material enables us to determine only
the existing situation. We find that 16.7 per
cent of complete married couples live with their
parents in the town and 18.6 per cent in the
country. As to the question with whose parents
they live, this is indicated in table 5 (in percentages). Of the incomplete married couples,
as is to be expected, 80 to 90 per cent live with
the wife's parents. Here, apparently, reunion
with the parents in most cases took place after
the husband's death or departure from the
family.
5

A. G. Kharchev, op. cit., p. 180.

Table 5
Country

Town

(live 'With parents of the)
Type of family

Husband

Complete married couple with parents ... .
Mother only with children and parents .. .

22. The probabilities mentioned above may
be estimated by putting the appropriate questions to a sample of people about to marry, or
even on the basis of census data (if the census
provides for the registration of family status
and length of marriage) ; in the latter case,
use is made of replies given by persons who
married in the year preceding the census, adjusted for mortality and divorce. In the absence
of sharp changes in socio-economic conditions,
these probabilities may be assumed to change
relatively slowly with time.
23. Since the analysis of family composition
is aimed at showing the process of natural
development of the family, particular attention
must be given to what may be regarded as
the turning point in that development represented by the departure of the adult children.
This is usually connected with the latter's
acquiring e<:onomic independence and marrying.
24. Here it should be noted that the customary systems of indicators of fertility and
increase in family size illuminate, strictly
speaking, the process of childbearing itself, not
the real change in family size. They fail to take
into account, in particular, the fact that a
woman's children do not remain with her

Wife

Husband

Wife

69

31

73

27

18

82

10

90

indefinitely and that, moreover, the older
children may leave the family before the
woman's fertile period comes to an end. For
the purpose of analysing the development of
the family, it is important to consider not only
the total number of children born to a woman
and the number of them who have died, but also
the number of children living with the family
at particular stages of its existence.
25. It should also be noted that the breakup of families is slowed by the broad participation of women in social production, thanks to
which a young family, having acquired children,
relatively more often remains with the parents,
who can look after the children. Improvement
in the provision of children's institutions will
probably help to accelerate the process of
family break-up. The rate of break-up will also
rise with improved housing conditions.
26. As regards the direct analysis of family
composition from this point of view, the rate
of break-up cannot be measured on the basis
of census data if the census schedule does not
provide for the appropriate questions. Some
idea of the time at which adult children leave
the family is given in figure 2, which shows
how the average number of children born to
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Figure 2
Average number of children in family as a function
of age of wife in basic married couple

one woman changes with age, in families with
a complete married couple. As may be seen
from the figure, the number of children in the
family begins to decline when the mother
reaches the 40-44 age bracket. By the time
mothers reach this age bracket, the majority of
their children have already left behind them
the early years during which mortality is
· est, and their mortality may be disregarded.
decline in the average number of children
is thus basically determined by the departure
of adult children from the family or their
marriage. (Women with married children were
regarded as parents of a basic married couple
and were not included in the calculation.)
27. If we consider the age of a family to be
the length of time the basic married couple has
been married, then the point at which the adult
children leave the family may be timed by
reference to a particular year of their parents'
marriage. The rate of . departure may be

1965

measured by the ratio of the number of young
married couples leaving in the course of a year
to the average annual number of such couples
living with their parents (again adjusted for
mortality and divorce). The necessary data may
be obtained by asking appropriate questions in
a census or sample survey. Using a series of
age-specific (parents' age) indicators we get
a fairly detailed picture of the process whereby
adult children leave the parent families.
28. It is useful to be able to take into
account factors determining the time and
frequency of such departures, in particular how
the rate of departure varies with the economic
independence of those leaving and also with
the existence of wage-earning members of the
family who remain in it after the others leave.
The possession by both the departing and the
remaining parts of the family of an independent
source of income is probably a very important
prerequisite for break-up.
29. On the basis of the above it may be
considered that the search for improved
methods to be used in the long-term calculation
of the number and composition of families
should be directed towards the study of the
natural development of families, having regard
to the socio-economic factors which bear on
such development. This is because of the need
to take into account the heterogeneity of the
basic aggregate of families in terms of composition and to adopt a suitably differentiated approach in appraising the probabilities of
changes in family size. In addition to changes
due to fertility and mortality, it is important
to take into account the rate of formation of
new and fragmentation of existing families.

Employment forecasting by professions

P.

DE WOLFF

1. For various reasons, interest in employment forecasts has increased very rapidly
during recent years. The developing countries
strive not only for an increase in the gross
national product per capita, but also for a
reduction in the visible and disguised un··
employment often prevailing there. Consequently, they are greatly interested in the
employment effects of their plans, as well as in
the conditions their labour markets have to
fulfil in order to make it possible to realize
these plans. The developed countries, too, are
becoming more and more interested in this
field, as a high degree of employment nowadays
is usually one of the most important goals of
economic policy, and forecasts are often made of
the probable future course of employment, to
foresee if measures will be needed to maintain
or to reach a desired level. Finally, in a number
of these countries, it is felt that employment
forecasts are indispensable as one of the tools of
a well-designed growth policy.
2. However, it will already be clear from the
preceding remarks that different types of
forecasts are possible. We can distinguish pure
forecasts and conditioned forecasts. 1 As an
instance of the first kind, we may think of an
estimate of unemployment for a developed
country at some future date, when no policy
changes are assumed to be made. Employment
forecasts connected with development plans are
all conditioned, as they are based on the assumption that the plan is implemented so as
to guarantee its realization. The difference between the two types is only gradual, since
pure forecasts, strictly speaking, do not exist.
Even in the example mentioned, certain assumptions will have to be made (e.g., with
respect to economic policy in other countries).
Nevertheless, the differences are large enough
to justify the distinction.
3. A second important distinction bears
upon the period covered by the forecast. It has

been customary to consider short-term forecasts
as referring to periods of one year and less,
medium-term forecasts as covering periods of
about one to five years, and long-term forecasts
as dealing with periods of over five years. 2
4. The first category is of interest mainly
for business-cyclical problems, where attention
is paid to fluctuations resulting from rapid
changes in external and internal aggregate
demand. The second category plays a central
role in development planning, whereas the third
category is used in so-called perspective
planning, often set up as background information for more detailed medium-term plans, and
covering periods of up to twenty years. Moreover, this category is met in forecasting specific
types of manpower requirements, in particular,
those requiring rather long training periods
(for instance, the academically-trained professions; see part IV).
5. Thirdly, forecasts can be classified into
global and detailed ones. The short-term
forecasts mentioned above are often global. The
composition of the demand for labour is of
little interest in the short run, and therefore,
forecasts for such periods are usually restricted
to total demand, although occasionally special
key trades (such as building) are also taken
into account. Medium- and long-term forecasts
are, as a rule, much more detailed. The development with which they are connected requires
information about separate sectors of economic
activity, and the employment forecasts reflect
this. They are often broken down into sectors,
professions, and sometimes even into regions.
In this paper dealing with forecasts by professions, we will restrict ourselves entirely to
medium- and long-term forecasts.
6. Finally, it is important to consider separately the demand and supply forecasts. It is
by no means sure that the demand for certain
types of labour resulting from a given pattern
of economic development will automatically be
matched by a corresponding supply. Yet deficits

1 P. de Wolff, "Employment forecasting techniques
in the Netherlands", Employment forecasting (Organization for Economic Co-operation and Development 1962), chap. V.

2 J. Tinbergen, "Employment forecasting and planning", Employment forecasting (Organization for
Economic Co-operation and Development 1962),
chap. I.
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and surpluses need not always be harmful.
Certain skills are rather flexible and applicable
in various directions, or they may be switched
after a fairly brief period of re-training.
Demand for labour is not entirely independent
of supply, and a surplus of a certain kind may
lead to unforeseen technical developments, in
which it may be utilized (for example, a
relative abundance of science graduates seems
to have had a favourable effect upon the early
development of the German chemical industry). 3 Gaps may also be bridged through an
appropriate adaptation of the wage level. Very
often, though, deficits will lead to serious
bottlenecks, preventing the realization of a
desired development, whereas surpluses, too,
may cause serious problems (such as the
surplus of certain types of academically trained
manpower troubling several developing countries). 4 This is particularly true in cases where
demand and supply are rather inelastic.
7. Consequently, it will nearly always be
necessary to forecast both demand and supply,
and to design adequate corrective measures
when unacceptable gaps are expected to
develop. This paper will pay attention to both
aspects of the problem. A description of the
corrective measures clearly falls outside its
scope. 11

II.

DEMAND FOR LABOUR

8. Every forecast o£ the demand for labour
has to depend on a forecast or a plan for the
volume of production. This quantity is the main
determinant of the national income, from which
the final demand for goods and services can
be derived. Through the use of appropriate
tee · s (mainly so-called input-output
met
) , this final bill can be translated into
indicators for the development of the production volume for the different sectors of economic activity, and ·these data form the basis
for the estimates of future demand for labour
in different categories. This procedure is much
more complicated than might be concluded
from the preceding brief description ; but it is
important that the same methodology is used,
at least in principle, not only for categories
of labour engaged in the production of, say,
consumer goods, but also for categories supplying highly specialized types of services, e.g.,
physicians. The demand for this category, too,
is determined by the share of available private
3 W. H. Dawson, The evolution of modern Germany
(New York, 1916), pp. 98-101.
· .4. F. ·Harbison and C. A. Myers, Education, manpower and economic growth (New York, 1964), pp.
84-85 and p. 118.
IS J. Tinbergen, op. cit., p. 18.
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income spent on its services, together with the
demand resulting from public spending.
9. The volume of production, however,
cannot be forecasted per se. In medium- and
long-term forecasts, it is usually based on the
assumption that certain scarce factors in
production need to be and will be fully utilized.
Often this scarce factor is labour itself. This
is the case, for example, in developed countries,
where a high degree of employment has been
attained and should be maintained. In these
cases, the first step to be taken is to estimate
the growth of the total labour supply (see part
III). By combining this result with reason·
able assumptions on the macro-economic
increase in labour productivity, the total volume
of production can be derived. The way labour
productivity develops is dependent on the
amount of investment to be made, and hence
on the rate of saving. Obviously, this
procedure will be consistent only when it turns
out that the aggregate of the micro-economic
labour demand estimates (i.e., at the sector
level) is identical with the macro-economic
starting point. This check must, therefore, be
made, and if a serious discrepancy occurs, :it
discloses that mutually conflicting assumptions
have been made and that changes are needed.
10. In other cases, e.g., in many developing
countries, capital is the scarce factor ; then a
corresponding analysis will show which part
of the forthcoming labour supply can be
expected to be absorbed (the consistency check
remains necessary, even in this case). Here,
too, different alternatives are possible. The
greater the importance attached to a reduction
of unemployment, the less capital intensive the
investments have to be, i.e., the lower their
average capital-output ratios ought to be. But
the possibilities for choice are limited by several
economic factors. a. 1
11. The relation between employment and
production per sector requires estimates again
of the increase in productivity. This is usually
done by extrapolating trends, although use is
made sometimes of a constant elasticity of
employment, with respect to production
(usually in the order of magnitude of 0.5-0.7). 8
Both methods, however, require a considerable
amount of statistical information about production and employment in sufficient detail over
a period of several years. This information is
not always available, particularly in countries
6 Ibid., p. 14.
7 H. B. Chenery, "The
criteria", Q14arterly Jo~~rnal

application of investment
of Economics, vol. LXVII
(1 February, 1953).
·
8 P. J. Verdoorn, "Complementarity and long-range
projections", Econometrica, vol. XXIV (1956), p. 429.
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where development has started only recently.
In· such cases, recourse has to be made to
international comparisons or to special studies.
This is obviously also true for new industries
and for the introduction of entirely new
techniques into old industries. Also, the gradual
increase of the average skill, due to improved
education, may have a considerable influence.
It will then be necessary to account for changes
in institutional factors, such as working hours,
number of holidays, etc.
12. The demand for labour is expressed by
enterprises which can be grouped conveniently
into sectors, but it is confronted with the
labour supply, specified by professions; a
statistical matching of the two evidently
requires translation. Demand has to be broken
down by professions, and since many professions can find employment in different sectors,
a second phase of appropriate re-grouping is
necessary. It will be clear that this second
phase, in particular, makes it imperative to use
a uniform classification of professions. As a
starting point for such a classification, excellent
use can be made of the International Standard
Classification of Occupation (I.S.C.O.) developed by the International Labour Organization. 9 It is set up to be useful for a wide range
of applications, and it distinguishes some 1,500
occupations according to similarity in the type
of work performed, condensing them consecutively into more comprehensive groups,
viz., 200 unit groups, 75 minor and 10 major
groups.
13. For various reasons to be explained in
more detail in part III, it will seldom be necessary to base the adopted professional classification on the finest possible sub-division. But
whatever grouping is used, the methods available to make the corresponding forecasts are
still very rough, and much research will be
needed to improve them and to make them
more reliable. 10 In part IV, a few examples
will be treated in some detail ; we will, therefore, restrid ourselves at this point to a few
generalities.

14. Clearly, the simplest way to proceed is
to assume that the professional structure in a
given area of economic activity will remain the
same during the forecasting period, and hence,
that the sizes of the professional groups will
ll International Labour Organisation, International
standard classification of occupations (Geneva,. 1958).
10 S. 0. Doos, "Forecasting manpower requirements
by occupational categories,'' Planning education for
economic and social development (Organization for
Economic Co-operation and Development 1964), chap.

XIII.

··

·

·

develop pari passu to total employment. As a
first approximation, it may be justified in
many cases, particularly when no rapid
technological changes are expected. It is a
well-known fact that increases in labour productivity are due only partly to an increased
amount of capital per worker ; perhaps to a
greater extent, increases are due to better
organization, better-trained workers, more
specialists, or, in brief, to increased skills.
Hence, the projected rise in productivity at the
base of the sector estimates of total employment
often pre-supposed not only certain investments
in capital, but also in greater skills, in contradiction to an unchanged structure of professions. The number of academically-trained
engineers of different types employed in industry is increasing much faster than total
employment. This is true for developed countries, and still more true for developing ones.
It also holds for technicians at medium levels.
International comparisons can be very useful
in allowing correctly for such factors. Developed countries, particularly, may profit from
such information, which may help them to
avoid unbalanced professional structures that
may result from an abundant supply of
university-trained engineers and a deficit of
medium-level technicians. 11 Very little is
known still about the specific effects of increased skills on productivity levels. An interesting attempt has been made recently in
Sweden, 12 where, from time-series analysis, a
relation has been found between output per
worker and the number of engineers per
worker in industry. It was not possible, however, to separate effects from increases in skill
and in capital intensity. Moreover, the relation
was rather inaccurate, and led to wide margins
of uncertainty when extrapolated over longer
periods.

15. Another procedure sometimes employed
in solving this problem is to ask employers
and experts for their opinions. The results of
such investigations, however, have seldom been
very valuable. The most promising method,
perhaps, may be a study of cross-section data,
industry by industry, and a careful analysis of
certain large-scale projects. This will probably
be possible only in a restricted number of countries, however, and it will require specially
collected data.
11

12

Harbison and Myers, op. cit., pp. 86, 122.
S.. Moberg, "Methods and techniques for fore-

casting specialized manpower . requirements," Forecastittg tnanpower .t~eds. for th.e age of science (Organization for · European ·Economic Co-ope.ration
1960), chap.

vm: .
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III.

SUPPLY OF LABOUR

16. The importance of total labour-supply
forecasts has already been mentioned in part II.
These ~re derived fr<?m P<?PUlation forecasts by
ages. St~C;e there exists, m many countries, a
legal mmtm~m age for entering the labour
force, and smce several other countries are
going to introduce similar measures in the
coming years, forecasts can be restricted to age
groups above twelve to fifteen years, and hence,
d;> not depend, even for rather long periods, on
btrth rates, but on death and migration rates
only. Migration is quantitatively important only
in a s:nall number of countries. In developed
countnes, death rates are rather stable · in
developing countries, they are often failing
rapidly, making accurate predictions more
difficult. The labour supply is derived from the
popula):iot,I ~stimates through participation
rates, md1catmg for each group the proportion
looking for jobs. For men between, say, 25
and 65, these rates are close to 1 ; for higher
ages, retirement, depending mainly on prosperity and institutional factors, becomes important; below 25, the rates are determined
largely by the structure of the educational
system, and there is a strong tendency for
rates to decline, particularly in the lower age
brackets. For women, the problem is complicated further by differences in ·the preparedness and possibilities, especially of married
women, to be gainfully employed.
.17. Complic:ted a~ these.problems may be,
still greater dtfficulttes anse in forecasting
supply by professions. Here, essentially the
same procedure is followed as for the labour
force as a whole. The persons engaged in a
profession constitute a stock subject to changes
over a period of time. Supply is reduced by
death, retirement and job changes. When the
age distribution per profession is known (which
seldom happens to be the case) then these
factors can be fairly accurately a~counted for.
C?therwise, a somewhat ro?gh general reduction rate
to be used. It ts increased by new
entrants mto the labour force (and by jobchangers), i.e., essentially by the output of the
educa.tional system. This system, however,
supphes only to a very limited extent the
persons completely fit for certain professions.
A great part of school-Ieavers has acquired
skills at different levels, each applicable to a
wide field of possibilities, for which final
t;aining is obtained on the job. Even vocatlonal schools supply largely general skills, and
to a small part only, specific :ones, providing
the possibility of rapid re-training when supply
and demand do not match. Moreover, in many

?as
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developing countries, the results in vocational
schools have been less satisfying than in general
schools, underlining the importance of concentratir:g on general skills. 13 Finally, the cohort
entermg the labo1;1r market annually, filling
partly the vacancies due to retirement and
death, and partly increasing the ranks is a
sizable one. According to the rate of growth
of the population, this percentage may vary
fro~ ~- pe: cent to 5 per ~ent, yiel?lng a great
flextblltty m supply, espectally for JObs needing
short training periods.
18. Th~re is not much use for supply
forecasts m general, due to these circumstance~. These forecasts can be restricted to
a relatively small number of broad educational
levels. This is not true, however, for the highest
lev~ls. In the first place, they represent human
capttal with a long "gestation period" where
changes in input may reflect output on'ly after
several years. In addition, at these levels, i.e.,
the university-graduate levels, the flexibility
tends to become less. Physicists and certain
types of engineers, or graduates of economics
and law, may be able to replace each other
within certain limits. Physicians, however
could not easily be employed outside their fielcl
of study.
19. In developed countries with a well
established educational system, forecasts can be
based on that system. From school statistics
drop-out rates can be computed for each schooi
~yp~ ll:nd also for "transition probabilities,"
mdtcatmg how the stream of "leavers" will be
djs~~i~uted over. the available range of pos·
st~th~tes for contmued education, including the
extt mto the labour force. These co-efficients
c~nnot be applied immediately to future cohorts
ot entrants. In almost all countries, there is a
growing interest in continued education manifesting itself in rising transition prob~hilities
for th~ corresponding school types. Such
tendenctes have to be extrapolated. Sudden
changes may occur, caused by a lengthening of
~he pe;iod of compulsory education or by
~mprovmg grant and scholarship programmes
mtended to overcome financial barriers. Even
voca~onal guigance programmes may influence
the stze of vanous flows. But here, too further
research is needed as changes occur f;om time
to time, for instance, in the distribution of
freshmen among various faculties which
~annot .be explained on economic grou~ds. The
mcrea~mg rates of participation in advanced
educat10n evoke another problem of interest to
sup~ly forecasters, viz., how long this rise can
contmue without reaching the limits of the
Harbison and Myers, op. cit.~ i;>: 56.
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pool of ability. This problem has recently
attracted the attention of psychologists and
economists, and the tentative conclusion seems
to be that even the most highly developed
countries have not yet reached such boundaries.14
20. In developing countries, the supply
problem is still much more complicated, as the
educational system itself usually has to be built
up in the course of the development process.
Here, only very crude guesses are possible, and
great care has to be taken to avoid bottlenecks.
The teacher problem, a particularly serious one
in every growing economy, may become a real
stumbling block Recently, an interesting effort
has been made to develop a model, which can
be used to explore the possibilities for balanced
growth of the stocks of persons at different
levels of education and with the required number of teachers in a rapidly growing economy. 15
IV.

SOME RESULTS

21. A considerable amount of material has
been published on the subject of forecasting
employment in general, and by profess~ons in
particular ; it will, therefore, be P?Sstble to
mention only a few of the most 1mportant
sources.
22. Among the developed countries, France
and Sweden have done probably the most comprehensive job. In France, this is done in connexion with the four-year plans, by one of the
so-c.'llled horizontal commissions attached to it,
1Jiz., Ia Commission de la main-d'ceuvre,
working under the auspices of the Commissariat general au plan.
23. In Sweden, a special labour-market
forecasting unit has been set up in the Ministry
of Social Affairs and Labour, working on
supply and demand forecasts for a large number
of professions. Its main purpose is to supply
information for vocational guidance work and
educational planning. 16 Sweden has developed
a very active labour market policy, aimed
mainly at a highly flexible labour supply;
reliable, detailed employment forecasts are
considered to be an indispensable tool in this
respect.
14 P. de vVolff, "Intellectual resources and the
growth of higher education", Forecasting Manpower
Needs for the Age of Science (Organization for European Economic Co-operation 1960), chap. XII.
15 J. Tinbergen, "Quantitative adaptation of education to accelerated growth", Planning Education for
Economic and Social Development (Organization for
Economic Co-operation and Development, 1964),
chap. XVI.
16 Arbetsmarknadsstyrelsen, Some recent manpower
forecasts in Sweden (Stockholm, 1961).
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24. In other countries belonging to this
group, work has been done on a more restricted
level, usually with emphasis on either supply
or demand for academically trained labour
(engineers, medical doctors, sometimes even all
graduates). This is the case in the United
States of America, Denmark, Great Britain,
the Netherlands and Norway. Sometimes these
studies are made by public bodies or governmental committees ; sometimes they are made
also on a private basis in the United States. 17
25. In developing countries, a considerable
amount of work has been done, as most development plans contain more or less elaborate
forecasts of their consequences for the labour
market. As a typical example, the Turkish plan
may be mentioned. 18 • 19
26. International organizations have also
been active in the field. In particular, the
O.E.C.D. in Paris has strongly stimulated
theoretical and practical work in recent years,
mainly in an effort to support the development
of education as one of the most important
factors conducive to growth. Various publications bearing on this part of the organization's
activities have been mentioned among the footnote references.
27. We shall end this paper with a few
details of the manpower forecasts underlying
the fourth French plan, covering the period
1962-1965, 20 as it is typical of the work done
so far-in its strong points, as well as in its
weaknesses. One of the strong points of the
fourth French plan forecast is that it is
complete; it refers to the demand for all types
of labour, and makes an effort to match this
demand with the predicted total supply. In fact,
the annual growth rate of gross national
product of 5 per cent has been chosen from
several alternatives, because it was felt that
this level had to be reached in order to absorb
the total labour supply. On this basis, the
Commissariat worked out a consistent set of
sector forecasts for production and employment,
along the lines indicated in part II, deriving
productivity estimates from trend projections.
For agriculture, a constant decline of employ17 D. M. Blank and G. J. Stigler, The Demand and
Supply of Scientific Personnel (New York, National
Bureau of Economic Research, 1959).
18 State Planning Organization, Manpower Requirements and Educational Planning in Turkey
(Ankara, 1962).
19 N. Erder, "Forecasting occupational structure o£
the Turkish labour force", Planning Education for
Economic and Social Development (Organization for
Economic Co-operation and Development 1964),
chap. XIV.
2o Commissariat general au plan, Rapport general
de la Commission de la main-d'ceuvre (Paris, 1961).
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ment was assumed. The sector estimates were
submitted to the (vertical) sector commissions,
which generally confirmed the results. This,
however, probably shows no more than that
these numerous experts could contribute very
little new information to the complicated
problem of the sectoral production functions.
28. The final demand for special types of
services (physicians, dentists, nurses, social
workers) is based largely on the opinions of
the ministries involved; there is no indication
of more elaborate market analyses having been
conducted, except, however, of the demand for
engineers. 21 It is done on a sector basis, mainly
by ~trapolating ratios of engineers to total
labour force, and partly by using expert
information.
21 H. Vermot Ganchy, "Nos besoins en ingenieurs", I et II, Bulletin SEDEIS, Nos. 663 (1 November 1956) and 665 (1 December 1956).
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29. The translation of manpower require·
ments into skill levels has been perfom1ed in
two steps. First, professions were classified
into seven groups, 'l/iz., engineers, other top
executives, technicians and draftsmen, foremen
and supervisors, clerical staff, skilled and nonskilled operatives. Use was made of the results
of special statistical investigations in 1952 and
1957, as well as of a survey based on a questionnaire. Finally, the results were transformed
into six skill levels, corresponding to different
periods of secondary and higher education,
based on extremely crude guesses.
30. This description shows clearly that even
in the case of a. highly developed country,
sufficient basis data, statistical as well as
theoretical, are still lacking, and that much
remains to be done in order to develop employment forecasting by professions into a reliable
tool.

Forecasting scltool enrollment
MEYER ZITTER

I.

INTRODUCTION

1. In the recent surge of interest in projec~
tions of population and other demographic
phenomena, school enrollment projections have
received only secondary attention from demog~
raphers. However, there has been no dearth
of requests for such projections. In the United
States of America, interest in techniques of
developing enrollment projections was heigh·
tened by the upsurge in the birth rate immediately following World War II and its
effect as various waves of the baby boom
progressed through the school system. Interest
has more recently been centred on the impact
on college enrollment, since babies born in the
first years of the postwar baby boom are now
on the threshhold of college age. The signifi~
cance of enrollment projections has been re~
inforced by concern for the changing skills
demanded by a highly complex industrial
society. The recognition of the close relationship between education and economic well-being
for individuals and countries has spurred
interest in the subject on a greater, international scale.

II.

REVIEW OF METHODS IN USE

2. A review of material relating to future
school enrollment suggests that most enrollment projections have been developed by generally similar methods ; that the techniques lend
themselves to a variety of manipulation yielding
multiple results; and that only a limited number of variables has been considered in such
projections. New or experimental approaches
have not been readily forthcoming, although
some new thinking is now being devoted to the
subject. On the other hand, for some countries
and some levels of education (for example,
projecting dementary enrollment in the United
States), the need for new tools of prediction
is small, since the factors affecting school enrollment are limited, are generally known, and
should be subject to predictions within narrow
bounds.
3. The methods in use appear to fall into
two general categories : (a) methods in which

the ratios of enrollment to population (enrollment rates) are projected to future dates and
applied to existing, or especially derived, population figures in the appropriate ages for
corresponding dates; and (b) methods in which
enrollment by grade is carried forward grade by
grade successively to the next higher grade
using assumed rates of progression based on
past experience. It is further assumed that
entry into the school system occurs only (or
maiuly) at the entrance level (grade one).
Separate projections for grade one are derived
from the estimated number becoming old
enough to enter school for the first time.
4. For the basic mechanics of these methods,
Jacoby's report' prepared for UNESCO is of
special interest. 1 A bibliography on the subject
of methods of projecting the school-age population has also been prepared by UNESCO. 2
The key elements of present practices for
projecting the percentage of each age group
enrolled in school are summarized there as (a)
continuation of past trends; (b) adoption of a
level of school enrollment to be achieved by a
certain date in the future, as a result of, say, an
economic development plan; (c) maintenance
of a constant level of school enrollment ratios,
or achieving by a certain target date a ratio
achieved by other countries; and (d) use of
school survival ratios, that is, the proportion of
children remaining in school that progresses
from grade to grade.

III.

EVALUATION OF PROJECTIONS

5. Lacking a comprehensive analysis of all
enrollment projection reports, one can only
speculate that the record of successful prediction, as in other areas of projection, leaves
1 E. G. Jacoby, "Methods of school enrollment
projections", Educational Studies and Documents
No. 32 (UNESCO, August, 1959).
2 United Nations, "Selected bibliography on methods
of projecting the school~age population, the economically active population, the urban and rural popu·
lation, and the number and size of households",
United Nations Seminar on Evaluation and Utilization of Census Data in Asia and Far East (Bombay,
India, 20 June-8 July 1960) (E/CN.9/CONF.2/l-ST/
T AO/SER.C/47).
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much room for improvement. As illustrative
of the differences between projected enrollment
and observed values, a review of such projections was made for the United States from
reports published by the U.S. Bureau of the
Census in the past two decades. Recognizing
that not all of the differences between projected
and observed values represent "errors" in projections or in methods, and, in fact, that some
of the differences can be attributed to the lack
of comparability among the several base S(~ries
involved in the enrollment projections, nevertheless, such comparisons serve to identify the
general magnitude of the problem.
6. Comparisons between projected and
observed values are given in tables 1 and 2. 3
Briefly, it appears that in the United States,
total enrollment in elementary and high school
combined was projected with a fair degree of
success. Projections for elementary and high
schools, separately, however, differed substantially from observed values, even in the short
run. Differences between projected and
observed values were particularly large in high
school. Improvements in the· projections, by
level, are noted as we move from the earliest
projections to more recent ones prepared in
1961.

7. Projections by individual grades differ
substantially from the observed values even in
the short run. The large differences between
the projected grade distributions for 1949-1950
and the distribution from the 1950 census are
particularly noteworthy because of the short
time lag between the time the projections were
prepared (1948-1949) and the 1950 census date.
These extremely large differences that occur
could have come about from inconsistencies between the basic distribution used to project
the grade enrollment (based generally on
statistical reporting systems) versus distributions obtained in the census from household
interviews. That the problem of projecting
adequate enrollment by grade had not been
resolved is attested to by the fact that the
latest enrollment projections prepared by the
.s U.S. Bureau of the Census, "Illustrative projections to 1980 of school and college enrolment in the
United States", Current Population Reports, Population Estimates, Series P-25, No. 232 (June, 1961);
U.S. Bureau of the Census, "Forecast of population
and school enrolment in the United States, 1948 to
1960", Current Population Reports, Population Estimates, Series P-25, No. 18 (February, 1949); U.S.
Bureau of the Census, "Projections of school enrolment in the United States, 1953 to 1965", Current
Reports, Popttlation Estimates, Series P-25, No. 85
(December, 1953) ; and Current Population Reports,
Population Characteristics, Series P-25, annual issues
on school enrolment.
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Census Bureau in 1961 did not include projections by grade.
8. The problem of developing enrollment
projections that will correspond closely to
observed values is further aggravated as
changes in the school systems occur. Thus in
the United States, shifts in school system
organizations, as well as the incorporation of
kindergarten into the regular school system,
probably had impact on the relative "accuracy"
of past projections. In the future, trends in
ungraded classes, as well as the establishment
of "junior colleges," in the United States, will
add more elements of uncertainty to enrollment
projections.
9. The assumption here that the effectiveness
of past projections lies in the extent to which
the projections parallel observed values is, of
course, not always valid. There will be instances where projections are used primarily to
predict what the situation would be under the
continuation of present policies, representing
the kind of situation responsible offices want to
prevent, and consequently steps are taken to
prevent the projected outcome. Under such
circumstances, different measures of effectiveness would be needed.

IV. NEW METHODOLOGICAL TOOLS
10. The continued interest and need for
enrollment projections have led to some experimentation in the United States in ways of
improving such projections. One recent study
pursued the notion of basing future enrollment
rates of college-age groups on the educational
attainment of the fathers. 4 The essence of this
procedure presupposes that data on educational
status of fathers are readily available, easily
predicted for the future, and have a casual
relationship with enrollment rates of offspring.
Recent reports by the U.S. Bureau of the
Census on intergenerational education changes
now provide much useful data for further
exploration along these lines. 5
11. Another approach involves the use of
surveys for gathering information on college
plans of youths, similar, for example, to
surveys on consumer-buying plans, or on. num4 Louis H. Conger, "College and university enrollment projections", Economics of Higher Education
(U.S. Office of Education, Department of Health,
Education, and Welfare, 1962).
II U.S. Bureau of the Census, "School enrolment
and education of young adults and their fathers:
October, 1960", Current Pop!tlation Reports, Population Characteristics, Series P-20, No. 110 (24 July,
1961); and U.S. Bureau of the Census, "Educational
changes in a generation: March 1962", Current Population Reports, Population Characteristics, Series
P-20, No. 132 (22 September, 1964).

URBAN AND RURAL POPULATION

her of children planned. In a recent study, high
school seniors were asked to report their intentions of attending college. 6 Follow-up studies
from the same group of individuals have also
been conducted to measure characteristics
associated with "successful planners". The
potential of such intention surveys for shortterm enrollment projections is still to be more
fully developed.
12. A recent report by Stockwell and Nam
illustrates the application of life table techniques to data on school enrollment. 7 The
school life tables show the joint effects of
deaths and separations (school dropouts) on
school attendance patterns. The tables are
based on the enrollment experience in the
United States for the 1950-1952 and 1957-1959
periods. As such, of course, they would be of
limited immediate use in many areas of the
world. The underlying purpose is of interest,
however, and may form the basis for developing a variety of school life table models applicable to a wide range of enrollment conditions.
School life tables may join other "secondary"
life tables, such as working life tables, nuptiality tables, as important tools in demographic
research.

V.

PROBLEMS

IN RELATION
DEVELOPMENT

TO

ECONOMIC

13. A change in the size and age structure
of the population, as well as the large percentage of young persons attending school,
have resulted in striking increases in enrollment in the United States over the past few
decades. In the decade ahead, large increases
in enrollment are to be expected in many areas
of the world, at least on the basis of higher
enrollment rates. The task of preparing
adequate projections will obviously be complicated in many areas by the general lack of
adequate data, by current low levels of enrollment, and substantial variations in enrollment
practices between cities, villages, and rural
areas. The introduction of compulsory education to specific school ages will, of course, have
6 U.S. Department of Commerce and U.S. Department of Agriculture, "Educational status, college
plans, and occupational status of farm and nonfarm youths, October, 1959", Farm Population, Series
Census ERS (P-27), No. 30; and U.S. Department of Commerce and U.S. Department of Agriculture, "Factors related to college attendance of
farm and non-farm high school, graduates", Farm
Population, Series Census- ERS (P-27), No. 32
(1960).
7 Edward G. Stockwell and Charles B. Nam, "Illustrative tables of school life", Journal of the American
·Statistical Association, vol. LVIII (December, 1963),
pp. 1,113-1,124.
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tremendous impact, both in the short- and in
the long-run, on enrollment rates and levels.
14. There are no unique solutions to offer
under these circumstances. The procedures
available, described earlier, offer some means
of deriving approximate results. There is, of
course, a need for initiating programmes which
would provide basic population, vital statistics,
and enrollment data, on a continuing basis.
Sample surveys and registration systems, in
particular, should be exploited to the fullest
extent possible within the resources available.
Statistical by-products of administrative procedures and records often offer inexpensive
but fruitful sources of data.
15. In spite of the problems described
earlier, enrollment projections, by level and by
grade, are desirable goals to be sought in
enrollment projection studies. Since the majority of children may spend only one year in a
grade, projected annual increases, grade by
grade, would demonstrate the diffusive effect in
later years of unusual changes brought about
by sharp changes in the annual level of births
and birth rates, or by policy changes affecting
initial enrollment, 8 such as change in minimum
permissible entrance age, or in compulsory age.
16. In considering the underlying factors
that will determine the pattern of change in
future enrollment rates, the competing requirements of other activities at the various schoolage levels need also be taken into account. The
need for gainful employment, changing marital
status, and perhaps even military requirements,
are factors which can affect the propensity of
children and youths to enroll in school. The
broadening of educational opportunities and
the incentives for education, either personal or
government-directed, will have appreciable
effect on other phases of planning. Those
directly concerned with labour force needs will
find changing enrollment rates of considerable
importance in trying to measure future supply
and demand of jobs and manpower. 9 The
number of new entrants into the labour force
will be particularly affected by changes in
educational policy. Aside from gross entrants,
there will also be significant changes in the
labour force mix, that is, in the skills and
occupations. Thus, enrollment-projection stu8 Meyer Zitter, "Forecasting school enrollment for
the United States and local areas," The J Oltrnal of
Teacher Education, vol. 5, No. 1 (March, 1954),
pp. 53-63.
9 United Nations, Population Growth and Manpower in the Philippines (a joint study by the United
Nations and the Government of the Philippines, chapters VI and VII) (United Nations publication, Sales
No.: 61.XIII.2).
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the population, in making any meaningful, longrange economic development plans.

Table 1. Per cent deviation of projections from observed figures: for the United States by grade
(Plus sign ( +) denotes projections are higher than observed; minus sign (-) denotes that they are lower)
Highschool

ElementaYy

Series P-25, no. 18
Grade
ToTAL

1.. ..
2.
3. ' ...
4.'.''

5 .. '
6 ..

7 . ......
8.

1949-1950

1959·1960

+4.83
+33.11
+11.21
+6.03
+5.59
+2.85
-6.70
-7.36
-21.31

-9.95
-13.50
-20.56
-14.27
-4.64
-1.06
-0.40
-8.00
-15.75

Series P-25, no. 18

P-25, no. 85
1959·1961)

1949-1950

1959-1960

+3.04
+27.88
+4.38
+5.01
+5.91
+0.54
-0.17
-12.49
-12.84

-3.52

-15.75
-12.88
-10.98
-15.56
-24.38

+1.04
-3.01
+2.69
-14.26

P-25, ""· 85
1959-1960

-5.55
-0.08
+1.26
-7.69
-17.05

SouRCES: enrollment projections from the United States Bureau of the Census, Current Pofmlation Rl?ports, series P-25, nos. 18 and 85 (series A and B). "Observed" figures used as bases for comparison are
from the 1950 and 1960 Censuses of Population.

Table 2. Per cent deviation of projections from observed figures: for the United States by level
(Plus sign ( +) denotes projections are higher than observed; minus sign (-) denotes that they are lower)
Series P-25, no. 18 (1949)
School

1948-1949
1949·1950
1950-1951
1951·1952
1952·1953
1953·1954
1954-1955
1955·1956
1956-1957
1957-1958
1958-1959
1959-1960
1960-1961
1961-1962
1962-1963
1963·1964

Total

················
·············

·················
···············...
·············
·················
·················
............. ...
·················
.......... ' .. ...
.................
·················
············
·················
·················
.............. ..
~

~

~

+3.08
+2.47
+1.04
+1.23
+1.79
+2.09
+0.14
-1.06
-2.90
-5.80
-9.50
-12.58

Elemen·
tary
+4.75
+5.27
+4.49
+5.08
+6.79
+7.03
+5.58
+3.68
+1.62

-2.57

-7.18

-11.62

High

school

-1.82
-5.91
-9.56
-10.15
-13.69
-13.65
-17.03
-16.20
-16.77
-15.64
-16.83
-15.54

Series P-25, no. 85 (1953)
Total

-0.70

-0.38
-0.:06
-0.50
-0.54
-0.45
-1.55
-1.61
-0.51
-2.03

Elemen·
tary

+0.49
+0.95
+2.15
+1.68
+1.85
+1.14
+0.66
+0.99
+2.06
+0.87

High
school

Series P-25, no. 232 (1961)
Total

Hi gil
school

-4.46
-4.61
-7.63
-7.13
-7.65
-5.31
-8.07
-9.92

-7.36
-9.32

+0.38
+2.60
+2.28

+0.78
+2.83
+1.09

SouRc:es: enrollment projections from United States Bureau of the Census, Current Population Rep~JYts, series P-25,
nos. 18, 85 (series A and B), and 232 (series II-A). "Observed" figures used as bases for comparison are from results of
annual supplement to Current Population Survey, as published in CurYent Population Reports, series P-20 (various is•nes).

SUMMARIES OF PAPERS
A projection of the Austrian labour force
until 1980
HARALD HANSLUWKA

In this paper, problems of projection of
Austrian labour force until 1980 are discussed.
It is pointed out that the social legislation now
under way makes it extremely difficult to make
a sound appraisal of the future course of
activity rates for certain population groups
affected by the legislative measures.
As a matter of convenience for the purpose
of projection, the economically active population was divided into two groups, one for which
reasonable assumptions can be made; the other
one is a rather heterogeneous group, for which
assumptions are subject to substantial mistakes.
A basis for the projection was the forecast
of the total population by sex and age, assuming
constant age-specific fertility and mortality
rates for 1959-1961 (and excluding migration).
The results show that in contrast to a steadily
growing total population, the number of the
economically active population will decrease
until1970 and then raise and by 1980 approach
the level of 1961. Efforts for expanding the
economy may, therefore, be impaired unless
reserves (above all married women) can be
brought into the labour force. Of other possible
alternatives, it may be mentioned that measures
of rationalization may compensate for the--on
the whole-stagnating labour force.
A short analysis tries to define the limits
within which these results are conclusive. It is
shown that the demographic assumptions of
constancy, though they may be regarded as
pessimistic, have little influence on the trend
and volume of the labour force. However, some
assumptions as to the course of activity rates
are open to criticism, although existing
evidence makes it likely that the direction was
correctly appraised.
Notes on the methods of the manpower
projections
ADAM

JOZEFOWICZ

The paper presents short comments on
methods adopted and results obtained when

estimating the future manpower resources in
Poland on the basis of the last population
census.
In an attempt to establish the influence of
population changes on future labour force
supply due consideration should be given to
both primary (number of survivors in ·working
age) and secondary (assumed family patterns)
demographic factors.
The projections of the future number of the
able-bodies "exposed to the risk of . entering
the labour market" is carried out by deducting
from the total adult population all the categories of people institutionally unfit for
civilian employment. The gross supply of civilian
manpower resources thus obtained has been, in
turn, broken up into three main subdivisions:
(a) Economically active population ;
(b) Non-economically occupied (students in
full-time education, women with household
responsibilities) ;
(c) Idle population without any occupation.
It is in the case of the second potential
source of the manpower that the difficulty of
reliable evaluation of the future changes in
labour force participation rates comes in.
Another set of estimates has been made according to the above procedure in order toestablish the impact of projected raising of
educational standard as well as expected
changes in marital and family conditions on.
age-specific activity rates of female population.
Selected statistical illustrations are listed in:
five tables.

Projections of families in Hungary: method
aud some preliminary results

J6ZSEF

T AMASY

The life cycle of families is influenced by
many different factors, therefore, the projection
of families is a complex task. However, as a
first step, using a simplified method of projections, some results of experimental computations are presented here.
The paper is based on two hypotheses: (a)
that the distribution of the population bv
marital status in the different sex and age
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groups will remain approximately the same
during the period of projection, i.e., 1960-1981;
and (b) that the proportion of the heads of
familv will remain unchanged within different
sex and age groups as well as marital status.
By comparing the 1960 number of the heads
of family, detailed by sex, age-group and
marital status, with the number of the population of the corresponding sex, age and marital
status, the sex-specific, age-specific, and marital-status specific headship rates have been
obtained. Using these rates, we have computed
the number of the heads of family of the projected population by sex and 5-year age groups.
The examination of the series of the average
family size and the pertaining percentage distribution by the number of family members in
a regional breakdown of 1949, 1960 and 1963
have shown that the distribution is ( approximately) determined by the average. On this
basis-as the first variant-the solution that
the corresponding distribution is assigned to
the projected average family size from the
mentioned series seemed acceptable.
According to the results of the projection,
the disintegration of the families is continuing.
Between 1960 and 1981 the average family size
decreases from 3.26 to 2.91, i.e., by somewhat
more than 10 per cent. A considerable increase,
amounting to about 26 per cent, may be expected in the number of single persons. The
proportion of the two-member families will
gradually increase (from 35 per cent to 44 per
cent). The proportion of the three-member
families will show a certain stabilization about
31-32 per cent already in 1966. The proportion
of the four-member families decreases at a
slower pace, that of the larger families quicker
and to a greater extent.
Finally, the paper studies the additional
variants of projections.
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Some problems in projecting the economically active population

v. R. K. TILAK
Projection of economically active population
is basic to manpower planning. It assumes
special importance in developing countries
where employment targets are determined in
relation to the net additions to the labour
market during a given period. The projection
refers not only to the future size of economically active population but also to its composition. Given the population projection, the size
of economically active population will depend
on the activity rates anticipated. These rates
could be applied in a variety of ways depending
on the detail in which population projection
and activity rates are worked out, but in a
number of developing countries the range of
application is rather limited owing to lack of
adequate data. Illustrations of the projections
made in Philippines, India, Ceylon and a few
other countries have indicated that due to lack
of data on past trends in regard to activity
rates these rates were assumed to remain
constant for the next 15 or 20 years. There i's
considerable scope for improving the techniques
used in these countries in projecting the economically active population. A firm analysis of
past trends in activity rates is the first step,
as model activity rates do not fit into the
realities of the situation obtaining in a country.
Other aspects requiring attention include the
projections of rural-urban population, schoolgoing population, development of a suitable
classification system according to industry,
occupation and education and a periodical
review of the projections with the help of
sample surveys during the inter-censal period
designed to permit comparability and provide a
link between the past and the future censuses.

Meeting B.6
METHODS OF OBTAINING BASIC DEMOGRAPHIC MEASURES WHERE
DATA ARE LACKING OR DEFECTIVE

PAPERS
A method of estimating demographic rates in areas without census and vital
statisti.cs: experimental surveys carried ont in Guanabara (Brazil) and
Cauquenes (Chile)
CARMEN ARRETX

G.
[Translated from Spanish]

1. The Governments of the developing countries urgently require more and better basic
statistics with which to form an objective
picture of their social and economic situation
and thus to formulate their development
programmes as efficiently as possible.
2. The most important of the basic statistics
are those relating to demographic characteristics. With a proper knowledge of the changes
in population structure and size, the necessary
estimates can be made for planning economic
development.
3. The traditional sources of demographic
statistics, viz., population censuses and civil
registers, which were originally intended to
serve other purposes, have not hitherto yielded
adequate information from the standpoint of
quantity, quality and flexibility-for the preparation of such estimates. Censuses are major
operations carried out at about ten-year intervals only and consequently they shed no light
on the annual evolution of demographic variables such as mortality, migrations, etc., which
must be taken into account in the formulation
of health and social assistance programmes in
general. Nevertheless, censuses are a valuable
second best source of information for analysing
many demographic, economic and social
problems in the countries of Latin America.
On the other hand, data obtainable from the
civil registers in the under-developed countries
are usually marred by errors of omission which
are difficult or even impossible to correct.
4. This situation in regard to demographic
statistics in the countries of Latin America has

led to the adoption of sample surveys as a
means not only of remedying the shortcomings
of the basic statistics now available but also
of carrying out special studies which cannot be
done in any other way.
5. This paper describes a method of determining demographic rates by sample surveys.
The method was tried out in a typically urban
area, the State of Guanabara, consisting chiefly
of the city of Rio de Janeiro (Brazil), and
it is now in use in another area with predominantly rural characteristics, namely the departments of Cauquenes and Chanco in the province
of Maule (Chile). The following aspects of the
method are briefly described below : I, analytical
basis; II, application; III, estimated cost of a
hypothetical survey.

J.

ANALYTICAL BASIS

6. In the final report on the Guanabara
Survey 1 the type of form used in the survey
is shown in an annex. It seems unnecessary
therefore to enter into a full description of it
here and only its more important features will
be discussed. The general or crude death rate
will be used to illustrate and explain the
method, which can be applied also to other
crude age-specific rates.
7. According to the Multilingual Demographic Dictionary, 2 "the crude death rate or
1 United Nations, Guanabara Demographic
Survey (United Nations publication, Sales
64.XIII.3).
2 United Nations, Multilingual Demographic
tionary (United Nations publication, Sales
58.XIII.4).
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general death rate . . . is generally an annual
rate and consists of the ratio of the annual
number of deaths occurring during a calendar
year to the number exposed to the risk of
dying during the same period". This may be
expressed by the equation:
m(a,a

+ 1)

=

D(a,a
P(a,a

+ 1)

+ 1)

(1)

where : m (a,a+ 1) represents the annual crude
death rate;
D ( a,a+ 1) represents the number of
deaths occurring in a calendar year; and
P(a,a+l) represents the mean population.
8. Equation ( 1) can be generalized for
observation periods other than a year. For this
purpose, it is necessary to introduce the concept
of a mean annual number of deaths and to
define the concept of the mean population. Let
a and b be any two times measured in terms
of a year, where b is subsequent to a, (b > a),
and D (a, b) is the number of deaths occurring
between a and b. Then, the ratio

~(a,-a
b)

represents the mean annual number of deaths,
assuming that the number of deaths is proportional to time.
9. Again, let P ( t), the population at time t,
be a continuous function of time (t). Its mean
value between times a and b is given by the
equation:
P(a, b)

b-a

The numerator rP(t)dt represents the time
lived, between a aand b, by the individual members of a population, or in other words, the
population-year. When b - a = 1, the time
lived is equivalent to the mean population.
Substituting these concepts, equation ( 1) now
becomes:
a+ 1
m(a,a + 1)

=

D(a, a+ 1) . af
P(t)dt 2
(a+ 1) -a · (a+ 1) -a ( )

and generalizing, the annual proportional crude
death rate can be defined as :
m(a, b)

=

D(a, b) . afbP(t)dt
-b-- .
b
-a
-a

(3)

where, by cancelling ( b - a), we get:
D(a, b)
m(a, b) = aPP(t)dt

(4)

which, like equation ( 1), is an annual death
rate.
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It will be observed that the deaths occurring
between a and b appear in the numerator and
the time lived by the population during that
period, appears in the denominator. The period
(a, b) is limited by any two times a and b,
such that b is subsequent to a ( b > a). It may
therefore be greater than, equal to or less than
one year : ( b - a) ~ 1.
10. In equation ( 4), the denominator is
the time lived by the population, i.e., the sum
total of time lived by all the individuals. Equation ( 4) then shows the death rate as the ratio
of the number of deaths occurring to the total
time lived by the individuals in a given period.
The concept of the proportional annual crude
death rate can also be generalized in regard to
the time lived by each individual in that period.
vVe can now consider the possibility of computing the total time lived by various individuals in different periods and in different
places, while noting the number of deaths
occurring among the individuals covered. The
ratio of the number of deaths to the total time
lived by the individuals represents the proportional annual crude death rate. Consequently,
the generalized form of the equation shows
that the proportional annual crude death rate
does not depend on the periods of observation
of individuals being uniform: they can vary in
length and be referred to different epochs.
11. When the denominator includes the total
time lived by all individuals with common
characteristics, for example, those belonging to
the same sex, a given age group or a given
socio~economic sub-group and the numerator
includes the number of deaths occurring among
those individuals, we obtain specific death rates
by sex, age, socio-economic level or other distinguishing characteristic of the particular subgroup.

12. The same considerations apply in computing specific death rates as in computing the
crude death rate. The generalized equation ( 4)
is also applicable to specific rates. Thus, the
time during which an individual is under
observation can be divided into several periods
corresponding to times lived under different
conditions. For example, an individual may
come under observation at age x and during
the period of study he may reach the age
.r + 1. This change in the age condition is
comparable to a migratory movement in which
the individual emigrates from the group of
persons aged x to, join another group aged
x + 1. Thus, other changes may come about
in the socio-economic, marital and other conditions on which the specific death rate is
based. Each change may be treated as a
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migratory movement, as in the case of age.
Then, in order to compute a specific death rate
such as, for example, the proportional annual
death rate of middle-class (previously defined)
married women aged 29 years, we will include
in the numerator the number of deaths
occurring among women fulfilling those conditions, provided that the deaths occur while the
women are in that sub-group ; and in the denominator, we will put the sum of the time
lived by middle-class married women aged
29 years.
13. The method employed in Guanabara and
Cauquenes to determine demographic rates uses
equation ( 4) directly in its generalized form,
i.e., computations are based on observations
carried out :at different periods of the year, not
necessarily the same periods for all individuals.
A population or, more accurately, a sample of
individuals is selected for the purpose and
their particulars are taken down at a first
interview. They are considered to be under
observation from the moment of enumeration.
During a certain period, which may be other
than one year, several successive interviews are
carried out for the purpose of noting deaths
(or other events to be investigated) which may
occur among the individuals covered. The
number of such deaths D ( a,b) constitutes the
numerator of the proportional annual crude
death rate, while the sum total of the time
lived by all individuals during the period of
observation goes into the denominator.
14. Although so far the death rate has been
used as an illustrative example, this explanation
of the method can be easily extended to cover
the computation of other demographic rates
or any other kind of rates. Generally speaking,
the method can be used to measure changes
occurring in the social, economic, demographic
or biological conditions of individuals.

II.

APPLICATION OF THE ::\!ETHOD

15. For practical reasons, a selected sample
rather than the entire population of an area is
kept under observation. The problem of the
sample's design must be solved in a manner
compatible with the statistical requirements and
fundamental aspects of the method as described
hereunder.
16. In describing the chief aspects, we must
consider the method in its widest application,
i.e., we must bear in mind that it can be applied
to determine various types of rates which can
be investigated simultaneously in the same
survey.
17. The essence of the method lies m a
basic principle with important practical con-
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sequences which are analysed below. The
principle is that the events which have to be
included in the numerators of the ratios are
those which occur among the persons under
observation during the period of observation.
It is necessary to define very carefully what is
meant by "persons under observation" and
"period of observation". The persons surveyed
or under observation are those who (a) have
been enumerated or registered at a first interview (the date of which is not uniform for
all) ; and (b) reside within the selected area (in
Guanabara and Cauquenes, the dwelling was
taken as the point of reference for the person
covered). Every individual must fulfil both
these conditions in order to be considered under
observation. The period of observation is
peculiar to each individual: it begins at the
moment when he is registered at a first
interview and ends when he ceases to reside
in the area, as a result of emigration or death,
or because the date of the last visit to the
individuals under observation marked the end
of the survey.
18. This principle meets the requirement
that the information obtained should be of
high quality as regards integrity and accuracy.
This can be achieved if the recording of events
under investigation is confined to those which
occur, among the persons under observation,
during the relatively short periods (less than
one year) between two successive interviews
in which case the possibilities of mistakes due
to memory are practically eliminated. Furthermore, each visit provides an opportunity to
improve the information which, for various
reasons, may have been incompletely or
wrongly recorded during the previous visits.
Noting the exact date on which the events
occur is of fundamental importance for computing the denominators of specific ratios. As
was stated above, the change in a particular
condition of the individual marks the end of the
time lived in that condition and probably the
beginning of the time lived in a new condition.
19. The immediate practical consequence
that follows from the adoption of the abovementioned principle is the need to keep a large
population under observation so that lowfrequency events may attain real and stable
values. If, as has been said, the recording of
deaths, for example, is confined to those which
occur during the period of observation of each
individual, in order that the death rate of
children aged between ten and fourteen years
may have a value not significantly different
from the expected value, a large number of
children of those ages will have to be kept
under observation. In the Guanabara survey, a
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satisfactory value was obtained for the crude
death rate with a total of 6,750 persons-year,
but the results for rates by age were not so
stable. In the survey now being carried out in
Cauquenes, one third of the total population
of the area was selected, i.e., about 18,000
persons. This could be taken to mean 18,000
persons-year if the interviews are held in a
calendar year, thereby imparting stability to
the rates by large age groups.
20. The disadvantages of having to survey
a large number of persons are offset by the
better quality of the data collected and by
more rewarding sample designs, e.g., cluster
samples.
21. Where a large number of persons is
covered, the collection of data likewise necessitates the use of a short, easy-to-handle
questionnaire, designed to facilitate the mechanical processing of vast amounts of data and
for this purpose pre-coded questionnaires can
be employed. The design of a census form along
these lines will help to make interviews relatively short. In the Guanabara and Cauquenes
surveys, the net average duration of interviews
(excluding travel time) was about fifteen
minutes.
22. lt must be pointed out that the
mechanical processing of data offers advantages
as regards both the quality of the results and
the speed with which they are obtained. In
the Guanabara survey, the results were avail-
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able ten days after the field work had been
completed.
23. Finally, if a short, pre-codified, easy-tohandle questionnaire is adopted people with
educational qualifications similar to those of
census enumerators can be employed as interviewers and can therefore be found in any
part of a country.

III.

EsTIMATED cosT oF
SURVEY

A

HYPOTHETICAL

24. One objection which will probably be
raised against an operation like the one described is that the cost of repeatedly interviewing a very large population may be
prohibitive and beyond the limited resources
and the under-developed countries. The
Guanabara and the Cauquenes experiments
have shown, however, that the costs of field
operations are low in comparison with those
of other surveys. We thought it would be of
interest to offer, by way of illustration, an
estimate of the cost of field work for a hypothetical survey carried out under the same conditions as in the surveys already mentioned. It
should be noted that the analysis covers only
the cost of field work, i.e., the work which has
a direct be.aring on the method. Consequently,
other items of expenditure such as advisory
services, mechanical processing of data, administrative and other costs, which are of the
same orders of magnitude in all surveys, have
been excluded.

Statistics of the hypothetical population to be sun;eyed

Number of individuals to be covered ........................ .

20,000

Number of dwellings to be covered .......................... .
(Urban dwellings: 1,500)
(Rural dwellings: 2,500)

4,000

Number of interviews (four per selected dwelling) in one year ..

16,000

Net mean duration (excluding travel time) per interview ..... 15 minutes
Cost of field work
Total
..,.mber of
snti!Niiews

Cost per
interview

Total
cost

·United States tkllars

Four interviews at 1,500 urban dwellings..

6,000

0.15

900.00

Four interviews at 2,500 rural dwellings,.

10,000

0.30

3,000.00

Cost of interviews

3,900.00

Cost of supervising field work ............................. .

1,100.00

'
TOTAL COST OF FIELD WORK

5,000.00
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25. The result obtained, although derived
from a hypothetical population, can be regarded
as sufficiently realistic, since it is based on the
Guanabara and Cauquenes experiments. The
small figure of $5,000 is not surprising if we
bear in mind that surveys based on the method
here described bear a greater similarity to a
census operation than to other sample surveys.
26. Taking the above estimates as approximate but realistic, we must stress the important
fact that for an outlay of $5,000 on field work
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it is possible to obtain rates of satisfactory
quality and various specifications for a population of 20,000 persons observed during one
calendar year where census and civil registry
data are not available. Furthermore, by this
procedure other non-demographic data, e.g.,
school attendance rates, morbidity rates, income
distribution, structure of consumption and so
forth, can be obtained more readily and cheaply
than would be feasible by other methods and
they are of higher quality.

Use of sample surveys to obtain data on age structure of the population where
respondents in a regular census enumeration cannot give accurate data:
some Kenya experiments

J. G. c. BLACKER
1. The difficulties experienced in obtaining
accurate statistics of the age distributions of
populations in developing countries have
frequently led to the assertion that the inhabitants of these countries do not know their
ages. This generalization, however, requires an
important qualification: the ignorance so
frequently cited is an ignorance of age according to the western method of reckoning ; and,
although the western method may appear to
be the most logical, numerous other methods of
age reckoning are to be found the world over. 1
2. In Africa ignorance of age in the western
sense is certainly widespread. Yet it is also
true to say that many Africans are more acutely
conscious of age, according to their indigenous
methods of reckoning, than are most westerners ; for in Africa age tends to be associated
with status in a way unknown in western
society. For example, among the Kikuyu people
who inhabit the Central Region of Kenya,
different words are used to denote unweaned
infants, children who have learned to walk but
are not yet old enough to herd goats, those
who herd animals, and again older boys or
girls who have not yet been circumcised. The
most important differentiation is made at t~e
time of circumcision, when the youth or gtrl
officially passes from childhood to adulthood.
Among the Kikuyu, circumcision ceremonies
have been held, with occasional exceptions,
every year since the First World War, and all
men and women who were circumcised in the
same year are regarded as belonging to the
same age grade, which is denoted by a special
name. No person in possession of full mental
faculties could ever forget his or her age grade,
since in traditional Kikuyu society it governs
even the smallest details of behaviour. "The
whole Kikuyu society" writes Kenyatta, "is
graded by age and the prestige which accompanies a status in age-grouping. . . . It
1 For example, the Chinese method of age reckoning, and its relationship to the western method, is
described by You Poh Seng, "Errors in age reporting
in statistically under-developed countries", Population
Studies, vol. XII, No. 2 (Nov. 1959), pp. 164-182.

determines the different salutations used, the
manners people may adopt in eating certain
foods, the different tasks in homestead or
garden ; it rules habits of dress or demeanour
in the community; and it explains the rights of
different people in judging cases, in exercising
authority in the clan or family, in ceremonial or
religious proceedings." 2
3. Thus, if a person's age grade is known,
together with the date when that age grade
was circumcised and the average age at circumcision, then the person's age, in the western
sense, could clearly be determined with a fair
degree of accuracy. If, in a survey aimed at
determining the age structure of the population,
the enumerators were armed with conversion
tables of this sort, the data collected should
be substantially more accurate than would
normally be obtained by the process of blind
guessing which all too often characterizes such
enquiries.
4. Unfortunately, however, the compilation
of such conversion tables is no easy mattel-,
principally on account of the wide variations
between different localities and peoples. In
East Africa there are some tribes, such as the
Islamic coastal peoples or the Turkana who
inhabit the deserts west of Lake Rudolph, who
do not practise circumcision or any other form
or rite de passage. There are some who circumcise their males but not their females. The
frequency with which the ceremonies are held
varies from tribe to tribe, and there are often
minor variations, both in frequency and in the
nomenclature of the age grades, within the
same tribe. Furthermore the average age at
circumcision tends to vary, not only between
tribes, but also over time, and in recent
decades has generally been getting progressively
younger. Thus, detailed investigations in each
area are needed before the conversion tables
can be constructed. To attempt to compile them
on a nationwide basis for use in a full-scale
2 Jomo Kenyatta, Facing Mount Kenya (London
1953), p. 106. See also H. E. Lambert, Kiklt:JIU Social
and Political Institutions (London, 1956).
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census would be a task beyond the capabilities
of most African census organizations ; and
apart from the work involved in the construction of the tables, in towns and other areas
experiencing labour immigration, where every
tribe in the country is represented, the enumerators would have to be equipped with massive
volumes of the tables. But for small-scale
sample enquiries in rural areas the method
clearly has considerable potentialities.
5. In Kenya, the full census held in 1962
was follovv'ed in 1963 and 1964 by some experimental field surveys in selected areas which
were designed to obtain information on fertility
and mortality. 3 For this purpose, accurate data
on the age distributions of the base populations
were clearly essential. The surveys were
conducted in three areas : in K wale District on
the coast, in the Kikuyu District of N yeri in
3 For a general description of the surveys, see the
writer's "Experiments in vital registration and sample
surveys of births and deaths in Kenya", paper presented to the E.C.A. Seminar on Vital Statistics,
Addis Ababa, December 1964.

Name of age
grade

Kimiiri . .. ' . . . .. . . . . . . ....... ' . ' ' ....
Kibandi .. ,
' ' .. '. ' ' ...... ' .......
Munoti ' ...... . ' ' ...... ' ........
Muthetha. . . . ................. ' ........
Ciringi . . . . . .
...........
Kia.nduma
. ' ............ ' .. ' ........
Ndege . .
.... ' ..... ' ...... ' ........
Githingithia.
.... ' .... ' ............
Ngigi ..... .. . . . . . . . . . . . . .. . .. . . . ' ....
'.'

Year of

the Central Region, and in Bungoma District
in the Western Region. In Kwale the population had no age grade system which could be
converted to western reckoning and other
methods of estimating age had to be used which
need not be discussed here. But in both Nyeri
and Bungoma detailed age grade conversion
tables were drawn up.
6. In both districts the survey was conducted in two areas (sub-locations) which were
selected by random sampling. In Nyeri,
although the two sample areas were only some
25 miles apart, minor variations in the age
grade system were found, so that a separate
conversion table had to be made for each
area. In Bungoma both areas fell within the
Kimilili Division, inhabited by the Bukusu dan
of the Luhya tribe, so that a single conversion
table sufficed for both sub-locations; had the
sample areas fallen in different divisions,
separate tables would probably have had to be
used. A section of one of the Nyeri tables is
shown below by way of illustration.
Appro.vimate date
Age in 1963

of l>irth

ctrcume1~

sion

1919
1920
1922
1924
1925
1926
1927
1928
1929

7. It will be observed that the table is based
on the assumption that boys were normally
circumcised at the age of 17, and girls at 14.
These rules were of course by no means inflexible, but it is to be hoped that no systematic
bias was introduced. The name of the age
grade generally refers to some notable event
distinguishing the year of circumcision: thus,
K ianduma denotes an eclipse of the sun, N dege
the first appearance of an aeroplane in Kenya,
Githingithia an earthquake, and N gigi a plague
of locusts.
8. The Bukusu age grades differ from the
Kikuvu in that the ceremonies are held in
alteniate years rather than every year. Furthermore, they refer to males only; female circumcision (clitoridectomy), although once generally
practised arnong the Bukusu, tended to die out
about the beginning of this century. However,
girls participate in the circumcision ceremonies

Males

1902
1903
1904-1905
1906-1907
1908
1909
1910
1911
1912

Females

1905
1906
1907-1908
1909-1910
1911
1912
1913
1914
1915

Males

61
60
58-59
56-57
55
54
53
52

51

Females

58

57
55-56
53-54
52
51
50
49
4&

in that they dance with the male initiates· such
girls would normally be a year or two yo~nger
than their partners, and although occasionally
a girl might dance at more than one ceremony,
such an occurrence would be rare. Thus in
the survey the women's ages were estimated by
asking the age grade of the men they had
danced with.
9. The age-sex distributions obtained from
the Births and Deaths Survey in Nyeri and
Bungoma Districts are shown in the appendix
to this paper. To what extent, it may be asked,
can these data be regarded as more accurate
than would normally be obtained in a largescale population census? Before attempting to
answer this question, however, it may be as
well to outline briefly the types of errors
normally encountered in African census agedistributions.
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10. As in all developing societies, perhaps excess of females in the 0-4 age group, the
the most immediately obvious errors are those sex ratios rise steeply, reaching a peak in the
resulting from "digital preference"-the marked 10-14 age group, where the excess numbers of
heapings on ages ending on 0 and 5, with males frequently amount to over 20 per cent
subsidiary heapings on ages ending in 2 and 8. they then drop sharply, and relatively large
If the misstatements were confined to rounding excess numbers of females, sometimes as much
of this sort, the graduation of African age as 40 per cent, are recorded in the twenties and
distributions would be a relatively simple early thirties ; a steady rise is then shown,
matter; but unfortunately, more massive and generally culminating in a substantial e.'Ccess of
deep-seated distortions are generally also males after the age of 50, and frequently earlier.
present. These errors may be summarized as Patterns of this kind were revealed, not only
by the 1962 Census of Kenya, but also in the
follows:
(a) A general understatement of ages o£ censuses and sample surveys of Ghana (1960),
>older boys and young men, resulting in an Congo (Leopoldville) (1955-1957), Guinea
inflation of the 10-14 age group, and deficits (1954-1955), Gabon (1960-1961), Senegal
(1960-1961), Togo (1958-1960), and Upper
in the late teens and twenties ;
5
(b) A general overstatement of ages of older Volta (1960-1961). It would appear to be a
feature
common
to
the whole of Tropical
girls and young women; this overstatement
Africa.
results not only in displacements from the
10-14 to the 15-19 age group and from the
12. To return to the Kenya Births and
15-19 to the 20-24 age groups, but also from Deaths Survey, the extent of digital preference
the 20-24 to the 25-29 age group, so that the can readily be measured by "Whipple's
number of women shown as aged 25-29 are Index", 6 and thereby compared with the cor.:
generally of the same order as, and frequently responding data obtained from the 1962 census,
greater than, those shown as aged 20-24;
as shown in table 1.
(c) A general overstatement of ages of
older people, frequently beginning to have effect Farrag, "Reduction of errors in censns populations
in the 'thirties, and more pronounced among for statistically underdeveloped countries", Population
Studies, vol. XII, No. 3 (March 1959), pp. 258-263.
males than among females.
II United Nations, Demographic
Yearbook 1963
11. The effect of these distortions can (United Nations publication, Sales No.; 64.XIII.l),
readily be seen in the trend of the sex ratios table 5.
6 See United Nations, Methods of Appraisal of
with age: 4 beginning generally with a small
For discussions of the use of sex ratios for assessing and adjusting faulty age distributions, see "Accuracy tests for census age distributions tabulated in
five-year and ten-year groups", Population Bulletin,
No. 2 (United Nations publication, Sales No.:
52.XIII.4), pp. 59-79, and N. H. Carrier and A. M.
4

Quality of Basic Data for Population Estimates
(United Nations publications, Sales No.: 56.XIII.2),
pp. 40·41. The index is calculated by "summing the
age returns between 23 and 62 inclusive, and finding
what percentage is born by the sum of the returns
of years ending with 0 and 5 to one fifth of the total
sum".

Table 1. Whipple indices of digital preference
N:yeri

Survey
Census

Females

Males

Females

154.4

147.4
265.9

110.1
161.9

125.1
168.5

265.8

13. The lower indices obtained from the
births and deaths survey show clearly that
there had been less heaping on noughts and
fives than had occurred in the census returns,
although the survey data for Bungoma would
still only be classified as "approximate", and
that for Nyeri as "rough", on the basis of
the United Nations scale. 1 But it does not
T United Nations, Demographic Yearbook 1962
(United Nations publication, Sales No. : 63.XIII.1),

p. 17.

Bungoma

Males

necessarily follow that the more serious errors
of the type outlined above were also reduced.
In this respect it is difficult to make an objective and quantitive assessment, since the trend
in the sex ratios cannot be regarded as a wholly
reliable guide: in the first place, the populations
covered in the survey were relatively small, so
that the sex ratios were liable to substantial
random fluctuations, and secondly, they were
subject to considerable distortions as a result
of migration.
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14. Both Nyeri and Bungoma are densely
populated districts where population pressure
has resulted in net emigration. The information
on birthplace which was collected in the 1962
census showed that, of the total number of
people who had been born in Nyeri, no less
than 26 per cent were enumerated outside the
district: the corresponding proportion for
Bungoma was 8 per cent. The fact that the
births and deaths survey was designed to cover
the de jure as well as the de facto population
will have partially but not wholly mitigated
the influence of migration, since many people
may have left the district permanently, and
would no longer be regarded as being
"normally resident" there. 8 Thus, since men
s This is particularly true of Nyeri District, where
the process of "land consolidation", which was
initiated in the 1950's, resulted in the creation of a
class of completely landless Africans on a scale pre-

tend to migrate more freely than women, an
apparent deficit of males in the middle adult
age groups may in fact represent the true
situation, as well as being partly the result
of age misstatement.
15. If the sex ratios of the de jure population are to be considered, no comparison can
be made with the census data for the districts
concerned, since the census was conducted on
a de facto basis only. However, it is perhaps
worth while comparing the de jure sex ratios
obtained from the survey with those which the
census showed for the African population of the
whole of Kenya, where the net effect of migration can be regarded as negligible. This comparison, using fairly broad age groups in order
to reduce the effect of random fluctuations, is
shown in table 2.
viously unknown, thus precipitating a substantial permanent emigration from the district.

Table 2. Sex ratios (males per 100 females) for de jure population
enumerated in Nyeri and Bungoma Districts in births and deaths
survey, and total African population of Kenya as enumerated in
1962 Kenya Population Census
Birlks antl deaths survey
Age group

0-9 ...........
10-14
15-19
20-29 .......... , . '
30-39
40-49 .......... ' .
SO+ ..........

..

TOTAL

16. The results are moderately encouraging.
The very heavy excess of males in the 10-14
age group .shown by the Kenya census data is
much reduced in both districts in the survey,
and although the Nyeri figures show a 18.7 per
cent excess of males in the 15-19 age group,
this can be explained, in part at least, by the
presence of a large secondary school in one of
the survey areas which had attracted boys in
this age group from other parts of the district. 9
The heavy excess of females in the 20-29 age
group is substantially reduced in Bungoma, and
in N yeri the numbers of males and females are
9 Strictly speaking, these boys should have been
shown on the survey schedules as not normally resident in the area, and would thus have been excluded
from the de jure population. Unfortunately, the survey enumerators failed to do this.

Nyeri

Bungoma

1962 census
Kenya

103.1
103.5
118.7
100.0
77.0
65.3
96.7

95.5
104.3
102.4
84.1
87.0
75.5
106.0

98.4
120.0
104.6
71.6
85.3
105.2
123.6

98.2

94.3

97.7

even. As suggested above, the deficit of males
shown by the survey in the 30-39 and 40-49
age groups may have been partially due to
emigration, and the large excess of males
indicated by the census among persons aged 50
and over is much reduced in the Bungoma
survey, and disappears altogether in Nyeri.
17. Although the survey data are still far
from perfect, we may nevertheless conclude that
the technique of estimating ages which was
adopted produced an appreciably more accurate
age distribution than had previously been
obtained. Thus, the general principle of
equating the western method of age reckoning
with that familiar to the population being
surveyed is clearly worth pursuing and would
be likely fully to repay the effort involved.
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Kenya sample survey of births and deaths, 1964 de jure population
enumerated in Nyeri and Bungoma diBtricts by sex and. five-year
age groups
Nyeri
Afolu

Age g r()tl/1

0-4
S-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44

45-49
50-54
55-59
60-64
6$-69
70+

...... .. . . . . .. .... .
... ... ..... . . . .....
. ..... . .. ..........
. .. .. . . . . ....... . ..
... . .... . ..... .. .
••••••

•

••

0

•

••

•

•

••

••

.. . . . ... . .... ... . ..

...................
...... ... .. ... .....
... . ....... . . . .. . . .
.... . ...... . .......
..... . ......... . ...
.. ........ . . . ... . ..
••••••••

0

•

•

•

•••••

•

•

... ........ ........

Not stated

•••

•

•••••

•

••

••

0

704
499
497
513
303
292
140
118

106
99

129
94
58
67
89

0

TOTAL

3,708

B,.ttgtmta

F.-lu

671

496
480
432
352
243
171
164
164
150
146
55
74
39
138
2

-3,777

Male•

Femalt:

1,307
1,367
1,039

1,379
1,420
996
785

804

527
469
306
327
170
174
132
176
104
65
128

609

576
407

321
228
229

2

206
134
79
70
82
1

7,097

7,522
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The anamnestic method of studying demographic processes

v.

A.

BYSTROVA

[Translated from Russian j
1. The newly independent countries are
faced with a number of problems which require
a thorough study of population and, in particular, of demographic processes. Demographic
data are needed by these countries for economic
development planning. Furthermore, without
some knowledge of the size and structure of
the population and of demographic changes, it
is impossible to take the necessary steps for
the provision of educational, medical and other
facilities. In the countries which have recentlv
freed themselves from colonial dependence and
in which no system for the registration of demographic processes has yet been set up or is
likely to be for some time, the lack of official
demographic statistics can be partly remedied
by means of a special method of research into
demographic processes known as the anamnestic method.
2. This method has been known and used in
various guises in a number of countries. It
was successfully applied in several districts of
the Union of Soviet Socialist Republics as
early as the 1920's and has retained its
scientific and practical importance to the
present day. It is also used for the detailed
study of demographic processes in connexion
with social and economic factors.
3. In view of what has just been said, we
shall attempt in this paper to describe what has
been done in the field of anamnestic investigations in the Union of Soviet Socialist
Republics.
4. In the first years after the Revolution, a
need arose in our country for a thorough study
of the demographic processes which had
occurred in the past among various national
groups living in former colonies of Tsarist
Russia who in the pre-revolutionary period had
been subjected to colonial oppression. In order
to gain some idea of the population dynamics
of these groups both before and after the
Revolution, it was necessary to shed some light
on their natural population movement.
5. The data ordinarily used for the analysis
of demographic processes are those contained

in the current registers of births and deaths.
Because such data for the population of the
former colonies of Tsarist Russia were either
lacking or incomplete, other means had to be
sought to obtain them.
6. Professor G. A. Batkis proposed in 1925
that the anamnestic method should be used
in demography in order to obtain information
on the fertility and mortality of a population in
circumstances where the registration of population data was non-existent or deficient.
7. The term "anamnestic" by which the
method is known refers to the manner in which
data on past events are obtained, i.e., by asking
persons to supply information from memory;
it is derived from the Greek word anamnesis
meaning "recollection".
8. A feature of the anamnestic method of
collecting data is that the informant is supposed
to give the exact date on which the event being
investigated occurred. Thus, in population
inquiries carried out for the purpose of studying
birth rates, female fertility rates and the
survivorship function of children up to the age
of fifteen years, the women are asked to provide
information on births, on their children
throughout the lifetime of the latter, and so on.
They should state not only how many births
there were, how many children died and so on
but should also give the exact dates of these
events. All the particulars are entered on
inquiry cards.
9. The questions on the inquiry card should
be worded in such a way that each event being
investigated can be related to a specific date.
This can be done by establishing the age of the
subject at the time of the event or the number
of years that have elapsed since then or, best of
all, the calendar year in which the event
occurred. Another indispensable condition in
any inquiry conducted according to the
anamnestic method is to determine the ag:e of
the subject at the time of the inquiry.
10. An example of a card that can be used
to obtain information on births and child
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mortality is the "women's inquiry card" that
has been used in a number of anamnestic

surveys carried out in the Union of Soviet
Socialist Republics.

Women's inquiry card
(To be completed in respect of girls and women
aged fifteen years and over)

1. Surname, given name, patronymic .................................. .
2. Ethnic nationality ................................................. .
3. Occupation ....................................................... .
4. Age. . . . . . . . . . . . Year of birth ..................................... .
5. Married (yes, no) ................................................. .
6. Education ........................................................ .
7. Husband's age ................................................... .
8. Husband's occupation ............................................. .
9. Total number of births ............ Number of children alive at the
time of the survey .............................................. .
10. Age at beginning of menstruation ..... Age at end of menstruation .... .
Information concerning births
Case no. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . ................. .
Age of mother at birth of child...................... . ................. .
Date of birth: Year ............. Month ............. Day ............ .
Live-born or still-born ................................................. .
Male or female ........................................................ .
Given name ........................................................... .
Alive at the time of the survey (yes, no) ................................ .
If living, age at the time of the survey : Years. . . . . Months. . . . . Days .... .
If deceased :
Age at time of death: Years ......... Months ......... Days ........ .
Date of death: Year ............ Month ............ Day .......... ..

11. As a means of making it easier to check
the age and date particulars supplied by women
concerning the events being investigated which
occurred in their lives, a special kind of sliderule has been used in some of the surveys with
the aid of which the ages and calendar years
when the events in question occurred can be
compared (A. M. Khamitova). The slide-rule
consists of two graduated scales-an immovable scale divided into years of age from zero
upwards, and a movable scale divided into
calendar years. By matching the year of birth,
if known, with zero on the age scale, or by
matching the age, if known, at the time of the
survey with the year of the survey, it is possible
to make an exact comparison of the age and
the calendar year when the event in question
took place (see diagram) .
12. For a study of the question of marital
fertility, data on age at marriage and age at
the termination of marriage must be collected.
Thus, in a number of surveys the questions on
the "women's inquiry card" intended to elicit
this information were formulated as follows:
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Order of marriage ..................................................... .
Age at marriage: Of respondent .............. Of husband ............. .
Year, month of (de facto) termination of marriage ....................... .
Age of respondent at termination of marriage ........................... .
Separation from husband over long period (more than one year):
Age during period of separation:
At beginning ....... At end ....... At beginning ....... At end.

periods. This division into periods facilitates
the processing of the data.
17. At the processing stage, the primary unit
of the data collected is not a woman but a
year of a woman's life. The population of
women is converted into a population of years.
In this way the scope of the investigation can be
said to be broadened.
18. The conversion of a population of
women into a population of years gives a body
of data similar to that derived from a population census or from current statistics, namely,
an age-specific distribution of women by
individual calendar years.
19. In contrast, however, with the data
derived from a census or from current statistics,
the data provided by an anamnestic survey
relate to a single population observed at
different periods of time.
20. In the analysis of fertility data derived
by the anamnestic method, use is made of agespecific fertility rates obtained by comparing
the number of births with the number of years
lived by women during the period considered.
The particulars entered on the inquiry card
for the age at marriage and the age at the
termination of marriage make it possible to
determine the duration of the marriage period,
i.e., the number of years of married life for
each age.
21. In the investigation of mortality with
the aid of the anamnestic methods, a procedure
known in demographic statistics as the aging
technique is used (see table 1).

13. For the study of adult mortality, use is
also made of the "brothers and sisters" method.
In this case, the adult members of the population are asked to supply the following particulars concerning their brothers and sisters:
date of birth, age at the time of the survey and
date of death. This information is recorded on
a "family inquiry card".
14. Data collected at a given point of time
can also be used for studying the dynamics of
the phenomenon (fertility, mortality, etc.)
being investigated because each respondent supplies information on events that occurred at
different ages of life, and hence in different
calendar years. This makes possible a chronological appraisal of the event being investigated.
15. The collection of data for different years
at one time enables the investigator to analyse
the data in the manner best suited to his needs,
something which is impossible with the ordinary statistical methods. The use of data
derived from current statistics and censuses
ordinarily presents problems when comparisons
must be made because of the lack of uniformity,
differences in terminology and so on between
the different sets of data. These difficulties are
eliminated when data are collected by the
anamnestic method.
16. The anamnestic method differs from
other statistical methods not only as regards
the collection of the information but also and
to a greater extent as regards its processing.
The precise dates of the events in a woman's
lifetime divide her life, as it were, into various

Table 1
Out of 1,000 persons

Age
(1)

0 ...... ..........
1. ...............

2 ................
3 ................
4 ................

Attained
given
age

Transferred
to
following
period

Transferred
from
preceding
period

(2)

(3)

(4)

1,913
1,656
1,416
1,292
1,289

360
283
211
256

224
222
254
148

Attaining given age
Occurrenee
Observati01
of
completed variable
(5)

1,913
1,520
1,355
1,335
1,181

Occurrenee
of
variable

Nonoccurrence
of
variable

(6)

(7)

(8)

257
104
63
46
32

134
68
46
34
27

866
932
954
966
973

Coming under observation

NonOccurrence occurrence
of
of
variable
variable
(9)
(10)

866
807
769
742
724

134
193
231
258
276
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22. The layout of the table makes it a multipurpose table, i.e., it can be used for computing
the age-specific probability not only of death
but also of other events such as marriage,
pregnancy, menses and so on. In the study of
mortality this table makes it possible to compute
the probability of death at a given age (column
7). The probability of death is the ratio of
deaths in a specified (from X to X + 1) age
interval (column 6) to the persons who have
survived this interval, i.e., the persons whose
observation during the period considered was
completed (column 5). In order to determine
the number of persons who survived a specified
age interval, it is necessary to know the total
number of persons who came under observation
at that age (column 2) and the number of
persons who have not yet reached the end of
the age interval (column 3). Column 3 shows
the number of persons who have attained the
given age (X) but have not yet reached the
next age. These persons are therefore not
observed in the period considered and are
transferred to the following period.
23. To obtain the figure in column 5, the .
figure in column 3 must be subtracted from
the figure in column 2. In addition, if the study
of mortality is conducted on a calendar-year
basis, the figure in column 4 must be added to
the difference between column 2 and column 3
in order to obtain the figure in column 5.
24. Column 4 gives the number of persons
whose observation was not completed in the
preceding period because they had not reached
the end of the age interval in that period and
were therefore excluded from the group under
observation.
25. The total number of persons coming
under observation at a given age (column 2)
is determined in the following manner. The
first figure in column 2 ( 1,913) represents the
number of persons born in the period considered ; the following figures in that column
are obtained by computation. Thus, the number
of persons attaining the age of two years is
derived as follows:
1,416

1,656- (360

+ 104) + 224

26. The figures in the remaining columns
(8, 9 and 10) of the table show how many out
of 1,000 persons attained a given age and how
many came under observation.
27. Column 8--probability of survival to
the next age. The figure in this column is
obtained by subtracting the figure in column 7
from 1,000.
28. Columns 9 and 10--these figures represent the attrition per 1,000 persons, i.e., they
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correspond to the figure liJJ (column 9) and to
1,000-l., (column 10) in a life table.
29. With the aid of such a table it is possible
to compute the age-specific probability not only
of death but also of other events : marriage,
pregnancy and so on.
30. Especially important is column 9, which
represents the age-specific attrition in an
original population of persons who have not
experienced the given event. This column is
used to compute the average number of persons
in the given population who survive up to the
occurrence of the event being considered
(average age of women at marriage, etc.).
31. As noted above, an anamnestic survey
makes it possible to study demographic processes retrospectively at various periods of time.
32. This is accomplished by using auxiliary
tables. One such table, which shows the age
distribution of female respondents both at the
time of the inquiry and at the time of the
occurrence of the variable, is known as the
"triple measurement table". This table is constructed according to the principle of the Lexis
diagram. In the vertical direction, it indicates
the age at the time of the inquiry, and in the
horizontal direction the age at the time of the
occurrence of the event. If the figures in a
table of this design are tabulated in three
directions, three different populations will
result, namely: horizontally, a population in
which the given event occurred up to the time
of the inquiry; vertically, a population in
which the event occurred at a specific age; and
diagonally, a population in which the event
occurred during a specific calendar year.
33. A "triple measurement table" thus
makes it possible to isolate the events which
occurred at a specific age or in a specific
calendar year (see table 2).
34. As noted above, the anamnestic method
may also be used in localities where the official
demographic statistics are sufficiently reliable.
In such cases it is useful for making demographic studies under a broader programme
than that provided for in the system of officially
recorded data. In addition, it provides a means
of studying the events in question among
different groups in connexion with social, economic and other factors.
35. Thus, as early as the 1930's an investigation was made to determine how the exercise of an occupation affected the female reproductive function (G. A. Batkis, R. B. Kogan,
F. Y. Shufir). The anamnestic method was
used to determine how fertility was affected by
the employment of women in productive
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Table 2. Distribution of women by age at time of the event being
investigated
Age at time of the event being investigated

Age at time
of suruey

13

14

15

15 ....
16 . . . . . . . . . . .
17 ......

1

18.
19 . . . . . . . . . .

2

20 ....
21.
22.
23. ..
24 ...

1
2
1

1
1
3

5
6

3

6

3

4

7

16

17

3
2
5

2
14

7
14
1
7
8
12

10
12

13
6
11
11

18

10
19

10
20
19

13
9

19

18
23
19

7
13
7

20

21

22

13
10
12
14
14

13
15
13
10

10
14
7

and so forth

activities, by the material and cultural level of
the community and by living conditions.
36. The more important projects. of this
kind include: a survey of fertility and infant
mortality in the USSR carried out in 1934 by
the budgetary statistics authorities (S. G.
Strumilin); a similar fertility survey conducted
in 1959 by the Central Statistical Board of the
Union of Soviet Socialist Republics; and au
exhaustive study of marital fertility in the
families of urban workers carried out by the
N. A. Semashko Institute for Health Organization and the History of Medicine, which comes
under the jurisdiction of the Ministry of
Health of the Union of Soviet Socialist
Republics (N. A. Tauber).
37. An advantage of the anamnestic method
in this case is that it obviates the need for a
control group in order to study the effect of
various factors on demographic processes. The
anamnestic method affords the possibility of
setting up separate populations on the basis of
a particular variable without impairing the
homogeneity of the data.
38. A knowledge of the exact data of
occurrence of all the events under investigation,
including the date of the factor whose influence
is being studied, makes it possible to break down
each respondent's life into two periods: that preceding and that following the occurrence of the
event. The influence of the factor being studied
can then be determined by comparing the level
of the demographic process in each of these
periods.
39. The anamnestic method is ordinarily
used in conjunction with sampling procedures.
A great advantage of this arrangement is that
a sampling survey, because of the smaller body
of data being investigated, can be organized
more efficiently, and this in turn makes it
possible to achieve a higher level of quality in

the information recorded on the statistical
cards. The interviewer can give more time and
attention to each respondent and is better able
to determine the date of occurrence of the
various events.
40. The effectiveness of sampling procedures
depends on the manner in which the sampling
is done and on the number of observations that
are made. The number of observations required
is determined according to the customary
formula n=t?pqj 6 2 , where n is the number of
observations required, 6 is the accuracy of the
sample, t is the confidence crefficient, p is the
sampling fraction and q 1 - p.
41. A drawback of the anamnestic method
is the incompleteness and imprecision of data
obtained on the basis of recollections. A study
of the accuracy of data obtained by the
anamnestic method was made by the author of
this paper by comparing the results of two
surveys carried out in the same areas in
different years (rural areas of Soviet Georgia
in 1940 and 1947). The inquiry cards of both
surveys were used, and the information
obtained in each survey from the same women
was compared. In this way it was possible to
determine the number and the character of the
discrepancies in the replies given by the women
on the occasion of the first and the second
survey.
42. The comparison of the replies showed
that the degree of accuracy was greatest for
the information on the age of children and
lowest for that on the age of the women at th<.>
time of the survey. The accuracy of the replies
also varied with the age of the women ; the
older the woman, the less accurate were the
statements she made.
43. The comparison revealed omissions in
the information supplied by the women regarding children who had died, especially in the
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case of children under the age of one year.
Such omissions, as might be expected, were
especially frequent in relation to events which
had occurred many years before the date of
the survey. Such errors are also possible in
other similar surveys. As a means of smoothing
out the inaccuracies in the age data that are
obtained in anamnestic surveys, it is preferable
to use indicators computed by age groups.
44. In view of the incompleteness of data
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on persons who died many years in the past.
it is advisable to treat such data with caution.
On the other hand, the results of an efficiently
organized anamnestic survey are more accurate
than data from official registers that have not
been properly kept.
45. The anamnestic method has been used
in the Union of Soviet Socialist Republics for
carrying out a number of health and sanitation
studies.

Reconstruction of the trends of population growth in Uruguay
for periods prior to the 1963 census 1
ALBERTO CATALDI

[Translated from Spanish]
BACKGROUND

1. Prior to the Fourth General Population
Census of October, 1963, there were a number of unanswered questions concerning the
size, structure, distribution and other characteristics o£ the populati.on of t~e ~astern .Republic of Uruguay. Thts was mevttable, sm~e
the last population census had been taken m
1908.
2. With the establishment of economic and
social planning agencies, the. need f~r up-todate demographic data and rehable estimates of
future population became apparen.t .. These could
not be obtained by means of traditwnal computations based on the 1908 census and the annual
figures of natural and migratory gr?":th
released by the General Directorate of Stattsttcs
and Censuses. Furthermore, although in recent
times more than one study 2 had been devo~ed
to the determination of the total populat.I~m
and its age and sex structure, such studtes
clearly attempted to be consistent. with ~he
official estimates of the total populat10n, whtch
were the only existing point of reference.
PURPOSE
3. Our aim was to estimate, with a minimal
1 This is ;~ summary of the report submitted ?Y ~he
author to the Advisory Planning Gr:oup (Orgamzatton
of American States, Inter-Amencan. J?evelopme?t
Bank, United Nations Economic ~ommtss!on for La~m
America) at the end of a techmcal asststance mtssion to Uruguay in July-October, 1962. The .report
was published by the Investments !lnd Econon.uc Development Commission in Estud1o Eco.nomzco del
Uruguay, Ana/isis Demogratico (Motevtde?, 1963),
and also by the Latin American Demographic Centre
(Celade) in La Situacion Demograf!ca del .Uruguay
en 1957 y Proyecciones a 1982 (Santiago,. Chtle, 1~64).
2 The following may be cons~lted: Umted Nattc;ms,
The Population of South Amenca, 1950-1980 (Umt~d
Nations publication, Sales No.: 55.XIII.4); S. Garcia
and A. Gaudiano, Algunos Aspectos Demo9_rajicos del
Uruguay (Latin Amer~can De!llographtc Centre,
document B.58/4-5, Santiago, Chtl.e,. 1958) ; A. Cataldi, Determinacion de Ia comoststwn Par_ sexo Y
edad de la poblacion del Uruguay, 1953 (Latm American Demographic Centre, document B.60/1/5, Santiago, Chile, 1961).

margin of error, the size Of the total population and its age and sex structure at a date
close to 1962. These estimates should make it
possible to make projections for the next
twenty-five years of the total population by sex
and age and a few other characteristics useful
for general and regional development planning.
SouRcEs oF

DATA

4. Apart from the continuous statistics of
population movement, which are fairly reliable,
the main source of demographic data was the
1957 National Register of Inhabitants (NRI).
This was, in fact, a census of the total population, showing its main characteristics, but it
failed to achieve its purpose because of the
many irregularities which occurred during the
enumeration stage and which, in the opinion of
those who took part in the operation, may have
led to errors of unsuspected magnitude. All
the NRI material was held by the General
Directorate of Statistics and Censuses, so that
some use could be made of the information
collected in order to obtain yardsticks or indicators of the country's demographic situation.
5. Despite the obvious limitations of the
NRI data, it was decided to use them as a
basis in a new attempt to determine the
essential demographic characteristics. Obviously, to process all the census returns was
out of the question, owing to limitations of
time, funds and staff. It was decided therefore
to take a large enough sample of the. NRI .as
to make estimates for the total populatton, wtth
acceptable sampling errors and at low cost.
After a number of analyses, it was decided to
take a 2.5 per cent sample of the individuals
enumerated in the NRI or, more accurately, of
the total then available as a result of possible
losses of material which were alleged to have
occurred subsequent to the field work. The
selected persons (systematic simple random
sampling) were tabulated according to sex, age,
civil status, nationality, literacy and type of
economic activity. All the pre-analysis stages
from selection to tabulation were carried out
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in two and a half months. For reasons of space
we shall confine our comments solely to the
results obtained for the total population and
the adjustments that were made to reach the
final figures.
ToTAL POPULATION RESULTS IN
SAMPLE

THE

NRI

6. According to the results of a provisional
count taken immediately after the NRI census,
the population of Uruguay in 1957 numbered
2,162,988. To take a 2.5 per cent sample of
the individuals enumerated meant to extract
the returns of 54,074 persons. After the selection was made, only 53,766 individual returns
were obtained. This meant that the total population was 2,150,600 persons instead of the figure
resulting from the provisional count. Although
it was realized that errors might have been
made in the selection stage and that losses of
material might have occurred, the only course
left open was to attribute the difference to
probable errors of arithmetic in the provisional
count, since it was plain that subsequently
other, and certainly more important, defects
would have to be detected and corrected.

7. In its annual computations of total population based on the 1908 census and on natural
and migratory growth, the General Directorate
of Statistics and Censuses gave an estimated
figure of 2,730,000 for the population in 1957.
If the official estimate was correct, the
difference between it and the NRI results
(almost 580,000 persons) would have to be
attributed to errors made in the NRI enumeration and, in relative terms, that was 21 per
cent of the estimated total population. This
could easily have occurred in a country, such
as Uruguay, having no census tradition and in
an operation which had been carried out
without the guidance of specialized technical
bodies. Nevertheless, we proposed to demonstrate--since we already had some inkling of it
-that the NRI error was not as great as
suggested by the first collations and that t~e
official estimates were partly to blame for 1ts
apparent magnitude.
8. The migration figures, computed annually
and taken into account in the population
estimates, were based on the records of persons
entering and leaving the country by the
principal access routes. If it is accepted that
over a period of almost fifty years a figure
showing a positive balance signifies real immigration, the fact should be reflected in the
size of the non-indigenous population resident
in the country.

1965

9. Although both the 1908 census figure and
the figure for deaths in the 1908-1957 period
may contain errors of unknown magnitude in
either direction, it is obviously the figure for
the migration balance which most affects the
results in table 1. Fairly substantial numbers
Table 1. Probable foreign population in 1957,
according to official estimates and the results
obtained from the NRI sample
Foreigners enumerated in the 1908 census.

181,222

Official migration balance, 1908-1957. . . . .

+ 473,703
654,925

Deaths of foreigners, 1908-·1957 .......... . -180,101
Estimated number of foreigners in 1957. . .

484,824

Foreigners enumerated by the NRI in 1957

181,600

Difference

303,224

of migrants have, at least in some periods,
entered the country. This is confirmed by the
1908 census itself, according to which the
foreign population was 18 per cent of the total.
Uruguay is, however, clearly a land with
tourist attractions, and this partly explains why
the numbers of person>. entering and leaving
the country have, at some periods, reached
high levels. A glance at the records of passengers entering and leaving the country between
1908 and 1957 confirmed this fact, but the
discovery of serious discrepancies cast doubt
on the accuracy of these records. The variations
in the data as between years in which nothing
occurred to affect tourism suggests, at first
sight, the presence of errors. For example,
there was a positive balance of 28,000 persons
in 1956, 7,000 in 1957 and 30,000 in 1958. At
the same time, the number of permanent immigrants3 in the year 1956 was only 6,575
persons. 4 It is difficult to account for such
discrepancies unless we entertain the possibility that a large number of the tourists entering the country decided to settle there permanently. Moreover, if the official balance for
the period 1908-1957 were correct it would be
still more difficult to accept that the NRI
should have made an error of such selectiveunder-enumeration as regards nationality, for
if, in principle, the over-all error was of the
order of 21 per cent, 63 per cent of the
foreigners, that is to say three times the. percentage of nationals, would have been omttted.
3 The term is applied to those who enter the country with the authorization of national migratio!li
authorities.
4 United Nations, Demographic Yearbook, 1951
(United Nations publication, Sales No.: 57.XII.Ll).
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10. These considerations, which were largely
speculative, it is true, together with detailed
analyses of the figures which cannot be described in this summary, suggested that the
official estimate was too high by some 300,000
persons (table 1) as a result of erroneous computation of the migration balances. The difference between the NRI and the official
estimate was thereby reduced to 280,000
persons (11.5 per cent), which number was
attributed to errors in the NRI enumeration.
It was important to determine whether that
omission had been selective as regards sex and
age.
RESULT OF THE

NRI

SAMPLE BY SEX AND AGE

11. Popttlation aged 0 to 19 yea:rs. From the
statistics of births for the twenty years preceding the NRI-duly corrected and adjusted to
eliminate the effect of late registrations-and
the annual statistics of deaths by age and sex,
<m estimate of the population under 20 years of
age in 1957 was obtained and collated with the
tabulation of NRI sample by individual ages.
The results revealed an important NRI omission in the 0-4 years age group (14.6 per cent),
a progressive diminution of the error in the
next two groups and a new rise in the 15-19
years age group (7.5 per cent). A comparison
of the NRI results in the 5-14 years age group
with primary school enrolment figures again
confirmed the earlier results. It was, therefore,
decided to take the estimate based on the vital
records as the population aged 0-19 years.
12. Population aged 20 years and over. Unfortunately, no control data were available to
assess the NRI coverage of this great sector
of the population. The principal means of
checking were the central mortality rates
( 5 m.,), computed on the basis of deaths noted
in the three-year period 1956-1958, and the
population figures by five-year age groups
derived from the NRI. The rates were compared with various mortality models prepared
by the United Nations, 5 not so much to see
whether the magnitudes were reasonable as to
study the trend according to age and to detect
irregulariti•~s providing a yardstick by which
to judge the reliability of the NRI in those age
groups. The only significant omissions discovered by this method were in the age range
50 to 64 years, where the rates were considerably in excess of the trend suggested by the
models. The observed rates were then adjusted
to the trends shown in the models. As the
5 United Nations, Methods of estimating population, manual Ill: methods for population projections
by sex and age (United Nations publication, Sales
No.: 56.XIIL3).

number of deaths was left unchanged, this
procedure selectively modified the census totals.
A correction of 11.5 per cent, corresponding
to the probable over-all error in the NRI, was
then applied to all figures.
FINAL RESULT

13. After the results of the NRI sample had
been fully checked and corrected, it was
decided:
(a) To fix the total population figure for
mid-1957 at 2,400,000. This figure was obtained
by subtracting from the official estimate about
300,000, a number included in the annual
statistics through errors in the computation of
the migration balance. To avoid giving a false
impression of accuracy, the result was rounded
off to the nearest hundred thousand;
(b) The age and sex structure of the NRI
sample, adjusted as described in paragraphs 11
and 12 above, was applied to the new total for
the mid-1957 population.
PoPULATION PROJECTIONS

14. By using the "components" method 6
for five-year periods between 1957 and 1982,
projections by sex and age were made in order
to obtain estimates for the year in which the
work was carried out (1962) and subsequent
periods.
15. Mortality assumption. An abbreviated
mortality table for 1957 was constructed, taking
into account the estimated population and the
registered deaths. The expectation of life at
birth for both sexes was found to be about 67
years. Projections of the quinquennial survival
functions ( 5 p.,) were made according to the
method proposed by A. Campbell. 7
16. Natality assztmption. Only one assumption was made concerning fertility, viz., that it
would remain constant throughout the projection period. Specific fertility rates were obtained
from the figures for the estimated female population and the adjusted registered births
classified according to the mother's age. The
gross reproduction rate was found to be 1.34
per thousand and the gross natality rate 22.1
per thousand, both for the year 1957.
CONCLUSION

17. In the light of the results obtained,
undoubtedly the most important conclusion was
6Jbid.
7 A. Campbell, A method of projecting mortality
rates based on post-war internatimtal experience,
United States Bureau of the Census (U.S. Government Printing Office, Series P.91, No. 5, Washington,
D.C., 1958).
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that a substantial deduction had to be made
from the official estimate of the total population, which had been used hitherto without
serious reservations. A 12 per cent reduction
immediately produced significant modifications
in various socio-economic indicators in which
the population figure was used as the denominator.
18. The estimated sex and age structure
merely confirmed a situation which had been
observed in many previous studies, viz., a low
proportion of children under the age of fifteen
(27.7 per cent) and a moderately high percentage of persons aged sixty-five years and
over (6.7 per cent); both phenomena are unparalleled in the Latin American demographic
picture (with the possible exception of Argentina). Furthermore, a significant dent was
again observed in the 15-24 years age group
of the population pyramid; this group includes
the survivors of the generations which were
born between 1933 and 1942. In that decade
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there was a marked decline in absolute births,
probably as a result of world economic events.
AUTHOR'S NOTE

19. The Fourth National Population Census
of Uruguay took place on 16 October 1963.
The total population figure, duly corrected in
accordance with post-enumeration tests, was
2,644,500. The projection for the same date,
made as described in this report, yielded an
estimated total of 2,595,400 persons. The difference (1.9 per cent of the enumerated population) should probably be attributed to the
lack of adequate quality control of the data
taken from the NRI sample and also to probable errors in the assumptions on which the
projections were based. The sex and age struc~
ture, as revealed by the census, is practically
the same as that obtained from the adjusted
figures of the 1957 National Register of Inhabitants, bearing in mind that censuses were
six years apart.

Theory of surveys to estimate total population

W.

EDWARDS DEMING

1. The purpose of this paper is to discuss
some of the statistical problems encountered in
estimating by sampling the total number of a
population, without benefit of a previous census,
and to present a device for this purpose which
may have other uses as well. vVe will speak of
two kinds of situation: (a) the population is
fixed, each person being nominally attached in
some recognizable manner to a fixed location,
such as a dwelling unit; (b) the population is
mobile-here today, somewhere else tomorrow.
Always, in addition to the population that is
fixed, a certain number of people are not
identified with any fixed location; this applies
in countries that have regular modern censuses
as in those that have never taken a census. We
make only brief mention of the fixed population, as it is already treated in books. \Ve
introduce some theory for the moving population, in the hope that knowledge of the theory
will encourage practical application.
2. Sampling to estimate a fixed population
-the area principle: the main difficulties are
about the same for the use of sampling as they
are in conducting a first complete census. The
basic requirement for either a complete census
or a sample of a fixed population is a frame. A
frame is a list of sampling units, the totality of
which covers the population to be counted. For
a fixed population, a good set of maps constitutes an implicit list or frame. Without a
frame, there can be neither a complete census
nor a sample. Without a frame, there would be
no way to allot work to interviewers, nor any
way to know whether or when the work of
taking the census is completed, nor is there any
way to carry out a control.
3. The sampling unit for a census of a fixed
population is most commonly an element of
area. The enumeration district, with clearly
defined boundaries and designed to contain 500
to 1,000 persons, is an example. Enumeration
districts may be of any shape or size-they
may contain a small number of people or a
large number of people. There is of course
preference for uniformity in so far as the
enumeration district is the work load for one
enumerator, and in so far as it is a sampling unit

and

NATHAN K.EYFITZ

from which an estimate of the total number
of inhabitants is to he made. Pre-existing welldefined and well-established administrative
units, or city blocks, may be used. We also
call attention to an instance of square areas,
3 km. by 3 km. marked off by points designated
as their corners, and conspicuous enough so
that the enumerator might know whether he is
inside the designated sample area. 1
4. Area samples may become complex as
their designers strive for efficiency, to achieve
a desired precision at minimum cost. They
employ stratification, ratio-estimates, regression, multiple stages, composite estimates, and
a host of other ingenious devices. But underneath all of these remains the fundamental
principle of the simple random sample : that
out of N areal or other units defined in the
population n are chosen at random for enumeration. In a large-scale sample-survey, prepared
in stages, it is necessary to delineate only a
fraction of the N units, but there are still N
units in total, in hundreds of strata. Every acre
in the territory has a chance of n/N of inclusion, likewise every household, every store, and
every individual resident has a probability nj N.
5. As the probability of selection is njN, it
is possible to estimate the total number of
people in the frame merely by multiplying the
number of people in the sample by N / n ; and
similarly to estimate the total number of houses
in the frame by multiplying the number of
houses in the sample by N jn; and similarly to
estimate the total number of acres, households,
stores, or individuals. The raising factor N/n
is simply the reciprocal of the probability of
selection.
6. Point sampling: we come now to a type
of sampling in which the factor N jn is not
built into the design, but must be estimated.
Consider a situation where the population is
mobile, not attached to any areal unit. Area
sampling could still be used if the people would
stay in one place long enough to be counted on
a sample of areas. In the circumstances that
1 J. F. Holleman, Experiment in Swaziland, Swaziland Sample Survey 1960 (Institute for Social Research, University of Natal).
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there are no maps, or that the people are too
mobile, area sampling is impossible. Here we
are driven to a sample of points, and it is
necessary to seek an entirely different basis of
design and estimation than we have just described.
7. Sampling to estimate a mobile population
from a set of points : the sample of points takes
advantage of the mobility of the population.
The more people are moving, and the more
rapidly they are moving, the more efficient the
point sample will be. It turns an obstacle into
an advantage. Suppose indeed that people are
in motion in such fashion that they all have
the same chance of passing every point. The
first step would be to place enumerators at a
number of random points; they might be put
down by helicopter or make their way on foot.
The techniques for ensuring randomness would
be the same as in crop cutting. The enumerators would remain at their stations for a given
period of time-say a day or a week. Suppose
that they encounter n 1 persons in total, and
that to each one, they give a card or a button
to show that he has been enumerated. This
enumeration would constitute the first round.
8. The enumerators would then be allotted
to a second set of random points in the same
territory, and they would again enumerate all
persons that they encounter, establishing,
among other items on the questionnaire,
whether the person has been enumerated before. Suppose that on this second round they
enumerate n2 persons in total, including n1 2
persons that had been enumerated before. The
three numbers, n1, 1t2, and n12, provide an
estimate n1n2jn12 of the population of the
territory, along with an estimate of its variance.
In fact, n2jn1 2 is the raising factor by which
we multiply n1, just as we ·would use the multiplier N jn in areal sampling.
9. Point sampling with three rounds: for
three rounds we should need the additional
notation:
1~3

the number of inhabitants enumerated at all
posts at the third round

11 23

the number of inhabitants enumerated in the
third round that were also picked up in the
second round

n 123 the number of inhabitants enumerated on all
three rounds.

Let N be the (unknown) number of mobile
inhabitants in the territory. Then the following
estimates of N are available. The estimate N in
eq. (vi) combines all the information from the
three rounds.

N12
N1a

(i)

nl2

n1n8
=-n13

(ii)
(iii)

N2s

1123
n2n23

N2a1
N1s2

nln2

n2(n1/n12)

1965

(iv)

n123

=

(v)
nl23

nln2 +'~Ina
n12

+

n13

+ n2n3 + nlt!ls + 1!2n23
+ ~3 + n123 + 11 123

(vi)

The uncertainty attributable to accidental
independent variations, including sampling,
could be ascertained by analysis of the variance
in these quantities between individual points or
by short-cut methods similar to those that have
been developed for area sampling.
10. Hypothetical example of point sampling:
in order to see how the calculations work out
in practice, suppose that there is a migratory
population of about 100,000 persons, and
suppose that enough points be chosen for the
point sample so that about 5 per cent or 5,000
persons would be included in the first round.
On the second round an expected 5,000 would
again be included, of whom about 250 would
be repeats from the first round. On the third
round, there would be 5,000 in all, including
250 repeats from the second and 12 from the
first. In terms of the first two rounds of the
preceding model, the expected values are
n1 = 5,000, n-J = 5,000, n 12 = 250. Substituting
these expected values in eq. (i) gives
N 12 = n 1n2 jn.12

=

5,000 X 5,000/250 = 100,000.

On binomial probabilities, the crefficient of
variation of the estimate of N would be about
9 per cent. An area sample that contains 10,000
persons (equal to n1 + n2 ) would do better
than this point sample if it were arranged in
efficient clusters.
11. Sketch of derivation of formulae: a
rough estimate of the standard error in the
estimate of N could be obtained from three
rounds by comparing N 12, N 1a, N 23· A modicum of effort in design would provide replication, by which, in each round, there would be
two or preferably three to ten replications.
Each pair of replicates provides an estimate of
the standard error, by formulas that are well
known.
12. In order to gain some insight into the
formulas that might be expected under one
set of possible circumstances, suppose that
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binomial probabilities apply, which is to say
that every person in the mobile population has
the chance p of being enumerated in any round.
Then for the first round, the chance of encountering exactly n 1 persons would be

~)

(

or
qN-n1

11

1)

n1 2

among the

n1

is

qn, -n,. pn12 .

If these three probabilites are independent, the
likelihood of the sample consisting in all of
n1 + nz
n1 + (nz
n12) + n12 persons is
the product of the three separate probabilities.
13. We now take the logarithm of the likelihood, but put it into a more tractable form by
replacing all factorials by the Stirling approximation, in which N! is proportional to
NN+lhjeN, and hence ln N! = K + (N + ~)
InN- N. As we have no interest in the likelihood itself, but only in its derivatives with
respect toN and p, we need not concern ourselves with terms not involving these variables.
Hence the logarithm of the likelihood, ln L, is
K

+

(N

+ !) ln N (N - a 1 - n 2
n1
n2 + n12 ) + (2N
ln q + (11 1 + n2 ) ln p.
(vii)

ln (N
n2 )

The derivative of ln L with regard to N and
to p when equated to zero gives

aln L

=

ln N -

ln(N -

n1

2ln q

0

a lnL

aq

q

(viii)

0

(ix)

terms in 1/N being omitted. It follows from
eq. (viii) that
q2

1-

(x)

and from eq. (ix) that
p
q

l(~>1

+

Ill

+

nz

lt12

N
nz)2

(xiii)

41112

The maximum likelihood estimate of N, which
we designate f\r, is thus the square of the total
of the sample in the two rounds divided by four
times the common portion,

+

n2)2

4nl2

and of p is

P=

( 1112

+

+ n2 J2

2N

(nl

The chance of encountering

n 12
- a1

1!1

lt

pn2- n, .

N -nl )
( nz-n12

+

[•

P"1.

For the second round, the chance of encountering n 2 - 11!2 persons among the N - n1 who
had not been enumerated before is

ln L =

Substitution of p from eq. (xii) into eq. (x)
gives

(xi)

or
(xii)

The relative merits of eq. (xiii) and eq. (1)
depend on the degree to which the binomial
conditions are fulfilled.
14. Point sampling as a residual method: if
one were in possession of a good frame for an
area sample, he would use point sampling only
for that portion of the population that is mobile
and elusive. In many circumstances, one would
combine the two methods. In fact, they are
combined in the United States census, which
can be thought of in principle as a 100 per
cent sample of areas, plus a 100 per cent
sample of points for the transient population.
The area sample consists in the division of the
territory of the entire country into enumeration districts which are assigned one to each
enumerator who is instructed to cover it solidly
in respect of all residents. The point sample
is enumerated on a single night, called T-night;
enumerators are stationed in the lobbies of
known hotels, flophouses, and other points
which transients pass. In the United States the
mobile population is a small enough proportion
of the whole that it ordinarily is dealt with as
a residual in censuses and disregarded in
sample.
15. Combination of a sample of areas and a
sample of points. The combination of area and
point sampling would require an initial division of the whole territory (say of a country)
into suitable areas and the usual random
selection from these, perhaps at several stages.
In each one of the areas an enumerator takes
his post and counts the people that reside in or
pass through the area over a s~ated per_iod of
time. These areas would be sttuated m the
various geographic zones in the country whose
population is to be counted, and where the
enumerators happened to be located at any
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moment as they go their rounds would
constitute random points. The persons found
within the sample areas during the time of
enumeration would be treated differently according as they are (a) fixed residents of the
area; or (b) transients encountered by the
enumerator as he makes his rounds.
16. The enumeration at a sample of points
must be repeated another day to make at least
two rounds. The procedure in round 1 is to
enumerate (in addition to the regular inhabitants of the designated areas) those that
happen to be passing through, and to provide,
in some manner, each person enumerated as a
transient with identification so that he can be
recognized if he is picked up in the second
round, or in the third round.

17. Theory needed for the combined sample:
although the theory of area sampling is now
expounded in books, and there is also a considerable literature on point-sampling, combination of the two has so far, to our knowledge,
not been suggested. The advantage of the combination is not in the reduction of variance so
much as in cancellation of biases. The area
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sample gives too small a chance of inclusion to
persons that are mobile, while tl1e sample of
points gives to any person a probability of
inclusion proportional to his movement. The
combination suggested in the preceding section, by which the enumerator counts not
only people resident in selected areas, but
also outsiders that happen to be in his area
while he is on his rounds, might be designed
to give approximately equal probabilities to all.
Any combination of probabilities would serve
the purpose, if the probabilities could be
evaluated. The present paper may thus be of
interest even in countries that have highly
developed census methods for the stable population, but which place less emphasis, with
possible bias from undercount, on mobile
elements.
18. The drawback that point sampling
suffers from is tl1e need to include a sufficient
proportion of the population in each of two or
more rounds. Point sampling is to be used
only in cases where area sampling alone is
impracticable. As there is a mobile population
in every country, point sampling offers a
general contribution to statistical method.

The Indian programme for improving basic registration

s.

P.

1. India has nearly a century-old system of
registration of births and deaths but it is far
from satisfactory at the present time. Arrangements which worked not too badly under the
simpler living conditions of the early days got
dislocated during the Second World War
period of abnormal activity. This was followed
by administrative changes and rapid expansion
of governmental activities in various directions
on the country attaining independence in 1947.
Registration work was relegated to a place of
secondary importance. The problems of national
development were so many and so glaring
that in the formulation of the first two Fiveyear Plans the obvious got all the attention and
the study of population, which is basic to any
kind of planning, did not receive the consideration it deserved. Some studies carried out after
the 1951 census made it pretty clear that the
country was experiencing a distinctly higher
growth rate of 2 per cent per annum instead of
the placid 1.3 per cent, round which the rate
had kept during the preceding three decades.
This unexpected increase drew attention to the
population problem and the need to keep a
finger on the pulse of population growth. N aturally, eyes were turned on improving the current
system of basic registration in addition to
exploring the possibilities of the non-traditional methods, such as sample surveys and
sample registration, which are expected to give
quick results and serve the immediate purpose,
and the need of the individuals for authentic
proof of occurrence of a birth or death and of
age, nationality and parentage in the case of
every person born. Further, individual events
are the focal points for starting personal
services, such as care of the child and the
mother, hygiene and prophylactic services and
family planning. Although these uses do not
have much force in the present setting, they
are likely to gain importance under the complexities of modern life. However, to set up an
efficient system of registration is a long and
slow process. If, as seems to be the case, there
is a strong likelihood of greater demand in the
near future for individual registration records,
it is necessary to make a start now.
2. The considerations mentioned m the
preceding paragraph paved the way for the
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acceptance by the Government of India of a
programme of improving basic registration over
a period of five years commencing from 1964
at an estimated cost of 31 million rupees. The
programme does not go far enough. It attempts
at tackling mainly the problem of strengthening
the existing superstructure. It is expected that
the successful implementation of the programme
should lead to very substantial improvements.
Even admitting that it may not succeed in the
establishment of an acceptably efficient system
of registration, it will at least reveal the directions in which further efforts need to be made.
In that case, the present programme will form
the first but important phase in the attempt to
put up a good system of registration throughout
the country. This may appear to some to be a
truncated approach. To appreciate the reasons
which led to this course, it is necessary to
review certain basic factors, which have a
bearing on the registration system. It seems
very likely that most of the developing countries, which are similarly situated in the matter
of registration, may find that they have much in
common in the matter.
3. India has limited resources and considering other calls on them any acceptable scheme
of improvement of registration has to work
under the rigours of utmost economy. To set
up an independent machinery for registration
is practically out of the question, because of the
resources required without any visible commensurate return. Nor does the workload
justify an independent field agency. The country has 565,000 villages with a significant
concentration of small-sized ones, as is shown
by the following figures :
Number
Population
size

Less than 200..............
200-499 . . . . . . . . . . . . . . . . .
500-999 . . . . . . . . . . . . . . . . .
1,000-1,999 . . . . . . . . . . . . . . . .
2,000-4,999 . . . . . . . . . . . . . . . .
5,000 and above. . . . . . . . . . . .

of

Their
popula-

villages
per cent

per cent

31.2
30.7
21.1
11.6
4.7
0.7

4.9
16.0
23.3
24.9
21,3
9.6

100.0

100.0

tion

The above shows that 83 per cent of the villages
accounting for 44 per cent of the rural popula-
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tion have less than 1,000 persons each, who will
register much less than 120 events in a year.
A full-time person to register births and deaths
located in each village is a luxury. The practical
alternatives, therefore, are either (a) to have
a registrar located at a central village with
jurisdiction extended over a substantial number of surrounding villages in order that he
may have an adequate workload; or (b) to
utilize the services of the available staff of a
local authority on a part-time basis. The choice
depends on several other factors.
4. Villages generally have appreciable distances between them. Transport and communication between them is not adequately
developed. Travelling time and poor facilities
of transport are major hurdles to the registrars'
covering neighbouring villages from a central
place. The incentives to report events of births
and deaths to the registrar are weak. The
general population is illiterate and ignorant and
has little use for a birth or death certificate.
Apart from the fear of penal provisions, which
are rarely imposed, there is little incentive for
registering a birth or death. Registration
certificate is not the only admissible evidence
of the occurrence of the event or proof of age
or identity-alternatives are freely accepted.
Statistical uses of registration data have not
been able to assert themselves effectively and
the non-availability of reliable statistics is
usually accepted as something to be endured.
Registration is not linked with the rendering of per~onal public services. PO?r _it;centives result m bad data, and bad data mhtbtt
development of incentives. For instance, it is
difficult to insist on production of birth or death
certificate without causing harassment to the
public, unless registration facilities are adequate
and the maintenance of records satisfactory to
ensure that a certificate can be had when
wanted. In certain areas, e.g. Goa, where production of a registration certificate on different
occasions in insisted upon, relaxation of the
provision by regular notifications is common,
since a good number of events are not registered. This has brought the law into contempt
without much helping the cause of registration.
5. A dose study of the registration system
in the advanced countries shows that efficiency
of registration is directly connected with the
spread of medical and public health facilities
and the integration of the use of birth and death
certificates in the civic needs of the population.
Areas where these two factors are weak, do
not have satisfactory registration. However, the
reluctance of the medical profession to get
involved in registration work is common. It
is more prominently in evidence in a country
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like India, where inadequacy of medical and
public health personnel-even in areas where
they are in position-gives the profession some
sort of justification to its indifference to the
requirements of registration. Much needs to be
done in India to get hospitals to extend their
effective assistance in registration. However.
in the country hospital services are inadequate
and hy themselves cannot ensure completeness
of registration. Bulk of the births are delivered
at home. Even in the capital city of Delhi only
65 per cent of deliveries occur in institutions.
The system of home delivery is common in the
country. A sizable proportion of births in the
rural areas are delivered by relatives and not
by professional midwives. Even the midwives
are not registered and most of them are not
trained. Hence, it is not practical to track all
of them to ensure registration of births.
delivered by them.
6. Regarding deaths there is the possibility
of making use of the attendant at places of
disposal of dead bodies to give information
about the dead. For this approach to be effective requires regulation of the disposal arrangements and setting up of machinery for the
regular collection of notifications from such
persons. In certain areas and communities, the
practice in the country is to throw young ones
in a running stream or to bury a very young
infant in the home courtyard or even in the
room where she was delivered. Even places of
disposal of dead bodies are not demarcated.
Public health laws require control of these malpractices but enforcement is ineffective. There
is no system of burial permit. It is doubtful if
the Government will introduce it for the
present.

7. There are few instances in which community life is regulated by Government. Theneed to maintain a register of citizens has been
felt in connexion with certain activities, like
rationing of foodstuffs, electoral lists, malaria
eradication programmes and panchayat (village
administration) organization, but only disjointed ad hoc measures have been taken to tide·
over the immediate problems. No long range
integrated scheme has been adopted. A register
of citizens was prepared from the census records.
of 1951 but it did not work out successfully.
Panchayat rules provide for the maintenance
of a list of residents of the areas under its
jurisdiction, but the inability to
it up
to date has made it almost a useless record. It
cannot be denied that the maintenance of a
register of citizens will go a long way in.
ensuring completeness of birth and death registration.
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8. It is clear that any scheme of improvement has to take into account the situation
stated above. In view of the enormity of the
problems, the main emphasis for the present
has to be on netting every birth and death. The
problem of ensuring correctness of registration
particulars, which in the present circumstances
have to be simple, can be tackled by insisting
on the particulars being verified from the
household concerned.
9. From the foregoing account, it is evident
that for completeness of registration a local
registrar cannot wholly depend on household
or the institutional reporting. This is an important difference in the duties of a local registrar
from those in countries where registration is
complete. There he has to record the events
faithfully as reported to him. But in a country
like India, he must take steps to get information of every birth and death to ensure that
unregistered events are duly registered. In
other words, he has to develop a svstem of
notifiers from amongst those who "come to
know of a birth or death in the performance of
their own specific duties or because of the social
position they occupy in the community. Notifications will give the addresses where birth or
death occurred and thus enable detection of
events which are not registered by the household. Registration particulars will still be
furnished by the household. Potentialities of
developing agencies of notifiers vary from area
to area so greatly that it is difficult to lay down
any cut and dried formula; much depends on
the local initiative. In fact, one of the major
tasks of the local supervising agency would be
to guide the local registrar as to the steps he
should take to ensure completeness of r · ration. In the municipal areas, it is possi
to
use as notifiers the agencies of midwives,
domestic sweepers and attendants at places of
disposal of dead bodies, and arrangements can
be made for collection of the information and
passing on to the registrar. In other areas, such
services are not available and the registrar will
himself have to contact the notifiers. It may
have been true in the earlier days that in villages everybody knew everybody and hence
anybody could furnish information about the
occurrence of a birth or a death in the village,
which, being unusual events, automatically
attracted attention. The present experience is
that even in villages these conditions do not
obtain, and particular types of persons have to
be tapped for the purpose. The village indigenous midwife and other persons socially
integrated in the village life are useful in this
connexion.
10. In the previous times, the village watch-
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man or the petty revenue official was easily
able to gather such information and report
weekly or fortnightly or monthly to the subdivisional headquarters police or revenue post.
But these agencies are now disappearing or
are at least finding it difficult to attend to
registration work properly. They are yielding
place to the panchayat organization, which is a
sort of local administration by the village
representatives. In theory, it is logically the
right agency for registration work Each
panchayat has a paid, educated secretary. His
jurisdiction may vary from one village to as
many as eight to ten villages. He has to visit
each village regularly and his activities have an
intimate impact on the village life. He has to
keep in touch with the more important elements
in each village and can, without much extra
effort, get information on births and deaths
while he is going about his other normal duties.
However, the snag is that as at present the
administrative control on the secretary is not
effective enough to ensure disciplined work,
such as was possible under watchman-reporting
in the old days. The alternative of having a
full-time registrar for a compact number of
villages is unlikely to yield good results, besides
being expensive. A more intimate integration
of the registrar into the social life of the
village is necessary than would be possible for
an outside, visiting registrar. An appropriate
arrangement is to have a locally resident registrar in each village, but, if that be impracticable, to have one who would cover a small number of villages and who would function almost
as a local person in each one of them. It appears
preferable to make the local administration
responsible for registration and to utilize the
part-time services of the locally available staff
for registration work However, this poses the
important problem of local supervision, public
education and training of registrars in guiding
them as to how they should go about their job.
The superstructural arrangements are built on
this foundation.
11. The first stage in the edifice is the distr~ct organization under a district registrar to
stimulate and develop good registration in the
villages. The district health officer has a network of field staff spread over the district and
has a direct interest in good registration
statistics. His offices are proposed to be utilized
for improving registration. He is to be an exofficio district registrar. The countrv has about
350 districts, which means that on the average
each district has about 1,500 villages with a
little over a million persons to handle. The
function of the district registrar is to ensure
timely submission of a monthly abstract of regi-
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stration entries by the registrars, to organize
inspection of registration work including spot
checking of the completeness of registration, to
conduct training of the registrars, to give
guidance in regard to registration practices
and procedures for ensuring completeness of
registration and to organize public education in
regard to the requirement of registering births
and deaths. One of the present maladies is the
non-submission of periodical returns by the
local registrars. Careful studies carried out in
somewhat better registration states show that
20 to 25 per cent of the returns do not reach
the state office, and others are sent quite late.
Only a few returns are received in time. It has
been found that regularity in the submission
of returns inculcates better attention to registration work, which would improve the data
quantitatively and qualitatively. Another responsibility of the district registration office is to
organize inspection and on-the-spot checking
of registration work. This is an important
measure in the scheme
ement, as the
local registrar is apt to fall to negligence if
there is no local inspection. The peripatetic staff
of various bodies like the health department, the
state statistical bureau and the community
development department is to be utilized for
carrying out inspection 011 a systematic plan
of local visits.
12. For organizing the above activities only
a small staff, say a couple of assistants, is
provided to the district registrar. The field
work is to be carried out by the available field
staff of public health and medical departments
and other agencies. The district registrar's
office is mainly to act as a liaison agency between the local registrars and the state office and
as a watchdog to ensure that the programme
outlined by the officials at the state and the
district is actually carried out by the field staff
of the different departments. The system of
inspections, notifiers and cross-checking will
give information on the efficiency of registration, on the basis of which the district registrar
is to take toning action with the help of the
appropriate authorities. In the initial stages, it
may mean launching of systematic drives to
promote good registration. A distinct role is
to be played by the field staff of departments
like health and community development in
conducting propaganda for registration by the
usual audiovisual means in fairs and festivals
and public gatherings. This approach, of
utilizing the good offices of the available network of other departments part-time, is dictated
by considerations of cost and workload. An
exclusive staff for registration only would be
prohibitively expensive.
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13. Only 17 per cent of Indian population
lives in areas classified as urban, but of this
just a small proportion have municipal committees with a well-spread field force of vaccinators
and sanitary staff and a distinct health department for each town. A different approach is
possible in the case of such towns, as they
have hospitals, private medical practitioners,
midwives and defined places of disposal of dead
bodies. By regulating their role in registration
substantial improvements can be made. It seems
possible to secure good registration by enforcing household reporting supported by a
notifier system to detect unregistered events.
For this purpose it is found essential to
strengthen the statistical unit at the town office
for administering the registration byelaws and
procedures. Co-operation of the public is to be
sought not only by educational propaganda
but also by creating incentives through institution of measures like production of a birth
certificate on school admission and other contingencies, and of a death certificate for proof of
death. Efforts are to be concentrated on getting
reliable cause of death statistics by enforcing
medical certification of cause of death and
their separate tabulation. Inasmuch as vital
statistics are of operational interest to the health
department, municipalities are to be encouraged to compile their registration data, provided
necessary facilities are available. On considerations of cost, a phased programme of
covering municipalities of different-size groups
has been chalked out, the bigger ones-where
comparatively smaller assistance is neededbeing taken up first In fact, throughout, the
programme visualizes development of a rapidly
widening area of good registration on a phased
basis.
14. It is evident that a programme of the
type outlined above, which banks on utilization
of a part-time staff of various departments,
requires a strong unit at the state office to
control and develop registration in the state.
Great importance is attached to the setting up
of such a unit and the staff at various levels of
clerks, assistants and officers is suitably reinforced. The officer-in-charge of the unit is to
have a sufficiently high status with a wide outlook so that he may be able to elicit co-operation of other departments and organize an
efficient working system.
15. Further, mechanical tabulation unit is
an important instrument in the scheme of
improvement. Vital statistics will be compiled at
the state office from abstracts of registration
entries. Not only will it avoid errors that creep
in at the different stages of flow due to lack
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of scrutiny of data and in different compilation,
but also it will facilitate detection of areas of
deficient registration and those not submitting
returns, so that remedial action may be taken.
It will be easy to prepare as a by-product an
efficient index of births and deaths registered
from the punched cards. Such an index will
make tracing of events a simple matter. This
should stimulate use of birth and death certificates and hence encourage good registration.
It will also be possible to undertake analytical
studies for finding out the typical characteristics
of events, which are not reported. Special units
for registration, promotion and operational
research in data collection are being set up by
the central Government. A separate action
research fund to give financial assistance to
local registration authorities in the initial
implementation of new registration procedures
and practices has been set up. The reinforced
state unit is expected to play the dynamic role
in developing good registration.
16. Sample surveys and sample registration
to serve the immediate need of data to indicate
trends in vital rates have already been mentioned. Efforts are to be made in another
direction also to collect reliable vital statistics
for certain areas by tapping the potentialities
of rural health centres. These centres have a
network of peripatetic staff for rendering public
health and medical services. The family
planning organization also is putting in its
field force. It is also interested in good national
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vital statistics for evaluating results, tracking
trends and operational purposes. A scheme has
been outlined for collecting information on
births and deaths through the agency of such
staff. The data so collected will serve as a
check on normal registration, which is proposed
to be kept distinct. The health centres are
preoccupied with their specific health activities.
Special attention is being paid to the collection
of cause-of-death data through the para-medical
personnel. The staff would contact the household and collect information on the circumstances of death so as to fix the cause according
to a non-medical list. A pilot study has shown
that it is practicable to collect data, which
should be quite useful to public health and
medical workers for organizing their activities.
If they will not give a precise cause in many
cases, they would still serve the useful purpose
of indicating areas, which should be studied
more closely by investigating individual cases.
17. The programme is further supported
by the enactment of a Central Registration Act,
which blinds the registration staff in a single
hierarchy vesting the central Government with
adequate powers to direct states to take steps
to develop a good system of registration. So
far the states and quite often local areas have
their own laws and rules. The Central Act aims
to bring all these areas and states with diverse
rules and regulations under one enactment, so
as to ensure a minimum standard for all.

Criteria for ·rdata adjustment
NATHAN KEYFITZ

and E.

1. For many countries, states, cities, and
other territories, we have information regarding
(a) population by age and sex; (b) births;
(c) deaths ; and (d) migration, at a number
of points of time, this information being either
incomplete or self-contradictory or both. From
the viewpoint of such basic demographic data,
countries may be ranged in a continuum from
Sweden, where items (a), (b), (c) and (d) are
available with considerable apparent accuracy
at five-year intervals since at least 1780,
through France, Britain, the United States and
India, in which the period covered by official
data is shorter, but nonetheless considerable,
down to countries which have one or two
recent censuses and nothing else. An attempt
will be made in this paper to set up a framework in which the problem of extracting a
consistent and realistic numerical description
of demographic evolution of a country may
be discussed. The object is to provide a view
of the choices to be made, since even in a realm
in which arbitrariness is inevitable, decisions
are likely to be better when they are made
explicitly, and with alternatives in mind.
2. Consider a workmanlike procedure, of a
kind which furnishes the inspiration for any
more systematic plan. With a set of more or
less accurate censuses, plus the assumption that
over-enumeration in censuses is rare and underenumeration common, plus some guesses at
the expectation of life or other index of
mortality as it changes over the period covered
by the censuses, plus some statistics or guesses
at the amount of net immigration and its
incidence by age and sex, one can do a great
deal. Referring for concreteness to Swedish
data, on which we have done some computation,
the first step would seem to be interpolation to
a standard set of five-year age groups. The
result of this is such statements as that there
were 97,267 males 15-19 in 1780, and 91,167
males 20-24 in 1785. The probability of surviving five years, 5 L2o/5L15, is given by the life
table we calculate from 1780 deaths and population to be 0.96991, and from 1785 deaths
and population, to be 0.95419. We could average these two survivorship ratios, obtaining
0.96205, multiply this by the 97,267 males 15-19
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in 1780, to obtain 93,576, an excess of 2,409
over the 91,167 males 20-24 supposed to be
counted in 1785. There would have been a
gain in precision by using a life table based
on all the deaths between the two censuses, or
a simple subtraction of the actual deaths
recorded at the relevant ages between, without
the need for making a life table. If, on the
one hand, no death statistics had been available, we could have made a guess at the
expectation of life (actually 32.91 years for
males in 1785 on our calculation), and then
used a model life table with the guessed eo . If,
on the other hand, the recorded emigration
were taken into account we would have a closed
set of data, and could have used the relationship existing in the closed set to obtain one
degree of freedom for estimating errors.
3. But all this is pressing the data very hard.
For these figures bear on (a) the completeness
of the two censuses in question ; (b) the accuracy of the life tables ; as well as (c) the
accuracy of the emigration statistics. There is
a minimum of four different facts or unknowns
to be inferred in respect to this particular
cohort and only one equation from which to
infer them. The system is indeterminate in
this statement, and no technique can be devised
for dealing with it that does not incorporate
some assumptions. Either we must obtain
further equations to include in our model,
without correspondingly increasing the number
of parameters to be inferred ; or alternatively
we must somehow reduce the number of unknown parameters assumed to be aating down
to the number of (independent) equations from
which we attempt to infer them.
4. It is not difficuJt to reduce the number
of unknowns. Indeed, all one needs to do is
to assume that the two censuses are complete
and the life table is appropriate, and immediately one has net emigration of 2,409,
which may be used to assess the recorded net
emigration. Or if one assumes the recorded net
migration and the two censuses, the survivorship rate is available. To put the matter in
general terms, any set of assumptions which
sufficiently restrict certain of the parameters
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will permit solution of the equations, so that
the remaining parameters can be ascertained.
Far from being insoluble, the problem has
many solutions, and our work is to find which
is the least unsatisfactory.·
5. The general principle is to make assumptions which are as weak as possible. It seems
weaker, for instance, to assume that birth rates
for a given year are equally understated for
the several ages of mother than to assume that
they are all correct. It seems fairly weak to
assume that a linear trend will describe
completeness of death registration, subject to
random errors, the slope of the trend line and
the variance of departures from it to be ascertained from the data. If we are inferring numbers of births in a given cohort, say that of
1770-1775 for Sweden, by working back from
censuses, then it seems weaker to assume the
1775-1780 life table value of l 0 foL 5 and the
number of persons 5-9 in 1780 than to assume
the 1850 census number 80-84 and the validity
of the 1775-1780 lo/5Lso.
6. A presentation which makes the possible
choices explicit is most compact in matrix
terms. 1 Our matrices will be assumed to operate on vectors consisting of standard five-year
age groups--0-4, S-9, ... , 40-45. {K,} is the
vertical vector showing numbers in the nine age
groups for one sex. If the projection matrix M
may be considered as a sum of S which contains the survivorship factors and B which
provides for births, the only non-zero elements
of S are in the sub-diagonal, and of B are in
the top row. We think of the movement of the
population from one date to the next as
produced by a premultiplication by the operator
M = S + B:
M{K1780 }

=

(S

+ B){K1780 } =

{/<1785 } (i)

where simple {K} indicates the recorded
statistics for the specified date, and {cK} the
calculated.. vVe can compare {cK1785 } with
(Kus5}, and out of such comparisons derive
information which can be fed back into the
programme to secure better--or at least more
consistent-results. In this presentation all
formulre relate to one sex at a time.
7. The vector difference {K17S5} - {cK17s5}
contains nine numbers whose magnitudes are
related in different ways to discrepancies in
the data, such as differences of completeness
of listing at each census. Let us call the
completeness of the census 1/ttt for time t, Ut
1 See P. H. Leslie, Biometrika, vol. XXXIII
(1945), pp. 183-212, and vol. XXXV (1948), pp. 213245, for a detailed account of the matrix presentation
of age-specific birth and death rates.
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being an ordinary scalar number like 1.05, so
that the true age vector for 1780, for example,
is estimated by u11so {K17so}. We are not for
!he moment differentiating Ut by age ; if experIence shows that we ought to recognize
different degrees of completeness at different
age.s, then Ut will become a diagonal matrix, in
whtch there will be at least two different proportions-perhaps one for 0-4 and one for
subsequent ages.
8. \Vhat about the survivorship component
of the projections? We could not properly
apply a single factor to the survivorship ratios,
aLof5Lo etc., which constitute the matrix S:
it is deaths rather than population whose
defective registration would be the major
element of any error in S. Hence we subtract
S from the matrix with unity in its subdiagonal elements, which may be called ]8 , and
apply the correction Vt at time t to this, so that
in place of S we will write ! 8
Vt(I. - S).
Here, the fraction lfvt represents the completeness of the death registrations. As in the case
of the census we might later wish to differentiate completeness at the youngest age group
from that of older groups.
9. The adjustment for under-registration of
births requires a factor which we will call w 1,
chosen in such fashion as to bring about an
agreement between the projected population
under five years of age and that which is
shown at the census date to which the projection is made. Here as elsewhere the factor
chosen to make the corrected data for successive
periods consistent includes the incompleteness
of the source or the simple inappropriateness
of model fertility tables if these are used.
10. It is evident that much less information
is available on age-specific fertility than on
mortality. Probably in most situations, all that
can be done is to assume a pattern of agespecific fertility, and then adjust the level by
a constant factor. To adapt the viewpoint of
econometric and psychometric theory, the
separate true age-specific rates are not in
general identifiable from the equations in the
observations. 2 .I~ we .think of an underlying
structure as gtvmg nse to the observations,
so that a given structure generates one and
only one distribution of the observed variables,
then the question of identifiability is the question whether two or more structures could
generate the same joint probability distribution
of the observed variables. If they could, then
they may be said to be equivalent, and only
those parameters which are the same in all
2 J. Johnston, Econometric methods (New York,
McGraw-Hill, 1963), pp. 249 ff.
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equivalent structures are identifiable. For a
parameter which may vary as among structures that give rise to the same distribution
of observed values cannot be inferred from the
observations, no matter how extensive these
are. 3
11. In so far as age distribution of mothers
does not change from one date to the next, a
variety of age-specific rates-assumed constant
over time-will account for the changing numbers of births. Only if there are considerable
alterations in the age-distribution of women of
reproductive age, and the age-specific rates may
be assumed constant, or changing in a known
fashion, will it be possible to infer the several
age-specific rates from the age distribution of
censuses alone. Discrepancies between the
projected number of children under five and
the census count, if the age distribution of
women were shifting appreciably, might lead
to the inferring of both an adjustment for level
and, say, the fact that the age-incidence pattern
assumed involved relatively too high rates for
the older ages. This last fact could be
translated into a linear adjustment. One might
even, if the variations in age distribution were
very great, be able to infer a quadratic adjustment, using orthogonal polynomials. Even
though without any strong hope of their being
used, we can consider the diagonal matrix of
linear terms, Lt, and of quadratic terms, Ot·
Hence the corrected or fitted birth rate matrix
would be B(wtl + Lt + Ot), I being the usual
identity matrix consisting of ones in the
diagonal and zeros elsewhere.
12. Again, there is no possibility of identifying separately the age distribution of migrants at each census along with the other unknowns, but we may reasonably hope to find
their total number if they happen to be of a
distribution by age distinct from the population
which remains. Suppose the age distribution of
net emigrants on a unit basis is given by the
vector {E} and their number by %t{E}.
13. We are now ready to rewrite (i) in
terms that we hope will bring the number of
unknowns below the number of equations, and
in addition will be of such structure as to
permit identification of the correction factors :
[/8

-

v1(!8 - S) + B(w~ + Lt
- s-1{ E} - ut+ 1 { K 1+1 }

+

Q,)]u,{K1}

=

0

(ii)

Before going on to discuss the solution of (ii),
we note that it represents as special cases a
number of commonsense procedures for ad-

a Olav Reiersf<ll, "Identifiability of a linear relation
between variables which are subject to error," Cowles
Commission Papers, New Series, No. 39.
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justing census and vital statistics results. If
= Wt == Ut =Ut+l = 1, and Lt = Q, = 0,
Le., if all data except on migration are available and trustworthy, then the solution in
..t"t {E} is the inferred migration by age. If
Vt = Wt = u, = 1 and ..t"t {E} is known, then
Ut+t. the correction at the second census, may
be inferred several times over. One could
similarly infer v1 if the censuses and migration
are presumed known.
14. This way of looking at the matter is
likely to be most fruitful if applied to a lengthy
sequence of censuses. Then we may make the
assumption that the correction functions u1, Vt.
'<Vt, .:t:'t are either constant, change gradually, or
if they change sharply do so for all ages at the
same time, or at least are the same for groups
of ages. Assumptions of this kind would seem
to be weaker than importing a life table from
elsewhere, or at least can check the appropriateness of the life table.
15. For each intercensal period, the vector
equation (ii) is made up of nine scalar equations, and accumulation over a number of
periods provides an abundance of information
that may be allocated between estimates and
error of estimates. If we make Wt a linear function of t over each twenty-year period, put
Lt = Ot = 0, and assume u 1 and Vt to be
quadratics for each successive nine censuses or
forty years, we would have 8 X 9 = 72 equations over the eight intercensal periods, and
only ten unknowns. (The unknowns would
consist in two parameters for each of two
periods for Wt; three parameters for each of
u, and Vt·) With this abundance of equations,
we could divide the period into shorter in·
tervals, obtain separate solutions, and note the'
variation among solutions. We could thU$
secure some information on the consistency of
our assumptions by assembling the equations
into groups, solving for such unknowns ·as Ut,
and then comparing the solutions. This would
not cover the entire range of variation to which
the system would be subject (e.g., it would not
reveal a consistent under-enumeration uniform
in all times and ages), but would still give
some indication of the arbitrariness of the work.
16. We reduce the number of unknowns
down to fewer than the number of equations,
and also make the equations identifiable, by
linking together the successive censuses and
assuming that incompleteness changes in linear
or quadratic fashion. Indeed, we go beyond
this and have some extra data for estimating
error by such linkage-we have a multiplicity
o£ estimates. Once the superfluous estimates
are on hand the problem is to select among
Vt
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vectors and the latent roots to which they
correspond to represent the growth of the
population.
19. Suppose now that an investigator has
contrived a set of assumptions which enables
him to replace the inconsistent data with a
perfectly consistent set. In the case of Sweden
it should be possible through the application of
such assumptions as are described in the foregoing to arrive at a collection of life tables,
census totals, births, and deaths such that
starting with the adjusted population of any
date, subtracting adjusted deaths and net im1
migration, and adding adjusted births, brings
dF =
d F
2a
a
one exactly to the adjusted population at the
next census date, age by age and for each sex.
This very large fitting operation will substitute
-=------.. . . .- x for over 10,000 originally published figures a.
where a is the true population of the country complete new set. Call this new set, the first
and x is the number counted in a census; we adjustment, A 1 • With different rules, one can
assume a number of censuses to be taken all arrive at other adjustments, say A2, Aa, etc.,
of which give a value of x, say the size of a each perfectly consistent with itself and difgiven cohort, i.e., the births in a particular ferent from the raw data on all or practically
year. One estimate of the right-hand limit a of all figures.
the distribution of x is simply the largest
20. Some scoring system will be required
element of the sample. One would take that set for choosing between A 1 and A 2• One such
of parameters which gave the largest figure for system would score each discrepancy between
the cohort, if inferring births from several the original and the adjusted figure by an
censuses.
amount equal to its square, with a weight of
18. However, it is possible that in the fore- 10 if the adjusted figure was lower than the
going we have made the whole problem more original census or other count, and a weight
difficult than it need be. The fifteen non-zero of 1 if it was higher than the original count;
elements in the 9 X 9 matrix are not indepen- with a weight of 5 for births and deaths against
dent facts ; they and the many more elements 1 for migrants and numbers of population.
generated in the powers of the matrix can be The scoring system would have to be carefully
fitted fairly well into a three dimensional space, thought out ; relative to it all comparison of
of which the axes are the three characteristic adjustments becomes perfectly objective, and
vectors having greatest modulus of the projec- it is possible to say which of the adjustments
tion matrix. This being the case, we may try A 1 and A 2 is on the whole better, by noting
confining the fitting operation to the first three which has the lower score.

them. It is by no means obvious what criterion
ought to be used in this selection. The choice
of a median estimate; the arithmetic mean of
the several estimates; these and other possibilities present tl1emselves in sampling from
an unknown universe. But in demography there
is asymmetry between under- and over-enumeration; the former is far more common, and this
precludes a fitting by any symmetric average.
17. The situation may be seen as similar to
sampling from a distribution whose probability
is J-shaped, e.g.,
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The problem of estimating vital rates in Pakistan

KARoL J. K.R6TKI
INTRODUCTION

1. This paper deals with three aspects of
estimating vital rates in Pakistan: an obstacle,
an impossible solution and an unorthodox
alternative. The obstacle is the inability of the
current registration systems ever to become
comprehensive, owing to inherent characteristics. The impossible solution is the use of
certain analytical techniques: untraditional
errors in age reporting prevent an accurate
estimation of fertility, while inter-censal growth
(and consequently, mortality, as a residual
of subtracting growth from fertility) is
suspect because of political and religious migration and enumeration biases. The unorthodox
alternative is the population growth estimation
experiment, known in Pakistan as the PGE
experiment.
2. Variety, unreliability and importance of
vital rates. In the short period of a few years,
the rates of population growth used in official
document.<; grew from 1.4 per cent in 1957
through 1.8 and 2.2 to 2.6 per cent in 1963. 1
There are now strong indications that the
current rate is considerably higher. 2 While
there was probably an acceleration in the rate
of growth, the figures quoted are not proportionate to changes in growth. With the role of
vital rates critical to the future of Pakistan, the
uncertainty about their actual level is a serious
cause for concern. The endeavours to narrow
this uncertainty are described below.
THE OBSTACLE

3. The vested interest of the public. No
1 Pakistan, National Planning Board, The First
Five-Year Plan: 1955-1960 (Karachi, 1957), p. 191;
The Second Five-Year Plan: 1960-1965 (Karachi,
1960), p. 331; Pakistan, Population Census, 1961,

Census Bulletin No. 2; Se$, Urban-Rural, Religion,
Non-Pakistanis (Karachi, 1961), p. 4; Karol J.
Kr6tki, "Population size, growth, and age-distribution : fourth release from the 1961 Census of Pakistan", The Pakistan Development Review, vol III,
No. 2, p. 302; and Pakistan, Outline of the Third
Five-Year Plan: 1965-1970 (Karachi, August 1964),
p. 204, paragraph 20.
2 Karol J. Krotki and Nazim Ahmed, "Vital rates
in East and \Vest Pakistan: tentative results from
the PGE experiment",. The Pakistan Development
Review, vol. IV, No. 4 (in press).

views about the rate of population growth can
be formed from the products of the current
vital registration systems. They cover a small
and erratic proportion of all vital events. To
improve the systems within a reasonable period
of time, it would be necessary to overcome the
obstacle of over-all inertia, which may be
divided into four parts.
4. The first is that the public is content to
continue with the current erratic systems. In
fact, the people see an actual advantage in not
having births registered, in tl1at the absence of
a birth certificate makes it difficult to enforce
rigid age limits at stages of one's life when age
is a determining factor : admission to school,
early marriage, admission and promotion in
public life, and/or compulsory retirement.
Unless a law is passed immediately, stipulating
that in six years' time the admission of a child
to school without a birth certificate will involve
a stiff admission fee, any attempt to spread
registration will be defeated by the advantages
of not being registered.
5. Organizational vacuum. The registration
of vital events is one of a score of statutory
duties of the village organization under one
department. At the top the responsibility rests
with another department, which has a multitude
of other and different interests, the task being
handed over 3 at stages of the service channels,
varying between different parts of the country.
Plans for a truly national registration system
concentrate on the organizational structure and
tend to ignore problems at the village level.
6. International influence. Thirdly, attention
given to the problem is influenced by the
prevailing internationr'll atmosphere. Parallel to
a Panel on Vital Statistics, a Panel on Health
Statistics has been established, as if any
progress at all could be made with determining
a The actual process is less precise than the words
"handing over" would suggest. Here, and in related
parts of this paper, the writer draws heavily on a
monograph, whose author, however, must not be held
responsible for the conclusions suggested in the
present paper. See Elizabeth Gustafson, Official
Registration Systems of Vital Events in Pakutan,
Studies Series PGE No. 9 (Karachi, Central Statistical Office, August 1964).
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causes of death. The prevailing climate of
international opinion, combined with advice to
do everything that the developed countries have
done, cannot be resisted however detrimental
it may be to the solution of problems which
need effective and urgent attention. 4
7. The gap between economics and de~
mography. The fourth obstacle is the lack of
demographic knowledge on the part of econo~
mists and the narrow horizon of demographic
analysis. The economists are primarily concerned with the rate of growth ; they then take
off, if not necessarily in the Rostowian sense,
into the realm of economic calculus with the
population r as an independent and given
variable. Once a rate of growth is established
in some manner, often by "being mentioned",
the interest in having up-~date and more
accurate rates wanes.
THE IMPOSSI'BLE SOLUTION

8. Effective methods of demographic analysis. Vital rates of many a country with
inadequate statistics have been estimated recently through the stable population theory.
Birth rates are estimated from age distributions and as long as some estimate of intercensal growth can be obtained, the death rate
becomes a mere residual.
9. Crucial to this procedure is a good
estimate of age zero by sex or at least of age
group 0~4, also preferably by sex. However,
large omissions at these age groups are
frequent. Statistics on age group 5-9, "even
where the age data are generally very defective
... appears to be more accurate than others". 5
After an extensive investigation of age groups
in Asian countries it has been concluded that
"practically in all cases, the age group 5-9
loses a little to the age group 10-14. The age
group 5-9 can be assumed to give a fair estimate
of the birth rate". And, again, the "effect of
4 In circumstances where, because of economic and
personnel restraints, a choice must be made, the
collection of vital statistics must come before the
determination of causes of death. However, see Ives
Biraud, "Une methode d'enregistrement des causes
approximatives de deces dans les regions sous-developpees" (A method of registration of approximate
causes of death in the under-developed regions), International Population Conference, New York, 1961,
vol. II (London, International Union for the Scientific Study of Population, 1963), pp. 348-354.
5 United Nations, Methods of Population Projections by Sex and Age (United Nations publication,
Sales No.: 56.XIII.3), paragraph 88. For a similar
preference for age group 5-9 when estimating births
by the reverse survival method, see United Nations,
Provisional Report on World Popul<ttiol't Prospects,
as assessed in 1963 (United Nations publication, Sales
No.: 66.XIIL2), p. 22.
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under-enumeration of children can be overcome to a large extent, if instead of children
in the age group 0-4, those in the age group
5-9 are used". 6 In addition to sound information on age distribution, the analytical procedures call for some estimates of inter-censal
growth and as little migration as possible.
10. Deterrents to effective demographic
analysis in Pakistan. The population of Pakistan has been unable to avail itself of the
advantages of the quasi stable-population theory
because of deficiencies in three vital areas :
recent age distributions are suspect, four recent
inter-censal rates of growth were distorted and
there was considerable migration.
11. During the 1951 census, fewer questions
were asked in respect of persons below age 12.
Whether this or some other cause resulted in
heaping below 12, there were other influences
(population losses during the 1947 partition,
usual heaping at age 10 and usual underenumeration of children) to draw suspicion
away from this heaping. Analysts may, therefore, have had some excuse for taking the 1951
age distribution seriously, though the fact that
contrary to historical experience, West Pakistan was showing higher fertility (because there
was more heaping) than East Pakistan should
have been a warning.
12. In 1951 the cut-off age was lowered
from 12 to 10 and the questionnaire was
rearranged to make it less worth while for the
enumerator to classify teen-agers as being
below 10. Whether, despite this change, there
was some heaping below age 10, is the most
crucial question in Pakistan demography. In
any case, age group 5-9, a firm pivot in other
populations, on which entire age distributions
are built, is under suspicion in Pakistan.
13. The inter-censal rates of growth are
suspect because in the last five censuses there
were such special influences as under-enumeration (which occurred during a passive disobedience campaign against the imperial regime)
and over-enumeration (owing to communal
eagerness to show communal gains in population size).
14. Migration was a source of trouble to
demographic analysis long before the Partition.
The areas in the Indus valley brought under
cultivation through increasing irrigation attracted immigrants into what is now West
Pakistan. Calcutta and the tea-gardens of
Assam always attracted immigrants from what
6 C. Chandrasekaran, "Fertility indices from limited
data", Proceedings of International Population Con-ference, Ottawa, 1963 (Liege, International Union for
the Scientific Study of Population, 1954), pp. 92 and 94.

156

WORLD POPULATION CONFERENCE,

is now East Pakistan. The post-partition
exchange of population between Pakistan and
India was about equal (over 7 million each
way) and, being largely of the family type, need
not have done much violence to the requirements of the stable-population theory. Unfortunately for the application of the theory, East
Pakistan being the loser of population and
West Pakistan the gainer, the movements did
not counterbalance except, perhaps, in the
limited sense of treating the two populations of
Pakistan as one (which is demographically
uninteresting).
15. Palliatives. Confronted with an unhelpful situation, demographers had recourse to
unusual alternatives, such as the use of statistics of primary vaccination against smallpox. 7
Surveys depending on respondents and recollection, after an initial hope, 8 produced
inadequate results. It is surprising that the
dearth of analytical material did not, so far,
provide a fertile ground for drawing analytical
conclusions from the relationship (reverse,
contrary to intuition) between fertility and size
of household.
16. There are available, of course, the
various methods of analysis suggested, and
also tried, in respect of populations with inadequate data, by Bourgeois-Pichat, Brass,
Oairin, Coale, Demeny, El-Badry, Jain, Lorimer, Myburgh and others, including the active
group of students and teachers at the United
Nations Demographic Training and Research
Centre in Chembur. However, for one thing,
the variety of methods available would require
greater interest in Pakistan demography than
in the past. For another, all these methods
require some basic information (sometimes of
an unorthodox nature), which is seldom available in Pakistan, partly because, with the full
paraphernalia of a decennial census, the need
for usable information is not immediately
apparent.
THE UNORTHODOX ALTERNATIVE

17. The population growth estimation experiment. The population growth estimation
has been in existence since the end o£ 1960. It
already has a rich literature and only salient
points need be repeated here. The experiment
rests on the belief that it is possible to record
i M. K. H. Khan, "Assessment of birth rate in
West Pakistan from the statistics of primary "\'-accination against smallpox", in M. L. Qureshik, ed., Population Growth and Economic Development .with
SPecial Reference to Pakistan (Karachi, The Institute
of Development Economics, 1960).
s·Pakistan, Central Statistical ·Office, National
Sample Survey (First Round) 1959 (Karachi, November 1960), pp.ll, 12, 15 and 16~

1965

twice the vital events of the same population
independently of each investigation. It further
rests on the belief that records from the two
surveys can be compared one by one, and those
in respect of the same event, but coming from
two different surveys, can be matched. From
such a comparison, three categories of events
would be obtained: those caught by both surveys and those caught by one only (say, either
registration or enumeration). It is believed that
from these three categories, an estimate of the
fourth category (events missed by both surveys) can be made. 9
18. Features peculiar to the population
growth estimation. Population growth estimation involves continuing registration by fulltime registrars and quarterly enumerations by
enumerators. There are twenty-four sample
areas selected at random with a total population
of 120,000. The headquarters activities and
the analyses require a staff of about forty.
There are eight manuals of instructions in
existence, and several volumes .of reports are
under preparation. The annual cost of the
experiment is about $US 100,000, of which
about half is met from foreign sources 10 and
about half from the budget of the Central
Statistical Office. Obviously, an organization of
that type and size has many intricate features 11
and it is not possible to summarize bdefly all
the population growth estimation literature. The
differences with the parental blueprint 12 can
be listed as follows :
(a) The country-wide random sample is
intended also to provide significant results for
each of two provinces;
(b) There is four-fold enumeration of each
vital event, once every quarter in respect of
events during the preceding twelve months;
(c) Stillbirths are recorded and a pregnancy question is asked of each woman once a
quarter;
9

C. Chandra Sekar and W. Edward Deming, "On

a method for estimating birth and death rates and the

extent of registration", Journal of the American Statistical Association, vol. LXIV, No. 245, pp. 101-115.
10 The Population Council, New York City; the
US National Center for Health Statistics, Washington,. D.C.
11 It must not be assumed that the population
growth estimation provisions do not meet special
situations of respondents or contingencies of the
recording process merely because they have not been
described in this brief paper, especially if they refer
to some of the more obvious situations, such as those
in Helmut V. Muhsam, "Moderator's introductory
statement", Pr
of lntenwtional Population
Conference, 0
3 (Liege, International Union
for the Scientific
dy of Population, 1964), p. 43.
12 C. Chandra Sekar and W. Edward Deming, op.
cit.
.
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(d) Base population is obtained through a
full census once a year, brought up to date by
quarterly inquiries and linked throughout all
the years of the inquiry;
(e) Each inhabited dwelling in each population growth estimation area is placarded
with a unique population growth estimation
number and shown on a population growth
estimation map ; the uniqueness of numbers is
intended to prevent the confusion of names;
(f) Special steps are taken to secure independence between the two parts of the experiment (see following section).
19. The condition of independence. This
condition, together with the ability to match
records event-by-event, is crucial to the experiment. The two investigations are independent
of each other organizationally, different in their
content. Both are samples thrown on to the
same population from different angles. It cannot be denied that if collusion between any
enumerator and registrar were really intended,
it could not be prevented, particularly when
an enumerator was staying in the registrar's
quarters.
20. The following features of the procedure
ensure that collusion is not worth while:
(a) Enumerators are never blamed for vital
events registered but not enumerated; registrars are never blamed for vital events enumerated but not registered;
(b) Field inspectors checking unmatched
vital events do not know whether they deal
with a registered or an enumerated event;
(c) Registrars keep registers and ancillary
forms for a limited period only, so that copying
by enumerators from the registers is not possible for long periods back;

(d) An enumerator is in the area four times
a year, for a month on each occasion; registrars report their vital events monthly and
their actual movement weekly; a flood of registrations during an enumeration month would
draw the headquarters' attention;
(e) The enumerator is preoccupied with the
study of household composition; the enumerating of vital events is a small and final part of
his work (there would be no point in copying a
small job, if the large and really exacting one
must be done and integrated with small ones).
21. Matching experience. A good matching
procedure will guard against two errors. It will
avoid mismatches when insufficient items are
compared. It will not fall into the opposite
error of disregarding true matches by insisting
on too vigorous a match, when differences between documents may be formal or due to
faulty information.
22. In an attempt to steer the population
growth estimation between the two errors, an
involved series of matching procedures has
been built up. Mechanical matchings of punch
cards (several atten1pts on several alternative
items) provide two-thirds of all the matches.
The remainder are manual matches topped
off with a few matches ascertained in the field,
when reference back is required in the case of
particularly recalcitrant events. The main cause
of the matching difficulties lies in the indeterminate and changeable nature of names and
their spelling.
23. Main substantive findings. Subject to
confirmation, the following crude vital rates
(per 1,000 population) have been obtained
through the application of the formula given in
a recent publication. 13
13

C. Chandra Sekar and W. Edward Deming, op.

cit.

East Pdistan

1962 ............ .

1963 ............ .

West Pakistan

Births

Deaths

Births

Deaths

55

20

49

19

56

19

52

19

These rates are higher in the case of births
and lower in the case of deaths than most
analysts would expect. If the results of the
registration only were taken into account, the
rates would be some 10 per cent lower in 1962
and some 15 per cent lower in 1963. Ignoring
the "fourth category" would make practically
no difference. It is possible that a point or two
should be added for deaths in institutions,

omitted from the population growth estimation
sample.
24. Main methodological findings. Subject
to confirmation, there seems to be no change
in rates calculated separately for homogenous
sub-groups. Such apparent absence of discernible correlation between the two parts of
the experiment increases faith in their indepen-
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dence. Subject to confirmation, it appears that
in areas (mainly urban) with low initial registrations and enumerations, the proportion of
matches is also low, resulting in high second,
third and fourth categories and an evening out
of rates between areas. It remains to be seen
whether this is a true demographic feature or
an accident of inadequate matching.
25. Allowing for change in the value of
money, Chandra and Deming were ready to
estimate vital rates for 1 million to 2 million
peoples with a standard error of 5 per cent
for Rs 30,000. The population growth estimation is doing the same for two populations of
about 450 million each with, it is hoped, smaller
percentage of error, for Rs 300,000, when
expenditure on activities not related to the
estimation is ignored.
26. The purity of the allegedly random
sample needs to be investigated. An unbiased

WORLD POPULATION CONFERENCE,

1965

observer recently introduced to the population
growth estimation reported that the population
growth estimation areas seem to be the "most
central and most populated parts". 14 In spite
of the high birth rates registered, the pregnancy rate is low. Another survey in Pakistan 15 had somewhat better experience, but the
data obtained are still far from complete. The
greatest uncertainty is connected with the
denominator of the vital rates, for which insufficient provision has been made in the plans.
As tl1e records of the population are built up
over the years, it is hoped that even the more
elusive parts of the population will participate
in the surveys and strengthen confidence in the
denominator.
14 Elizabeth Gustafson, op. cit.
15 Medical Social Research Projection

Population,
Third Annual Report (Lahore, West Pakistan, February 1964).
·

Estimation of vital rates in the Indian National Sample Survey
MURARIMOHAN MAJUMDAR

1. The National Sample Survey (NSS),
started by the Government of India in 1950,
is a continuing series o£ socio-economic surveys
conducted in successive rounds. Its geographical
coverage includes all of India. Though the
emphasis in this survey has been on the economic side, lack of reliable vital data on a
national scale was taken into consideration, it:
the context of the defective registration system,
and a small block on fertility was introduced
in one of the schedules in the second round
(April-June 1951). The purpose of this block
was to collect material for assessing the level
and trend of fertility and it remained part of
the NSS schedule in subsequent rounds
through the sixth. In the seventh round
(October 1953-March 1954), a revised format
was introduced for collecting information on
current events of births, marriages, deaths and
sickness in the sample households. The sample
design was multi-stage stratified with interpenetrating network of sub-samples and with
households as the ultimate units.
2. Information on births, deaths and marriages was collected with reference to the year
preceding the day of survey. The data on births
related to all women who were members of
the sample households on the day of enquiry or,
if deceased, had been members on the day
preceding the day of death. The data on marriages similarly related to all male members
and those on deaths to all persons who had
been members of the sample households on the
day preceding the day of death. In the schedule,
besides certain household characteristics and
demographic particulars in respect of each
member of the sample household, information
related to the event of birth or death itself was
recorded in the relevant sub-block Various
measures relating to fertility and mortality, as
also to marriage, were thus available for the
whole country as well as for the different
regions.
3. The birth and death rates were estimated
as 34.6 and 17.6 respectively for the rural areas
and 33.8 and 17.0 respectively for rural and
urban areas combined, the sub-sample variation
being not large for either rate and estimates of

the standard error being 1.0 and 1.1 respectively for the rural birth and death rates. 1 The
birth and death rates estimated from the census
for the decade 1941-1951 were, however, 39.9
and 27.4 respectively, the mean decennial
growth rate being 12.5 per 1,000 population. 2
For the succeeding decade 1951-1961, the
growth rate jumped to 21.5 per cent. 3 The
estimates of birth and death rates obtained from
the NSS seventh round were thus appreciably
lower than the census estimates for the decade
1941-1951, though the estimated rate of natural
increase of 16.8 per 1,000 population was much
nearer the prevailing rate o£ population growth
than what was known about the decade 19411951.
4. In the analysis of fertility based on
second and fourth round data, under-reporting
of number of children born had to be taken
into account and the reported level of 6.1 for
completed fertility was adjusted to 7.4. 4 In
the seventh round, though the enquiry had
reference only to the preceding year, it related
only to the occurrence of births and deaths and
did not concern each individual couple as in
the fertility enquiry of earlier rounds. The
nature of the enquiry being thus different, the
chances of omission could not be assessed
simply from the experience of earlier rounds.
Also, apart from recall lapse in regard to the
event itself, there might be, due to ignorance
or bias, undue inclusion or exclusion of events
which had occurred near the end-point of the
reference year.
5. In the appropriate portion of the
schedule, the month of occurrence of the event
of birth or death was recorded together with
other particulars. The ages in weeks at the time
of survey or of death were also noted in
1 Government of India, "Vital rates", National
SamPle Survey, No. 54 (New Delhi, 1962).
2 Government of India, Estimation of birth and
death rates in India during 1941-1950, Census of India,
paper No. 6 of 1954 (New Delhi, 1954).
3 Government of India, Final Population Totals,
Census of India, paper No. 1 o£ 1962 (New Delhi,
1962).
4 Ajit Das Gupta, et al., "Couple fertility", National
Sample Survey, No. 7 (Government of India, New
Delhi, 1955).
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respect of all live-births. The distribution of
births by month of birth prior to month of
survey revealed a peculiar feature-apart from
an apparently erratic movement at certain

1965

months, it represented a progressively decreasing series in moving back over the year (table
1, below). Also, though the ages of infants
were recorded in weeks, there were heapings

Table 1. Percentage distribution of the number of births and deaths in month of event prior to
month of survey: NSS 7th round rural, 1953-1954
Number of sample villages-954; number of sample households-8,235
M <mtlt. of surw:y • m<mth of event

0

l

2

3

4

5

6

1

(1)

(Z)

(J)

(4)

(5)

(6)

(1)

(8)

6.36

9.78

9.41

8.95

8.99

Births
9.30

9.47

Deaths:
8.97

7.16

11.12

9.47
10.78

lo.63

9.55

ll

12

8
(9)

(10)

7.51

8.16

6.86

7.08

5.78

2.35

7.01

7.67

4.45

3.69

5.93

3.57

9

10

(U)

SouRCE: Government of India, "Vital rates", National Sample Survey, No. 54 (New Delhi, 1962).

at ages which were multiples of 4 and at age
26, obviously due to reporting of ag~o; in
months, in respect of infants surviving up to
the time of enquiry-the total number reported
at these ages forming 53.1 per cent of all surviving infants. Also, the proportions reported
at ages of multiples of four weeks were relatively much higher for infants born during the
earlier part of the reference year-the failure
to report ages accurately being naturally more
frequent in respect of older infants. Such
errors in regard to age may not, however, have
affected the distribution by month of birth. The
rise in the number of births in the sixth month
prior to month of survey probably reflects a
bias for six months and consequent shift in the
month of birth in reporting. Apart from such
bias, it appeared that an appreciably large number of births were missed due, in particular, to
reporting lapse with regard to infant deaths
occurring during the earlier part of the
reference year. o The number reported for a
short interval prior to the day of survey is
likely to be free from the effect of the bias as
well as from substantial omission due to recall
lapse. As, however, the number pertaining to
the first month was comparatively large, apart
from the question o£ larger sampling error and
seasonal effect, the aggregate for the quarter
preceding the day of survey was used as the
basis for assessing the level of the birth rate.
li The infant mortality rate came to 151 compared
to 182 obtained from second and fourth round fertility data in respect of births to the marriage cohorts of the years 1946-1951; the under-reporting of
still-births seemed to he even greater, the still-birth
ratio coming to only 6 per 1,000 live births. The sex
ratio at birth did not, however, indicate any sex:selective lapse in reporting.

The distribution of the number of deaths by
month of death prior to month of survey
showed similar, though still larger, declines
in moving back over the year and the same
principle was followed for adjustment of the
death rate as for that of the birth rate. The
revised birth and death rates came to 42.2 and
23.9 respectively and the rate of natural
increase to 18.3. 6, 7
6. In the fourteenth round (July 1958-July
1959), the collection of information for
estimating current birth and death rates was
accorded a high priority and a separate schedule
was canvassed for this purpose for the first time
in NSS. The enquiry was conducted only in
the rural areas but it was spread over a larger
number of villages in which each and every
household was visited for collection of the
required information. Each state was divided
into a number of strata and from each stratum,
two independent sub-samples of six villages
were drawn systen1atically. The survey year
was divided into six sub-rounds, each of two
months' duration and the same two investigators worked in a particular stratum through
6 Government of In~t "Vital rates", National
Sample Survey, No. 54 (.New Delhi, 1962).
1 Ajit Das Gupta, "Determination of fertility level
and trend in defective registration areas", Bulletin of
the International Statistical Institute, vol. XXXVI
(1958). A curve of the type y = c.e-ak• fitted to
the data, where y devotes the number of births in the
kth month preceding the day of survey, gave the birth
rate as 40 and the death rate as 23 at k = 1. See S.
Sen Gupta, A. K. De and R. K. Som, On Recall
Lapse in Birth Reporting, Indian Statistical Institute
(mimeographed, 1958), also R. K. Som, "On recall
lapse in demographic studies", International Population Conference, Vienna, 1959 (Vienna, International
Union for the Scientific Study of Population, 1959).
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the entire survey period, each investigating a
sub-sample of six villages, one in each subround. By this method two independent and
interpenetrating sub-samples were obtained for
each of the six sub-rounds. In the first two
sub-rounds, detailed demographic particulars
about each member of the sample household
were collected while in the later sub-rounds
only summary information on a household
basis was obtained, though the block relating
to births and deaths was practically the same
in all the sub-rounds. Information on deaths in
single-member households was sought from
neighbours and responsible persons in the
village as also from every tenth household
surveyed.
7. The reference period for births and
deaths was extended to two years in this round,
so that, though in the final estimation of birth
and death rates, the data relating to a shorter
period like the preceding year could be used,
the information relating to a longer interval

would be available for an assessment of the
effect of recall lapse and timing bias. In the
fifteenth round (July 1959-July 1960), the
same set of sample villages were surveyed and
the reference period was again taken as two
years so that what was "last year" in the fourteenth round became "year before last" in the
fifteenth.
8. The birth and death rates in the fourteenth round, based on events only of the last
year, came to 38.3 and 19.0 respectively (table
2, below). These estimates were higher than
those obtained earlier, the birth rate, in particular, being appreciably higher than the
seventh round estimate of 34.6. As there had
been, in all likelihood, a decline in morality,
because of anti-malarial and other public health
measures, in the period intervening between
the seventh and fourteenth rounds, the reporting of deaths in the latter round could be
regarded as even better than what a comparison with the seventh round would suggest.

Table 2. Birth and death rates from two interpenetrating samples in the six sub-rounds:
NSS 14th round rural, 1958-1959
Number of sample villages

2,538; number of sample households- 234,344

Birth ~ate: sub-sample

Death rate: sub-sample

Sub-round

1

2

Combined

1

2

Combined

(l)

(2}

(3)

(4)

(5)

(6)

(7)

38.37
38.76
37.49
41.63
36.33
38.13

38.56
40.45
35.00
38.65
37.33
37.65

38.47
39.66
36.36
40.13
36.85
37.87

18.98
19.50
19.82
21.57
20.04
16.28

19.62
19.89
18.81
19.08
1724
17.22

19.05
19.70
19.36
20.32
18.60
16.79

38.02

38.26

19.47

18.58

19.02

1' '' '' '' ' ....... ' ..... '
2 .. ' .......... . . . . ' ......
3 ... '' ......... '''' '' .....
4 ....... '' ..... ' ....... , .
5 .................... ' ....
6 ......................
1-6 .......... ' .............

-38.50

SouRCE: Government of India, "Preliminary estimates of birth and death rates and of the rate of growth
of population", National Sample Survey, No. 48 (New Delhi, 1961).

9. The birth and death rates estimated for
each of the six sub-rounds are presented in
table 2. The birth rate in the first two subrounds in which more detailed information was
collected in respect of household members came
to be higher than in later sub-rounds-both the
sub-sample estimates in these sub-rounds being
higher than those in any other sub-round
excepting the fourth. The estimates of the
death rate, however, do not vary in the same
manner as between the first two and other subrounds, though the rate came to be appreciably
lower in the last sub-round. Also, though the
variation between the two sub-samples is not
large for the whole round for the birth as well
as for the death rate, there is wide divergence

in the sub-sample estimates for some of the
sub-rounds. These comparisons point to an
element of uncertainty in the estimates obtained
though these showed an appreciable improvement over earlier rounds.
10. The births and deaths reported for "the
year before last" in the fourteenth round were
only 69 and 45 per cent respectively of those
for "the last year". 8 Also, if the birth, death
and natural increase rates estimated in respect
of "the last year" in the fourteenth round are
taken as 100, the estimates obtained from the
8 Government of India, "Rates of birth, death, and
growth of rural population", National Sample Survey
No. 110 (draft).
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two years was fonnd to be characterized by a
sharper rise at the twelfth and thirteenth
months and a rise again at the seventeenth and
eighteenth. Obviously the reported frequencies
reflect a bias at 6 months, 1 year and llh years
which affected the distribution around certain
months. The numbers reported for later months
of the reference period do not indicate such a
bias though the proportion for the same month
as the month of survey may be regarded as
rather unduly large. In any case, an undue
preference for the first month would be
balanced by the deficiencies in subsequent
months if the birth rate is adjusted on the basis
of the preceding quarter during which the
decline, presumably due to recall lapse, is also
not large. The revised birth rate comes to 42.5
compared to the unadjusted rate of 38.3.
Similar adjustment would also raise the level
of the death rate but from experience of the
seventh round it appears likely that the rate
of natural increase would be higher than the
original estimate of 19.2 per 1,000 population.

fifteenth round for the same period, that is,
"the year before last", come to 73, 46 and 99
respectively. 9 These data provide some
measure of the relative underreporting of vital
events as one passes from the last year to the
year preceding.
11. An idea of the errors in reporting in
regard to only the eve11ts of the preceding year
can be had from the distribution of the number of births in the sample, classified by interval
elapsed since the time of occurrence of the
events presented in table 3. Apart from a rise
through the fifth and sixth months, the distribution represents a progressively declining
series as the events recede from the time of the
survey. The upward swing in the fifth and
sixth months and the slump at the seventh is
most probably due to a bias in reporting age
and the corresponding month of birth. The
distribution over the entire reference period of
9[bid.

Table 3. Percentage distribution of the number of sample births in month of birth prior to month of
survey: NSS 14th round rural
Monlh of suroe:y • month of l:>irih
(}

4.89

1

2

3

4

s

6

7

8

9

12

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10}

10
(11)

11

(2)

(12)

(13)

9.30

9.17

8.90

8.53

9.11

9.86

8.05

7.81

7.27

6.94

6.37

3.80
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l.

PHILOSOPHY IN THE ESTIMATION
OF POPULATION

1. Many developing countries have considered central planning by the government as
a means to generate social and economic development. With central planning and development, there wilf exist a circular process which
consists of three stages, namely: preparation,
implementation, and evaluation of the plans and
programmes. As a developing country goes
through this circular process, the statistical system must also develop in order to keep abreast
of the needs of this development. Initially, as
the importance of trade decreases relative to the
increase in importance of production or output,
there exists a national effort to estimate national figures on population and components of
the labour force; national income and product
accounts, national food balance sheets, and
other important statistics on the national level.
At this initial stage, the statistical system will
devise methods of collecting, summarizing, and
tabulating statistical information at the national
level. As development proceeds, the need for
information will be for regional or provincial
levels. In support of this new interest, the
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statistical system must reorient its collections.
The official statistics at the provincial level also
must conform to the desired qualities of reliability, timeliness, and usefulness. Thus, there
will be not only provincial figures but also interprovincial flows of people and manpower, goods
and services, trades, and funds. Input-output
analyses are developed in addition to the levels
of living as the statistical framework. In the
Philippines, the historical development in the
collection of population and labour force statistics from 1956 to 1965 follows this philosophy.

II.

SOURCES OF

POPULATION
PHILIPPINES

DATA

IN

THE

2. Two basic sources of data on population
and labour force exist in the Philippines. These
are the censuses which are conducted at 10- to
12-year intervals and the current or bi-annual
national sample survey of households known
as the Philippine Statistical Survey of Households (PSSH). The Philippines conducted its
last population and housing census on February 15, 1960.

Table 1. The sample of the Philippine statistical survey of households for May 1956
Rural areas
Number
Number
of
strata

Region

Total
I ...
II ..
III ..

30

2

1

IV ............

5
4

VI ............
VII ...........
VIII ..........
IX ............
X .............

3

v .............

5
6

2
2

of

sample

mu,~ieipal~

itics

150

Number of Number of
sample
sample
poblacions
barrios

150

25a

10
5
25

20

20

10
5

1511
25b
30
10
10

15
25
30

10
10

299

20
10
50
J9c
30

so

60
20

20

Urban areas
Number of
sample houselwlds

Number of Number of
sample
sam£/e
precincts house olds

Poblacions

Barrios

Number
of
strata

1,086

2/)92

62

310

32

160C
10

89
53
218
213
96
147
174
43
53

256
135
513
409
304
477
569
169
161

2
1

4
5
2
4
4
5
3

5

20
25
10
20
20
25

15

SouRCE: Office of Statistical Coordination and Standards, National Economic Council, Manila.
a One municipality selected twice.
b Three municapilities each selected twice.
c One precinct seleeted twice.
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1,815

730
91
32
165
151
79
163
163
140
101
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3. Registration of vital events also is an
important source of information about the
characteristics of the population. There were
as of 31 March, 1963, 56 provinces, 1,358
municipalities, and 28,714 barrios. 1 By law, the
collection of vital events is the responsibility of
the local civil registrars (city or municipal
treasurers) in each city or municipality. There
are 1,368 local civil registrars but only about
87 per cent of these (1,190) report vital
statistics.
III. THE PHILIPPINE STATISTICAL SuRVEY
OF HoUSEHOLDS (PSSH)
4. In view of the dynamic character of the
population current and up-to-date statistics on
the number, structure changes, and requirements of the population must be developed :and
maintained. The sources of current population
statistics necessarily must come from national
sample surveys, such as the PSSH. Statistics
from censuses conducted at 10- or 12-year
intervals are neither sufficient nor adequate to
meet the demands for a continuous assessment
of the nation's needs and resources. Timely,
complete and accurate population statistics are
necessary as the basis of a realistic and rational
programme of development. 2 The PSSH was
originally designed to give estimates of population and labour force at the national level and
for some characteristics at the regional level
only. Developments in the PSSH are described
by various authors. 3 • 4• 11 It was organized initially in 1956 as a joint project of the National
Economic Council (NEC) and the Bureau of
the Census and Statistics (BCS). The national
survey was conducted in October 1956, May
1957, May 1958, November 1958, May 1959,
October 1959, October 1960, May 1961, October 1961, April 1962, October 1962, May
1963, October 1963, and April 1964, a total of
fourteen rounds in nine years. The design is
known as multi-stage sampling where the
primary sampling units (psu's) were drawn
with complete replacement.
1 National Economic Council, Monograph No. 4
(Manila, Philippines), p. 3.
2 B. T. Onate, "The role of statistics in Philippine
development'', Proceedings Issue of the Seminar on
the Social and Economic Aspects of Agricultural
Development (College of Agriculture, University of
the Philippines, May, 1964.)
s D. C. Alonzo and M. B. Concepcion, Design of
the National Household Sample Survey, ReP.ort to
the Project Director (National Economic Council,
Januarv, 1956.)
4 B. T. Ofiate, "Development of multi-stage designs
for statistical surveys in the Philippines", Statistic
Reporter, vot IV, No. 4 (October 1960).
5 E. D. Makanas, On the Sample Design of the
Philippine Statistical Survey of Households, M.A.
Thesis (University of the Philippines Statistical
Center, April, 1961.)
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5. The summary of the sample of the PSSH
for May 1956 is given in table 1. This structure
of the PSSH has remained unchanged except
for an increase in the size of the sample households and other minor revisions. The estimates
of the major component of the labour force and
the coefficient of variability ( cv) of these
estimates for the 1956, 1959, 1960, 1961, 1962,
and 1%3 rounds are available. For example,
the cv of the estimates of unemployment ranged
from 2.18 per cent (October 1960) to 14.56
per cent (October 1959) or an average cv of
7.59 per cent for the eleven rounds. Results
given in table 2 indicate that, on the average,
the PSSH is capable of measuring small to
moderate fluctuations in unemployment rates.
Similarly, the estimates for persons 10 years
old and over, number of employed and number
not in the labour force have, on the average, cv's
of 2 to 3 per cent.
Table 2. Estimates and coefficient of variation
(ev) of estimates of population ten lears old
and over by labour status for the Philippines:
1\lay 1956 and 1959 to 1963 a
Labour force status

Average ctr per cent
(11 round•)

Persons ten years old and over. . . . . . . . . .
Labour force . .. .. .. . . . . . . .. .. . . . . . . .
Employed . . . . . . . . . . . . . . . . . . . . . . . . .
Unemployed . . . . . . . . . . . . . . . . . . . . . . .
Not in the labour force . . . . . . . . . .. . .. . . .
Employment status not reported ........ .

2.46
2.60
2.61

7.59
2.60

"Source of basic data: Philippine Statistical Survey
of Households.

IV. 1960 CENSUS AS THE SAMPLING FRAME
6. Provincial administrators have re.alized
the importance of the concept of development
as evidenced by a number or provincial development plans. Thus, there must be available
accurate data on population and its components
at the provincial level. By the very nature of
the PSSH sampling design, these statistical
requirements at the provincial level cannot be
provided for by the original PSSH. With the
PSSH as the vehicle for the household food
consumption surveys {HFCS), conducted by
the Food and Nutrition Research Center
(FNRC), then the results from these HFCS
may also be given at the provincial level. It is
important to note that the estimation of crops
and livestocks from the Crop and Livestock
Survey (CLS) of the Bureau of Agricultural
Economics (BAE) is given by province for
each crop year. The interactions of i:lemographic, social, and economic characteristics
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from the PSSH, dietary and nutritional status
from the HFCS of the FNRC and the agricultural situation from the CLS of the BAE
can be obtained and studied at the provincial
levels. The results of the 1960 population census
were used to estimate population count by
province and the relative efficiencies of various
alternative designs were derived. Some of these
approaches were applied earlier in selected
provinces of Luzon, Visayas, and Mindanao,6
in thirteen provinces of the Visayan region 1
and for the entire country. 8
!lB. T. Onate, Statistics i" Rice Research, part III
(The International Rice Research Institute Library,
1964), chapters IX, X, and XI.
7 B. T. Onate, "Estimation of population count by
province with the 1960 Philippine population census
as the sampling frame: the Visayan region." PhiliP·
pine Sociological Review, vol. III, Nos. 1 and 2
(April 1964.)
s B. T. Onate Estimation of Poptllation Count b:y
Province with the 1960 Philippine Population Census
As the Sampling Frame (The International Rice Research Institute Library, December, 1964).

7. One statistical tool which is effective in
the preparation of homogenous strata is the use
of paper strata. This technique consists of
arranging the barrios according to increasing
or decreasing population count. Such arrangement will ignore the geographical affinity of
the barrios within a municipality but will result
in substantial statistical efficiency as shown by
the results in table 3. The upper bound of the
cv( f) in percentage for the paper strata is
lower than those given for the municipalities
as strata. The upper bound of the cv( r ) is a
very conservative upper estimate. Paper strata
for 100,000 population count gave comparable
results as the strata with 50,000 count. One
important finding in the use of paper strata is
that N 11S n is approximately equal in each of the
h strata. This implies that
1tn

= [N11Sn,/:i,N1,S11 ]

is a constant in each stratum. Equal take in
each stratum will be equivalent to optimum

Table 3. Effects of paper stratification on the variability within
strata in selected provinces. Philippines, 1960 population census
(Size of strata is about 50,000)

Province

1.

2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.
14.

Philippines a 520
Agusan
. . . . . .. . . . . . . . . . ..
6
Albay . . . . . . . . . . . . . . . . . . . . . 10
Bataan . . . . . . . . . . . . . . . . . . . . .
3
Batangas . .
. . . . . . . . . . . . . 14
Bukidnon . . . . . . . . . . . . .
4
Cagayan . . . . . . . . . . . . . . . . . . .
9
Camarines Sur . . . . . . . . . . . . . 16
Catanduanes . . . . . . . . . . . . . . . .
3
Cebu . . . . . . .
. . . . . . . . . . . 26
Davao . . . . . . . . . . . . . . . . . . . . 16
Ilocos Sur . . .. . . .. .. . . .. .
7
Isabela . .. .. . . . . . . . . .. . . . . .
9
Laguna .. .. .
.. . .. . . .. . 10
Lanao del Sur..............
8

1516. Leyte
17. Masbate . . .
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Number
()j
strata

Misamis Oriental.
Negros Occidental..
Nueva Ecija . . . . . . . . . . . . . .
Occidental Mindoro . . . . . . . . .
Palawan . . . . . . . . . . .
Pangasinan . . . . . . . . . . . . . . . .
Rizal . . . . . . . . . . . .. . . . . . . .. .
Samar . .. . . .. . . .. . . .. . .. . .
Sulu . . . . . . . . . . . . . . . . . . . . . . .
Zambales . . . . . . . . . . . . . . . .
Zamboanga del Sur. . . . . .

24

7
8

25
12
2
3
22
27
18
7
5
15

Ra,ge of
cvin
per cent
within
strata

Upper
bound
cv (;:)
in per cent

1

10-79
5-47
25-55
4-41
15-51
7-66
3-43
27-54
2-48
3-31
7-61
7-29
8-75
6-45

53
6

24
4
16

12
4

24
2
3
10
5
10
8

2-82

4

7-59

10

14-48
1-43
6-52
46-47
30-57
2-32
2-49
3-38
8-44
17-37
4-38

13
2

6
33
26
2

3
3
8

11
4

SouRCE: Bureau of the Census and Statistics, 1960 Populati011 and
Housing Cmsus of the Philippines; Report by Province, vol. 1 (12 May,
1962.)
a Does not include Metropolitan Manila.
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Table 4. Distribution of urban population by category:
Philippines, 1960
Poptdation
(thousand)

Category

= 1,000 persons)
(Densityjkm2 = 500 persons):

.

.

3,211

11.8

Poblacion (irrespective of size) ... ...........
Barrios (at least 2,500 persons) .............
Barrios (contiguous and at least 1,000 persons)

373
362
131

1.4
1.3
0.5

III. (At least 20,000 persons):
Poblacion (irrespective of size) ... . . . . . . . . . . .
Barrios (contiguous and at least 2,500 persons)

2,128
813

7.9
3.0

IV. Poblacion (at least 2,500 persons) ....

.......

1,085

4.0

urban

8,103

29.9

I. (Density/km2
II.

. .. .. ... .

Per cent

TOTAL

Total, country 27,098
SouRCE: Bureau of the Census and Statistics, The Urban Populatiolt
of the Philippines: 1960 (mimeographed paper) (1963.)

allocation of the sample into the various strata.
Equal allocation also has the desired element
of administrative simplicity and efficiency in
the conduct of the survey.

v.

REVISION

OF

THE PSSH

FOR

1965

8. The Philippine Inter-Agency Committee
on Survey Design (PIACSD) recommended
the revision of the PSSH. The revision envisions estimate of provincial total at 5 to 10
per cent coefficient of variation for the major
characteristics of the population. Each province
will be divided into an urban sector and a rural
sector. For national comparability, the barrios
must comply with the standard definitions for
urban-rural areas. 9 The distribution of urban
population by category is given in table 4. With
these definitions, the urban population composes
almost 30 per cent of the over-all population.
On the basis of the results given in section 4,
and the experience obtained from previous
9 Bureau of the Census and Statistics. The Urban
Popttlation of the Philippines, 1960, mimeographed
paper (Manila, Philippines, 1963).

rounds of the PSSH, the PIACSD agreed to
draw 600 electoral precincts as psu's from the
urban sector and 400 barrios as psu's from the
rural sector. A minimum of four precincts and
four barrios were set as a lower limit for each
province. The raising factors were 400 for the
urban sector and 1,200 for the rural sector.
With these raising factors, the number of
sample households (hhs) will total 3,690 for
the urban sector and 3,190 for the rural sector,
or a total of 6,880 households for the entire
country. The expected sample size in the urban
sector is 6 hhs while in the rural sector, the
expected number is 8 hhs.
9. Region VI was chosen to test the results
of the new with the old design. Results of this
test confirm the level of precision indicated for
the provinces of the region (table 3). The new
design will be executed in May, 1965 for the
whole country by the BCS. The results of the
May 1965 PSSH survey will indicate the
relative success attained in the production of
statistics on population and its components
from the national to the provincial level.

The United Nations programme for improving population and vital statistics
NORA

J.

P. POWELL
II.

INTRODUCTION

1. Since 1960, the United Nations programme for improving statistics throughout the
world has been focused on the promotion of
development of national statistics which countries could use most advantageously in formulating and executing plans and programmes for
economic and social development.
2. During the previous decade, great headway had been achieved in fact-finding and in
the establishment of standards for internationally comparable statistics. \Vith the setting
of goals for the "United Nations Development
Decade'',! however, emphasis shifted from
specific projects, conceived and executed more
or less in isolation, to a more comprehensive
approach, designed to bring countries up to
the level of statistical development where they
will possess the basic quantitative data without
which any development plan can be little more
than qualitative conjecture.
3. This approach has served to emphasize
that demographic statistics are basic to any
plan of economic and social development. It
has also focused attention on the fact that
demographic statistics in a country cannot be
considered solely in terms of the traditional
sources of population census and civil registration. Rather, the essential nature of reliable
population and vital statistics demands that
they be obtained from an integrated system of
data collection which may include provision for
censuses, civil registers and sample surveys.
Accordingly, the programme for improving
demographic statistics must be viewed in the
context of overall statistical development which
makes use of all types of data-collection
methods. Solely for convenience, the discussion
is set forth under the methodological headings
of (a) population census ; (b) civil registers ;
and (c) household sample surveys.
l United Nations,
United Nations Development
Decade: a programme for international economic cooperation (I), Resolution 1710 (XVI) adopted by the
General Assembly 19 December 1961 (United Nations
publication, General Assembly Official Records, Sixteenth Session, Supplement No; 17- A/5100).

PoPULATION CENsus

4. 1970 world population census programme.
Having achieved some degree of uniformity in
collection in connexion with the 1950 censuses,
the United Nations efforts in population statistics were next turned to encouraging an
increase in the total quantity of data available
for national and international purposes, through
persuading as many countries as possible to
complete some type of population enumeration
in or around 1960.
5. Despite the auspicious achievements in
census-taking which resulted from the 1%0
world programme, there are still thirty-five
countries which have never had a nation-wide
census of population and eleven more where
the latest census is now more than ten years
old. Even for those which carried out a census,
adequate data are not available in all cases. To
stimulate these forty-six countries to take a
modern census of population which will produce
the statistics on characteristics of population
required for economic and social programming,
and, inter alia, to improve the next enumeration
in countries with a history of censuses, the
United Nations has undertaken a "1970 \Vorld
Population and Housing Census Programme".
6. The programme will consist of a number
of related activities designed to promote the
improvement of census methods, organization,
and operations. Principal of these is the provision of international and regional "principles
and recommendations" for producing the kmds
of population data which will be useful for
planning development. Other aspects of the
programme are provision of methodological
handbooks and technical manuals, assistance in
training, expert advice, and international compilation and dissemination of census results.
These are described briefly below.
7. Principles and recommendations. The
international recommendations for the 1970
censuses of population will define and recommend the collection of information on a number
of basic topics on which data are most widely
needed for both national and international use.
A list of other useful topics will also be
provided.
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8. Basic tabulations which are considered to
be of general importance and practicability and
presumably of world-wide interest, will be
recommended. Additional tabulations, while
also of recognized value, are those considered
to be of primary interest in only some of the
regions of the world, of somewhat more specialized uses or involve somewhat more elaborate compilation.
9. Both the Population Commission and the
Statistical Commission considered the first
draft of these recommendations at their thirteenth sessions. Between May 1965 and the
first part of 1966, the comments of Governments, regional bodies and specialized agencies
will have been obtained on the draft. A second
draft, revised in accordance with all of these
comments, will be examined in early 1966 by
a small group of experts in population census
and demography. Accompanied by the recommendations of the expert group, the revised
draft will be placed before the Statistical Commission at its fourteenth session in October
1966, with the anticipation of obtaining final
approval at that time. If this time-table proves
feasible, international recommendations will become available two full years earlier than those
of the previous decade.
10. It is also expected that these world-wide
recommendations will be supplemented by regional recommendations. The purpose of the
regional adaptation will be to amend and supplement the international standards to meet
regional needs by (a) more emphasis on topics
which are of special regional concern ; (b)
formulation of more precise regional definitions
within the framework of the international
guidelines ; (c) formulation of probing questions to be asked in respect of topics with
special regional variability; (d) recommendation of tabulations designed to meet special
regional needs; and (e) suggestion of ways in
which sampling might·he especially appropriate
in the region. Thus, the international recommendations will be a core or common denominator programme, while the regional
recommendations will serve to extend and
refine these to promote applicability in each
region. The two together will provide maximum
flexibility while maintaining international comparability in respect of basic topics and tabulations.

11. Methodological handbooks and technical
manuals. The Secretariat is continuing to assemble, analyse and disseminate technical information on population census methods. Results of these studies will be published in a
revised edition of the Handbook of Population
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Census Methods for (a) the guidance of countries in preparing 1970 census plans ; (b) for
use in training activities ; and (c) as an aid to
the interpretation of the results of the 1960
censuses. It is intended that the revised Handbook should be available in English, French
and Spanish by 1968.
12. In addition to this general methodological work, a study of methods used in evaluating the accuracy of the 1960 population
censuses, including information on post-censal
field checks and other methods employed for
evaluating coverage and content, will be issued
in the form of a technical manual which will
give guidance to countries in this important
area. It is expected that this manual will be
available in 1966.
13. Training of national personnel: training
courses. Special consideration has been given
to the forn1 by which countries might he assisted
in preparing national personnel for the 1970
census-taking operations, induding organization, field work, control, evaluation and analysis. An examination of the 1960 experience
has led to the belie£ that technical assistance
should not be provided in ad hoc regional
centres as was done previously but through
activities at the national or, at most, subregional levels.
14. The bringing of technical training closer
to the operating level is completely in accord
with the principle of providing continuous
statistical training on a regular basis rather
than through crash programmes. For the same
reason, plans are being made to promote the
incorporation of intensive courses in census
techniques into the regular programmes of the
permanent regional statistical training centres
sponsored by the United Nations and by the
Inter-American Statistical Institute.
15. Assistance in organizing and conducting
these national projects will be provided by
advisers attached to the regional commissions.
16. Fellowships. In addition to organized
group courses, United Nations fellowships will
be provided for the training abroad of census
officials and technicians, as well as of personnel
who will be engaged in sampling and data
processing.
17. Expert advice. The service of census
experts for longer periods of time will continue
to be provided under the United Nations Technical Assistance Programme. For the 1960
censuses, these longer-term assignments accounted for well over 700 man-months assis2 United Nations, Handbook of Population Census
Methods (United Nations publication, Sales No~:
58.XVII.6).
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20. Survey of current national systems of
vital statistics. United Nations activities to
improve vit.'ll statistics from civil registers
began in 1950 with a survey of national procedures for producing them. As was to be
expected, the systems prevailing at that time
were wholly based on conventional civil registers of birth, death, marriage and divorce, some
of which functioned well; others poorly.
21. In the past decade, it has become
apparent that civil registers of adequate scope
and reliability cannot be established fast
enough to meet the current need for statistics
on population growth rates in developing countries. Accordingly, a number of countries have
turned to sample-household-surveys and analytical methods to obtain some measure of

population change. However, the methods do
not produce data for local areas, nor do they
provide all the cross-classifications and details
required for planning purposes. Because of
these limitations, interest in obtaining vital
statistics from civil registers is reviving. It is
recognized that not only can the registers
produce vital statistics, but they, and they
alone, can provide the legal documents which
constitute proof of name and nationality,
without which citizens of emerging countries
are handicapped. In short, possession of a good
civil registration system is rapidly becoming
recognized as an essential component of good
public administration. It is also recognized that
development of reliable civil registers is a longterm goal and in the interim, sample surveys
can be utilized to meet the immediate need for
population growth rates.
22. The validity of this approach has recently been promulgated in two regions of the
world on the occasion of the Inter-American
Seminar on Civil Registration, held in Lima,
Peru in November/December 1964 4 and the
Seminar on Vital Statistics held in Addis
Ababa, Ethiopia in December 1964.5 In support
of this approach, the Statistical Commission
passed a resolution at its thirteenth session
calling for support of the conclusions of the
two seminars by provision of technical assistance, studies and research and for a "study of
methods of developing vital statistics registration systems and of interim methods of
providing vital rates by appropriate survey
methods". The results of this study, together
with the experience gained from the experiments mentioned in paragraph 23, will be used
in promoting the development of vital records
and statistics throughout the world.
23. Experimentation. For achievement of
the long-range goal of establishing a reliable
national vital statistics system, a plan has been
drawn up for promotion of development beginning with a system limited to a sample of areas,
and complemented, for evaluation of completeness, by a system of periodic surveys. Experimentation with this dual system has begun in
Kenya, Senegal and Turkey, under United
Nations auspices. Under other auspices, similar
experiments are under way, inter alia, in Pakistan, Thailand and the United Arab Republic
and similar experiments will be set up in other
regions as resources allow so as to collect as

s United Kations, United Nations Development
Decade: a programme for international economic cooperatim~ (I), Resolution 1710 (XVI) adopted by the
General Assembly, 19 December 1961 (United Nations
publication, General Assembly Official Records, Sixteenth Session, Supplement No. 17-A/5100).

4 United Nations, Report of the Seco1ul InterAmerican Seminar o1t Civil Registratio1t (United Nations document E/CN.l2/704).
5 United Nations, Report of the African Sr?minar
on Vital Statistics (United Nations document E/
CN.l4/333-E/CN.14/CAS.4/VS/14).

tance, and it is expected that the demand will
be equal if not greater in the 1970 period. This
assistance will be in addition to the regional
advisers mentioned in paragraph 15.
18. International compilation and dissemination of census results. Because of the limitations of the conventional questionnaire method
of collecting statistics from Governments, the
General Assembly, in its resolution designating
the current decade as "United Nations Development Decade," requested the Secretary-General,
inter alia, " ... to review facilities for the collection, collation, analysis and dissemination of
statistical and other information required for
charting economic and social development and
for providing a constant measurement of progress towards the objectives of the Decade". 3
19. Since the scope of demographic analysis
is dependent upon the availability and comparability of basic population data, it seems
appropriate to explore ways of organizing
population data so as to be able to bring to
bear the efficient processing techniques supplied
by electronic computers. Bearing in mind these
considerations, the Statistical Commission at
its thirteenth session requested the SecretaryGeneral to continue to study the international
collection, tabulation and analysis of population
census statistics at the international level in
light of the possible application of electronic
data processing. It is expected that the study
will demonstrate the potentialities of electronic
data processing for enhancing the quantity and
quality of demographic statistics.
Ill.

CIVIL REGISTRATION STATISTICS
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much information as possible on the techniques procedures for household surveys, in so far as
they have to do with producing statistics reinvolved.
24. Seminars. Seminars on improvement of quired for measuring levels of living, began
civil registration and vital statistics similar to with the production of the Hand book of Housethose mentioned in paragraph 22 are being hold Surveys: A Practical Guide for Inquiries
planned for Asia during 1966 or 1967 and for on Levels of Living. 6 In the chapter on "Demothe Middle East and Europe in 1968-1969. A graphic Characteristics," the Handbook recogworld-wide seminar is envisioned for a later nizes several contributions that the household
survey method might make to the supply
date.
25. Professional associatio1ts. One of the of demographic statistics. Where traditional
best ways to improve public administration sources are lacking, or where they do not
(and therefore civil registration) is to organize produce information of sufficient reliability and
the staff into an "association". Association of promptness, household surveys may become the
civil registration officers are in existence in the only available means of obtaining the demoUnited States and Canada, in Europe and in graphic measures required for assessing levels
Latin America. Attempts will be made to obtain of living and changes therein. This is recogsupport for such associations and of establishing nition of the role the household surveys have
similar bodies in Asia and eventually in Africa.. played and will continue to play in "filling-thegap;' that is, in obtaining some idea of the size
26. International compilation at1d dissemin- of the population, its major characteristics and
ation of vital statistics. One of the most effec- its rate of growth in countries which have
tive ways to promote improvement in statistical never had a national census of population in
series is to publish data from different countries which national civil registers have still to be
side by side. Deficiencies are thus highlighted, established.
gaps are made evident and the need for revision
29. The household survey has still other
and improvement becomes obvious. Hence, inclusion in the Demographic Yearbook of vital roles to play, namely, to obtain information on
statistics irrespective of their quality, is ex- more topics and on subjects of more complexity
pected in time to have a salutary effect on the than is possible by traditional means, and to
series.
provide independent data for checking the
27. In the past, series considered less than quality of information from civil registers and
reliable have been set in italic type in the from other household interviews.
Demographic Yearbook and a dichotomous
30. These uses will be explored in depth in
code of "complete" or "incomplete" has been the "study of demographic sample survey
ed. It is hoped that in the next few years, methods," one of the projects of high priority
to devise more sensitive measures of in the work programme of the Statistical Office
quality and reliability may result in more for the next three years. The results of this
critical evaluation of the accuracy of the popu- study should prove useful to countries in
lation and vital statistics published in the adapting the survey method to their needs.
Demographic Yearbook. In this connexion, the They will also be used in revising the Handpossible use of computers as a means of testing book of Household Surveys, a project scheduled
internal consistency and overall reliability holds for completion in 1968.
great promise, both for vital statistics and
population.
6 United Nations, Han-dbook of Household Surveys: A Practical Guide for InifUiries on Levels of
IV. HousEHOLD sURVEY STATISTics
Living (United Nations publication, Sales No.: 64.
28. International work on standardizing XVII.l3).

Use of sample censuses to increase scope of census subject coverage
HERMANN ScHUBNELL
I.

INADEQUACY OF THE CENSUS FOR HIGHLY
INDUSTRIALIZED COUNTRI'ES

1. A census mav be defective because the
administration of a 'given country may not yet
have been developed sufficiently or because the
population is not able to provide precise information. Another reason may be that the
information collected in the course of a census
does no longer suffice to provide a quantitative
description of the social and economic structure.
Experience acquired in many highly industrialized countries over the last two decades
has shown that the population census in its
"classical" form of a periodical inquiry held
with complete coverage at five to ten years'
intervals is inadequate. It is no longer suited
to meet the steadily increasing requirement
made on official statistics. This must seem
strange because during this period machine
processing techniques have made great progress. In the industrialized nations all major
statistical offices are equipped with highly
efficient electronic data-processing machines.
2. The experience acquired in the Federal
Republic of Germany in connexion with the
1961 population census is certainly not unique:
the time required from beginning until the
termination of machine processing could be cut
down considerably as compared with former
times and it has equally been possible to use
a much more detailed programme of tabulations.
However, the time elapsing between census
date and the inception of machine processing
work was at least as long as before, because
the coding work was both rather difficult and
time-consuming and since a reading device has
not been used in the course of this census.
3. But it is not in the first place for technical but rather for organizational reasons that
the census proves to a growing extent defective
in a highly industrialized country. The solution
can therefore not be found alone in the use o£
reading devices or even better and faster computers. These technical aids, though certainly
important, and provided they can be put to an
optimal use, are not the decisive element. This
is because of the following reasons :

(a) The census, i.e., the complete coverage,
is a heavy burden both on the administration
and on the population. Even if it is widely
publicized beforehand, it is hardly possible to
subject the population to a census at intervals
shorter than up to the present time;
(b) Another limitation is the scope of the
inquiry: both in the case of self-enumeration
and with an inquiry held in all households by
enumerators, it is possible to record only the
most important characteristics. This was sufficient at a time when the social and economic
structures were relatively uncomplicated and
hardly changed in the course of time. The highly industrialized society has however a very
differentiated structure; the dynamic economy,
the migration across the national frontiers, the
high mobility of the population, the strong fluctuation between the various sectors of economy
and social strata are the reason why the general
picture is subject to a steady change. In order
to observe and direct this development, administration, economy and science therefore
require highly differentiated quantitative material; this must be available at short notice and
provide an answer to the most topical questions
of a given period. The census proves to be a
much too unwieldy instrument for this purpose.

II.

THE NECESSI'TY TO PROVIDE FOR A SYSTEM
OF STATISTJ:CAL INQUIRIES

4. A system of statistical inquiries has to be
developed which meets these requirements. A
step in this direction has been made in the
Federal Republic of Germany by the introduction of the "microcensus" in the year 1957.
5. The microcensus is a quarterly sample
survey of population and economic life. In
April of every year 1 per cent of the population
and the households are included into the sample, while the sampling fraction is 0.1 per cent
for each of the other three quarters. In the
course of the 1 per cent survey, 5,000 interviewers make inquiries in about 200,000 households comprising some 580,000 persons. The
interviewers are in each case specially trained
for their job. The random selection has been
made for the 24,000 communities of the Federal
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Republic in the form of a 1 per cent area
sample based on the enumeration districts of
the census. 1 • 2 • 3 • 4

IlL

BASIC AND SUPPLEMENTARY PROGRAMMES

6. As to the content, there is in the microcensus a basic and a supplementary programme:
(a) The basic programme, which is invariable for the different surveys, covers, among
others, the following characteristics: sex, age,
relationship to the head of household, presence
or absence, possession of a further dwelling,
marital status, year of marriage for married
people, nationality, membership in a social
insurance scheme, economic activity, source of
livelihood, firm, agency, locality and branch of
business in which an activity is performed,
number of the hours worked during the reference week, occupational status and for selfemployed persons the number of persons occupied, amount of the net income in the month
preceding the inquiry and for farmers the size
of the cultivated' area. It is further determined
whether a second economic activity was 'Performed during the reference week;
~
(b) The supplementary programme of the
microcensus, on the other hand, changes from
one survey to the other. During compilation,
it is possible to combine the data of the basic
programme with those of the supplementary
programme; a large part of the data provided
by the basic programme is already coded by
the interviewer on the questionnaire. Since a
household is included into three to six surveys
and only then exchanged for another (rotation),
it is possible to currently determine any
changes as to size and composition of the household, the change of occupation or establishment
where the person is employed etc.
7. The current adjttstment of the population. In order to understand the role o£
the microcensus within the system of official
population statistics, it is important to know
that the population data of the Federal Republic
of Germany are currently adjusted every month
according to sex. The basis for this adjustment
is the census results for the individual com1 S. Koller and L. Herberger, "Der Mikrozensus",
Allgemeine.s Statistiches Archiv, No. 3 (1960), pp.
205-254.
2 R. Deininger, "Reprasentativ-statistik der Bevolkerung und des Erwerbslebens (Mikrozensus)", Stickproben in der amtlichen StatisM (1960), pp. 135-175.
$United Nations, "Sample survey on population and
economic activity (microcensus)", in Sample Surveys
of Current Interest (Ninth Report) (United Nations
publication, Sales No.: 62.XVII.3).
4 United Nations, Sample Surveys of Current Interest (Tenth Report) (United Nations publication,
Sales No.: 64.XVII.ll).
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munities. It is a legal obligation for every
person changing the place of residence to
register with the police at the former and the
new place of residence. The number of inhabitants for every community can thus be annually
determined by adding births and arrivals and
subtracting deaths and departures. The results
of the current adjustment provide the basis for
raising the results of the sample to the total
population.
8. Statistics of vital events and migration.
Current statistics recording primarily such
events as births, deaths, marriages, arrivals,
departures, hut which also cover population
groups according to number and structure, such
as pupils at specific schools, students, etc., are
closely interrelated in many ways both with
the census and with the microcensus.
IV.

TB:E MAJOR. TASKS TO BE JOINTLY SOLVED
BY THE CENSUS AND THE MICROCENSUS

9. We shall now deal with the functioning
of the system of various inquiries in the field
of population and occupation statistics and the
"division of labour" which has developed between census, current statistics of events (e.g.,
statistics of births, deaths, migration, of schools
and institutions of higher education) and the
microcensus.
10. The census supplies at larger intervals
the basic information in the most detailed breakdown for communities and enumeration districts. It also provides highly differentiated
material, e.g., the economicaUy active population by sex, age and occupation according to
about 440 occupational categories. The census
therefore constitutes the most important basis
for differentiated regional and technical data
which are needed for regional planning and
other purposes. It is also the basis for the
current adjustment of the population according
to communities, for the stratification of the
communities for the purpose of a random selection to be used with sample designs, for the
random selection of the enumeration districts,
dwellings and households.
11. The microcensus disencumbers the census of data for which more detailed regional
breakdowns are either not necessary or inexpedient. Pilot surveys for the census have
shown that questions relating to the type and
extent of social insurance were answered in a
very unsatisfactory way because the legal situation is very complicated. The information
provided by the respondents on disablement
were also very incomplete. These questions
were therefore included into the sample survey,
because there it is possible for the interviewers
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to advise the respondents and to check to some
extent the information given.5 For legal reasons
it was not possible to include questions pertaining to fertility (number of liveborn children
according to the age of the mother, dur21.tion of
marriage, etc.) into the census, while these
subjects could be made part of a 1 per cent
survey of the microcensus.
12. The microcensus controls the census:
the census was taken on 6 June 1961. Microcensus surveys were held in April and July of
the same year. In order to control major
characteristics, the questionnaires of the population census and those of the microcensus
survey of July were brought together and
checked for consistency.
13. The microcensus supplements the census:
(a) In point of time. The most important
data of demographic and occupational statistics
are determined for the Federation and the
Laender under the basic programme on a quarterly basis according to the latest position, and
any changes are observed. For this purpose it
was necessary to reconcile the wording of questions, the definitions and the classifications of
the census and the microcensus with each
other;
(b) In topics. The subjects of the follow-up
surveys supplement the census in topics (see
section IV). It is hardly necessary to mention
that administration and science submit many
more subjects for such follow-up surveys than
the interviewers and the population may reasonably be expected to handle. It is therefore
necessary to make a selection from these subjects in close contact with the relevant agencies.
The most important follow-up surveys, carried
through hitherto, were the following:
Subject

Major characteristics

Vacation and recreation ..

Which members of the
household have travelled? Type of trip (organized tour, individual trip), destination,
transportation used, accommodation in hotels,
camping, etc., total expenditure

Care of children under 14
years of age of working mothers ......... .

Type and daily hours of
economic activity, duration of daily absence
from family, number,

5 H. Schubnell, "Die Volks
und Berufszahlung
1961, Methodische und Organisatorische Probleme"
Allgemeines Statistisches Archiv, No. 1 (1962), pp:
22-51; No. 2 (1962), pp. 141-148.

Subject (cont.)

Vocational training. . . . . .

Week-end commuters....

Holders of driving licences, utilization of the
licence . . . . . . . . . . . . . . .

Major characteristics (cont.)

age, sex of children ;
extent and type of care
provided by individuals,
nursery schools, schools,
etc.
Type of vocational schools
which have been attended (incl. institutions of higher education), practical vocational training, time and
type of completion of
training,
relationship
between economic activity pursued and training, duration of on-thejob training
Number of trips over the
week-end from the place
of work or of training
to the residence of the
family (during the last
12 months), distance,
means of transportation
used
Type and year of issue of
driving licence, utilization during preceding
year (regularly, occasionally, not at all),
purpose for which licence was utilized, type
of motor vehicle used,
etc.

The microcensus organization (selected enumeration districts, interviewers) may also be
used for other sample surveys as has, e.g., been
the case in a 1 per cent housing sample survey.
It is intended to link the census to be held
aroun~ 1970 even more closely together with
!he mtcrocensus than has already been possible
m 1%1 and to make use of the results supplied
by the follow-up surveys of the microcensus for
the preparation of the census.

V.

PATTERN OF THE SYSTEM AND EXAMPLES
FOR ITS FUNCTIONING

14. The graph shows in a schematic way
the system for the recording of information in
the field of demographic and occupational statistics (see next page). Both the census and the
microcensus provide information on the number
and structure of the population. The current
adjustment using iniormation obtained from
the statistics of vital events and migration
permit a permanent observation of the population development, the results of which are
also made use of for raising the microcensus
figures. The follow-up surveys of the micro-
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census bridge the gaps which still exist in
educational statistics, e.g., as far as the vocational training in an establishment is concerned,
or it increases the available information on the
economic activity of mothers and its consequences for the custody of their children or
else it provides in excess of the number of disabled persons direct figures on illness and accidents. Migration statistics which are compiled
on a current basis, as well as the collection of
material on commuting according to number
and structure of migrants and according to the
migration flows from one community to another,
compiled in the course of a census, are supplemented by the recording of week-end commuters in the microcensus.
15. The graph shows only the linkage of the
survey techniques which have been referred to
above in the field of population statistics. There
are of course very close relationships also with
economic and social statistics, as, e.g., with a
quarterly observation of the economically active
population in the various branches of economic
activity and with the recording of the hours
worked during the reference week. These are
important data for determining the productivity

of national economy. The use of figures supplied by complete coverage and sample surveys
involves, incidentally, also some rather difficult
problems of reconciling comparable figures.
16. The system of interrelated collection
techniques, as it has been described here for
population statistics, must be tailored to measure and adapted to the prevailing situation.
Such a system cannot therefore simply be
transferred to other countries. It will of course
never be quite possible to present a general
picture of the de
'c and social conditions with all their
'Is, the number of the
population, the structures and the various
changes. If handled with skiU, it will however
be possible to gather statistically in such a net
of different and interpenetrating survey techniques the most relevant developments. Each
individual survey technique is of necessity more
or less defective but it may be possible to compensate any shortcomings by mutual supplementation. It is here that the great importance
of the use of sample surveys for increasing the
scope of census subject coverage in population
and occupation censuses become most evident,
and particularly so for the highly industrialized
countries.

Use of current surveys as an aid in constructing post-censal population estimates
WALT

I.

R.

SIMMONS

and

INTRODUCTION

1. Counts or estimates of numbers of persons living within a specified area usually come
from one of four sources : a census or intended
complete field enumeration; a continuously
maintained register or roll of the population;
a conventional population estimate obtained by
adjusting the last previous census for intervening births, deaths, and migrations; or a
sample survey of the specified area. The present
discussion is concerned primarily with those
situations in which no continuous register
exists, where censuses of good quality are
taken at regular intervals, and where at least
minimum data necessary for conventional
estimates are available. It is presumed further
that periodic probability population surveysat say, monthly or quarterly intervals-either
are t:1.king place or could be introduced. Most
of the remarks offered in this paper relate specifically to circumstances in the U.S.A., where
these conditions prevail, and examples are taken
from there. But with some modification, the
central ideas and techniques might find application in areas of a quite different character.
2. The estimates being studied are those
following one census but prior to another and
in a country for which periodic censuses are
expected at perhaps decennial intervals. It is
not intended that the procedure be utilized for
interpolation between two censuses, nor for
projections for an unlimited period beyond a
census date.

II.

THE CENTRAL THESIS

3. One view of the conventional population
estimation procedure identifies it as an inventory process: the estimate for the current
period is the count for the previous period plus
accessions (births and in-migrants) less separations (deaths and out-migrants). Logically
the routine is unassailable, and if the measures
of accession and separation are precise, and if
the starting total is accurate, the current
estimate will be accurate, and over time reflect
a smooth trend. But in ordinary usage precise
determination of the accuracy of accessions and
separations is not feasible on a current basis.

GEORGE

A.

ScHNACK

The inventory scheme can drift away from a
true figure; or it may be that totals are wellestimated, while sub-classes are not.
4. Population estimates usually are desired
separately by colour and sex and by perhaps 5or 10-year age intervals. Contrasting with the
other schemes for estimating population, the
sample survey is unlikely even conceptually to
produce estimates to close tolerances for these
classes. This is because the sampling error of
the estimate is large for small classes. A welldesigned survey that is faithfully executed does,
however, have one attractive characteristic:
namely, that it is unbiased and over an extended
period should indicate proper population levels.
5. So there are two methods of estimation,
each of which possesses a desirable characteristic-the conventional procedure yields an
estimate which shows a smooth trend over time
and a survey estimate which tends toward a
correct level.
6. There are several estimating schemes
which can incorporate the advantages of both
the conventional method and survey. One
method which has this advantage is termed the
Link and Taper Procedure (LTP) and it can
be expressed as
.t";
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+
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where u1 and v 1 are the conventional method
and survey estimates, respectively, in the itb
period and a is a constant. In this formulation
X; is a composite estimate, being a weighted
average of two independent estimates.
7. The expression in the brackets in equation ( i) is a linked estimate; this step projects
the previous .-r-estimate by the current growth
in the tt-series, tending thus to produce in the
x-series a smooth trend; the current estimate
is, however, tapered toward the level implied
by the v-type statistic.
8. A graphic illustration of the LTP is
shown in the figure. It will be observed that
the x-series retains the smooth trend of the
u-data while tapering toward the level of the
v-data.
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12. These results suggested that survey
estimates might he used to evaluate and
strengthen estimates produced by the conventional technique. The above experience was not
to he generalized, however, without further
review. A priori the LTP in this instance was
likely to be successful for it was studied in a
domain in which the conventional method had
been poor.

0

@ = Sutvey estimate

:...--;Conventional
estimote

0 : : ; lTP estimate

.An illustration of the Link and Taper Procedure

!II.

AN INITrAL EXPERIMENT WITH DATA
FROM THE U.S. HEALTH INTERVIEW
SURVEY

9. The National Center for Health Statistics
produces death rates by age, se.""< and colour for
the United States. In the late 1950's, it was
observed that the estimated death rate for the
nonwhite population age 65 and over was
increasing. Later, when the 1960 population
figures became available, it was noted that the
apparently-rising death rates were really the
consequence of an underestimated population.
When revised population figures were introduced, the preliminary increase in death rates
was transformed into a slight decrease.
10. The National Center also has conducted
since 1957 aHealth Interview Survey (HIS),
which is a continuous multi-stage highly stratified probability sample of households yielding,
each year, health data on approximately 120,000
sample persons. The data are post-stratified by
official Census Bureau estimates of population
obtained from the conventional method. As a
byproduct, however, the HIS yields population
estimates which are independent o£ the census
controls.
11. The experience with the nonwhite 65
and .over group led, in 1962, to an evaluation
of the survey and conventional estimates. This
review revealed survey distribution of population that was in close agreement with the
1960 census. Of particular significance were the
estimates for the nonwhite age 65-74 group.
The conventional method had been, in 1960,
about 20 per cent below the census count. This
situation appeared to be one in which the LTP
might be studied. 0£ several variants of the
method explored, the best produced results
were about 5 per cent in error as judged
by the 1960 census. That is, beginning with
the conventional estimate for July 1957, the
LTP produced population estimates which followed the smooth trend of the conventional
series but rose toward the survey level.

a

IV.

TESTS USING DATA FROM THE HEAI.TH
INTERVIEW SURvEY AND CunENT PoPuLATION SuRVEY

13. Two bodies of data could be used for
further exploration. First was the HIS for
other age-sex-colour classes; second was the
Current Population Survey (CPS).
14. The CPS for over 20 years has been
conducted as a monthly household interview
survey which is similar in many respects to the
HIS. Recently the survey has operated in 330350 primary sampling units and over a year
includes about 130,000 households. It would
have been desirable to test the Link and Taper
Procedure using these data starting with the
1950 census and projecting estimates through
the 1960 census. Due largely to changes in
sample structure and computational procedure
in the CPS in 1954, it was not possible to
recover the needed data for periods prior to
this. Accordingly, the test was run for CPS
data for the period 1954-1960.
15. There are many possible variations of
the LTP. For the results presented in this
paper, the chosen method consists of the following elements and calculations (in each case
the estimates are for number of persons in a
specified age-sex-colour domain):
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The quantities v, and u, are defined in equation
(i), above. Ro is a base-period calibration factor
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intended to place the survey and the conventional estimates at the same level at the beginning of a period of comparison-this would be
a period including the most recent census date
if both series were available at that time. Thus
zi
R 0V;, becomes a ratio estimator. The R 11
quantity could be a constant for all age-sexcolour cells, or could vary with colour, age, or
sex. For the HIS tests, partly because true baseperiod census data were not available, the Ro
factor was held constant, and rounded to unity
for all age-sex-colour cells; for the CPS tests
Ro was calculated separately for each of the
four sex-colour groups. Equations (iii) and
(iv) were incorporated in the procedure to
reduce the variation in the survey results.

=

16. The constant ..\ determines the relative
weights given to the linked and survey estimates. A large value of A. emphasizes smoothness
and the conventional estimate; a small value
emphasizes the current survey and tends to
maximize the taper. A variety of factors could
be considered in choosing ..\. The choice is
important. If ..\ 1, the survey evidence is
completely disregarded. If ,\ 0, the conventional estimate is discarded. On a priori and
experimental grounds, a value was chosen
which with few exceptions makes X;, a smoothly
changing, nearly always monotonic variable
over time, yet usually tapers to close approach
of average survey levels within something like
a 2-year period. The value chosen is A. = 0.8.

=

=

Table 1. Ratios of Link and Taper estimates (.r) and of conventional estimates (u) to census
counts, for age, sex and colour subclasses, U.S. civilian non-institutional population, age 20 and
over, April 1960
White
Conventional
estimates

Nonwhite
LTP esti1Mtes
based on

...

HIS

CPS

20-24 ................
25-29
...... "' ..........
30-34 ...................
35-44
45-49 ....................
50-54 ................ ..
55-64 . . . . .............
65 and over ..............

1.001
0.998
0.996
0.992
1.006
1.009
0.995
0.955

0.971
0.979
0.976
1.010
0.992
1.034
0.968
0.956

Females : 20-24
25-29 ...................
30-34 ...................
35-44 ...................
45-49 ...................
50-54
55-64 ...................
65 and over ..............

1.011
0.998
0.994
0.9%
1.021
1.024
1.010
0.973

0.985
1.008
1.011
1.025
1.027
1.035
0.996
0.969

Sezandage

Males:

~

.
•

~

~

~

0

•••••••••••••••••

~

~

•

~

••••••••••••

••••

0

0

••••••••••

••••

~

•••

17. Table 1 displays ratios of the conventional method and LTP estimates to census
counts on 1 April 1960. Ratios based on the
conventional estimates are excellent in all but
a few cells. Of the thirty-two presented, most
are within 3 per cent of the census count ;
only four are off by 5 per cent or more. But
of the latter, three are in error by more than
12 per cent. Relatively fewer of the sixty-four
ratios based on the LTP estimates are within
this 3 per cent error interval, but for those
outside only one is as much as 8 per cent off.
Thus the LTP, while generally less precise,
avoided the more extreme errors of the conventional procedure.

Conventional
estimates

LTP estimates
based on

"

HIS

CPS

0.976
0.992
1.015
1.022
1.004
·1.020
1.004
1.011

1.130
1.026
0.993
0.972
1.009
1.010
0.971
0.872

0.981
0.971
0.976
0.945
0.977
1.032
0.947
0.%9

0.919
0.984
0.992
1.035
1.051
1.018
1.002
1.027

0.990
1.004
1.026
1.021
1.031
1.043
1.008
1.013

1.029
0.972
0.978
0.979
1.056
1.024
0.976
0.878

0.999
0.991
1.000
0.991
1.076
0.944
0.928
0.927

0.950
0.980
1038
1.013
1.018
1.064
1.043
1.050

V.

EVALUATION AND COMMENTARY

18. For several reasons, it is difficult to
judge the effectiveness of the technique. We
note especially (a) the test could not be begun
at a known census benchmark; (b) the ratio
adjustments R0 were not ideal; and (c) the
criterion estimates are themselves faulty.
19. Further, it had been our impression at
the outset that the x-series is likely to be less
satisfactory than the u-series when they are
close together (because the x-series is more
erratic), but that the x-series has special value
when the two differ considerably (on the
grounds that the u-series probably has drifted
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from the correct level). So evaluation must
focus especially on the performance of those
age-sex-colour cells in which the x- and u-series
are markedly different.
20. The data in table 1 suggest by this
standard that the technique accomplishes at
least a part of its objective. Review of detailed
calculations not presented here suggests further
that more satisfactory results might be obtained
if modifications are introduced in the procedure.
One such modification is mentioned below.
21. In the present study, there are available
for each age-sex-colour classification two LTP
estimates, one from the HIS and one from the

1965

CPS. It is reasonable to expect that a linear
combination of these two estimates in the
estimator

s=

Ax1

+ (1 -

0 :=::.:;; A

A)x2 ,

< 1

where x 1 is the HIS estimate, X2 the CPS
estimate, and A a constant proportional to the
reciprocal of the estimated variance of x 1, will
have a smaller variance than either x 1 or x 2 •
Ratios of the ;-estimates to the census counts
are shown in table 2. The agreement is good;
now there is no error as large as 6 per cent,
and only three of the thirty-two cells show
errors of more than 3 per cent.

Table 2. Ratio of combined Link and Taper estimate a to census count,
for age, sex and colour subclasses. U.S. civilian non-institutional
population, age 20 and over, April 1960
Nonwhite

White

.Age

20-24 ................. .
25~29 ................. .
30-34 ................. .
35-44 ................. .
45-49 ............... ..
50-54 ................. .

55-64 ................. .
65 and over ........... .

Male

0.974
0.987
0.999
1.018

0.999
1.026
0.990
0.989

0.988
1.005
1.020
1.023
1.029
1.040
1.003
0.996

a The combined estimate is i = 0.4 x 1

22. It should be emphasized that this is a
report on preliminary explorations. Although
many facets deserve further investigation, attention is directed to five areas: (a) development
of technical features of the Link and Taper
Process to secure a most efficient form of the
procedure, with optimum choice of constantswhich might vary from one situation to another;
(b) analysis of weaknesses in the censuses, and
of the interaction of these weaknesses with the
Link and Taper Process; (c) review of the
concept that the process should have as its
target the prediction of the next census, as
distinct from the "best" estimate of level ;
(d) determination of most effective boundaries
for domains to which the basic process should
be applied: e.g., should the current survey
"control" be exercised at 10-year-sex levels
without regard to colour, finer age and colour
breaks being secured by other means: or should
the process itself be applied at finer age-sexcolour levels ; (e) provision for introducing

+

Male

Female

0.944
0.979
0.986
0.999
1.021
1.024
0.980
1.004

0.970
0.985
1.023
1.004
1.041
1.016
0.997
1.001

0.6 :r2 •

modifications into the process to take account
of improvements which occur in conventional
projections.

VI.

CONCLUSION

23. Early investigation indicates that evidence from current probability population surveys can be used to improve or evaluate conventional population estimates for periods
following a census and pending the availability
of a subsequent census. The recommended
process results in an estimated population series
which follows the trend of conventional
estimates, while approaching the level of the
current survey. Called the Link and Taper
Procedure, the resulting series might possibly
be used as official population estimates but
more likely should serve as a monitor series
which warns demographers of probable drifts
in their projections, and thus leads to study
and possible improvement in the conventional
procedure.

Response biases in demographic enquiries
RANJAN KuMAR SoM

I.

INTRODUCTION

1. Response errors. In censuses and sample
surveys, the non-sampling errors and biases
introduced at the stage of the collection of data
are called response or observational errors.
Such response errors have often nullified the
results of otherwise well-designed demographic
enquiries.
2. Statistical model.l Assume that the survey is either a complete enumeration or an
equi-probability sample and denote by y(tG),
the simple mean of the variate under study on
the tth trial (the subscript G designates the
general conditions of the survey). The expectation of y(tG) is: E {y(tG)} Y
B(G)
where Y is the unknown, true value and B(G),
the bias of the estimate.
3. Response bias and response variance.
While the response bias, B (G), leaves the
sampling variance unaffected, other response
errors, even with the expectation zero, would
increase the variance, their contribution to the
total root mean square error being termed
response variance.
4. In this paper, our objective will not be a
study of the response variance, but of detection,
correction and minimization of the response
biases by methods that may be built into the
design of the enquiry: we shall not consider
the use of demographic models, and the emphasis will be on field enquiries, rather than
registration systems. These methods should
preferably be used in combination, those operationally prohibitive being on a sub-sample
basis.

= +

II.

METHODS OF DETECTION AND CORRECTION
OF RESPONSE BIASES

5. The response errors can be of two types:
(a) the "coverage" errors, e.g., the under or
over-reporting of population ; and (b) the
"classification" or "content" errors, e.g., the
1 Adapted in a simplified form from : M. H. Hansen, W. N. Hurwitz and M. A. Bershad, "Measurement errors in censuses and surveys", Bulleti;~ of International Statistical Institute, vol. XXXVIII (1961),
pp. 359-374.

mis-classification of economic activity and age.
These and other instances of the general errors
have been adequately dealt with elsewhere.
6. Re-survey. A sub-sample of units in the
original survey is surveyed again using the
same (or preferably a more detailed) schedule,
and, in a personal interview, better staff, either
as a post-enumeration check or as a regular
part of the original survey.

7. The statistical model in a re-survey is
E {y( tG)}
Y on the assumption that the bias
0, where G' refers to the
element B(G')
general conditions of the re-survey. The difference {y(tG) - y(tG')} gives an estimate of
the bias element B(G) in the original survey.

=

=

8. Inter-penetrating networks of sub-samples: the sub-division of the total number of
units in the survey (sample or census) into a
number of parallel, random groups enables one
to test the differential effects of investigators
and of other factors, e.g., variations in the field
schedules and methods of collection. This technique of Mahalanobis 2 has been used in sample
surveys in India,8 the Philippines, and Rhodesia (1948), 4 to provide a check on the
accuracy of the field work.
9. In the above model, the bias element
B(jG)
B'(G)
B'(jG), where j refers to
the investigator, B' (G) is a constant bias that
affects all investigators alike, and B' (jG) that
affects "j"-the investigator. The F-ratio of
"between investigator" variance/the relevant
"error" variance test the hypothesis B'(jG) =
constant, i.e., non-existence of any differential
bias of the investigators.

=

+

:! P. C. Mahalanobis, "Recent experiments in statistical sampling in the Indian Statistical Institute",
Journal of the Royal Statistical Society, vol. CIX
(1946), pp. 325-370; reprinted by Asia Publishing
House (Bombay, 1960).
8 R. K. Som, A. K. De, N. C. Das, B. T. Pillai,
H. L. Mukherjee, and S. M. U. Sarma, Preliminary
Estimates of Birth ami Death Rates and of the Rate
of Growth of Population (New Delhi, Government of
India, 1961).
4 The Central African Statistical Office, Report on
the Demographic Sample Survey of the African
Population of Southern Rhodesia (Salisbury, 1951).
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10. The net bias common to all investigators,
B' (G), passes undetected by this method: 5 this

has to be controlled by improvement in survey
methodology, and adoption of special analytical
techniques.
III.

~ECALL

LAPSE6

11. In retrospective demographic enquiries,

the response errors can often be expressed as
a function of the recall period, i.e., the period
elapsed between the date of occurrence of the
event and the date of enquiry, and may, therefore, be termed recall lapse. A tabulation by
the recall period or a related item often reveals
the recall lapse, which may otherwise lie hidden
in the over-all estimates. Recall lapse was detected by Mahalanobis and Das Gupta 7 in
Indian fertility data and has been observed or
suspected in a number of demographic, morbidity and household consumption enquiries.
The lapse may include both the total omission
of events as well as a net uni-directional shift
in reporting the dates of the events ("boundary
effect"), resulting either in a "telescopic" or a
"receding" effect.
12. Current vital data. 8 In a survey on current vital data, where the survey units move
uniformly over the survey period of one year
and the reference period for recording vital
data is the preceding twelve months, let y(iktG)
be the (estimated) number of events reported
in the ~'th month of survey (i = 1, 2, .. , 12) to
have occurred in the kth preceding month
(k = 1, 2, •. , 12). The average number of
events reported in the kth preceding months is :
P. C. Mahalanobis, op. cit., preface.
For a detailed study on recall lapse, see: United
Nations Economic Commission for Africa, Technical
Paper on Non-Sampling Errors and Biases in Retrospective Demographic Enquiries, E/CN.14/CAS.4/
VS/3 (1964). (Non-sales item.)
7 P. C. Mahalanobis and A. Das Gupta. "The use
of sample surveys in demographic studies in India,"
Proceedings of the WOf'ld Population Conference,
Rome, 1954, vol. VI (United Nations publication,
Sales No.: 55.XIII.8).
s R. K. Som, "On recall lapse in demographic
studies, International Population Conference, Vienna,
1959 (Vienna, International Union for the Scientific
Study of Population, 1959).
5
6

y(ktG)

=

~y(iktG)/12,

which is: E{y(ktG)}
'i

=
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the expectation of
Y
B(kG), where

+

B(kG) is the bias, a function of k. The cumulative average of y(ktG) up to and including
the kth preceding month is: y(ktG)
(l2fk)

=

k

~
k=l

y(ktG) and gives the estimated annual num-

her of events for the recall period of k months,
the expectation of which is: E{y(ktG)}
-

12.Y

=

+ (12/k) k-1

k
~ B(kG)

= Y + B(kG), say,
-

where Y is the true annual number of events
and B(kG) the average recall bias for the k
preceding months. If there were no recall bias,
Y. The
i.e., if B(kG) = 0, then E{y(ktG)}
y(ktG)'s may be smoothed by a curve f(k),
from which Y(oG) can be estimated (at k = 0),
and taken to be equal to Y on the assumption
that B(oG) = 0. In physical terms, ~(oG)
would indicate the (expected) annual number
of events were these to be recorded at the
exact moment of occurrence.
13. In the Indian National Sample Survey
oncurrentbirthsanddeaths (1953-1959) and the
Upper Volta Survey on current deaths (19601961), the following curve gave a good fit to the
c.exp.(- ak2 )
~(oG).exp.
data: f(k)
2
( -ak ), from initial conditions. Some vital
rates are shown in the table.
14. Boundary effect. If the net boundary
effect (either telescopic or receding) for the
kth preceding month, due to a shift in reporting
the dates of events, denoted by C(kG), is a
.function of k, it can be included in B(kG). If
it is a constant, C(G), the net boundary effect
will be inextricably mixed up with the true
number of events. Further studies are required
on this point.
15. Historical fertility data. 9 In the Indian
data, for the most recent marriage cohort "o",
the infant death proportion, q ( ro) <q (so),
where r refers to registration and s to survey,
but for the older marriage cohorts "c", q(rc) >

=

=

=

9 A. Das Gupta, R. K. Som, M. Majumdar and
S. Mitra, Couple FertilitJJ (New Delhi, Government
of India, 1955).

Unadjusted and adjusted (for recall lapse) rates
in demographic surveys

JBirth rate
India, rural (1953-1954) ....... · · · \.Death rate
Upper Volta (1960-1961)......... Death rate

34.3
16.6
30.5

40.9
24.0
33.0
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q(sc); also q(rc)>q(ro), but q(sc)<q(so).
Assuming q (so) as free from any bias and a
uniform standard of registration over the
period, the corrected proportions for the older
marriage cohorts "c" were obtained as: q'(rc)
== q(rc)·q(so)jq(ro).
16. In the same data, for the reported sexratio at birth (female/male), f(c)<f(o). The
ratio f( o) was taken to be most reliable and
not to have altered basically over the period.
17. Assuming the independence of these two
assignable causes of recall lapse, the correction
(multiplying) factor for the reported number
of children born for the cth marriage cohort
was: 1/{1- p(1c)}{l- p(2c)}, where p(1c)
= probability of missing a birth due to recall
lapse in infant deaths == {q'(rc)- q(sc)} /
{1
q'(rc) - q(sc)}; and p(2c) == probability of missing a birth due to sex-selective
recall lapse= {f(o)- f(c)} / {1
f(o)}.
18. Comparison of total number of children
born and current fertility rates by age of
mother: 10 if for any age-group :r, F(:r) is the
total fertility rate (centred at the mid-point of
the age-group) and f(:r) the current fertility
rate, the successive sums of which, F'(x'), can
be plotted at ages x' (the terminal ages minus
one-half the interval covered by the reported),
the graphs for F(x) and F'(x') should be
identical statistically if all the data were
correct. From the graph of F(x), valued can
be read off at the ages x'. Let these values be
F"(x'), and for the next group, F"(y'), etc.
Then an estimate of f(x) is provided by:
F"(y')- F"(x') = f"(x) say. Assuming that
the derived rate f" (X) is more reliable for the
younger women (age-group "o"), no association between fertility and mortality, and that
the errors in current reporting on births are
proportionately the same for women at different
ages, the observed current rates are corrected
.as: f"(x') = f(x)·f"(o)jf(o), and the summation of f" (x') would give the corrected
estimate of total fertility. An estimate of the
birth rate is obtainable on application of the
same adjustment factor f" (o) jf( o) to the total
number of births during the preceding year.
19. The implicit assumption of stable fertility may, however, be examined in view of the
confliciting trends observed in some recent
studies.
20. Morbidity data: recall lapse in morbidity data has been revealed by Logan and

+

+

1o Simplified from: W. Brass, Uses of Census or
Survey Data for the Estimation of Vital Rates,
United Nations Economic Commission for Africa,
EjCN.l4/CAS.4/VS/7 (1964). (Non-sales item.)

Brooke 11

in England and Wales (with underreporting in the "month before last" as compared to the "last month"), by Linder 12 in the
U.S. and by Das and Som 13 in India (with
under-reporting in the different weeks prior to
the interview within the preceding month). In
the U.S., the reported hospital discharges were
seen to decrease systematically with recall
period within the preceding year. 1 4

IV.

METHODS OF MINIMIZING RESPONSE BIAS

21. Survey design: estimates of birth and
death rates can be provided by retrospective
methods as also by periodic enquiries with
person-by-person matching, information of
infants born and dying during the interval being
collected by retrospective method : such periodic
enquiries are most desirable, though costly and
presenting some operational difficulties.
22. In the Indian National Sample Survey,
1958-1959 15 and the Moroccan Multi-purpose
Survey, 1961-1963 16 for the rural sector,
retrospective and periodic enquiries with person-by-person matching (in the former in one
sixth of the original sample) were used in
combination. In Morocco, the combination of
the two methods gave more precise results
than the use of a single method.
23. External checks. In a survey where it
is possible to have matching of the survey and
the registration data (after allowing for differences in definition and migration), Chandra
Sekar and Deming,1 7 assuming that the underreporting in the survey and in the registration
operated independently, have devised the correction (multiplying) factor for the total number of events reported by either or both the
agencies: 1- {1- p(l)·p(2)}, where p(l)
11 \V. P. D. Logan and E. M. Brooke, The Survey
of Sickness, 1943-1952 (London, General Register
Office, 1957).
12 F. E. Linder, "National health surveys as a
source of morbidity data for genetic and radiation
studies", The Use of Vital and Health Statistics for
Genetic and Radiation Studies (United Nations publication, Sales No.: 6l.XVII.8), p. 213.
13 N. C. Das and R. K. Som, A Preliminary Note
on Morbidity Pilot Study (Calcutta, Indian Statistical Institute, 1962).
H W. R. Simmons and E. E. Bryant, "An evaluation of hospitalization data from the health interview
survey," American Joumal of Public Health, vol. LII
(1962), pp. 1638-1647.
lu Som, et al., op. cit.
16 Ahmed Ben Souda, Utilisation par le Maroc du
recensement (1960) et de l'enquete d objectifs multiples (1961-1963) pour determiner la natalite et Ia
mortalde (Commission Economique pour l'Afrique),
E/CN.l4/CAS.4/VS/13 (1964).
17 C. Chandra Sekhar and \V. E. Deming, "On a
method of estimating birth and death rates and the
extent of registration," Journal of the American Statistical Association, vol. XLIV (1949), pp. 101-115.
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probability of an event not being reported

+

in the survey = y(sr)j{y(sr)
y(ir) }, and
p(2) = probability of an event not being
registered= y(si)/{y(sr)
y(sr)}, sands
denoting whether the event was reported in the

+

survey or not; and similarly for r and r. Operationally prohibitive except on a sma11 scale, this
method has found important applications in
India 18 and Pakistan. 19
24. Schedule design: screening questions
and probes. A broad question without crosschecks and fully detailed probes is likely to
lead to biased responses. Such cross-checks
18 United Nations, The Mysore Population Study
(United Nations publication, Sales No.: 6l.XIII.3).
19 K. Krotki, "First report of the population growth
estimation experiment", International Population Con~
ference, Ottawa, 1963 (Liege, International Union for
the Scientific Study of Population, 1964).
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and probes are included in the demographic
surveys in India. 20 In the U.S. Health Survey,
only half of the chronic conditions were reported in response to the initial probe question.21 In India, it was observed that about
one fourth of the sickness spells were missed
by an initial question. 22
25. Proxy- and self-interviews. One methodological problem in interview surveys is
the possibility of differential reporting in proxyand self-interviews. About one fifth of the
minor non-chronic conditions were missed in
the U.S. Health Survey due to the acceptance
of proxy-interviews for adults. 23
Som, et al., op. cit.
Linder, op. cit.
22 Das and Som, op. cit.
23 Linder, op. cit
20

21

New concepts in census methodology
CoNRAD TAEUBER

1. The new elements in the conduct of
censuses are primarily matters of philosophy
and emphasis. They include a professionalization of the entire task, critical evaluation
of all phases of the operation, and an approach
which seeks efficiency in the use of the resources
that are available. There has been increased
recognition of sources of error in any census
operation, as well as of the advantages and
limitations of census-taking in meeting the
needs for data. There have been changes in
emphasis and content as the requirements for
demographic data have changed. Collecting
information on births and deaths in the census
has largely given way to statistics based on
registration of vital events or sample surveys.
A technique that appears to be very modern
may actually have been foreshadowed long ago,
but the present day use and emphasis may be
different. For example, a sample inspection of
card punching was applied in the very first
census which used punched cards. Such inspection today is only one of the procedures used
in the increasingly effective application of
quality control procedures in a census.
2. Reports of census procedures reveal
clearly an accelerating application of modern
statistical tools to the task of taking and processing a census. There is also a growing awareness that a census needs to take advantage of
social science research in data collection, advanced statistical procedures, administrative
management techniques, and the modern equipment and techniques for handling large masses
of materials. There has been a growing awareness of the utility of census results for public,
as well as private purposes, and with this has
come a growing demand for clarification of
concepts, some new items of information, speed
in issuing results, and more complete analysis
of the results. Increasingly there is an appreciation of the need for critical analysis of
coverage and subject matter. With greater
emphasis on quality of the results has come
the recognition that the user of data is served
best if he is given some information about
possible sources of error or bias, and that confidence in the integrity of the census operation
is actually enhanced rather than diminished by

a frank appraisal of the quality of the census
results.
3. The growing emphasis on international
comparability has not led to a stifling uniformity, but has recognized the fact that a
census serves important national needs and
should be adapted to the situation in which it
is conducted. There has also been increased
effort to spread the idea of census-taking. The
International Statistical Institute campaigned
for a census of the civilized world for 1900;
the Inter American Statistical Institute took
the lead in promoting a 1950 census of the
Americas; the United Nations urged worldwide censuses of population in 1960, and is at
>vork on a similar programme for 1970.
4. It is generally recognized that the value
of a census is enhanced if the results can be
compared with those of an earlier one. The
traditional pattern that a 10-year interval is
desirable is no longer adequate. Some countries are shifting to a quinquennial census programme. Others are using sample enumerations
as a means of updating information secured at
the last census, ·including large scale quinquennial surveys for this purpose.
l. ELECTRONIC COMPUTERS
5. A little more than half a century after
punched cards were first introduced into census
activities, the electronic computer appeared. Its
use has spread rapidly, though some of the
applications at present do not take full advantage of the fact that this equipment is not
limited to speeding up the work which was
done by the card handling equipment of an
earlier period. Effectively used, the computer
also promises much greater accuracy in the
processing of the results. It substantially reduces
the need for large numbers of temporary and
untrained clerical workers at the time of a
census. It makes for greater uniformity in
editing and simplifies the use of information
from the current census for editing and for
imputation for missing or erroneous entries.
The computer can keep a record of the actions
that have been taken. ·while the objective in
its use is largely to make human intervention
in the mass handling of the data unnecessary,
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it can also identify those cases for which human
review or intervention seem desirable, and,
thus, make it easy to apply the expert knowledge of the census staff in the most economical
manner. It facilitates analyses of data for
families or households, as well as their individual members. Its ability to perform complex operations aids in the application of sampling procedures in the census, as well as in
the preparation of detailed analytical tables.
6. Auxiliary equipment has been developed
to facilitate the input of information without
the intervention of punched cards, and further
improvements appear to be on the horizon.
Similarly, there have been significant developments in the capacity of electronic equipment
to prepare output copies for multiple reproduction at relatively high speeds, and further
improvements are in sight. The ability to transmit information in the form of computer tape,
rather than through the intermediary of the
printed page, promises significant increases in
the use of census results.
7. None of the advantages of the computer
come easily and there have been some disappointments in the first application of this type
of equipment to the processing of census results.
With growing experience and technical improvements, some of these "growing pains"
are likely to disappear. What at one time
appeared to be a problem in the effective
utilization of this equipment may in the long
run turn out to be one of its advantages. It
calls for earlier and more complete planning of
all phases of the census than appeared necessary
under other systems.

!I. QUALITY OF CENSUS RESULTS
8. Three quotations from reports of the
U.S. census may serve to illustrate that concern with the quality of census results is not
new, but that the emphasis has changed:
(a) " ...... it would seem to be the duty
of those charged with the publication of these
statistics to indicate in respect to each class
the degree to which the figures may be relied
upon, and, as nearly as may he practicable, the
proportion of omission or error" (1871);
(b) "All tabulations made in the Census
Office are verified ; they are not permitted to
leave the producing division until their accuracy
has heen fully tested, and the names of clerks
responsible for verification indicated upon the
manuscript . . . . The absence of serious errors
in the Census publications is remarkable and
gratifying" (1908);
(c) "It has become a generally accepted
principle among professional statisticians that
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a compiling agency has responsibility for furnishing adequate information regarding the
limitations of the data which it collects and
publishes. The present policy of the Bureau of
the Census is to provide as consistently as
possible measures of the accuracy of all censuses
and surveys which it conducts" (1953).
9. The growing attention to quality of the
census data is applied to all phases of the
operation, the field canvass, the processing of
the data and measures to evaluate the completeness and accuracy of the returns. Pretests of
census schedules and procedures have become
a standard aspect of census planning. The need
for training of the field personnel, as well as
other personnel receives a great deal of attention. Programmed learning in the training of
temporary field personnel is one of the newer
techniques which hold substantial promise for
improvement of the training of these persons.
10. In the control of the enumeration there
has been increasing attention to the use of
lists of housing units which are established
prior to, or at the time of the census if they are
not otherwise available. \Vhere a population
register is available, it can effectively aid in
the control of the enumeration. In a significant
number of countries, a pre-listing is undertaken and numbers are affixed to housing units;
which then serve as controls for the enumeration. The requirement that people stay at
home on census day until they have been enumerated is not generally accepted, though used
in some instances. In some countries enumerators give a certificate of enumeration, or place
an ink mark on the hand of persons who have
been enumerated. In Hong Kong a helicopter
was brought into service to control the listing;
of boats, as well as the deployment of enumerators on the ground. Aerial photographs have
provided necessary maps in many countries.
Operations analysis has shown that a relatively
small number of enumerators contribute a disproportionately large share of the errors, and
means have been developed to identify then1
early and correct the situation. Workload
norms have been used to control the work in
the field, as well as later work in the office.
The Union of Soviet Socialist Republics reported a complete field check subsequent to the
enumeration to help assure the correctness of
the returns and the coverage.
11. The wording, as well as the content, o£
the questions has received a great deal of attention in recent years. There is clearly increasing
emphasis on avoiding questions which would
be embarrassing to the respondent and on
recognizing the possibility of memory biases
and other sources of erroneous responses. Ques-
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tions which can be answered objectively are
favoured, though it is recognized. that.some other
types of questions may be reqmred m order to
meet the needs for census data. It is no longer
considered appropriate to ask whether persons
in the household are defective in mind, sight,
hearing or speech, or are physically impaired,
or whether the household includes prisoners,
convicts, or paupers. Canada has used an .objective test to secure answers to the questiOn on
blindness. Efforts to reduce the misreporting
of age have been reported from many countries.
Some extraordinarv steps have been taken to
secure age reports' in cultures which do not
share the western concept of age.
12. The definition of the enumeration unit
has been the subject of considerable attention.
Problem areas or groups are increasingly identified in advance for special handling. Census
reports are concerned with the procedures for
dealing with such special groups as street
sleepers, boat dwellers, persons afloat, wayfarers by land, personnel on merchant ships, or
those temporarily present or absent. They are
also concerned with the most appropriate treatment of nomads, prisoners, persons in institutions, the military, university or college
students, persons maintaining two or more
residences, and others who do not readily fit
the classic dichotomy of de facto or de jure
population.
13. The evaluation of the results has become
an accepted part of a census. The United N ations reports that twenty-six countries expected
to conduct some form of post censal evaluation
of the results in the censuses taken in or about
1960. These frequently involve re-enumeration
of a small sample of the households or individuals, using the work of highly qualified
enumerators to set a standard for measuring
coverage or accuracy of returns. This procedure is limited, for problems in the original
enumeration may well be repeated in the reenumeration as well. In a number of instances
it has been possible to compare census returns
with those from a current survey. Comparisons
on an aggregative as well as on an individual
basis have been made with other sources of
information, such as vital statistics, administrative records, and previous censuses. Internal
analysis of census results, or the comparison of
cohorts enumerated in successive censuses have
sometimes led to important findings. The
United Nations has held a number of seminars
on the evaluation of census results, and published a number of country case studies.
14. \Vith the growing recognition that the
census is a statistical operation, there has been
increasing acceptance of the view that the

results are subject to errors. In turn, o:nsideration has been given to the most effective
allocation of resources to reduce preventable
errors. There has also been growing concern
with methods of evaluating the census results.
Experience has shown that making the results
of these investigations generally available contributes to public confidence far more than the
vain attempt to claim infallibility for the results.

III. SAMPLING
15. There may be some statistical offices
which view sampling and censuses as competitive, but their number is rapidly diminishing.
The application of sampling to the census
operation has grown rapidly. Sampling procedures are applied to pretests; they may be
used to secure a part of the information that is
required, and thereby reduce the burden on the
public and perhaps gain other advar:tages. A
limited census may be taken to provide small
area statistics and a sample used to provide the
more detailed information which is needed only
for larger areas. Sampling plays an important
role in the quality control of all steps of a
census. Samples of schedules have frequently
been drawn to provide preliminary results
significantly in advance of the final results.
Samples have also been used to provide the
basis for detailed analytical tabulations which
are not required on a complete count basis. In
some instances emergency conditions have
arisen during the processing with the consequence that only sample tabulations could be
prepared. The selection of a sample of the
returns to be retained for later tabulations has
permitted analytical tabulations after the pressure of the main census work has been completed.
16. Post census surveys to gain additional
information or to provide a basis for evaluation
of the census returns almost universally depend
on the use of sampling procedures.
17. Annual or more frequent sample surveys
are increasingly in use to provide up-to-date
information in the period between censuses.
"Micro-censuses" make effective use of this
principle in a growing number of countries.

IV.

SPEED

18. Perhaps at one time a country was prepared to wait years for the results of the census,
but that is no longer the case. National planning, programmes for economic development,
and a host of administrative uses by Government and the private sector of the economy
have brought increasing pressure for prompt
returns. Hand tabulation or a preliminary
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tabulation based on a sample of the returns is
frequently used to meet the need for early
reporting of at least part of the returns. More
rapid tabulating equipment has played a role,
and perhaps of equal tmportance has been more
adequate advance planning of the entire census
operation. There are indications that substantial
advances in reducing the time between collection and publication of the data are within
reach. Developments in printing technology
have also made significant contributions.

dependency, and family composition. The term
"inherited widows" is found in a report from
an African country where the levirate is still
practised. Family income has not yet been
included in many censuses. In some instances
where it has been included, special provisions
have been made to give the respondent additional assurance that this item would be treated
in confidence.

V.

23. Although censuses generally are taken
under laws which compel replies, there is a
growing recognition of the need to enlist the
cooperation of the public if the census is to be
successful. The use of radio, television, the
press, and other means of mass communication
makes the public aware of the census and may
help allay fears and mistrust. Local councils,
public advisory committees, and advisory committees of professional and other users help
keep the public informed and also aid in the
plans for the conduct of the census in the light
of local conditions and needs. The schools have
played a major role in providing awareness of
the census, and in some situations the teachers
and o1der students provide a major share of
the enumerators.
24. Procedural reports in which the census
office reports in some detail how a census was
taken are not yet sufficiently frequent, but their
number is growing. One such repart on a 1961
census contained an apology for the length of
the report, pointing out that it had been thirty
years since such a statement had been prepared. If there is a trend in these reports, 1t is
to present an operational approach to the
census under discussion. The classical arguments over de facto and de jure concepts, or
over the enumerator versus the householder
approach, are relegated to the background in
favour of a discussion of the ways of meeting
the specific situation of the country. There is
a clear preference for reliance on the direct
report of the householder, rather than dependence on the intermediary. enumerator
wherever conditions make this feasible, but a
recognition that a combination of the two
methods may be the most effective procedure.
25. It is taken for granted that census results are to be published and thereby placed in
the public domain. With tabulating equipment
and computers in growing use, publication
needs to be viewed not only in the traditional
sense, but attention needs also to be given to
publication in the form of punch cards or
magnetic tapes which are usable on the equipment available to the analysts.

COMPARABILITY AND MEETI'NG NATIONAL
NEEDS

19. One of the early and continuing programmes of the International Statistical Institute was the promotion of censuses and of international comparability among them. More recently this work has been carried on by the
United Nations and its regional organs, and
in the Americas by the Inter American Statistical Institute. These organizations have developed standards, reviewed experience, and
provided a forum for the exchange of views
concerning improved ways of meeting newly
developed needs. The objective has been comparability, recognizing that censuses must be
adapted to the national needs and that conditions vary among countries and regions.
20. The established standards have generally
provided for a core of items and tabulations
which are recommended to all countries, and
suggestions for meeting special needs in a way
that provides for comparability. In this framework, attention has been given to special needs
for new items or for modification of items.
Thus, while there is a growing preference for
questions on educational attainment rather than
the traditional question on illiteracy, a number
of countries which continue to use the question
on illiteracy have developed more objective
questions than the standard one on ability to
read and write. Ability to read a newspaper or
to. write a. letter may be the basis for the classification. Yugoslavia developed a test which was
administered to a small sample of the population and which served as a basis for evaluating the returns which had been received in
reply to the census questions on illiteracy.
21. There has been a growing emphasis on
securing information on the economic activity
of the population, and a number of efforts to
develop labour force concepts which recognize
the special situation in countries with limited
industrialization. In some countries attention is
being given to the scientific and technical qualifications of the nation's manpower.
22. Increasing attention is also being given
to family statistics, including fertility, economic

VI.

INFORMING THE PUBLIC
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26. To facilitate the use of census data,
attention has been given to the areas for which
such data are to be reported. Stable statistical
areas have been established in some instances
and data are presented for these, as well as for
the administrative units within the country.
Statistical areas within cities and metropolitan
areas contribute significantly to the utility of
census results. If they retain the same boundaries from one census to another, they contribute to the analytical uses of the data.
27. As census offices are put on a permanent basis, and staffed by professional workers,
there has been increased emphasis on census
reports which provide more analytical treatment of the data than is possible in the normal
census volumes. In an earlier and more leisurely day, census directors often included lengthy
reports with observations on the data, the
trends revealed by them, and their import for
the nation. Census monographs provide a more
systematic treatment of the trends and bring
to bear the expert k-nowledge of the census
staff in the analysis of the data. The presentation contained in such reports extends the
information to a wider circle of readers than
can be reached by the publication of the tabular
material alone. Censuses have benefited from
the increase in the number of qualified users of
their data. Efforts at collation of census data
with data from other sources has often increased the utility of the census materials and
has led to needed improvements.

VII. CoNCLUSION
28. A brief report necessarily omits many
details and exceptions. The attempt to identify
new items may convey an idea of general
acceptability which would be incorrect. Census
methodology has improved substantially since
the beginning of the twentieth century. The
best census offices today include a high degree
of self-criticism and an evaluation of their
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work and experience. Some of the poorest
offices, on the other hand, tend to accept
methods and results with little criticism. As
Governments and other users of census data
acquire more experience and greater technical
competence, there is a growing appreciation of
the need for a continuing search for methods
that reflect an awareness of the needs as well
as the possibilities of improvements.
29. Any forecast in this field may well be
wrong, but at the risk of misjudging present
and future trends, some indications of possible
future developments may be set down. The
census of the future will more often be the
work of a permanent staff of professionally
trained persons, and less often an ad hoc
project, hastily developed by a staff with little
training or experience for such work. It will be an
important element in an integrated programme
of national statistics. It will give a great deal
of attention to the methods of collecting data,
to the quality of the data that are collected and
tabulated, and to the most effective methods of
providing the data that are needed. It will
combine complete coverage with sampling in
ways deemed to provide the most effective use
of available resources. Considerable attention
will be given to speed of putting the results
into the hands of the users. Increased attention
will be given to the needs of users and to ways
of making the results most useful. Growing
attention to training of census workers at all
levels, and increased sharing of experience
internationally will aid in bringing about these
developments. This will also lead to greater
experimentation with new methods which are
adapted to the needs and resources of individual
countries. With growing awareness of the role
of statistics, it can be anticipated that there
will be recourse to a greater variety of sources
of data and less need to assign to the census
tasks which could better be performed by other
means.

Testing deficiencies and analytical adjustments of vital statistics

V. G. VALAORAS
I.

UNIVERSALITY OF TBE PROBLEM

L Logic and experience demonstrate that
no quantitative measurement is ever 100 per
cent accurate, because of the conglomeration
of a multitude of factors (probable error due
to smaH numbers, adverse physical conditions,
or faulty techniques, involved in the measurement, personal equation, etc.), which falsify the
final result. This is particularly evident in the
study of biological, social or demographic
phenomena which, with the now existing
knowledge, seems to defy exact measurement.
For example, in the population censuses and
the systems of vital registration, errors of
omission or duplication, and misstatements of
the sex, the age or other characteristics, are
common, even among the most advanced countries. However, the magnitude of the error
varies widely, and only when it exceeds a
desired margin of confidence, the need arises
for a proper rectification of the deficient data.
2. In the analytical phase of population
statistics, the demographer had first, to locate
the areas of deficient returns, and, second, to
adjust the data to its maximum likelihood of
accuracy. Several methods have so far been
proposed, and tried more or less successfully,
in this respect. For obvious reasons, none of
these methods is universally applicable, perhaps because the origin and the peculiarities of
the errors are too diverse to be accounted for
in a single systematic way. The following paragraphs summarize the experience recently
gained in Greece during the analysis of its
post-war fertility, mortality and population
trends, on the basis of the vital regtstration
records, for the years 1956 to 1962 1 and its
last two population censuses, taken on 7 April
1951 and 19 March 1961.

II.

(a) Delayed registration ;
(b) Negligence in reporting exactly the sex
of the newborn; and
(c) Omission of reporting the fact of a live
or a dead birth.
4. Delayed registration was found to be
practised, systematically, for live births occurring
in November and in December, the declaration
of which is postponed until the early months
of next calendar year. Evidence of this is found
in the monthly rhythm of live births (frequencies rectified to months of 30 days each, see
table 1), in which the number of births belonging to November was about 10 per cent
less than expected and that to December by 25
per cent less than e."pected, on the assumption
that there is a regular variation of the frequency
of births, with a high point in •vinter, and a low
one during the summer months. The residual of
the missing live births is being charged mostly
to January, but also to the subsequent months
of early spring. The motivation for this practice
is, perhaps, the desire on the part of the parents
to have their child officially recorded as
younger, by one calendar year.
Table 1. Live births registered in Greece, b:y
month of occurrence (average numbers, in
thousands, for 1956·1960; months equalized to

AREAS OF DEFlCIENCIES AND ADJUSTMENT
OF DATA IN BIRTB-STATISTICS

3. Three main types of errors can be easily
located in the registration of births in Greece
of recent years :
Population data of Greece are labelled as "unreliable" in the United Nations Demographic Yearbooks.
1
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thirty days each)
Live births (per 1,11011)

Months
(311 days)

Observed.

January . . .............. .
February ............... .
March ................ .
April .................. .
1fay ................. .
June ................... .
July ................... .
August ................. .
September .............. .
October ............... ..
November
December

15.7
15.1
14.1
12.9

Year

155.0

11.9
11.8
12.0
12.1
12.8
13.6
12.6
10.4

Bxlm:tetl

14.0
13.6
13.0
12.4
11.9
11.8
12.0
12.1
12.7

13.5
13.9

14.1
-155.0
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5. Omission or misstatement of the sex of
the newborn are found to be closely related
with incomplete registration of live births,
which is more pronounced in rural areas.
During the six-year-period 1956-1961, among
almost 1 million registered live births in
Greece there were 1,668 records in which
mention of the sex of the newborn child was
missing. In rural areas (towns with less than
2,000 inhabitants), the frequency of omission
was twice as high as in the cities having a
population (in 1961) of over 2,000. Improvements are rapid (see table 2) and it seems that

Table 3. Per cent males, among· total registered
live-births, and stillbirth-rates, in rural, urban
and total population of Greece

Population

Per cent
males to
all births

Stillbirths
per 1,000
live-births

Rural a
Urbana

52.06
51.48

7.17
19.33

51.78
51.65

13.10
14.22

Total a
Total b
a
b

............. .

Average of period 1956-1959.
Average of period 1960-1963.

Table 2. Non-declaration 6f sex, per 100,000
registered live-births in Greece (1956-1961)
Perioll

Rural

Urban

1956-1959.
1960-1961.

302
95

152
53

1956-1961 ................. .

232
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this type of inexcusable error, in the official
registration of births in Greece, may disappear
soon. It applies more often to female than to
male live-births, and it is certainly related with
the poor registration of the vital facts in the
small villages of rural Greece. Evidence for this
assumption is offered by the still high proportion of registered male sex to total live-births,
in the rural areas, and the grossly deficient
stillbirth-rate, which, contrary to the expectation, in rural areas is almost one third of
what it is in urban centres.
6. Both these indices may be used to
evaluate a first approximation of the size of
error committed in each case. From a cursory
examination of these characteristics, on the
international level, it appears that a percentage
of around 51.5 males per 100 live births of both
sexes, and a stillbirth-rate of about 20 (per
1,000 live births), as found in the urban centres
of Greece, are compatible with those found in
countries reputed to have a complete registration of vital facts. On the assumption, therefore, that registration, in urban Greece, is complete or nearly complete, the amount of female
live births which escape registration in the rural
areas amounts to about 2.3 per cent per year,
and that of non-declared stillbirths to 270 per
cent over those now registered.
7. The size of the suspected incomplete
registration of live births may also be investigated, by using the survival ratios among
the population born during the five years prior
to the last census (19 March 1961). The result

can then be compared with the population
enumerated in the age group under five years,
as follows:
Recorded live-births (April
1956 to March 1961). . . . .
Survivors, expected in March
1961 .. .. .. .. .. .. . . .. .. .
Census population, less than
5 years of age. .. .. .. . .. .
Deficit in number of survivors ................... .
Deficit in registered livebirths ................. .
Per cent completeness of
birth-registration ....... .

Males

Females

406,313

378,755

379,761

356,523

388,216

366,772

8,455

10,249

9,045

10,889

97.8

97.2

The result obtained by this comparison is that
incomplete registration of life births affects
both sexes, by a proportion of between 2 per
cent and 3 per cent, and that, in actual numbers,
some 3,600 live births (1,500 males and 2,100
females) escape registration every year. However, the validity of this finding depends on
the following three assumptions, that (a) the
census returns are accurate; (b) migration in
this age group is nil ; and (c) survival ratios,
based on the 1955-1959life table of Greece, are
applicable in this population group. Only the
first assumption carries some reasonable doubts,
as to its applicability, for it is known that
census enumerations often understate the population at the young ages here concerned. In
such a case, the number of live births escaping
registration in Greece can very well be greater
than the 2 to 3 per cent mentioned above. Since
both elements here compared (census population and registered live births) may err in
either direction and by an unknown quantity,
a better assessement of the errors involved may
be obtained, when deficiencies in death statistics
are also examined, in combination with the
above.

190
III. AREAS

WORLD POPULATION CONFERENCE,

OF DEFICIENCY AND ADJUSTMENT
OF DATA lN DEATH-STATISTICS

8. In death statistics, three main areas of
weak registration can also be discerned, as
follows:
(a) Incomplete registration of infants who
die immediately after birth ;
(b) Unconventional sex differentials in
mortality, during infancy and early childhood;
and

1965

(c) Misstatement of the age at death among
those dying at old ages.
9. Incomplete registration o£ early infant
deaths is, by far, the most serious of the above
weaknesses. As in the case of live births, it is
more pronounced among the rural areas of the
country (towns of less than 2,000 inhabitants
each), and it is intermingled with errors in the
statement of the sex of the deceased infant.
This may be seen in the following comparison
(table 4) derived from the four years' ex*
perience between 1956 and 1959.

Table 4. Age and sex eharaeteristies of infant deaths, in rural-urban
population of reece. Based on total numbers registered during
1956-1959
Per cent deaths, by
age at death

Age at death
(days)

Per cent males
to all deaths

Rural

Urban

Rural

Urban

0-6 . ... ' ....
7-27 ..........
28-365 ..........

22.1
57.8

31.7
20.2
48.1

522
50.2
50.5

57.7
53.7
52.3

0-365 ..........

100.0

100.0

~

Age (days)

ZOJ

Infant death-rate

-50.8

54.3

Ses..ratio
in death-rate

0-6 .........
7-27 ..........
28·365 ..........

9.4
8.6
24.6

12.2
7.8
18.6

101
93
94

129
109

0-365 ..........

42.6

38.6

95

112

~

10. During this period there were, in the
rural areas, 13,732 infant deaths among 322,783
registered live births, while, in the urban
centres, the corresponding numbers were 11,849
and 306,918. The infant death-rate was 42.54
and 38.61 respectively, or 10.2 per cent higher
in rural areas. However, and contrary to the
expectation, the neo-natal death rate was
10.5 per cent lower in the rural areas over
that of urban centres. A similar discrepancy is
found in the comparison of sex-differentials,
and of the proportion of deaths occurring
during the neo-natal period (up to four weeks
after birth), which are conspicuously smaller
than those derived from an overall analysis of
international experience, in this respect. All
these evidences point to a substantial underregistration of infant deaths, especially among
those dying during the first week after birth,
which is heavier among the rural population,
but affects also the urban centres. The nondeclaration of an early infant death presumably
means, also, omission of declaration as a live
birth. Moreover this under-registration seems
to be selective, the death of a male infant being
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more readily omitted than that of a female
infant. The existence of these weaknesses in
the registration of infant-deaths in Greece are
clearly indicated in the comparisons of table 4.
The question now arises as to the ways by
which such weaknesses may be rectified, so that
the data will approach the best likelihood of
their true occurrence.
11. It is helpful, in this respect, to draw on
the experience of international demography, as
is shown in the example of table 5 and figure 1.
The data presented (totals of the five-year
period 1955-1959 for all items, except for live
births, which are for the period 1953-1957),
show that infant and early childhood mortality
are closely related between themselves, and
that the proportion of neo-natal deaths to all
infant deaths, as well as the proportion of
males to total infant deaths, are inversely
related with the size of infant, or early childhood mortality-rates. In the resulting patterns
of these variables, among countries with low
and high infant or childhood mortality, the case
of Greece, marked by an asterisk in figure 1
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Infant
death
rate
100
90
80

•

70
60
~. r---,----r--~--~r---~~~--~~~---,

50

114

40

112

30

110

20

108

10

106

0~_.--~--~_.--~--~~--~~

0

80

2

3

4

56

7

8

9

Sex ratio in infant
death-rote

104

Early childhood mortality {1-4 years}

102

r-~~----~----~P-e-r-ce_n_t-ne_o_n-at-a~ld_e_a~th_s_,

100

Childhood mortality

to all infant deaths

r
0

70

2

3

4

5

6

7

9

60~~------~----~-------------,

Per cent mole
neonatal deaths

59

60

58

•

57

50

8

•

56

55

•

40

54

53

2

5

2

3

Childhood (1-4 years) mortality-rote
Note: Patterns of variation of infant and early childhood mortality, of the sex-ratio in
liv;,~births, and of the constituents of infant mortality, in thirty countries !see table 5).

Figure 1

•
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Table 5. Age and sex characteristics in live births and in infant deaths, among thirty countries, with
varying intensity of mortality rates. Average of 1955-1959 (live births, average 1953-1951), or
as indicated

Cmmtries

(1955-1959)

I. Sweden

. . . . . . . .. . . . . . .

2. Denmark . .. . . .. .. . . .. .
3. England-Wales . . . . . . . . .
4. United States of America
5. Scotland . .. . .. . .. .. . . . .
6.
7.
8.
9.
10.

New Zealand. . . . . . . . . . .
Norway .. .. .. . .. .. .. . .

Netherlands . . . . . . . . . . . .
Australia . . . . . . . . . . . . . .
Canada ............... .

Infant "'•
Death----rate
E>:ccss
1-4

years

male,

Rate ftcr cent

Per cent infant deaths
Live
births
fterc:ent

Per cent male infant deaths

males

-'!
days

-2'1
days

-?
days

-27
days

28-365

days

Year

66.9

76.0
71.1

59.1
60.1

58.9
59.5
58.2
58.1
59.2

55.2
57.8
56.3
55.8
54.6

58.0
59.0
57.7
57.4
57.7

58.4
58.8
58.9
57.4
58.0

55.5
55.4
55.8

57.6
57.5
57.9
56.9
57.2 .

0.92
0.94
0.94

17.0

12.5

23.7
23.4

14.6
122

51.54
51.61
51.44

61.2
60.4

71.2

58.7

1.10
1.10

26.5
28.7

12.0

51.25

63.8

72.3

12.2

51.40

57.6

67.2

58.2
59.6

1.14
1.14
1.24
1.32

21.4
20.2
18.1

11.9
11.9
12.6

51.42

60.1

51.31

52.4

58.4
59.4

23.9
30.5

10.9

51.46
51.34

71.2

57.4

51.37

59.3
62.2
53.3

69.7
62.3
69.8
63.8

58.0

51.41
51.28

47.1
63.7

59.6

59.4

72.6

57.1

59.0

55.7
55.9

11. Belgium .. .. .. .. .. . .. ..

1.36

35.5

13.0

12. Switzerland . . . . . . . . . . . .
13. Germany, Federal Republic of .. . . . .. . .. .. . ..
14. France . .. .. .. .. . . .. .. . .
14. Finland .. . .. .. .. .. .. . . .

1.44

23.9

12.1

1.48
1.58
1.66

37.4

11.1
12.4
11.7

51.45
51.19

57.9

67.5

57.9

33.9
26.3

38.2

51.22

53.1

51.3
63.0

58.5
57.4

16. Austria . .. . .. . .. . .. .. ..
17. East Germany . . . . . . . . . .
18. Hungary . .. .. .. .. .. .. .

1.74
2.00
2.00

58.1

58.1

48.7

41.4

1.7

50.4
43.4
38.4
29.4
26.5

57.5

2.48

51.35
51.69
51.77
51.12
51.98

57.6
58.1

2.40

11.8
11.2
10.9
3.1

61.0

19. Cyprus .. . .. .. .. . . .. .. .
20. Greece .. . .. . .. . .. .. .. .

42.7
45.2
58.5
30.8

49.2
53.8

21. Italy (1957-1958) . . . . . . .

2.55
2.83

48.7
74.6
37.7
42.5

51.32
51.64

37.7
25.6

57.9

7.7
7.8

51.39
51.59

32.9
32.2

51.8
40.8
55.7

58.2

10.2

58.0
55.8
56.8
55.8

54.1
52.4
54.3
53.4
50.0

8.1

22. Poland (1955-1957). . . . .
23. Japan . . .. . . .. .. . . . . . ..
24. Singapore .. . .. • .. . . . ..

3.80

25. Trinidad-Tobago .. .. .. .

3.82

62.6

10.0

50.66

34.1

4.16
7.80

65.8
98.2
87.7
118.4
130.0

8.4

51.50
51.64
51.50
50.70
51.55

21.6.
19.6
16.9

26. Bulgaria . .. . . . . . .. . .. ..

27. Yugoslavia . . . . . . . . . . . .
28. Portugal . . . . . . . . . . . . . .

3.46

8.93

29. Chile (1954-1958).. . . . . . 12.10

30. Egypt• .............. ..

3.9

7.2.
7.9

18.8
7.5

52.0
52.4
52.2
46.7

45.2
46.2

41.6
38.2
32.1
31.5
16.9

55.2

57.0
59.5
58.7
60.3
57.3

57.2
56.6
58.9

58.5
57.0

57.4

57.3

58.1
57.2

57.6
58.2
57.4

57.0

57.3

56.8
56.8

57.5
57.2

57.2
57.1
56.7
50.6

57.4
57.4
57.4
49.9

51.2

52.4

57.2

53.6

57.6
56.1
59.3
57.5

56.5
54.4
55.0
55.1

55.5
56.9
55.3
56.9
56.2

57.7

56.8

55.7
53.7
55.1
54.2
51.1

SouRCEs: United Nations, DemograPhic Yearbooks, 1953-1959 (United Nations publications. Sales Nos.. :
53.XIII.9; 54.XIII.5; 55.XIII.6; S6.XIU.5; 57.XIII.l; 58.XIII.1: 59.XIII.l).

• Registration area.

(as well as of some other countries), deviate
conspicuously from the expected position, thus
indicating an incomplete registration of the vital
facts concerned.
12. The most obvious weakness is the incompatibly low proportion of infants dying
during the first week after birth, which amounts
to 22 per cent among ail infant deaths in rural
areas, and to about 32 per cent in urban centres
of Greece. According to international experience, such proportions would correspond to
infant death-rates of 85 and 65 respectively,
instead of the recorded ones of 42 and 39 (see
table 4). If, as a first approximation, the num-

her of infant deaths occurring during the first
week after birth is progressively increased, its
percentage to all deaths, and the total infant
death-rate, will obviously increase simultaneously, until they both meet at a central point of
gravity, indicated by the international experience. This corresponds to an infant deathrate o£ about 48 for the urban and 56 for
the rural population. Further refinements can
be applied to these first approximate results.
In the first place, the number of unregistered
infant deaths, as derived by the above method,
should also be added to the number of livebirths, for it is highly improbable that, in the
short time interval involved, they were regis-
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tered as live births but not as infant deaths.
Secondly, sex differentials should also be
brought into conformity with the international
patterns. At the termination of all possible adjustments, the under-registration was found to

affect not only rural but, also, urban mortality,
and the infant death-rate for the country was
raised by 25 per cent over its recorded level.
The detailed results of these corrections are
given in tables 6 and 7.

Table 6. Observed and rectified numbers of live births and of infant deaths in Greece (urban-rural
and total, 1956-1959) and estimated completeness of registration

Males

Females

Females

Total

Per 100
complete·
ness

154.8
148.9

322.8
306.9

97.6
99.1

Original

Corrected
Population

Total

Males

Live births (in thousands)
Rural
Urban

............

170.3
159.3

16G.6
150.2

330.8
309.5

168.0
158.0

TOTAL

329.6

310.8

640.4

326.0

... ..........

4,068
3,712

2,946
2,666

7,014
6,378

5,612

13,392

••••••

~

.. * ••••

-303.7
-

-629.7

1,446
1,587

3,026
3,752

43.1
58.8

3,033

6,778

50.6

6,977
6,435

6,755
5,414

13,732
11,849

75.3
81.9

13,412

12,169

98.3

Infant (under one week) deaths
Rural
Urban

~

••

0

•••

~

......

TOTAL

-7,780

1,580
2,165

-3,745

Infant (under one year) deaths
Rural
Urban

.. ..........

............

10,234
8,182

7,991
6,293

TOTAL

18,416

14,284

~

18,225
14,475

-32,700

-25,581

78.2

Table 7. Rectified characteristics of infant death-rate in Greece (1956-1959)
Infant death-rate

Per cent deaths under 1 week
PopulatioK

Rural
Urban

~

Females

Total

Males

........ ...
............

39.8

36.9

38.5

60.1

49.8

55.1

35.3

45.4

42.4

44.1

51.4

41.9

46.8

21.1

TOTAL

42.3

39.3

41.0

46.0

51.1

~

13. Finally the erroneously high age at
death, as reported for those dying at very old
ages, is being brought into light in the example
of table 8. In this, the number of deaths at
the age group of 85 years and over was
growing rather smoothly, over the period 19511963, in conformity with the known rate of
aging of the population of Greece. By contrast,
the death-rate grew precipitously between 1951
and 1960, and then dropped sharply, resuming
its slow rate of increase comparable to that
observed in the number of deaths. The element
of this disturbance is located in the estimated
population in the age group 85+, which, undisturbed as it is by migration, was being
reduced each year by a disproportionately large
number of persons alleged to have died in this
age bracket, but actually being at a younger
age when death occurred. The 1961 census

-55.9

Females

Total

Per
cent in ..
crease

Males

-24.8

Table 8. Mortality at very old ages (85 years and
over) in Greece, 1951-1963
Number in thousands
Year

Pof?u·
lat<on

Deaths

Death
rate

1951... ' ............
1952. ............. ' .
1953. ...............
1954.- ..............
1955 ................
1956.' ..............
1957 ..... ' ..........
1958.' ... ' ..........
1959 ................
1960 .... " ..........
1961'. ' ............ 1962 ................
1963 .............. -

30.9
31.2
31.6
31.5
32.0
32.5
32.5
32.4
31.9
31.4
48.0
47.4
46.3

5.6
5.6
6.9
7.4
6.7
8.1
8.3
8.1
8.6
8.8
9.6
9.9
10.1

180
181
217
235
211
248
255
250
268
281
200
209
218
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brought back this population to its true level,
thus reducing sizably the corresponding death
rate. This anomaly, which begins in Greece at
the ages beyond 60 and affects more heavily
the female sex, can be rectified with the analysis
of the constituents of the mortality, in the light
of the returns of the last two censuses, 1951
and 1961.
14. It may therefore be concluded that defi-
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dent data in vital statistics, which are common
in many countries, may be adjusted to approach
their true levels, provided that, first, there are
available supporting data from recent censuses
and the registration system and, second, use is
made of the vast amount of international demographic data, which demarcate specific patterns,
joining together the various but intrinsicly
related demographic elements of human fertility
and mortality.

The United Arab Republic project for measuring vital rates in rural areas

G.
l.

VUKOVICH

BACKGROUND OF 'THE PROJECT

1. The lack of adequate information on basic
demographic parameters is one of the greatest
obstacles to proper economic, social and health
programmes in developing countries. Because
of the acute need for demographic data,
attempts have been made in many countries to
improve the registration system, if any, or to
establish a new registration apparatus which
may provide necessary information on population statistics. In spite of the efforts already
made, registration in these countries is far from
being complete and accurate, and vital statistics
published are seriously deficient. As to the
censuses taken in those countries, in most cases
they also can be considered as inaccurate both
from the quantitative and qualitative points of
view. To make up for this shortcoming, different methods, aiming at the adjustment of
deficient statistics and calculating failing parameters from the existing ones have been developed. This latter procedure is generally
based on stable and quasistable population
models. Besides, the importance of developing
sample surveys has gradually gained ground
and these, if properly designed, can serve as
substitutes for deficient registration and census.
Sample surveys have been carried out in a
number of developing countries providing valuable information on population parameters. And
since both registration and census have a long
way to go before they can be brought up to the
required standard, sample surveys can be considered as the cheapest and most suitable
method of getting statistical information on the
population of developing countries.
2. A thorough investigation of population
data of the United Arab Republic easily reveals
their shortcomings. The registration system
had been established in Egypt as far back as
1917, and the statistical processing of vital
events has also been established a long time
ago. The quality of population data, however,
is being seriously influenced by the fact that
health bureaux, which assume the responsibility of reporting vital events, are serving
less than the half of the population of the country ( 47.3 per cent in 1960). Out of the popu-

lation served by health bureaux the ratio of
those belonging to urban areas amounted to
79 per cent in 1960, which means that about
84 per cent of all rural areas were not covered
by the network of health bureaux in 1960.
Because of the efforts made by the Government
this percentage shows a continuous decrease ;
nevertheless, it will be years before all rural
areas will be served by health bureaux. The
completeness of registration in urban and rural
areas that have health bureaux shows a remarkable improvement-fluctuations however, often
occur. It was considered to be over 90 per cent
for the average of the years 1959-1960. On the
other hand, rural areas without health bureaux
show serious underregistration, as suggested by
the data of table 1. It can be seen from the table
that these areas have "lower" crude birth and
death rates, and a more "favourable" pattern
of age specific mortality than any of the other
areas included in the table. Since crosstabulated data of vital statistics cannot be
taken apart according to the three areas figuring
in table 1, analysis of vital statistics based on
published data seen1s to lead to erroneous
results. Similar difficulties arise when analysing
census data.
3. The weakness of vital statistics and the
growing need for accurate data were subjects
of successive discussion at the North African
Demographic Centre, and resulted in a decision
to carry out a research project devoted to the
measurement of correct vital rates and a
thorough analysis of fertility, mortality and
migration in rural Egypt. As cities and towns
have a nearly complete vital registration, the
project was suggested to be limited to rural
areas only. It has also been agreed that the
project should be carried out in two steps, the
first being a survey of Lower Egypt, and the
second of Upper Egypt. The Lower Egypt
survey is expected to be started in the first half
of 1965, while the Upper Egypt survey will be
carried out about a year later. Our report
refers to the preparatory stage of the Lower
Egypt survey, but it should be pointed out that
the same methodology will be adopted for the
second stage, and the dividing of the project
into two parts is only due to the lack of ade-
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Table 1. Vital rates calculated from unadjusted data, by different
areas of the United Arab Republic (1900)

Item

Urban areas

Crude rates (per thousand):
Crude birth rate .............
Crude death rate .............
Rate of natural increase ......
Age-specific death rates (both
sexes):
Infant mortality rate .........
Central death rates :
1-4
................ ..
~

~

5-14 ......................
15-39 .....................
40-59 ......................
.....................
60~

quate, highly qualified personnel to be employed
on the field. The costs of the projects are
granted by the U.S. National Center for Heal~h
Statistics and the North African Demographtc
Centre has taken the responsibility of designing
and carrying out the surveys, and of their final
analysis. The field work itself will be carried
out by the Department of Statistics and Mobilisation of the U.A.R., on the basis of a subcontract between the North African Demographic Centre and the said department. A
joint committee including staff members of. the
Statistical Department and the North Afncan
Demographic Centre has been formed in order
to design and supervise the field work.
4. The project includes three enumerations
of population of a sample of villages, the continuous registration of vital events in the sample
villages, a special fertility survey, and the processing and final analysis of data obtained by·
the surveys. The project is based on approximately 1 per cent sample. of the total rural
population of the United Arab Republic. It
should be mentioned that the North African
Demographic Centre, which is serving the Arab
countries of North Africa and the Middle
East has launched two more research projects
in 1964. One of these will provide demographic
parameters for Arab countries, while the second
will be a comparative study on fertility of developed and Arab populations. The proje~t
reviewed in this paper is expected to be of baste
use for both projects mentioned, since it will
help, among others, to establish typical fertility
and mortality patterns of a rural Arab population, which may be helpful when analysing
demographic conditions of other Arab countries.

43.9
17.6
26.3

Rural are~U
having health
burea"x

Rural areas
'Without health
burea"x

48.5

41.6

22.1
26.4

26.0

15.6

0.1425

0.1336

0.0791

0.0345
0.0019
0.0032
0.0090
0.0701

0.0501
0.0023
0.0031
0.0078
0.0748

0.0331
0.0019
0.0026
0.0077
0.0684

II.

THE SELECTION OF SAMPLE UNITS

5. The sample had to meet the requirement
of being representative for the rural population
of Lower Egypt. A systematic, stratified sample
was drawn by the follov;ring method:
{a) The villages of Lower Egypt were
grouped according to their size and ten strata
were thus formed, and they were finally drawn
together into three broad strata, which are as:
follows : villages with (a) less than 2,000;
(b) 2,000-4,999; and (c) 5,000 and more inhabitants. The median population of each stratum was 1,215, 3,200, and 6,930, respectively.
The lower and upper quartiles of the distribu-.
tion obtained by forming the three broad groups
nearly equals the upper limit of the .first, and
the lower limit of the third group interval. All
calculations referring to the sample design were
based on the data of the 1960 population census
of the United Arab Republic. As mentioned
before, the sample fraction has been agreed to
be about 1 per cent of the total rural population of Lower Egypt, as of September 1960.
A greater sample fraction would surpass the
available financial resources and would not permit the concentration of qualified staff on the
field operation. The 1 per cent sample, however satisfies the requirement of representativeness: and the population included !!mounted to
about 95,000 in 1960 and certainly exceeds
100,000 in 1965;

(b) The number of villages to be sampled
from each stratum has been calculated by
dividing 1 per cent of the population of the
stratum concerned by the median population of
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the stratum. Equal sample fractions were thus
obtained within each stratum, the number of
selected villages being eight in the first, eleven
in the second, and six in the third stratum.
The selection of sample villages was based on
a list containing the names of all villages in
Lower Egypt, and grouped according to the
group intervals of the strata. A systematic
sample has been drawn up from the list, the
results of which can be seen in table 2. The

sampling fraction for the total population is
1.08 per cent, and as it appears from the table,
the middle group (villages with 2,000-4,999
inhabitants) is slightly over-represented, while
the third group seems to be somewhat underrepresented. The value of the first group equals
the average sample fraction. No corrections of
the sample have been made and the fractions
obtained by systematic sampling were considered as final.

Table 2. Sample fractions for the Lower Egypt survey
(Based on 1960 population census data)
Population number

Number of villages

Stratum

Total
rural

Sample

Total
rural

Under 2,000 ........
2,000-4,999 ........
5,000 and over ......

912,690
3,343,306
4,519,104

10,873
40,723
43,100

767

8

1,024
567

TOTAL

8,775.100

94,696

2,358

III.

THE POPULATION AT RISK

6. The determination of the population at
risk always raises delicate problems, and different methods have been adopted in surveys
carried out so far. As to our problem, since the
sample population is sufficiently large (over
100,000), and arrangements were made to
employ trained staff in the field, as interviewers
and supervisors, it was possible to work out a
plan which may minimize the effects of uncertain factors when determining the population at risk. Making use of the relatively
high number of expected staff members at
disposal, the taking of three successive censuslike enumerations has been decided. It is hoped
that the enumerations, if carried out properly,
will provide the highest possible degree of
accuracy. The first enumeration will take place
one week before the first day of the one year
period of continuous registration of vital events.
The second enumeration is planned to be
carried out at the mid-period of the registration
year, while the third one will be on the last day
of the survey, i.e., the last day of continuous
registration. The census-like enumerations will
cover all sample villages and will be carried out
on basis of general rules of census taking.
Because of the limited area involved and since
some of the villages show a certain extent of
migratory movements, it has been agreed that
better results can be obtained by adopting the
de jure method both in enumerations and vital
registration.
7. The enumerations will be carried out by
the so-called household method, and a house-

Sample fractions
ges

Pof!u·
latwn

11
6

1.04
1.07
1.06

1.20
0.95

25

1.06

1.08

Samt>le

Villa-

1.06

hold questionnaire similar to that used in the
1960 census of the United Arab Republic has
been adopted for the survey. The main difference between the questionnaire adopted for the
survey and that of the 1960 U.A.R. census is
that the former will be supplemented by a
question referring to the length of the stay in
this village, and that the question concerning
the number of children ever born will be raised
to all ever married women, instead of the
married women only. Single females are not
to be asked for their children, but since in a
rural Arab society illegitimate childbearing is
rather exceptional, the omission of eventual
illegitimate children will have a negligible effect
on the fertility pattern of the population under
study.
8. The questionnaire of the census-like enumerations will be filled in by household units.
The tabulation, however, will be based on individual punch-cards. The tabulation programme
of the enumerations will be so determined as to
give sufficient information on the distribution of
population by basic demographic items. Detailed
cross-tabulations will be made by sex, age and
marital status, and special tabulations are
planned in order to permit deeper analysis of
the population and to serve as denominators
when calculating different demographic rates.
The enumerations are considered to be not only
devices when calculating the population at risk,
but their data, as those of general censuses,
will be analysed since they are expected to have
a higher accuracy than the 1960 census had.
Data of the second enumeration (carried out at
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the mid-point of the one year registration
period) will serve after certain corrections as
the population at risk. Both the first and the
third enumerations have the primary purpose
to check on the completeness of the second one,
and some tabulations will be made from the
data of these two enumerations for checking.
9. The third purpose of the enumerations
is to help the registrar when registering vital
events in the village. Some items to be entered
in the register are being taken from the household questionnaire of the first enumeration,
which offers a possibility of improving the
quality of both the registration and enumeration.

IV. T:a:E FERTILITY SURVEY
10. Based on the continuous registration of
births, a special fertility survey will be carried
out by the help of an extension of the birth
questionnaire. This survey will be the first
atten1pt to get detailed information on fertility
histories of a sample of rural females in the
U.A.R. All mothers giving birth to a child
during the registration period will be included
in ·the survey and interviewed by the registrar,
the number of females thus interviewed will
amount to about 5,000-5,500. The survey
obviously excludes females having no delivery
during the registration period. But since the
fertility in rural Egypt ts believed to he constant, fertility histories of females of different
ages during a period of a year may not substantially differ from the so-called longitudinal fertility pattern of a cohort of females, or at least,
some basic patterns, which are characteristic to
a rural Arab society can be obtained by this
way. Besides the routine questions referring to
the present child and the female's previous
fertility history, the survey is hoped to provide
some information on the family planning experience of the mothers. The fertility survey will
he carried out by completing a special questionnaire which is an amendment of the statistical
report on births. The questionnaire will be
divided in two parts, the first referring to the
social and economic conditions of the mother
and her husband, the age at marriage, number
of previous marriages of the wife, and the
previous pregnancies and deliveries, while the
second part will ask for knowledge on family
planning and eventual experience in that field.
Considering the difficulties in collecting this
type of information from a relatively large
number of females living in a traditional rural
society, the registrars (who are females) will be
specially trained in this field. The fertility
survey will permit the analysis of fertility by
duration of marriage, occupational a11d educa-
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tional differences, and may contribute to the
knowledge on the influence of age at marriage
on fertility, the fertility of first a11d subsequent
marriages by age at marriage, and the influence
of accidental birth control experience on
fertility.
V.

TRE CONTINUOUS REGISTRATION OF VITAL
EVENTS

11. All vital events occurring during the
registration period will he registered, irrespective of whether or not they are registered
by an administrative or health authority. As
stated before, the registrars will he females,
preferably full time emplo
They will be
appointed to the sample
for a period
of fourteen months and thetr number will
depend on the number of inhabitants of the
village in question. Their duty will be not only
the mechanical registration of vital events, but
also of visits to families living in their area of
action, in order that they make themselves
socially acquainted with the population. This
method is hoped to reduce the omissions to
minimum, a11d to improve the quality of answers.
12. The following events are to he registered: births, deaths, marriages, divorces, immigration, and emigration. All events will he
entered into special registers, designed to suit
statistical processing, and monthly reports are
expected to be submitted to headquarters. Special methods are being developed in order to
secure the proper book-k ·
all events.
The registrar will be pro
h a copy of
the first census-like enumeration, which will
serve as a benchmark when visiting the families
and entering answers in the register. The registration forms have many items in common with
the enumeration questionnaire, and this offers
a possibility of thorough checking and is
expected to improve the quality of both·
registration and enumeration. At the same time,
this method may reduee the errors in the data
caused by the inconsistency of numerators and
denominators of rates.
13. By the end of the registration year, and
after the necessary correctio11s and eventual
amendments, the registered material will be
centrally coded and converted to individual
punch-cards. The registration and the censuslike enumeration will permit the calculation of
several demographic parameters for the rural
population of Egypt, such as life table, fertility
and reproduction rates, nuptiality tables, migration rates and others. The first publication of
the results of the project will be made available
by the end of 1966.

SUMMARIES OF PAPERS
Attempt to estimate the under-registration
of children of less than one year in the
Iranian census of 1956
M.

AMANI

In the population censuses of the developing
countries, the group of children of less than one
year is one of those most liable to underregistration. Our study is designed to show
how this phenomenon appeared in the Iranian
census of 1956.
As a basis for our estimate, we took the ratio
between the group of children of less than one
year and the group of those from one to four
years divided by four.
In the case of most populations, the number
of children from one to four years divided by
four will be less than the number of those of
less than one year. If it turns out otherwise, it
can be considered that the group of less than
one year has been under-enumerated. For
example, according to the Iranian census of
1956 the number of children of less than one
year in the rural areas was 364,537 and one
quarter of the number of those from one to
four years was 514,391 - a higher figure than
that of those of less than one year.
In order to obtain a registration index, we
calculate the ratio of those of less than one year
to one quarter of the group of one to four years
multiplied by one hundred.
There is no doubt about the under-enumeration of the children of less than one year in
the 1956 Iranian census. The application of the
index cited above gives 77, which shows that
77 per cent of the children of less than one
year were registered in 1956. In a population
of the type of the Iranian population, this index
should be about 118. Consequently the real
number of children of less than one year in
1956 should be 827,521.

Method of life table construction for popu·
lations for which vital statistics are
lacking
EDUARDO

E.

ARRIAGA

In the past, there has been under-registration
in the statistics of certain countries that make
their utility for the construction of life tables

hazardous, if not impossible. A method for the
construction of life tables, based on the proportional distribution of the population by age
groups, and an estimate of the annual growt.h
rate, is presented here. The importance of thts
method lies in the fact that deaths are not
needed for the calculation of the probabilities of
survivaL Moreover, even though the method
requires estimation of the birth rate, this estimation is obtained by the same procedure of
adjustment, and therefore, it is not necessary
to use birth statistics. On the other hand, since
the method uses the proportionate distribution
of the population between certain ages (in
general between 10 and 55 years old), the
common percentage omission in the registration
in all age groups does not affect the calculations,
and the effect of the differential omission by
age is considerably reduced. The method has
limitations, and its application is advisable only
in those cases where fertility has not varied very
much or has experienced minor variations.
Another requirement of the method is that
migratory movements should be meaningless.
The method proves to be useful in the case of
populations where the utilization of vital statistics is impossible, but its main value lies in the
fact that it is possible to estimate with some
accuracy the mortality levels in the past when
registration did not exist or was incomplete.

Problems of evaluating and locating een·
sus data as preliminary stages in the
analysis of internal migration
K. M.

BARBOUR

The study of internal migration, particularly
of rural-urban migration, demands the satisfactory definition of urban and rural settlements. These may be classified according to
their size or function, or a combination of the
two. For effective international comparisons,
agreed criteria are necessary, so that migration
sources and destinations may be observed.
Maps are a useful tool in the study of the
direction and distance of migration, as well as
in the classification of the areas of the depopulation and growth. Maps also provide a base
for the study of inter-censal change. ~he paper
describes various studies undertaken 111 Sudan,
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Ghana and Nigeria and their utility for subsequent surveys of many kinds as well as for
rural administration.

Repeated demographic observation in a
rural area in Senegal: method and first
results
PIERRE CANTRELLE

A continuing demographic observation was
undertaken for the first time in two areas of the
groundnut-growing region of Senegal, one
having a population of 33,000 and the other of
17,000.
An individual card index was established for
these 50,000 persons. It is brought up to date
annually by visiting each family and recording
the events that have occurred smce the original
census (births, marriages, deaths, emigrants,
immigrants).
The data collected by this procedure are much
better than those provided by the official
register of births, marriages and deathswhich has many gaps in this rural area and
are also superior to those collected by visiting
the villages every three months.
The method used also seems to be preferable
to the surveys based on a single recapitulatory
questionnaire, which had previously been used
in Senegal.
The rates calculated for the resident population observed during the first year of the
survey (1963) in the two areas are, respectively:
birth rate, 48 and 54 per thousand; fertility rate,
212 and 218 births per thousand women between the ages of 15 and 49; death rate, 32 and
25 per thousand. These results seem reasonable
bearing .in mind the factors affecting the death
rate, which could be observed.
The present survey will be continued for at
least three successive years with a view to
ascertaining the annual variations in the birth
rate, which have not yet been established for
Africa.

Research and data collection techniques
for developing areas
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the quality of statistical data can be improved
substantially and the quantity of such data can
be increased by developing and implementing
special techniques adapted to the resources and
capabilities of developing areas.
Special techniques are needed for a variety
of reasons. Biological conditions in lesser deve·
loped areas do not lend themselves to the easy
collection of statistics. Communication and
transportation facilities are poor and economic
resources for the collection, processing and
publishing of statistical data are limited.
A number of techniques may be used to
improve the efficiency of the administration of
research and data collection systems. To avoid
duplication of statistical activity by various
governmental components, a central coordinating council may be established. The
coUection of vital statistics and the estimation
of parameters may be performed by assuming
that births and deaths are a function of population size. Future need for manpower and
facilities can be estimated by assuming that
the need is a function of population increase
and the necessity to erase a present deficit.
Hospital statistics may be obtained easily and
without excessive cost by the use of a simple
schedule and final tabulation of patient characteristics based on a sample. A national sample
design for low cost surveys can assist greatly
in the collection of a wide variety of types of
data.
Considerable imagination and initiative are
necessary to adapt older techniques and invent
new ones. Various international organizations,
government offices and training centres are
engaged in the development of special techniques. It is urgent that implementation of these
techniques be accelerated in a world of nations
that is e."<periencing an ever-increasing interdependence and need for reliable statistical data
on population and related areas.

A note on the use of birth-plaee-place of
residence data for estimating intercensal
migration streams
D.

FRIEDLANDER

and R.

J.

ROSHIER

This paper attempts to demonstrate how
classifications
of persons by birth-place and
JosEPH A. CAVANAUGH
place of residence have been modified into sets
Demography, vital, health and other types of intercensal migration streams. The method
of statistics vary greatly in respect to the degree has been applied to English data, covering some
of their reliability in developing areas. Lesser 100 years. The main problem is that the classi·
developed countries are often unable to utilize fications of persons by birthplace and place of
research and data collection techniques em- residence refer to lifetime migration and not to
ployed in economically advanced countries. The any specified period. To turn lifetime migration
major purpose of this paper is to indicate that. into intercensal migration data requires an

201

BASIC DEMOGRAPHIC MEASURES

examination of the mortality of the different
groups of life-time migrants and in turn, an
assessment of the influence of their age structures upon their survivorship. Thus, if the classifications of persons by birthplace and place of
residence would have been further classified by
age, it would be relatively easy to turn the lifetime migration data into intercensal migration
data. However, this has rarely been done on a
national basis.
It is shown in the paper that age distributions
of lifetime migrants can be estimated with
sufficient accuracy for the purpose, and hence
intercensal migration streams can be calculated.
The main assumption involved is that the age
structure of current intercensal migrants is
constant, and it is shown that this assumption
is not too unrealistic.

Non-conventional methods of obtaining
data on the religious composition of the
United States population: the case of
Jewish population statistics
ROBERT GUTMAN

A variety of non-conventional methods have
been used over the last century in obtaining data
on population characteristics and births and
deaths among the Jewish population of the
United States. These methods can be classified
in terms of three attributes : the auspices under
whose direction they were used ; the portion of
the total national Jewish population to which
they relate; and whether or not the procedures
involved personal enumeration. The combination of these attributes yields eight categories,
each of which represents a distinct type of
method for obtaining data. Studies of Jewish
population statistics illustrate seven of these
types. Each is discussed and brief comments are
made regading their reliability and usefulness.
Among studies dealing with population trends
among Jews in the nineteenth century, Billings'
survey in 1889 is outstanding. Approximately
forty community surveys conducted by private
organizations affiliated with Jewish denominations have been conducted in particular cities
and metropolitan areas since the 1930's. These
offer a rich source in depth for understanding
the demography of American Jews. With the
exception of one survey conducted by the
Bureau of the Census in 1957, all figures
purporting to show the number of Jews in the
United States have been collected under private
auspices through impersonal enumerations.
Plans are now under discussion among Jewish
organizations to conduct their own sample
surveys.

A method of using census data for measurement of fertility
Ivo

LAII

Census data generally contain among other
quantities the numbers of women in single
ages Lm and the corresponding numbers of liveborn children K 11 • From these quantitieswithout taking into consideration vital statistics -fertility rates can very easily be
computed.
The empiric cumulative fertility Fo(x)
must be analytically graduated beforehand.
"The force of fertility" is defined by P.u: • In
the lowest fertile age this force is P,a =
oo,
in the highest fertile age it is p.., = 0. A
differential equation meets these conditions
and contains, besides that, a parameter
characterizing the typical properties of the
fertility in question. Other parameters are
added and the generalized formula for the
analytical graduation of empirical cumulative
fertility F 0 (x) is given. The parameters av are
to be calculated by least squares method, which
leads to a system of normal equations.
For the sake of facilitation and acceleration
of the computation the values of the function rl'
are given.
A numerical example of this theory on the
basis of Yugoslav census data from 15 March
1948 is presented.
Mutatis mutandis, this theory can be applied
on the computation of nttptiality, divorciality
and other demographic tables too.

+

Population data and the Indian National
Sample Survey

D. B. LAHIRr
The paper discusses the data collection experience of a developing country like India under
conditions of extremely limited resources and
pressing need for reliable data for national
economic and social planning.
Indian National Sample Survey (NSS) is a
multi-subject, continuing survey organization
which collects comprehensive population data
using improved survey-design procedures for
controlling non-sampling errors. The National
Sample Survey collects data by villages and/or
urban blocks so as to establish relationships
between demographic variables and the regional
characteristics of the particular villages and/ or
towns.
Three broad principles are followed in the
collection of the population data : first, introduction of only a few demographic variables
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even in subjects which are primarily demogra·
phic; second, introduction. of non~demographic
variables likely to illuminate population problems ; and finally, the use of an integrated
approach where data on the various socioeconomic aspects of the households, standard
of living etc. are collected on a continuous basis
to study various demographic situations. Integration of different types of data-variables in a
single round of survey is considered economical
not only because of technical reasons but also
because of savings in overhead costs.

Techniques to measure population growth:
survey of population ehange in Thailand
PATIENCE LAURIAT and ANURI
CHINTAKANANDA
The paper discusses the experience of the
National Statistical Office of Thailand in
carrying out a sample survey to establish
reliable estimates of growth of population over
a period of time. The specific purposes of the
survey are:
(a) To obtain reliable estimates of the total
birth and death rates ;
(b) To obtain reliable estimates of the
annual birth rates by age of the mother;
(c) To obtain reliable estimates of annual
death rates by age and sex;
(d) To measure under-registration of births
and deaths;
(e) To investigate age and sex biases in vital
registration data.
This is a continuing survey, to be undertaken
over a period of five years from 1964 to 1969.
The first round was begun in July, 1964 and as
of May, 1965, the fourth round of interviews
was under way. The survey is a stratified twostage probability sample consisting of geographically definable areas which could be identified
in the registration documents. Bangkok and
environments with over 2 million people were
excluded from the universe of the survey, but
the feasibility of adding the registered data for
Bangkok to the findings of the survey is being
planned.
On the basis of the data collected so far, the
first approximation of the crude vital rates for
Thailand are estimated to be 46.0 per 1,000 for
births and 12.9 per 1,000 for deaths. The
relative sampling error is expected to be about
1.5 per cent for birth rates and at a slightly
higher level for death rates. These estimates
will also be subject to non-sampling errors, of
which the most serious is expected to be underreporting of vital events by the respondents.
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Forthcoming data from the continuous rounds
of the survey will allow for the precise estimates
of growth rates. The experience, so far, has
confirmed the idea that sample survey techniques can be applied to measure population
growth in the absence of reliable vital statistics.

The graduation of age-speeific fertillty
rates by order of birth of child
DENIS PETER MAZUR.
This report is concerned with mathematical
concepts in the approach to fertility rates for
those situations where basic data are scant and
erratic. It should therefore be of special interest
for work on most of the non-industrialized
regions where censures are not as yet administered efficiently. A general solution to the
problem of graduating age-order specific fer~
tility rates is presented here in the forn1 of
equations applicable to data situations where
only the rates of total fertility by order of birth
of child are available, or where the data are
gathered in broad age categories. Theoretical
considerations presuppose knowledge of certain
basic parameters such as, the initial, terminal,
and modal age of fertility in a population of
women. The graduation of rates to any desired
degree of specificity by age of woman and up
to the sixth and higher orders of birth can best
be done on the basis of period-type rates and,
under certain conditions, with generational
measures as welt In addition, projections of
incomplete cohort fertility rates by age of
woman and order of birth of child can be made
in a similar fashion with the use of the model.
An index to measure digit preference error
in age data
K. V. RAMACHANDRAN
Single and even quinary year of age data
are of immense value in planning. Unfortunately, many times, the data have gross digit
preference errors. An idea of this error can be
had by using one of several techniques. The
graphical method is easy but is subjective and
cannot quantify it. The Digit Preference Index
is easy of calculation but suffers from the effef!t
of mortality. The Myers Index takes account
of this hut does not consider the varying incidence of the error of the non-stability of the
population. Carriers Indices to a large extent
take account of all these but still leave much
to be desired. For comparing groups of populations especially these have less value.
A new index called the Preference Pattern
Index is given here for this purpose and is
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defined below: ten pattern matrices are formed
sta rting with an age with end digit r(r 0,
1, . .. , 9) . T he pattern matrix starting with an
age ending in digit r is obtained by taking percentages of ages ending in digits 0, I, ... , 9 in
each of the age segments r to r+9, IO+r to
19+r, ... , lO(n- l )+r to 10-n- l+r. The
percentages in all the ten pattern matrices at
each digit r are then pooled to form the blended
percentages (r=O, 1, .. . , 9). The ratios expressed as a per cent of these blended percentages to their grand total give an idea of
the preference for the digits and the sum of
their absolute deviations from 10 provides an
index of digit preference.
The performance of these indices on the
single year of age data for Greater Bombay,
I ndia is made and the advantage of the new
index over the others especially for comparisons
of groups is brought out.

=

An evaluation of the use of retrospeetive
questionnaires for obtaining vital data:
the experience of the MorOClC&Il multi·
purpose sample survey of 1961·1963
GEORGES S ABAGH and CHRISTOPHER ScOTT
The objective of this paper is to show the
sources and extent of errors of observation in
the different methods that were used to collect
birth and death data in the 1961-1963 multipurpose sample survey of Morocco carried out
by the Moroccan Central Statistical Service.
All data in this paper are based on 131 of
the 146 rural primary units (mostly villages)
of the survey (population 55,788). The survey
involved three rounds with exactly one year
between the 1st and 3rd rounds and a mean
interval of 197 days betwen the 1st ~d 2nd
rounds. T he following survey items were used:
(a) List of household members (1st and
2nd rounds and roll-call at 3rd round) ;
(b) Retrospective death (1st, 2nd, and 3rd
rounds) and birth questionnaires (3rd round);
(c) Date-of-birth questionnaire (2nd round) ;
(d) H ousehold check-sheet explaining differences between 1st and 2nd round lists (3rd
round).
In 84.6 per cent of births and 59.0 per cent
of deaths that could have occurred between the
1st and 3rd rounds, there was agreement between all documents. When documents, disagreed a number of rules had to be established
to specify which evidence was overriding. The
analysis of error pertains to the period between
the 1st and 2nd rounds.
If vital data were collected with a singleround retrospective procedure, the gross error

( over-enumeration+ under-enumeration) would
be 17 per cent for births and 36 per cent for
deaths. There is a 1tet error of over-enumeration of 3 per cent for births and 10 per cent
for deaths. If two rounds are available thus
making possible a combination of household
composition follow-up and a retrospective
mortality questionnaire, over-enumeration is
almost entirely eliminated and under-enumeration is noticeably reduced.
Most of the remaining errors of underenumeration were attributed to (a) an estimated number of infants born and deceased
between the two rounds and missed by all
questionnaires; (b) matching failures due to
the absence of adults at the I st round; and
(c) matching errors.
Census data and urban planning requirements

DA WLAT A.

SADEK

The importance and need of reliable population data for t he purposes of physical planning needs hardly any emphasis. It is inconceivable to think of planning and designing the
future growth of an urban area without the
help of this basic information on people. This
is even more true in the case of planning redevelopment of existing towns and cities. Since
cities are concentrations of people in a relatively
small space, it is only appropriate that an
urban planner and geographer should know all
the relevant facts and characteristics of population for which an area has to be planned. In
the absence of reliable population data, planners
and geographers are left to rely on more or less
vague notions about the size, needs and resources of a given community.
It is, therefore, essential that the census
should provide as much of the relevant demographic data on our cities as possible. The
proposed city census handbooks together with
certain basic maps visualizing the demographic
information on the cities could be of great
assistance not only to urban planners, but t o
administrators, social workers, and research
students as well.
Estimates of lblrth rate and expectation
of life in India on the buia of quasi·
stability

G. B.

SAXENA

I ndian population for the last two to three
decades has been behaving in a quasi-stable
form, i.e., mortality has slowly declined while
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fertility is fL"(ed at a constant level. In the
absence of any signific:mt migration, these
factors have resulted in a constancy of age
distribution which would have approximately
resulted from the stable conditions of fi."Ced age
schedules of fertility and mortality.
An appljcation of the stable population theory
reveals that the birth rate in India during the
years 1901-1921 was 53 per 1,000. I n 1931 it
was 45 per 1,000 and during the period 19411% 1, it was about 43 per 1,000 population.
Estimated life.expectandes at birth a re 20, 22,
19, 28, 35, 35 and 37 years for females and
20, 22, 18, 29, 35, 35 and 42 years for males
in 1901, 1911, 1921, 1931, 1941, 1951, and 1961
respectively.
As these rates are based on the assumption
that age distribution under perfect stabiltty is
exactly identical to that under quasi-stability,
these estimates require a correction. The corrected birth rntes in 1941 work out at 47 and
during 1951-1961 at 46. The corrected estimates
of expectation of life for females a re 28, 33
and 37 years in 1941, 1951, and 1%1 respectively. The corresponding estimates for the
males are 29, 34, and 42 years.

On the notiona and meuurea of o"YerpopulaaJon and Ullder-population
WILHELM WINKLER.

The author finds the usual definitions of overpopulation vague, and proposes to replace them
with the following definitions :
(la) Relative over-population: over-population in relation to the present standard of
living of the population ( formula 1);
(b) Theoretical absolute over-population:
over-population in relation to the physiological
(and cultural) minimum of (cultural) existence
(formula 2) ;
(c) Practical absolute over-population: overpopulation as described in b above, but with
allowance for the ilistribution of income
(formula 3).
(2a) Actual over-population: over-population according to ( 1c) above, with allowance
for the resources already developed by t he
population.
. (b) Potential over-population: over-population with allowance for the capacity of the
territory to support with its resources the
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number of inhabitants by which it is underpopulated.
A territory may be actually over-populated
and potentially under-populated if the population has not yet reached a degree of education
and organization to enable it to use the territory's economic possibiJities. The contrary,
potential over-population and actual underpopulation, prevails today in many countries
in Europe.
Some figures are attached to illustrate these
cases.
An estimate of the birth rate in PaJdetaD

through the application of quul-ttahle
population techniques
MELVIN ZELNIK

T his paper presents the results of an attempt
at estimating the current (i.e., 1962) birth rates
in East and West Pakistan through the application of quasi-stable population techniques. T he
two parameters used in the estimation process
are the proportionate age distributions for East
and West Pakistan, by sex, available from the
1962 P opulation Growth Estimation (PGE)
survey and the (1951-1961) intercensal annual
rates of growth (for East and West Pakistan,
by sex).
Application of the stable population model
requires, or assumes, constant age schedules of
fertility and mortality. It is quite likely, however, that mortality has been declining in
Pakistan in recent years. It was necessary,
therefore, to introduce an adjustment for the
effect on the estimates of the bias introduced
by the assumption of stability. The results
indicate a birth rate ( in 1962) of around 61.0
for East Pakistan and 48.0 for West Pakistan.
An attemJ?t was made to determine whether
fertility has m fact remained constant over time
by comparing the gross reproduction rates
estimated by stable age techniques for 1911
age distributions with those estimated from the
1962 PGE age distributions (after adjusting
the latter for the bias introduced by declining
mortality). The results are close enough to
confirm the hypothesis or assumption of constant fertility. On the basis of these estimates,
East Pakistan appears to have a GRR of
around 4.3 and West P akistan of approxi·
mately 3.4.

Meeting B.7
NEW DEVELOPMENTS IN MEASUREME.NT AND ANALYSIS OF FACTORS
OF POPULATION GROWTH AND STRUCTURE

PAPERS
Sampling techniques in the elaboration of demograpWe statistics

G. R.

CHEVRY

[Translated from French]

I.

INTRODUCTION

1. The use of samples representative of
larger units is now a matter of general statistical practice in all countries. But before describing how sampling techniques are employed
in the elaboration of demographic statistics, it
may perhaps be useful to recall the reservations
with which they were regarded for many years
by economic and social statisticians.
2. The theoretical principles of the method
have been well known since the time of Poisson
(first half of the nineteenth century) if not
since that of J. Bernoulli (second half of the
eighteenth century). Yet, it was not until 1895
that the International Statistical Institute took
up the question of the use of representative
samples. It then waited eight years (1903)
before expressing timid approval of the technique, and another twenty-two years (1925)
before defining the term "representative
method" and approving two techniques for
obtaining a sample of such a kind that the
results of a partial inquiry based on the sample
may be validly e."{tended to the population from
which the sample was taken. 1 Nevertheless,
although P rofessor A. L. Bowley applied the
technique as early as 1913 in surveys of social
statistics, 2 it was not until later, in the work
of R. A. Fisher (1932) and J. Neyman (1934
and 1938), that sampling techniques were systematically utilized in demographic and sociological inquiries.
1 A. Jensen, "Report on the representative method
in statistics", Bull~ti" de l'instilfll i11ternational de
statistique, vol. XXII, premiere livraison (Rome,
1926), p. 360.
2 A. L. Bowley, "vVorking-class households in
Reading'', Journal of tile Ro_l'al Statistical Society,
vol. LXXVI, part VTI (1913)

3. The resistance thus shown for many
years to the use of a method which nevertheless
had valuable advantages was undoubtedly due
to the fear of orthodox statisticians that innovators would initiate inquiries based on
insufficiently representative samples, and to the
difficulty of finding satisfactory sampling
frames.

II.

SAM PLING TECHNfQUES FOR FACT-FINDING

A. Censuses
4. I n developed countries the periodic population censuses carried out provide complete
coverage. Nevertheless, sampling is sometimes
used to simplify the operation, in t he following
way: the basic questions are addressed to all
persons covered by the census, and certain
additional questions are addressed only to a
sample. This technique may be illustrated by
two examples :
(a) I n the 1940 U nited States census a
certain number of questions were addressed to
only one person out of twenty. T hey included:
(i) Place of birth of father, of mother?
(ii) Are you a veteran, the wife or widow
of a veteran, the child (under eighteen
years) of a veteran ?
(iii) (For married women, widows or
divorcees) H ave you been married
more than once? Age at first marriage ?
How many children have you had ? 3
(b) The individual schedule for censuses
carried out in France up to 1946 contained the
following questions for all persons covered :
3 P. T hionet, M etltodes statistiques modernes des
administrations fMera/es arr.t: Etats-Uuis (Paris,
Hermatm et cie, 1946) .
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(i) In what year were you married?
(Give, where appropriate, the years of
successive marriages).
(ii) How many live-born children have
you had?
(iii) Age in completed years of surviving
children?
5. For the 1962 census, aU the questions
relating to marriage and the birth of children
were removed from the general individual
schedule and transferred to a special questionnaire addressed only to married women, widows
or divorcees born after 1891 (i.e., aged under
seventy on 1 January 1962) and resident in a
sample of census communes and districts
selected in advance.
6. In the developing countries a reasonably
adequate population census is the first operation to be carried out before a development
plan is drawn ·up. Unfortunately, in such countries a complete census is often impossible for
many years precisely because of their lack of
development. Owing to the high p roportion of
illiterates, particularly among the rural population, the census has to be carried out by
specia.lized enumerators whose work is rendered
very difficult by the people's ignorance, their
often primitive mentahty and the taboos which
have to be taken into account O wing to the
extent of the territory to be covered, few
developing countries are capable of providing
the number of competent enumerators a census
would require. Apart from this basic consideration, the developing countries are eager
to complete census operations within reasonable
time-limits, because of their urgent need for
demographic information and because of the
slender financial resources available for such
operations. For all the..<>e reasons, they are
obliged to resort almost exclusively to the
technique of representative sampling.
7. In the main, this takes two forms:
(a) A census ljmited to a dem.ographic
sample survey carried out in a selected number
of villages or hamlets. Such an operation r equires lengthy preparation for:
(i) The compilation of calendars for determining the age of persons on the
basis of their statements ;
(ii) The assembling of the ~eographical
maps necessary for carrymg out the
survey ;
(iii) The sociological research which is
essential i£ the questionnaires are to J>e
well adapted to the population of the
survey and the results are to be correctly interpreted ;
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(iv) The compilation of lists of villages and
hamlets constituting the sampling
frame.
This method is the one favoured in the Frenchspeaking African countries.
(b) The English-speaking African countries,
on the other hand, have tended to use a technique similar to that already described in connexion with the developed countries. It consists in carrying out a general census based on
a r estricted number of questions, then a sample
survey for additional more complicated questions. This technique has two definite advantages: it establishes a sample frame which
can be used later for various other enquiries
and it provides a sample check of the restricted
general census. '

B. M ovetmmt of the po p~elation

8. In countr ies where vital records are kept
regularly in every administrative district, all
the local registration offices usuall1 have registers in which declarations of btrths, marriages and deaths are entered. O n registering
such declarations, the local offices also complete
individual statistical transcripts corresponding
to each declaration (or compile lists by type of
declaration : birth, death, etc.). These are
transmitted periodically to a r~onal or national office responsible for compiling statistics
of population movement.
9. It is the preparation of these individual
transcripts or lists which strictly speaking
constitutes the statistical recordin~ of vital
events. To our knowledge, sampling ts n ot used
in this operation in any country except Sweden.
10. In Sweden, every registration office
enters in a special register, known as a "sample" register, births which occur on the fifteenth
day of each month, which represent 12j 365ths
or roughly 3 per cent of the total number of
births. For these births more data are entered
~han for births on other days. The yrocessing
of these sample registers, or rather o the birth
reports based on them, provides more complete
data than those obtained from the routine processing. 6
11. F or a country whose registration system is not yet operating satisfactorily in all
areas and which has a fair degree of racial
homogeneity, one way of improving national
statistics of population movement is to select
4 R. Blanc, Man~ttl de rtelurche dbnographifl"4 ,,.
pays sous-4/ve/opph (France1 Minist~re de Ia coope·

ration et Institut national ae Ia statistique et des
etude.. konomi~s, 1962).
G United Nanons, "Studies in method&", Heufdboolr
of Jlital Statistics Mtt/Jods, Series F, No. 7 (United
Nations publication, Salea No.: SS.XVII.l ) , p. 155.
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from its administrative sub-divisions a sample
which at: least (in so far as vital statistics are
concerned) is fully representative of the whole
country and to concentrate its efforts on the
improvement of the registration and reporting
of vital events in those selected areas.
12. But this, of course, can only be a temporary expedient ; the ultimate goal is the
full and accurate registration of vital events
throughout the country. 6
13. The systematic registration of births,
marriages and deaths is generally non-existent
in the developing countries; or it may exist in
theory but in practice be very incomplete. In
order nevertheless to obtain data for calculating
current demographic rates with reasonable
accuracy, the authorities resort to the sample
survey method described above for censuses,
framing the questionnaires to obtain the following information (for e.xample) :
(a) For each family, the sex and age of the
children, and births and deaths which occurred
during the twelve months preceding the survey;
(b) For each adult woman, the number and
sex of live-born, surviving and deceased
children.
14. To obtain data on the natural movement
of the population outside the periods in which
demographic surveys are held, a procedure
known as itinerant registration may be used.
This consists in sending an official at regular
intervals, say every two months, to a random
sample of villages. He interviews the inhabitants and records births and deaths which have
occurred since his last visit.
15. Finally, the field tours made by teams
of medical personnel may be used as an opportunity for questioning the women examined on
their age, their marital status, and the number
and sex of their live-born children. 7
C. Specific inquiries by sampling

16. Specific surveys of households or individuals, which would certainly not be attempted
if they had to provide complete coverage, may
be carried out quickly and cheaply by the
sampling method, particularly when a recent
general census offers a sound basis for the
selection of the sample. Of course, surveys of
this kind may cover very different topics, but
we may mention in particular-because they
are carried out with slight variants in many
countries--the periodic surveys made of the
employment of the labour force. These reveal
the evolution and structure of the economicallyactive population between censuses and also
6

Jbid., p. 167.
Blanc, op. cit., p. 213 et seq.

1 R.

yield valuable data on the marginal economically-active population-i.e., persons who
during a census generally state that they are
economically inactive but who nevertheless
work either irregularly or for only a few hours
a week.
D. Special studies
17. The sampling method may be used not
only for censuses and specific inquiries, but
also for special studies which would otherwise
present unsurmountable difficulties. The scope
for such studies is of course enormous, and
may be illustrated by a recent and probably
little-known example.
18. In all countries mortality rates by
occupation or social class, which are of great
significance, are very difficult to calculate, and
unreliable, because the denominator of the rates
is provided by a census whereas the numerator
is obtained by extraction from the death transcripts ; and the chances are high that a person
will be classified in a different occupational
category on his death from that in which he
was placed at the census.
19. To calculate correct rates the demographer must be certain of assigning to the
sub-population made up of a group of individuals in the given social status category all the
deaths of its members, and those alone. A
possible method is to establish such sub-populations and keep track of all their members in
order to ascertain on certain dates whether
they are living or dead. It is here that the
sampling method is of great value, for there
can be no question of keeping track until death
of all the population enumerated, or even of the
adult population. That would be an enormous
task, and the work must therefore be limited
to a sample.
20. French statisticians have been able to
undertake such a study by following chronologically until death a sample of more than a
million persons enumerated in 1954 and classified at that time in twelve well-defined sociooccupational categories.
Ill.

SAMPLING

TECHNIQUES
CESSING

IN

DATA

PRO-

A. Censuses
21. After a population census the responsible
authorities are always confronted with a mass
of documents relating to millions of different
statistical units (individuals, households, dwellings, apartment buildings). The processing of
these documents, even with the most modern
electronic equipment, always takes time ; for it
is still essential to check the completed forms,
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code the replies and possibly mark the documents for mechanical reading, and indeed to
prepare conventional punch cards and transcribe them on magnetic tape; all operations,
except the last, which must be done by human
beings and therefore take time. It would therefore be a serious mistake to believe that modern
processing machines reduce to any large extent
the time needed to obtain results-particularly
in view o£ the fact that the demands of users of
the processed statistics tend to grow even more
rapidly than the possibilities offered by the
equipment employed. We 'can only say that
with electronic equipment many more results
are obtainable in roughly the time formerly
taken with more primitive methods.
22. In addition to be':oming more demanding, however, the users of data are now
in a great hurry. F ortuna.tely, the sampling
method permits their being given partial satisfaction ·by making possible a preliminary processing operation confined to a random sample
of the census documents (for example, one
document out of a hundred or one out of
twenty). Thanks to this procedure only a
reasonably short time need he taken to produce
results-though these cannot of course be
highly detailed-and, in particular, marginal
distributions for the country as a whole or for
extensive regions.
·
23. Later, when the exhaustive processing
of all the assembled documents is carried out,
the statisticians will be entirely at liberty to
refrain from recalculating these basic distributions : the sample processing will have yielded
an adequate approximation. They may limit
themselves to establishing either more detailed
distributions or distributions for geographical
districts too small to have yielded valid results
by the sample method alone.
24. Of .course, this type of processing of a
sample representing all the questionnaires collected . may relate either to all the questions
asked or to only some of them.
B. Population movement

25. Statistics of population movement may
be obtained more rapidly with the help of the
method currently used for censuses, namely, the
priority processing of a random sample comprising a certain percen
of all transcripts
of vital events collected.
example, in the
United States a national sample representing
10 per cent of death transcripts is taken to
obtain very rapidly general information on
various causes of death. This is a preliminary
processing by the sampling method which does
not rule . out subsequent processing of all the
transcripts collected.
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26. However, in order to save time and
reduce the total cost of vital statistics, the
demographer may give up the idea of complete
processing and limit himself to processing a
large sample of the transcripts collected-for
example, one out of two or three. At the national level and for fairly extensive geographical areas, samples of this size would yield
results almost as reliable as those obtained by
complete processing.
27. \Ve confess that we are completely unaware whether such a procedure has actually
been used anywhere, but probably some countries have considered it. In France, statisticians
at one time considered the idea of conducting
only a partial processing of certain types of
transcripts, but they dropped the idea for the
following reasons :
(a) Vital statistics are compiled for fairly
small geographical units, and the figures involved are small in terms of absolute numbers.
Moreover, the process of tabulation distributes
the aggregate data among a very large number
of items, and each item therefore has a low
frequency. A sample analysis (even of the
order of one out of two) would reduce all these
numbers still further and, in particular, would
raise their deviation coefficient to an unacceptable level;
(b) Over the last twenty years a growing
proportion of births have occurred in maternity
hospitals or clinics situated in a commune other
than that of the mother's habitual domicile.
Thus, for France as a whole, the proportion of
h
tal births rose from 24.5 per cent in 1948
to .4 per cent in 1962, the percentages being
respectively 28.4 per cent and more than 65
per cent for mothers domiciled in rural communes. Since under French Civil Code births
must be declared in the place where they occur,
the National Statistical Institute has been compelled to process birth transcripts twice, first
according to the place of birth and secondly
according to the mother's domicile. This dual
operation, which moreover produces statistics
by communes, does not lend itself to the sampling method.
IV.

THE USE OF SAMPLING TECHNIQUES IN
THE VERIFICATION OF COMPLETE INQUIRIES

28. Ever since statisticians have conducted
censuses and inquiries, they have been obsessed
with the need to know the degree of approximation of their results. They are aware, of
course, that a census which is intended to give
complete coverage never does so entirely, that
it certainly contains omissions and probably
also duplications, and that mistakes may have
been made in carrying out instructions and in
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the declaration or notation of the characteristics
presented by the persons enumerated. Sampling
offers a means of checking the order of magnitude of these errors at a relatively low cost.
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29. Inquiries of that kind will not be
examined further here, however, since they are
to be discussed in a special paper by Mr. G.
Vangrevelinghe.

Longitudinal recording of vital events (total longitudinal analysis)

1. CONDE
{Translated from French]
J.

TRANSVERSE ANALYSES AND LONGITUDINAL
ANALYSES

1. Vital events are events which depend on
current conditions. It is commonplace to state
that the number of deaths depends on the temperature, the number of marriages on the economic situation, and so forth. However, vital
events are also events which form part of an
individual history. Consequently, they are also
affected by the past and by the anticipated
future.
2. In order, therefore, to understand the
causes of a demographic phenomenon and to
predict how it will develop, account must be
taken both of current conditions and of the
conditions experienced in the past and to be
experienced in the future by those participating
in the phenomenon; hence the two ways of
analysing population statistics: transverse analysis and longitudinal analysis.
3. Transverse analysis consists of treating
vital events recorded during a calendar year as
deriving from a hypothetical group of persons
who experience such events throughout their
lives. These events depict the dem
·
behaviour of the hypothetical group, w
is
said to be the current behaviour of the population in question. Transverse analysis, by summing the figures, provides current indices which
are inevitably subject to fluctuations of all kinds
and to current irregularities.
4. Longitudinal analysis places every vital
event in a chain of which it is merely one link.
The vital events observed during a calendar
year are then related to the individuals who
experienced the events. Thus, for instance, the
successive births to a couple are related to that
couple. Couples having certain characteristics
in common are then grouped and the effect of
those characteristics on behaviour with respect
to family formation is studied. The couple is
taken here, of course, only as an example. N uptiality, mortality, migration, and so forth, can
be studied in the same way.
5. Both types of analysis are obviously of
value. Longitudinal analysis makes it possible

to eliminate ephemeral features of a given
situation, and it is therefore suited more particularly to forecasts.

II.

INDIVIDUAL LONGITUDINAL ANALYSIS AND
TOTAL LONGITUDINAL ANALYSIS

6. When each individual vital event is
related to its author, longitudinal analysis is
easy. However, the relating of events to their
individual authors is usually difficult to organize. Mr. M. Craze's paper deals with this
problem. However, since persons possessing
common characteristics must in any event be
gro
at a later stage, it is often possible to
avoi
he trouble of establishing individual
relationships and to carry out a mass operation
instead. Let us consider, for instance, the
deaths occurring in 1963 among persons born
in 1900. Each death certificate can be related to
the corresponding birth certificate, and if this
is done every year one can, eventually, study
the mortality of all the persons born in 1900,
according to the various characteristics which
they possessed at birth.
7. Instead of establishing the relationships
individually, however, one can classify deaths
in 1963 according to the year of birth of the
deceased, and if the classification is done each
year one can study the mortality of all the
persons born in 1900. It is, of course, much
easier to establish mass relationships than
individual ones, but the opportunities for analysis are much reduced. If, in the example taken,
individual relationships are established, the
group of persons born in 1900 can be subdivided into sub-groups corresponding to the
characteristics which it is customary to record
when a birth is reported-ages of mother and
father, social and vocational status of the
parents, number of brothers and sisters, duration of the parents' marriage, and so forth.
None of this can be done if mass relationships
are established. In theory, it is true, the information given in the birth certificate can be
obtained at the time of death, but where similar
information is sought on different dates which
may be very far apart, there is a danger of
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many errors which very quickly restrict this
theoretical possibility. Total longitudinal analysis therefore emerges as the result of a compromise between the ease of establishing relationships and the restricted opportunities for
analysis.

III.

20561

Duration of morrioge
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NEED FOR A DUAL CLASSIFICATION

8. Although total· longitudinal analysis is
easy, it must nevertheless comply with a number of requirements. In the first place, it calls
for the classification of vital events according
to the year in which the events to which they
are related occurred. For example, as mentioned above, deaths may be classified by year
of birth of the deceased. However, there are
other possibilities, including the classification
of births, by year of birth of the mother or of
the father, by year of marriage of the parents
or, by year of birth of the preceding child.
Marriages can be classified by year of birth of
the wife or of the husband. Another possible
classification is by year of birth of the wife
and year of birth of the husband. Remarriages
can be classified by year of widowhood or year
of divorce.
9. Such classifications suggest opportunities
for longitudinal analysis, but they are not sufficient, since vital events are usually studied in
terms of the interval between such events and
the phenomena to which they are related-age
at death, age of the mother at birth of her
children, duration of the marriage, age of the
spouses at the time of marriage, duration of
widowhood, and so forth.
10. Vital events must therefore be classified
according to this interval also. One example
will show the need for such dual classification.
Let us con•ider the vital event, birth, in relation
to the vital event, marriage, plotting a graph
with calendar-years as the abscissa and a scale
of duration as the ordinate. A birth will be
affected by two co-ordinates-the date on which
it occurs (the abscissa) and the duration of the
marriage from which it results (the ordinate).
Let us consider the births registered in 1962
which result from marriages solemnized in
1956. The sixth anniversary of such marriages
will fall in 1962. Where a birth takes place
before the sixth anniversary, the duration of
the marriage will be less than six years and
the points representing such births will be
inside the triangle ABC. Where a birth takes
place after the sixth anniversary, the duration
of the marriage will be more than six years
and the points representing such births will be
inside triangle ABD (see the Lexis diagram).
11. In order to relate all the 1962 births to
the 1956 marriages, we must have the total
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number of the points inside the parallelogram
ABCD; but to be able to study the fertility of
1956 marriages by duration of the marriage, we
must have separate figures for the number of
points inside triangles ACB and ABD respectively. We therefore need the dual classification
of 1962 births by year of marriage and duration
of the marriage.
12. Table 1 gives, as an example, a dual
classification of this kind with respect to
legitimate births registered in France in 1962
resulting from marriages of less than twenty
years' duration.
It often happens that the dual classification is
not available; the two following cases are encountered:
(a) Births are classified by duration of
marriage;
(b) Births are classified by calendar year
of solemnization of marriage.
The problems arising in the first case are discussed below.
IV.

SINGLE

CLASSIFICATION BY
YEAR OF AGE

INDIVIDUAL

13. In table 1, births classified by duration
of marriage are shown in column 4. Each figure
in column 4 is the sum of the two figures in
column 3. The problem, then, is how to obtain
the figures in column 3 from the figures in
column 4. A study of table 1 immediately
provides the answer. Where the number of
marriages does not vary greatly from year to
year, the figures in column 3 are obtained
simply by dividing those in column 4 by 2.
This rule ceases to apply if the number of marriages varies greatly.
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Table 1. Legitimate births registered in 1962 and classified by calendar
year and duration of the marriage of the parents

Yeat;r;f
maN'!age

Numb_err;f
marnages
(in thousands)•

(1)

Dual classlfication

of births

(2)

1942 .....

267

1943 ....

219

1944.

205

1945 ...

393

1946.

517

1947 ...

427

1948 ...

371

1949 ........

341

1950 ........

331

1951 ........

320

1952 ........

314

1953 ........

308

1954 ........

314

1955 .......

313

1956.

293

1957.

311

1958 ........

312

1959 ........

321

1960 ........

320

1961. .......

315

(3)

~3
~6
~
'
~2
~8
~7
~8
~9
~2
~2
~68
~7
.

~1
~1
~9
~2
~8
~1
~6
~8

BiYths by DuratiOt>
duration of
of.
marriage marr1age

Annual
decline
in
births

(4)

(5)

3,564

19

0.946

3,787

18

0.677

5,592

17

0.516

10,833

16

0.787

13,770

15

0.955

14,421

14

0.924

15,610

13

0.856

18,370

12

0.856

21,469

11

0.895

23,975

10

0.858

27,969

9

0.858

32,595

8

0.842

38,093

7

0.885

43,741

6

0.802

50,740

5

0.829

61,192

4

0.837

73,082

3

0.854

85,585

2

0.847

101,095

1

0.800

126,309

0

(6)

a This is the number of marriages registered during the year indicated
in the preceding column. As a result of migratory movements, there were
in France in 1962 couples whose marriages had not been registered in France
(a large number of married repatriates from North Africa). There are
also couples whose marriages were registered in France and who were no
longer in France in 1962. There are many more of the former than of the
latter. This phenomenon is disregarded here, since it is of no significance
when explaining an analyti::al method. If, however, it was intended actually
to carry out the analysis, the number of the marriages would have to be
corrected.
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14. Let us take, for example, the 13,770
births resulting from marriages with a duration
of fifteen years. Some of these births result
from the 517,000 marriages in 1946 and the
rest from the 427,000 marriages in 1947. By
dividing 13,370 proportionately to 517,000 and
427,000, we arrive at 7,540 and 6,230 births
respectively, and this is a good approximation
to the figures in column 3.
15. The procedures indicated here for
dealing with births as related to marriages are
entirely general. If the phenomenon under
study varies greatly with the duration factor,
a divisor other than 2 mav have to be used, but
the principle will remain "the same. One objection comes to mind. This divisor 2 which has
been used was arrived at precisely because the
dual classification which it was desired to reconstruct already existed. Is there not some
illusion here? It is quite true that the divisor
cannot be selected unless there is a dual classification. However. it is sufficient to have such
a· classification for a single year and for a
sample of births ; it is then assumed that the
divisor thus determined applies to other years
and to the whole population. If there is no
dual classification for a given country, even for
a single year, use may be made of the dual
classification for another country with similar
sociological, cultural and climatic conditions.

V.

SINGLE CLASSIFICATION BY AGE GROUP

16. It has been assumed that the figures for
births classified by year of duration of marriage
were available, but often only groups of years

of duration are known. Let us imagine, for
instance, that in table 1 only the total number
of births for five to nine years' duration of
marriage is known. This number is 193,738
(the sum of the figures in column 4 for the
durations of five to nine years). From this
figure, it is proposed to reconstruct the corresponding figures in column 4. In this case, the
decline in fertility according to the duration of
the marriage must be taken into account. An
examination of the factors in column 6 of
table 1 shows that the number of births declines by approximately 15 per cent each year
when the number of marriages annually does
not vary greatly. This means that if, in the
absence of variations in the number of marriages, 1.00 represents the births resulting from
marriages of five years' duration, those resulting
from marriages of six years' duration will be
represented by 0.85, those resulting from marriages of seven years' duration by 0.85 2
0.72,
those resulting from marriages of eight years'
duration by 0.85 3 = 0.61, and those resulting
from marriages of nine years' duration by
0.85 4 = 0.52.
17. The 193,738 births in table 1 resulting
from marriages of five to nine years' duration
are related precisely to a period when there
was little variation in the number of marriages
annually. Consequently, the figures in column 4
will be obtained by dividing 193,738 proportionately to the five factors 1.00; 0.85; 0.72;
0.61 ; 0.52. The validity of the reconstituted
figures thus obtained may be judged from
table 2.

=

Table 2. Reeonstituticm of the figures in column 4 of table 1 for
durations of 5-9 years
Proportionality
factors •

0.52. ....................
0.61'
0.72.

.. .. . . ' . .. .
..' .......

0.85.
1.00.
TOTAL

Reconstituted
figures

Observed births

Duration of
the marriage

27,260

27,969

9

31,978

32,595

8

37,745

38,693

7

44,560

43,741

6

52,362

50,740

5

193,905

193,738

5-9

a These factors are computed on the basis of an annual decline in births
of 15 per cent.

18. If there is a variation in the number of
marriages annually, account must be taken of
this new factor. Let us take, for instance, births
registered in France in 1956 resulting from
marriages of five to nine years' duration.

Table 3, which is presented in exactly the same
form as table 1, shows that these births are
related to a period when there were considerable variations in marriages from year to year
(the figure in column 2).
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Table 3. Franee. Legitimate births registered in 1956 classified by calendar year and by duration of
the marriage of the parents (duration of 5 to 9 years)
Year. of
marr.age

Duaf class<fication
of births

Num~crof

ma.-nages
(in thousands)
(2)

(3)

1946 ......

517

2
~

1947 ........

427

(1)

7,309
~---

Births bJI Duration Births for
dwratio,.
of
the duratit:m
of marriage marriage of marriage Reconstituted
(4)

9

38,700
38,400

37,571

8
7

45,858

6

45,000

2~ 52,516
24,435

5

51,300

1948.

371

1949 ..... ".

341

0
~

331
320

It is assumed that only the total number of
births resulting from marriages of five to
nine years' duration is known-the figure is
213,719-and it is proposed, from this total,
to reconstruct the figures in column 4. These
figures are still proportionate to the factors
mentioned above: 1.00; 0.85; 0.72; 0.61 ; 0.52,
but it can be taken that they are proportionate
also to the original number of the marriages
from which the births result. The marriages
of five years' duration resulting in births include the marriages in 1951 and 1950, the sum
of which is : 331 320 = 65 L The marriages
of six years' duration resulting in births include
the marriages in 1949 and 1950, the sum of
which is : 341
331 = 672; and similarly with
respect to births resulting from marriages of

+

+

Reconstituted

(7)

(6)

37,963

2~
39,811
~
18,649

1950 ........
1951." ..

(5)

213,719

~00
900
~
300
~
,00
~
~00

40,300

+

(8}

=

seven years' duration (371
341
712), eight
years' duration ( 427 371
798) and nine
years' duration (517 427 = 944). Lastly, the
figures in column 4 will be reconstructed by
dividing 213,719 proportionately to the factors:
1.00 X 651; 0.85 X 672; 0.72 X 712; 0.61
X 798; 0.52 X 944.

+

+

=

19. Table 4 gives the results of such a computation. The reconstituted figures have been
inserted in table 3 (column 7). The validity of
the method can be judged by comparing
columns 4 and 7 of that table. From the reconstituted figures in column 4, the figures in
column 3 are obtained by the procedure indicated above. These are the figures in column
8 of table 3.

Table 4. Reeonstitution of the figures in eo1umn 4 of the table
Product of
the two
M arria{!e.t Pro/.orlitmalitJI precedinp
(in tho,.sands)
actors •
ct>lumM

Birth.J:
reconstituted

Obset"ved
births

Duration (Jj
the marriage

1946-1947 . " "" ...... " " .....

944

0.52

491

38,700

37,963

9

1947-1948 .............. - .......

798

0.61

487

37,400

31,571

8

1948-1949 " .. " ....... " .. " .. -

712

0.72

512

40,300

39,811

7

1949-1950 ...... - ...... -...... -.

672

0.85

571

45,000

45,858

6

1950-1951 ......................

651

1.00

651

5:1,300

52,516

5

a These factors are computed on the basis of an annual decline in births of 15 per cent.

20. The same objection as previously comes
to mind. The factor 0.85, which measures the
decline in births according to the duration of
the marriage, was obtained because precisely
that classification which it was desired to reconstitute was already available. Here again,

the answers given above are valid. It is sufficient to determine this factor for a single year
and from a sample of the population. In this
case, however, the factor can be determined
even if births are classified only by groups of
five years' duration.
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21. Let us suppose, for instance, that for
table 1 only the following figures are available:
Decline
from
one
group
to

Duration
of

marriage
(in
years)

0-4 .. .
5-9 .. .
10-14 .............. .

Births

the
next

447,263
193,738
93,865

0.433
0.482

The births resulting from the marriages of
less than fifteen years' duration are related to
a period when there was little variation in the
number of marriages annually. If the decline in
births is constant for each year of duration,
the annual decline is the fifth root of the decline
for each five-year group. Thus, we have for
this annual decline: K 1 = ..zy'0.433 0.846 in
comparing the first two groups, and K 2 =
-.e'0.482 = 0.865 in comparing the second and
third groups, which is quite in line with an
annual decline of approximately 15 per cent.
22. We shall limit ourselves to these examples. It will be easy to imagine the method to
be used when births are classified by calendar
year of solemnization of marriage (or by
groups of calendar years). We will simply
repeat that all these methods are quite general
and apply to any total longitudinal analysis.
23. All the foregoing gives an example of
total longitudinal analysis carried out with
statistics of population movement only. The
same principles can also be applied in the case
of longitudinal analyses using only population
census statistics.

VI.

TOTAL LONGITUDINAL ANALYSIS IN POPULATION CENSUSES

24. In theory, a population census makes it
possible to carry out individual longitudinal
analyses. When a person is interviewed, he is
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asked for information on the vital events in
his past life, and these events are automatically
related to the person who experienced them.
When tracing phenomena through a number of
successive censuses, however, it would be necessary, if an individual longitudinal analysis was
desired, to relate each person's census schedule
to the schedule completed at the preceding
census. This is an operation which is not
impossible in theory, but which nevertheless
presents great difficulties. A mass relationship
is therefore often established instead of individual ones, and all the principles of total longitudinal analysis apply.
25. The best-known example is the construction of mortality tables by comparing the
numbers of a group of generations throughout
a series of censuses (India has for long been
constructing its tables in this way). The same
method may be used, however, for studies of
family size, nuptiality, remarriages, and so
forth.
26. There again, we find the need for a dual
classification-by interval elapsed and by
calendar year of occurrence and in the event
that no such dual classification exists, methods
similar to those, the theory of which has been
given above, are used. The same problems
have to be resolved when censuses are presented
by groups of duration or groups of years.

VII.

THE COMBINING OF POPULATION CENSUSES AND STATISTICS OF POPULATION
MOVEMENTS

27. A third opportunity for longitudinal
analysis is available to the research worker
when statistics of population movement are
combined with population censuses. A classical
application of this third kind of analysis is in
estimating migratory movements between two.
censuses. However, many other examples can
be thought of.

Method of comparing several observations relating to the same person
MARCEL CROZE

[Translated from French]

1. For several years statisticians have been
developing observation procedures which consist in assembling, for each person of the population studied, various facts which have been
observed or have occurred on different dates.
After showing why this method has been considered necessary, we shall examine the different ways in which it is applied and shall
discuss their advantages and disadvantages.
For reasons of brevity, we cannot hope to deal
with the subject in depth; our basic aim will be
to put forward a few points for reflection and
pave the way for a fruitful discussion.
I.

NEED FOR THE METHOD

2. To understand the raison d'etre of this
method we must first consider the aims of
demographic analysis and then consider
whether the traditional methods of observation
enable them to be attained. 1

A. Aims of demographic analysis
3. The first demographers, who were
generally statisticians by training, were influenced by statistical methods and the calculus
of probability. For that reason, the initial techniques of analysis consisted basically in the calculation of frequencies (rates, quotients, etc.)
relating to facts taken in isolation.
4. These methods gave satisfaction for a
long time, particularly in the field of mortality.
However, the demographic events affecting
each individual are not independent ; they take
place in a certain order during a person's lifetime, and some of them may even be repeated
(births of children, for example). It therefore
appeared desirable not to isolate all these events
but to reconstitute the "demographic history"
of the populations studied, along the lines of the
curriculum vitae used to gain knowledge of an
individual. By integrating the results of such
longitudinal studies we can also calculate total
rates analogous to averages (average number
of children, average ages, etc.), which are more
1 This question is studied in detail in the article by
L. Henry, "Reflexions sur !'observation en demographie", Population, No. 2 (1963), pp. 233-262.

specific and more useful than probability calculations.
5. Finally, whatever the technique of analysis used, in any attempt to explain demographic
behaviour many different criteria must be combined, and consequently many different events
relating to each individual must be assembled.

B. Methods of observation
6. The traditional method of observation
consists in the compilation of separate collective statistics, the principal forms of these being
census statistics and vital registration statistics.
(a) Whether we are calculating frequencies
or making longitudinal analyses, we are
usually required to combine sets of statistics
of different origins : two sets of current
population statistics, or one set of current
population statistics and one set of population
movement statistics, or again several sets of
movement statistics. These methods are often
satisfactory even for longitudinal studies.2'
However, they present the following disavantages : the longitudinal study of renewable
events is difficult-the criteria which can be
used are limited both in number and accuracy
to those included in the most summary form
of inquiry (for example, the information on
occupations in transcripts of vital events),
and, above all, it is impossible to be certain
that the same person is classified in the same
way in the two sets of statistics, a fact which
makes differential studies very imprecise;
(b) In certain cases a single observation
(census or special inquiry) provides information which meets the needs of the analysis,
particularly if the questions relate to the past
(retrospective inquiries). Nevertheless certain
disadvantages remain: distortions may be introduced by selection due to mortality and
migration ; the number of criteria studied,
especially in censuses, is bound to be limited;
and the statements collected may lack precision, particularly through deficiencies of
memory.
2 The technique of global longitudinal analysis is
dealt with in another paper.
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7. From the foregoing it is clear that the
customary methods have disadvantages which
sometimes vitiate the whole operation. It may
therefore be useful and even essential to
assemble for each individual several particulars obtained from different sources or
observed on different occasions. For methods of
this kind enable us to make correct longitudinal
analyses while avoiding the drawbacks of retrospective inquiries (effect of selection), and to
increase the number of usable criteria. Also,
from a practical point of view, they ensure uniformity of classification and greater accuracy of
observations.
II.

THE DIFFERE:.:IT TECHNIQUES

8. The collection of various data relating to
a single individual may be done a posteriori,
using documents alre,.1.dy available, or may be
organized in advance so as to facilitate any type
of specific study, foreseen or unforeseen. Since
the same system may be used, depending on
the· circumstances, for past or future studies,
we shall not deal with these two procedures
separately but rather examine the different
techniques of data collection.

A. U til!:zation of a single registration system
General registration
(a) A theoretically conceivable method
would be to consolidate systematically in a
single document or single file, if not all possible
data, then at least the most extensive possible
collection of data about each individual: vital
records, successive residences, education, occupational record etc. Such a system, which was
contemplated in France, for example, in 1940.
should at the same time meet administrative
needs and allow the compilation of statistics by
the mechanical processing of available data;
(b) Actually, systems of such ambitious
scope have never been put into practice and
probably never will be, for they have numerous
disadvantages :
(i) The cost of keeping the card indexes
up to date is considerable, particularly
because the number of different data
is higher; it may be recalled that many
countries have given up the idea of
introducing population registers because of their high cost;
(ii) In order to limit the cost and to avoid
the accumulation of enormous records,
the range of particulars of each type
extracted has to be limited, so that it
may prove inadequate for either administrative or statistical purposes ;
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(iii) In any case, the range of data assembled is necessarily restricted: as has
just been pointed out, the bulk of the
files has to be limited ; certain particulars cannot be obtained easily, or
are too difficult to keep up to date;
and, finally, once the particulars to be
collected have been selected, some,
whose usefulness may not be appreciated until later, may have been left
out.

Special registration systems
(a) \Vhile systems of such generality do not
appear to be acceptable, consideration may be
given to using special registration systems
limited to certain subjects, such as are already,
in many cases, in current use for administrative purposes. The records or individual documents may be kept up to date either by the
organizations concerned or by the persons
themselves ;
(b) Here are some examples:
(i) The livret de famille issued in France
to each couple on marriage, in which
are recorded the particulars of the
spouses and the dates of the births and
deaths of their children ;
(ii) The health booklets issued at the birth
of each child, in which health data such
as growth, illnesses, vaccination, special medical examinations, etc., are
recorded;
(iii) The records of persons covered by
Social Security ;
(iv) The personnel records kept by some
enterprises.
(c) The use of these documents for statistical purposes presents certain advantages : as
they are often kept for administrative reasons,
the marginal cost of using them for statistical
purposes is low, and in their own field the data
which they contain are more detailed than in
a very general file;
(d) On the other hand, they have the
inherent disadvantage of being limited to a
special field and giving little or no information,
even where it would be very useful, on other
subjects; for example, the lh'ret de famille and
the health booklet give little or no information
on occupation or residence.

B. Combination of several registration systems
9. Since it is impossible to collect all usable
information in a single registration system, and
since special systems limit the possibilities of
studying and combining different data, we can
attempt to establish a link among various ad-
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ministrative or other documents, so as to be
able to draw on the sources best adapted for
each particular study, without necessarily
creating a new system.
10. In certain cases, data relating to a single
person are compared within the same system
of registration. For e-xample, differential studies
of infant mortality in France are made by
comparing the death transcripts relating to
children under one year of age with the corresponding birth transcripts, by reference to
name, date of birth and place of birth. The
methods used in historical demography (extraction from parish registers) are also of
this kind.
11. Usually, however, recourse must be had
to several sources, which may be organized
according to different methods and may be
under the control of different organizations.
Here are some examples :
(a) In the United States, mortality by social
category is being studied by comparison of the
death transcripts for four months of 1960 with
the census schedules for 1960. This method
permits the calculation of correct mortality
rates, since it makes available the additional
data contained in the census schedules ;
(b) In France, on the other hand, the same
subject is being studied on the basis of a sample
taken from the 1954 census, periodic observations being made, with the help of a system
derived from registration, of survivals or deaths
(first observation l January, 1961; subsequent
observations every five years) ;
(c) By a similar procedure, observations are
made to determine whether persons treated in
cancer hospitals whose progress the doctors
have not been able to follow are still alive after
a specified lapse of 1!ime ;
(d) In Canada, Newcombe has used similar
methods of comparing data on members of
family groups for studies of genetics.
12. The main problem involved in this
method is to find a practical and effective procedure for comparing the various documents
pertaining to each individual. In particular, the
number of cases where the comparison cannot
be made must be limited ; if the proportion is
too high, the results may be distorted because
the persons left out may be different from the
rest of the population. Thus, the main difficulty
which arose in the United States survey of
mortality by social category was caused by the
fact that for 20 per cent of the deaths no corresponding census schedule was found. To permit
or facilitate comparison several systems may
be used:
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(a) Newcombe codified the names and used
the date and place of birth ;
(b) In France, we are able to use an instrument created for administrative purposes nearly
twenty years ago: the identification register.
The National Institute of Statistics and Economic Studies keeps for each commune a
register in which persons born in the commune
are entered consecutively. Each person is assigned an identification number made up of
components indicating sex, year and month of
birth, department and commune of birth, and
order of birth in the commune. This number
may be substituted for the name, and lends
itself particularly well to machine processing.
Its essential aim is to provide a link between
different records systems. The date of death is
also entered in the register, thus making possible the studies described above. If an index
of addresses listed in the order of the register
were kept, direct inquiries could be made of
individuals ;
(c) A similar system has been proposed by
Twisselmann in Belgium for the purpose of
genetics studies. Consideration is being given
to the possibility of supplementing the number
assigned to each individual by the numbers of
his parents, so that family groups can be reconstituted.

Ill.

DISADVANTAGES OF TRE METHOD

13. All these systems for using or comparing documents have common disadvantages
of varying importance,
14. Usually, the documents utilized have
been devised for an administrative purpose and
are under the control of the competent authorities. As a result, they are often vnsuitable for
sound scientific study. In the first place, the
data collected are intended to meet the needs
of the administration, and are ill-adapted to,
or inadequate for, the research undertaken.
Furthermore, the procedures of administrative
management which obviously have priority, do
not make for convenience of processing; and
the administrative staff responsible are not
always ready to give their help in work which
is of no direct concern to them.
15. Even where, technically, the comparison
of a number of different documents is relatively
easy, the amount of data available remains
fairly limited. In the French studies of
mortality by social category or of the survival
of patients treated for cancer, only the fact of
death or survival is recorded, and yet the work
is relatively costly. To obtain fuller information
the number of comparisons would have to be
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multiplied; but the technical difficulties would
then become very great and the cost prohibitive.
16. Furthermore, whether we are considering administrative documents or records
intended specifically for the compilation of
statistics, the information collected systematically may be inadequate or of mediocre quality.
Thus, particulars entered in health booklets by
the holders themselves are often useless for
precise scientific study, since they are entered
by laymen. Unless the system is a rigorously
compulsory one, documents or records may not
be kept perfectly up to date, and certain facts
may be omitted. In point of fact, there are a
number of topics which can be studied accurately only by means of special inquiries.
17. Finally, mention must be made of a
political and moral objection to this type of
method. Some fear that it may encroach upon
individual freedom, that systems elaborated for
purely scientific studies may be used for other
purposes by totalitarian regimes, or even that
research workers may place their desires for
scientific progress above certain ethical principles which are thought to constitute true
values of civilization.

IV.

CoNcLUSIONs

18. In certain cases the comparison of different documents relating to a single person is
the only means of obtaining reliable results.
Admittedly, such operations may be costly, but
it has to be accepted that serious studies will
involve expenditure; otherwise it is better not
to undertake them. Only methods analogous
to those employed in France and the United
States can provide unimpeachable data on
mortality by social category.
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19. In order to reduce the cost of these
methods and improve their effectiveness, studies
of the best ways of cross-referencing the different sources are needed. Systems similar to
the identity number will certainly prove very
valuable in the future. This device appears
preferable to the systematic compilation of
voluminous records, which are difficult to keep
up to date and not necessarily satisfactory.
20. These methods are not a panacea, and
they have limits, due in particular to the limited
number of data available and to their frequent
lack of accuracy. Special inquiries, carried out
by qualified researchers, particularly retrospective surveys, will often provide information that
no standard document could supply. The cost
of such inquiries may in any case be less high
than that of administering a complete registration system. Moreover, the procedures used
to compare documents can be used to carry
out longitudinal surveys : for example, persons
in a given category can be selected from the
census and interviewed several years later,
when their addresses have been found by means
of the records cross-referencing system.
21. However, this method must be approached with caution, because of the political
objections which have already been discussed.
Perhaps the wisest course is to use existing
systems without pressing for the creation of
new ones.
22. Finally, there is no doubt that all the
techniques used in statistics must be employed,
particularly the sampling method and mechanical and electronic techniques.
23. To sum up, to determine the best method
of carrying out a given scientific study, we
must take into account scientific, economic and
ethical factors alike.

Methods of using old documents to study population trends in the past

T. H. HOLLINGSWORTH
J.

INTRODUCTION

pARISH REGISTERS

4. Before there were regular national censuses, parish registers were kept in most parts
of Europe. Dates of baptisms, marriages, and
burials were recorded in them. Besides these,
there were various taxation returns, some lists
of householders in towns, and occasional censuses in limited areas.
5. The best of these sources of data are
the parish registers. Almost every inhabitant
should be included. In parts of England in the
eighteenth century, there were considerable
numbers of nonconformists, and Jews were
excluded everywhere, but the parish registers
give a direct means of measuring precisely
those demographic trends which one wishes to
2. During the next hundred years, demo- measure.
graphic techniques slowly improved, and Peller
6. Taxation returns are the chief source of
was able to do a really worth-while study in
1943. 4 It is now realized that heavy prelimin- information on population in Europe for the
ary work usually must be done in order to use Middle Ages, for levies were intermittent and
we rarely know how many people were too
the old material properly.
poor to be taxed. The information often is
3. Longitudinal analysis normally is used. merely a count of households or of hearths,
I£ the dates of birth and of death have been and fertility and mortality can be inferred only
found for a large number of individuals, it is from taxation returns and cannot be measured
easy and more logical to construct mortality directly. Other sources are even less regular
tables by the cohort of birth. The results thus than taxation returns. If a full census was
appear in this slightly unfamiliar form. Normal taken in a limited area, we still have only intables, in effect, are compiled by cohort of formation for that area at that particular date,
death. Over a long period, moreover, the lon- which is not enough to give a general view of
gitudinal method yields in principle a true the population.
demographic history, whereas an attempt at
7. The difficulties in using parish registers
making up cohorts from age-specific death rates
at different dates is bound to involve assump- are formidable. Many old registers have been
lost and some are illegible. Even if we find a
tions about migration.
district where all the registers are good, there
is still one serious problem : we do not know
1M. T. Sadler, The Law of Population, vol. II the base population. We can tell easily which
(London, 1830), pp. 593-607.
were the years of exceptionally high mortality,
2 Casper, "De Ia duree vitale probable chez les mecaused by famine or disease, but we cannot
decins", Annales d'l1ygiene publique, vol. XI (1834), easily estimate the level of this mortality. Ferpp. 375-384.
a B. de Chateauneuf, De la duree de la vie chez les tility levels will equally difficult to estimate.
savants et les gens de lettres, voL XXV (1841), pp.
8. There is only one general way to over241-268.
come this difficulty: to reconstruct the base
4 S. Peller, "Studies on mortality since the Renaissance", Bulletin of the History of Medicine, vol. XIII population from the registers themselves. The
(1943), pp. 427461; vol. XVI (1944), pp. 362-381; names of the persons baptised in the parish
and (1947), pp. 51-101; S. Peller, "Mortality, past
and future", Population Stt;dies, vol. I, No. 4 (1948), are given. We may hope to match these with
the names of the persons married and dying
pp. 405-456.

1. In 1830, Sadler calculated the proportions of the British nobility whose families had
become extinct, 1 but his methods were crude
and his reasoning faulty. Four years later, a
Berlin doctor estimated the expectation of life
of the medical profession. 2 In 1841, de Chateauneuf studied the members of the three academies of France. 3 He had a dearly defined
group, with the age at entry to it and the age
at death for each member, covering more than
two hundred years. Yet his analysis was
weak; he did not construct life tables, and did
not seem to be interested in possible changes
in mortality over a period of time.
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there. In practice, this cannot be done for
everyone, chiefly because of migration. A less
common difficulty is similarity of names. Failure to register an event at all seems to have
been rare. Since many marriage registers, especially in the eighteenth century, record the
ages of each party, the names of their parents
and their parish of usual residence, almost all
baptismal registers give the names of both
parents ; since burial registers often give the
age of the deceased, reconstruction becomes a
practical, if laborious, possibility.
9. The chief task in the reconstruction is
family reconstitution, which is necessary to
measure fertility properly. Children born to a
couple who were married in the parish must
be looked for in the baptismal register. If all
the children can be found for a fairly high proportion of marriages, we shall have an excellent base: from which to calculate the level of
fertility by any method we may choose.
10. The pioneer work in reconstituting
families has been done in France, notably by
Henry. In 1956 a manual was published, describing in detail how to exploit a parish register. 5 This now has become the standard
method in France, and has been used in several
studies. 6 A very large sample study of all the
parish registers in France was begun in 1959.
A similar sample in England was begun in
1964.
11. Sutter and Tabah generalized the problem of reconstituting a family to finding the
relationship between various members of a
population. They have given an example of
how they did this by means of punched cards. 7
Steinberg has an electronic computer programme for doing the same thing. Most of the
reconstitution work is, in fact, done by hand,
using the coloured slips on which the information was extracted from the registers.

IL

GENEALOGIES

12. Full genealogies over a long period have
been compiled for a few special groups. The
hard work of reconstruction thus has been
done, and the proportion of families which are
reconstituted approaches 100 per cent. Any
inquiry which requires knowledge of a person's
relatives can be done from such data. In other
5 M. Fleury and L. Henry, M'anuel de depouillement et d' exploitation de l' etat civil ancien (Paris,
Institut national d'etudes demographiques, 1956).
6 E. Gautier and L. Henry, La population de
Crulai, paroisse normande (Paris, Institut national
d'etudes demographiques, 1958).
7 }. Sutter and L. Tabah, "Methode mecanographique pour etablir Ia genealogie d'une population",
Population, No. 3 (1956), pp. 507·530.
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instances, such information would be almost
impossible.
13. Nevertheless, there are many limitations to the use of genealogies. Those that do
exist are most often for peculiar populations :
physically isolated, socially very elevated or a
religious sect. The earliest genealogies give
very little information about exact ages and
dates. It is rare, moreover, to find a set of
genealogies containing more than a few
hundred individuals, which is not a sufficient
number to be worth studying.
14. The most severe limitation, however, is
the difficulty of defining the universe one is
to study. A genealogy may often omit th~se
people who left no children. Some genealogies
were no doubt begun in order to trace the
descendants of a couple when it was realized
that there were numerous descendants. Clearly,
some rigid criterion is needed to define the
universe. This is often a difficult task.
15. A comparatively early study of a genealogy was done by Yuan. 8 He did not consider
fertility, and did not think his data were good
enough to give reliable mortality rates under
the age of twenty; it is an interesting piece of
work, however, and some knowledge of fertility and the age at marriage might be gained
by reworking the same genealogy. Peller's
studies on the ruling families of Europe have
already been mentioned. 9 He alone, of those
who worked on old records, had almost no
difficulties because of missing information.
"When beggars die, there are no comets ; the
heavens themselves blaze forth the death of
princes". 10 In French Canada, records of more
than a million baptisms, marriages and burials
between 1621 and 1800 were collected into a
genealogical record toward the end of the nineteenth century. These were sampled by Henripin in his study, 11 but he considered only 1,131
families and kept to the period 1700-1730.
Henry's study of 3,079 members of the old
Genevan bourgeoisie living between 1550 and
1947 devoted some space to a discussion of the
s I - c Yuan, "Life tables for a Southern Chinese
family from 1365 to 1849", Human Biology, vol. III,
No. 2 (1931), pp. 157-199.
9 S. Peller, "Studies on mortality since the Renaissance", Bulletin of the History of Medicine, vol. XIII
(1943), pp. 427-461; vol. XVI (1944), pp. 362-381
and (1947), pp. 51-101.
10 William Shakespeare, Julius Caesar, Workes of
William Shakespeare (London, Heminge and Condell,
1623).
11 J. Henripin, La population canadimne au debut
du XVIII• siecle (Paris, Institut national d'etudes
demographiques, 1954).
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demographic shortcomings of data originally
collected for a genealogy. 12
16. Children who die in early infancy well
may seem unimportant to a genealogist. Fer~
tility and infant mortality both, therefore, may
have been higher in reality than they seem on
first analysis. When the apparent birth intervals are long, one cannot be certain that all the
fertility, in fact, was recorded. A second weakness of genealogies is that when there is a
marriage with a person outside the defined
universe, the date of birth of the outsider is
usually unknown. The children born of such a
rna · e are often omitted completely. Illegitimate c ildren are generally ignored by genealogists. This fact, however, is unimportant,
because in reality relatively few illegitimate
children are likely to have been born.

III.

THE BRIT.l'SH NOBILITY

17. The nobility of the British Isles have
been studied many times by those interested in
demography. Recently, a large systematic
study has been made of their levels and trends
o£ marriage, fertility and mortality from the
end of the sixteenth century to the beginning
of the twentieth. 13 For the entire period, the
noble families remained at the highest social
level.
18. The data are good after about 1750,
but many dates were missing between 1600
and 1750. It was assumed that the records for
some children who died in early infancy were
altogether missing. The numbers of such omissions were estimated by a method to be described later.
19. The primary universe was defined as
all peers and eldest sons of peers who died
between 1603 and 1938. The peerages of
England, Scotland and Ireland were taken all
together. The secondary universe consisted of
all the legitimate children of the primary universe. The group studied was really the secondary universe. The tertiary universe consisted
of all the legitimate children of the secondary
universe. These three universes overlap to some
extent. The total number of persons included
was about 70,000, and dates of birth and death
were required for all of them. Dates of marriage and of birth and death of the marriage
partner were required for the first two universes. On the whole, records of some 225,000
births, marriages and deaths were required.
12 L. Henry, Anciennes familles genevoises (Paris,
Institut national d'etudes demographiques, 1956).
Ill T. H. Hollingsworth, The Demography of the
British Peerage (London, Population Investigation
Committee, 1964).
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20. The data were gathered from more than
five hundred volumes, many of them collections
of information about the members of the
peerage and their families. Further reference
books were used to trace the husbands and
wives of the secondary universe, for marriage
outside the nobility was frequent, always more
common than marriage within it. Six clerks
took six months to code the bulk o£ the information on nearly 32,000 forms especially
printed. Another year was spent by four skilled
clerks in searching for missing dates and in
completing the records.
21. The whole of the information on the
forms was put on 37,000 punched cards. After
verification, the cards were tested by means
of a computer programme for logical inconsistencies. More than two thousand of these were
found, chiefly clerical errors, such as absurd
ages and marriages between persons of the
same sex. A magnetic tape was made of the
data and it was run on a computer with four
successive analysis programmes, providing four
sets of tables. These tables were the basis of
the analysis.
22. It was clear at an early stage that some
method would be required for dealing with
missing or uncertain dates. In many studies
(not mentioned here), the rash expedient of
simply omitting people for whom any dates
were missing, was adopted. This method is
almost certain to introduce bias. In a previous
paper, 14 a method of estimating the unknown
dates was adumbrated. This method is now
made more elaborate. Every missing event was
given both an exact date and an estimate of
the accuracy with which that date was known.
The correct dates (only about two thirds of
those required) were distinguished appr~
priately, and the guessed dates were assigned
to one of eleven levels of accuracy. These were
zero to three weeks, three to six weeks, six
weeks to three months, three to six months,
and so on, doubling the length of the interval
successively. The last level was thirty-two to
sixty-four years. It was assumed that every
date was known within a period of thirty-two
years on either side. The procedures for
guessing dates and assigning levels of accuracy
were empirical, but they worked quite well in
practice. The great advantages are that no
person need be ignored, and it is always possible to check at a given point in history how
good the data are for studying any particular
topic.
14 T. H. Hollingsworth, "A demographic study of
the British ducal families", Population Studies, voi.
XI, No. 1 (1957), pp. 4-26.
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23. The accuracy of dates of birth improved spacing of births and the propensity of memsteadily until after 1750, when almost all the bers of a particular family to marry.
secondary universe had completely accurate
IV. CoNcLUSIONS
dates of birth. The males, however, were recorded better than the females at all periods.
26. The methods described above must be
The accuracies of date of birth were used to applicable to other populations. Wherever good
estimate how many children dying in early parish registers exist, there is the possibility of
infancy might have been omitted. By assuming reconstructing the whole demographic life of
that the two were linearly related, and that the parish. A good genealogy would save most
the true sex ratio at birth was roughly con- of the work, but nothing short of family reconstant, an implied number of omissions was cal- stitution is wholly satisfactory.
culated for each period. This procedure is not
27. The information must be collected careideal by any means, yet it seems fairly rational
and does give likely values for infant and child fully and the preliminary reconstitution must
mortality, as well as for the sex ratio at birth. be done systematically. The method of Fleury
24. A similar correction was made to the and Henry has been proved to be widely applicnumbers of the tertiary universe, needed for able.15 It at least can be used as a starting
analysis of the family size of the secondary point and, if necessary, adapted to suit local
universe . Here some difficulty arose over fami- conditions.
28. There also may be genealogies which
lies of unknown size. Some had a positive, but
unknown size, others were completely un- are worth exploiting. No person once menknown. About one third of the latter were tioned should be excluded, and all unknown
assumed to have been childless, since this made dates should be guessed intelligently, assessing
better sense than assuming that they were the reliability of the guess each time. The
representative of all families, of which only greatest amount of useful knowledge can be
about one sixth were childless.
gained only by such careful work.
25. The cost was considerable. The com15M. Fleury and L. Henry, Manuel de depouilleputer programme did not allow the study of ment et d' exploitation de l' etat civil ancien (Paris,
several interesting topics, for example, the Institut national d'etudes demographiques, 1956).

Demographic simulation models with the aid of electronic computers
HANNES HYRENIUS

1. In recent times, the word "model" has
come to be employed in rather varying senses,
which may at times give rise to some misunderstanding.
2. The vaguest and most meaningless way
of interpreting the idea of a model is to take
it as representing merely a theory. The
meaning becomes more precise when we refer
explicitly to the variations of a phenomenon or
to the relations between two or more phenomena.
3. The next stage in making the concept
even more precise is to look at the phenomena
as variables. The variation may then be imagined in the form of functions, and we are faced
with the task of clarifying the meaning of these
functions.
4. Furthermore, it may be possible to express the functions in a mathematical form
or otherwise. If the functions can be given
specific forms, including certain parameters,
problems of estimation appear.
5. The preceding observations are of a general nature, but they clearly apply to what is
understood by "demographic models".
6. A distinction has been made between
"macro-models"- or "aggregate models"
on the one hand and "micro-models" on the
other.
7. The former are understood to be based
on average or aggregate conditions. If, for
example, we take a life table and a series of
age-specific fertility rates, it is possible, as was
first shown by Lotka, to derive the relative
age distribution corresponding to constant mortality and fertility rates. We may then say that
the stable age distribution is a model which
shows what would happen in real life if the
age-specific mortality. and fertility remained
constant over a sufficiently long period.
8. It should be observed that the result, the
relative age structure, is obtained directly
through a mathematically derived functional
relation. The intermediate events, births and
deaths, do not appear in the picture. If we
were to apply the word "simulation" to this
general property of our model, this could refer

only to the model's capacity to depict the population structure as implied in the assumption
of constancy in the two demographic change
factors; however, it does not seem correct to
use the word "simulation" in this way. In
what follows, we shall therefore restrict the
use of the word "simulation" to models which
deal with the events themselves, or in other
words, with the discrete changes in a population
caused by happenings to the individuals. This
is, at the same time, what is meant by the
expression "micro-model". The two different
expressions do have separate values; there
may, for instance, appear elements of a macrotype in a simulation model.
9. The words "macro" and "micro" may
suggest that the former deals with large populations while the latter is limited to small
populations or subgroups. From what has been
said in the previous paragraphs it follows that
this is not the case.
10. A micro-model can very well be based
on the average properties of demographic
change factors in the Chinese population. On
the other hand, we might derive the stable age
structure (a macro-model) corresponding to
observations of births and deaths in the small
isolate of a few hundred people on the island
of Tristan da Cunha.
11. The way in which a micro-model is obtained, mainly by use of a computer, evidently
makes it possible to increase the model population to any size which seems suitable ; and
in fact, for a detailed description of the family
formation in a model, it might be desirable to
have a fairly large model population.
12. The purpose of developing models is
generally to obtain schematic but realistic pictures of the main factors involved. As far as
demographic models are concerned it would
be possible to include not only demographic
factors in a narrow sense (i.e., the change
factors of mortality, fertility, nuptiality and
migration, together with the corresponding
structural factors). It can be expected that a
step-by-step procedure would enable different
semi-demographic and socio-economic phenomena and variables also to be introduced. To
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the extent that this can be done, we shall then population corresponding to the composition of
obtain instruments for studying the interrela- the country's population at the last census was
tions between population trends and structure, subjected to risks of various demographic
economic development, social conditions, health events by means of pre-established distributions
,and the use of random numbers. The procedure
factors, etc.
13. The main reason our knowledge of was checked by repeated forecasting and comdemographic--economic-social-health inter- parisons with observed data from the labour
relations is unsatisfactory is the fact that we force surveys.
20. The methods used in constructing this
are concerned with situations and changes
of a non-experimental character. Human acti- model should be judged according to its purvities, behaviour and relations cannot be studied pose. \Vith other objects for the model, difby an experimental approach.
ferent methods could have been chosen. In
14. While experiments mean repeated obser- some respects it might have been possible to
vations under conditions in which only one simplify the technique. In other respects, howor a few controlled variables are allowed to ever, a more advanced approach would be
vary, and where the magnitude of random dis- necessary. A great deal depends on the possiturbances can be estimated, it is necessary in bilities of quantification of the various input
non-experimental situations to use such obser- elements. The authors were hampered by the
vations of variable-constellations as can be ob- difficulties of obtaining appropriate data of the
tained. The interpretation of available statis- population chosen for the study.
21. The second example of micro-models to
tical data therefore becomes difficult, uncertain
or systematically biased; sometimes a statisti- be considered here is a fertility simulation
cal analysis cannot be undertaken at all, be- model ?~veloped at _the University of Goteborg,
cause no quantifications are possible.
A ferhbty s~mulatwn model by H. Hyrenius
15. For these reasons, the development of and I. Adolfsson (Goteborg 1964).
22. The report presents the first steps in
demographic simulation models offers important and very useful means of analysing demo- developing a micro-model of fertility. Characgraphic-socio-economic interrelations and of teristic of the approach is that physiological
making realistic population forecasts closely phenomena have been included to such an
connected with socio-economic projections and extent that the model can describe fertility
planning.
not only on an unplanned level ("natural fer16. It seems probable that the idea of simu- tility") but also at different transitional stages.
lating the elementary demographic events, and under well-planned conditions.
births and deaths, in a theoretical model has
23. The model includes measures of fecundoccurred to a number of scientists during the ability, proportion of abortions, distributions of
last decade. In order to formulate this idea it length of pregnancies and of post-partum infewould be necessary to be well acquainted with cundity per~~ds a~ different. outcomes of pregthe technique of randomization as a means for nan~y, s~enhty nsks of different kinds and
achieving randomness in the occurrence of dur~ng d1fferent phases of the reproductive age
events. Even so, a small hand-made series pen?d etc. The development of the model so
would be of interest more as a curiosity than as f~r mclud~s the possibility of variation of the
a scientific instrument for ambitious research. d1ffe~ent mput v~riables by age, duration of
Only the use of modern large-sized electronic marnage, and panty. Subsequent work will be
computers has made it possible to develop devoted to a ~urthe;r refining of the fertility
simulation processes with a sufficient differen- ~o?el and to mclus10n of mortality and nuptiation and at the same time with a large tlahty. Important aspects are the variation of
enough volume to correspond to scientific fecundability and the effect of heterogeneity of
needs.
a ~roup of marriages with regard to fecund·
17. \Vhat is meant by demographic models ability and sterility.
will be indicated here by a brief review of two
24. The purpose of this model is twofold
micro-models.
The main obj~ct is to develop an instrument
18. As a first example may be mentioned for research mto changes and variations in
the study Micro-analysis of socio-economic sys- various sub-factors of fertility. In this contems by G. Orcutt, M. Greenberger, J. Korbel nexion the model may serve for carrying out
and A. Rivlin (New York, 1961).
specific studies. The effect of different methods
19. The purpose of this work was to obtain of birth control can be analysed in a variety
the demographic skeleton for a general model of ways. Forecasts can be made which reveal
of the United States economy. A miniature the structure of the families.
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25. The second purpose is the derivation of
a suitable sub-model of fertility as part of a
"general-purpose demographic model".
26. The construction of a general demographic model may be included here as a third
illustration of simulation models.

27. It should be mentioned that this more
ambitious work requires various kinds of supporting studies. Although the goal would be a
general model applicable to almost every combination of population conditions, it is necessary to utilize numerical data for developing
and testing the consistency of the model. This
calls for extensive time series of population
data presented on a cohort basis. The historical
population data which have been recorded in
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Sweden since the middle of the eighteenth century will be of decisive importance. Work has
been started at the Demographic Institute in
GOteborg on two sub-studies in the attempt
to develop a general demographic model.
28. In addition to the examples of work on
simulation models quoted above, it should be
mentioned that studies in this field have been
made, and others are going on, in a number
of places. At the United States Bureau of the
Census, research has been done on separate
demographic factors with a view to developing
a model for the population changes in the
United States. Simulation work is also being
done by Professor Mindel C. Sheps, University
of Pittsburgh, in connection with her recent
research on fertility using other methods.

Stochastic models utilized in demography

D. D. Josm
I.

STOCHASTIC PROCESSES

1. A stochastic process is a famil.J: of n;ndom variables {X ( t)}. The manner m whtch
the variables influence each other is described
by specifying the joint probability distribution
of every finite set {X(t1), ... , X(t,.)} of
variables of the family. These distributions
determine completely the probabilistic behaviour of the family.
2. Being evolutionary in na~ure, demogr~
phic phenomena are best studted mathematically as stochastic processes. \¥_ e interpre~ t as
time (which may be counted m generat!ons),
and X(t) as the state of the system at tl~e t.
It is then natural to assume that the vanable
X(t) depends only on the past history (that is,
only on X ( r), ( r < t) and not on the future.
A further simplification is to assume that the
process is Markovian, that is, the knowledge
of the state at time r is sufficient to determine
the probability distribution at any subsequent
time t > r; the past history prior to r ceases
to have any effect.
3. We use the term stochastic model in the
restricted sense of a stochastic process model.

II.

CLASSIFICATION OF MODELS

4. Stochastic models may be broadly classified into four categories as follows :
(a) Discrete variable, discrete time models,
for example, X (t) may denote the number of
individuals in ·the t th generation;
(b) Discrete variable, continuous time models, for example, X(t) may denote the number
of children born to a woman to age t;
(c) Continuous variable, discrete time models, for example, X(t) may denote the interval between the birth of the (t - 1) th and the
t th child;
(d) Continuous variable, continuous time
models, for example, X ( t) may denote the
relative frequency of a particular gene at time t.

III.

CoNSTRUCTION OF MODELS

5. To construct a stochastic model to represent a demographic phenomenon we must,

apart from specifying the parameter t and the
variables X ( t), lay down the assumptions governing the evolution of the process. These
assumptions usually describe the manner in
which the variables influence each other, and
enable one, at least theoretically, to arrive at
the complete description of the probabilistic
behaviour of the process in the sense mentioned earlier. For example, if the process is
Markovian and time discrete, it is enough
to specify the initial probability distribution
of X ( t0 ) and the conditional probabilities
P{X(£ + 1)/X(t)} for all t ~to. The history
of the process subsequent to t 0 can then be built
step by step.
6. A complete solution generally is not
available, except in very simple cases, but one
can usually obtain, in place of a complete probabilistic description, certain characteristics of
the process, for example, the various moments
of the joint distribution of {X(t1 ), •.• , X(t,.) }.
7. \ Ve now proceed to a review of certain
selected demographic models. Because the emphasis is on methods, the models have been
grouped under. the four cateffories me~tio?ed
above irrespective of the domam of apphcatlon.
In each model an attempt is made to describe
in detail the manner in which the assumptions
regarding the evolution of the natural process
are translated into probabilistic language. Subsequent mathematical details are touched upon
only briefly.

IV.

STOCHASTIC MODELS IN DEMOGRAPHY

(a) Discrete variable, discrete time models
(i) A model to study fecundity
8. Consider a woman's life history from the
time of marriage. Every month she is exposed
to a risk of conception. Each conception is
followed by a temporary sterility period which
may vary from one conception to another. We
represent this by the process {X(n),n
1,2, ... }. Each X(n) is either 0 (no conception
in the nth month) or 1 (conception in the nth
month). If any X(n) is 1, the subsequent variables X(n+l), .... , X(n+g) are zero, g
itself being a random variable. We suppose
further that the probability of a conception
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taking place in the t~th month, provided the
woman is not temporarily sterile, is p(n).
9. We introduce:
P(n) = Pr{X(n) = 1},
Q(m,n)

=

Pr{X(n)

=

=

1/X(m)

l,X (m

+ 1)

0).

1) =

0, .•. , X(n

We then obtain
P(n) = q(l)q(2) ... q(n- l)p(n)

+

,_1

and

,_1

P(k,n) = p(n) l
'U=O

[P(k-1,u) -

P(k,u) -

l P(m)Q(m,n)

X(n)

10. The probability that the kth conception
takes place in the nth month (n ~ k) is
.. -1

=

~

P(k-1,u)Q(u,n),

k ~ 2;

q(1)q(2) ... q(n-1)P(t!).

P(l,n)

And, if I (j) denotes the interval between the
(j-l)th and the jth conception, we have
r}

Pr {1(1)
Pr {l(i) = r}

""~

=

=

P(l,r)

P(j-1,u)Q(u,u+r).

"=j-1

11. In particular, if we have p(n) = p,
q(n)
q, and a constant sterility period of
h-1 months following each conception, then

=

Q(m,n)

=

0

=

pqt~-m-11

for
for

n<m+h
n ~ m +h.

We then get
P(n) = qP(n-1)

+ pP(n-h),

and
lim

P(n)

=

P/[1+(h-1)p]

(if

{X(n), ... , X,,(n)}.
1

P(l) = p(l) and q(n) = 1 - p(t!) .

P(k,n)

P(k-l,u)K(u,n.-u)].

(ii) A migration model
14. Consider a population divided into m
groups, its state at any time n being described
by the vector

m=l

with

1965

q

> 0).

Xi(n) is the number of individuals in the ith
group. Each individual of the ifh group has a
probability p(i,j) of migrating to the jth group
in one unit of time. (These may be called
"migration probabilities".)
15. Let X,i(n
1) be the number of indivi...
duals moving from the ith group at time n to
the j1h group at time n
1 ; then

+

X/n+l) =

m
~
i=l

Xi1(n+1).

+

X,1( n
1) have, for each fixed i, a multinomial distribution with parameters X,(n) and
p(i,j), j
1,2, ... m. The distribution of
X(n
1) can now be obtained if X(n) is
known. In particular,

+

=

E[X;(n+l)]

=

m

~

p(i,j) E [Xi(n)]

i=1

16. Such a model can be used to study interregional migration/' and social or occupational
mobility. 6 G. Malecot 1 • s, 9 has developed
similar models for genetical studies.
17. P. A. P. Moran10 and G. A. Watterson11
have developed discrete variable, discrete time
models for studying genetical evolution under
mutation, selection and non-random mating.

n-+co

12. L. Henry 1 calls this quantity "fecondite
centrale". The distribution of the total number
of conceptions in the first T months of marriage
has been obtained by S. N. Singh.2
13. The case with a variable sterility period
has been studied by L. Henry. 3 • 4 He introduces
K ( nt,g), the probability that conception in the
mth month causes temporary sterility till the
month m g at least. We then have,

+

P(n)

p(n) [1 -

n-1
~

P(m)K (m,n-m)]

m=l

L. Henry, Population, No. 3 (1957), pp. 413-444.
S. N. Singh, Journal of American Statistical Association. vol. LVIII (1963), pp. 721-727.
a L. Henry, op. cit., pp. 413-444.
4 L. Henry, Population, No. 1 (1961), pp. 27-48 and
No. 2 (1961), pp. 261-282.
1
2

(b) Discrete variable, continuous time models
(i) A model of population growth
18. X ( t) is the number of individuals in the
population at time t. The probability that in the
5 R. Tomlinson, Journal of the American Statistical
Association, voL LVI (1961), pp. 675-686.
6 J. Matras, Population Studies, vol. XV (1961),

pp. 187-197.
1 G. Malecot, in Le calcul des probabilites et ses
applications (Paris, Centre national de la recherche
scientifique, 1949), pp. 121-126.
8 G. Maltkot, Entretiens de Monaco en Sciences
H1tmaines (1962), pp. 205-212.
9 G. Malecot, "Sdences-Mathematiques", An.nuoire
de l'Universite de Lyon, serie III, Fascicule 17 (1954),
pp. 19-35.
10 P. A. P. Moran, Procedures Royal Society,
Series B, vol. CXLIX (1958), pp. 102-112.
11 G. A. Watterson, Anmtal of Human Genetics,
vol. XXIII (1959), pp. 221-232.
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interval (t, t
to another is

dt) an individual will give birth
)..(t)dt

and the distribution of the life time T
has density

+ O(dt),

,u(u

T+u

+ T)

exp [-

p,(t)dt + O(dt),

and that an immigrant will come in is
11(t)dt

+

= (n)..+'fl)dt+O(dt)
(birth or immigration)

np,dt+O(dt)

1
1r. [L(u,t)Jr exp [-L(u,t)], L(u,t)

[L(u,t) ]r,u(t+u) exp [ -{ L(u,t)+M(u,t)) ]dt,

0

(death)

(no birth, death or immigration)

19. Let P(n,t) = Pr {X(t)
n} and let
"'
cp(t, z)
l P(n, t)z ". We then
n=O

P(n,t+dt) = P(n,t) (1-nX+np,+ 'l)dt)
+P(n-l,t) { (n-l)X+'I'/ }dt + P(n+l,t)
(tt+l)p,dt+O(dt).
{(n-1))..+'1'/}P(n-l,t)

{nX+nJL+'Il }P(n,t) + (n+ l)JLP(n+ l,t)
(sX- p,) (s- 1)

at

~

+ 11(2

63

M(u,t)

=f

N

X(O),

and the probability of extinction is 1 (if A. :::;;; p.)
and (p./A]N (if A.>p.).
21. Let s(u,t) be the probability that an
individual born at time u is alive at time t. Then
s(u,t + dt)

=

s(u,t) [1- p,(t)dt + o(dt)]
t

s(u,t)

= exp[·-f.u(t)dt]

"'
1~

,u(v)dv

23. Taking u
0, the above results apply
to the case where A. and p. depend on the age
of the individual. 15 • 16 Another application of
this model is due toW. Brass.H He takes A. to
be constant for an individual but varying from
person to person. If A. has the gamma distribution
ale

dF(X)

r(k) e-ax ],.k-ldx

the probability of r births in T years of marriage is

l).p(t,z)

20. For the solution of these equations see
14. If A., p. are constant and 1)=0 the
population grows according to the Malthusian
law
N exp{(X- p,)t}.

t+u

u

a
( a+T

12. 18,

E[X(t)]

u

00

h(~n)=(l-(n)..+np,+'fl)dt)+O(dt)

=

t+u

= f t.(v)dv,

and the probability that an individual born at
time u will have r children during his lifetime is

S r.~

Pr(t~n+l)

=

22. Similarly one easily obtains that the
probability that an individual born at time tt
has r children during ( u,t+u) is

+ O(dt).

In the small interval (t, t
dt) the only possible changes are a unit increase or decrease in
population size, the conditional probabilities
being

BP(n,t)

f ,u(t)dt].
f1,

that he will die is

Pr(~n-1)

t-u

R. C:onsael and A. Lamens, Bulletin of the International Statistical Institute, vol. XXXVI (1960),
pp. 3-21.
13 R. C:onsael and A. Lamens, Biometrie-Prasimetrie, voL III (1962), pp. 83-112.
H D. G. Kendall, Journal of the Royal Statistical
Society, Series B, vol. II (1949), pp. 230-264.

)k

r(k+r) (

rlr(k)

T

a+T

)r

This technique of introducing non-homogeneity
is frequently used. 18 • 19 • 20 • 21
24. Similar models have been proposed to
study growth of a bisexual population, 22 • 23
R. C:onsael and A. Lamens, op. cit., pp. 83-112.
D. D. Joshi, Publication de l'institut de statistique de l'Universite de Paris, vol. III (1954), pp.
153-177.
17 W. Brass, Bulletin of the International Statistical
Institute, vol. XXXVI (1958), pp. 165-178.
18 L. Henry, Population, No. 3 (1957}, pp. 413-444.
19 L. Henry, Population, No. 1 (1961), pp. 27-48
and No. 2 (1961), pp. 261-282.
2o E. B. Perrin and M. C. Sheps, Biometrics, vol.
XX (1964), pp. 28-45.
21 S. N. Singh, Journal of the American Statistical
Association, vol. LVIII (1963). pp. 721-727.
22 D. D. Joshi, Publication de l'institut de statistique de l'Universite de Paris, vol. III (1954), pp. 153177.
28 A. Lamens, Academic Royale, Belgique, Bull. Ct.
Sci., vol. XLIII (1957), pp. 711-719.
15
16
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aging,24

causes,21l

deaths from different
population growth in clusters, :a. 21 and genetical
evolution.2S
(ii) A model to study human reproduction
25. The reproductive history of a woman
since marriage is described by the time spent
in any of the five states:
So-non-pregnant, fecundable
S1-pregnant
S2. Sa, s~-post-partum sterile following abortion, still birth, live birth respectively.
At marriage state is S 0 and the subsequent
changes of state are as follows :

s0 ~ s,~ ::~So->
s"'
26. The time spent in So is a random
variable with density g0 (t), mean p.o, variance
u;. From S 1 the woman goes to S2 , Ss or S 4
with probabilities 82, Os, o.; the time spent in

+

fori= 2,3,4). Then t (O,O) = t (O,l)
T( l ,i )
T(i,O) with probability 81 ,i = 2,3,4,

+

~'oo = ~'o

"~

=

•

+

l '' .,, • " '

4:-.:!

v: + ~ 81l.~ +
•

4

1- 2

I<J-2

>.~

l

= •1+J£1
8;11( .,1 -

'IJ)2,

= Et + v~.

One also obtains
~'H

=

6~

(J£o

+

l e,.,i)

1-2

The variance u!, and means and variances of
t (i,j) can also be obtained.
29. However, the behaviour of N (i ,t ), the
number of times a woman enters the state S 1
in time t, is difficult to characterize. But the
asymptotic means and variances of N(i,t) can
be obtained by using the theory of renewal
processes. In particular, one finds that the
asymptotic fertility rate is 1/ f'u.ao, aL

(iii) Finite pop1~lation si.ce model of genetical
S 1 (conditional on transition to S 1) has density
evolutio11
g 1, mean ..,, variance~ ( i = 2, 3, 4). Time spent
30. State at time t is described by four
in S, (before transition to S 0 ) has density f,,
variables

mean IJ-', variance ul. The process is nonMarkovian as changes from state to state
depend on the time spent in each state.
27. In such a modeJ2t the following aspects
of the reproductive process can be studied :
(a) Distribution of the intervals between
successive p regnancy terminations of the
various types ;
(b) Distribution of the number of miscarriages, still births, or live births per individual in a given period of time ;
(c) Probability of occurrence of a live birth,
that is, the fertility rate.
28. Let t (i,j) , (with mean 1'-iJ• variance u~) ,
be the time taken to pass from S, to S 1, and
T(i,j)_ the time spent 111 S1 given t~at the n.ext
t (O,l ), T(1,0)
t (~,O)
state ts S1 • (T(O,l)
2 t W. F. Taylor, P'focetdings Fom·th Berkeley

=

=

Sym posiunl of Motlumotical S tali.stics and Problems,
vol. IV (1961), pp. 347~368.
26 C. t. Chiang, Proceedings Fourth Berkeley
Symposium of M athttHatical S tatistics and Problems,
vol. IV (1961), pp. 169-180.
26 R. Consael, Bulletin de lo cla.sse du sciences,
Acodimie Royale ck Belgique (5), vol. XLV ( 1959),
pp. 845-858.
21 ]. Neyman and E. L. Scott, Cold Spring Harbor
Symposi11m on Ouo11titotrve Biology, vol. XXII
( 1957J' pp. 109-120.
2t C. J. Mode, Bii11Mtrns, vot X VIII ( 1962),
pp.

543-567.

2t E . B. Perrin :md M. C. Sheps, Bwmrtrics, vol
XX ( 1964), pp. 28-45.

-

number of aa-malcs
} X(I)
number of AA-malcs

+ Y(t) ~ M

W(t) Z ( t) -

number of oo.-females }
,
I
W(t)
num be r o f AA-1ema es

+ Z(l) ~ F

X(t)
Y(t)

M and F are constants. This is a model with
overlapping generations. Deaths take place at
random times, the probability t hat in (J,t
dt)
an (aa), (Aa) or (AA) mdividual will die
o(dt) , >.adt o(dt )
being Atdl o(dt) , A2dt
respectively. A dying individual is replaced by
another of the same sex formed by the union
of two gametes, one selected from the male and
one from the female gametk output of the population existing before death.
31. Suppose at time t the state is ( k, l, r , s),
then the conditional probabilities of deaths of
individuals of different types, if a death has
taken place in (t,t
dt), are k'A 1/A(aamale), (M -k-l) ,\2/A(Aa-male) , /). 8/ A (AA
- male), rA./ A(aa- female) , (F-r -s) )..2 jA
(Aa-female) and s>..8 /A (AA-female), where

+

+

+

+

+

A

= >.1 (k+r) + A:l(P+M-k-1- r -s)

+ >. ( 1+s).
8

32. Let x(a-+A) and y(A-+a) be the
mutation probabilities. T hen, the proportions
soL. Henry, Pojulaticm, No. 3 ( 19Sn t pp. 413--444.
81 L. Henry, PoJt1;lotion, No. 1 ( 1961), pp. 27-48
and No. 2 ( 1961), pp. 261-282.
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of a and A in the male and female gametic outputs are
p..,(a)

=

1
M

[k(l-x)+ly+~(M-k-1)(1-x+y)],

with similar expressions for Pm(A), Pt(a) and
Pt(A).
33. Assuming non-random mating, the probaltilities (same for males and females) that the
replacement of the dying individual is of type
(aa), (Aa) or (AA) are 32
Pr[(k,l,r,s)-1-(k-1,1,r,s)]
Pr[(k,l,r,S)-1-(k,l,r-l,s+1)

=

p(aa) = (1-c)Pm(a)P,(a) +!cfPm(a)+Pt(a)]
p(Aa)
(1-c)[pm(A)P/a)+Pm(a)Pt(A)
p(AA)

=

(1-c)Pm(A)P/A)+!c[Pm(A)+P,(A)].

(0 ::=:;; c ::=:;; 1). For random mating we have
c = 0. For another, generalization to account
for non-random mating. 33
34. From the state (k,l,r,s) at time t there
are thirteen possible transitions. The transition
probabilities can be written down easily; for
example,

Pr[a<~-male

dies, replaced by Aa-male]

p(Aa)ki.. 1/A

Pr[aa-female dies, replaced by AA]

= p(AA)ri.. 1/A

35. This model has been used to study the
rate of approach to homozygosity.l14 • 35

we then get,37 assuming that powers of s higher
than the second can be neglected,

(c) Continuous variable, discrete time models

F(s,n+1)

(i) A model of genetical evolution

=

f~[1+sb(.:r:)+{s'f2l}a(x)JeB1Xf(.:r:,n)d.:r:

=

F(s,n)+sf! e8"'[b(x)f(x,n)-!

36. Consider a population with constant size

N per generation. The state is given by X ( n),
the proportion of a particular gene in the nth
generation. For large N we may assume X(n)
to be a continuous variable (o~X(n)~l) with
density f(x,n).(f~f(.x1 n)dx=l).
37. We assume that the process is Markovian the conditional distribution of X ( n+l),
given X(n)
x, having density f<Yv'r) (f~f(y,
x)dy=l). We then get 36

=

=

f(y,n+l)

Putting F(s,n)

J~ f(y,x)f(x,n)dx.

= f 0 e3" f(x,n)d:r we get

a:

This leads to
.1
"Z

~
[a(.:r:)f(x)J- b(x)f(x)
ox

+

(d) Continuous

F(s,n+l) = J~ e 11f(y,n+l)dy

~~ u~ es(y-a:)j(y,x)dy]es"'f(.:r:,n)d.t".

For fixed x, J~e•(:v-'"J f(y,x)dy may be developed in a series to give the conditional
moments of X(n+l). Suppose
ne•(ll-it)f(y,x)dy

=

variable,
models

continuous

time

( i) Continuous variable, continuous parameter
Markovian processes
38. Let f(t,x;u,y) denote the conditional
probability density of the random variable
X(u) given that X(t)
x, u > t. Let
b(t,x)

= }::;, ;h

fi!I-Ki<o (y-x)f(t,x;t+dt,y)dy

ft

fiti-Ki<a (y-x)f(t-dt,x ;t,J•)dy

=

l+sb(x)+(s2j2!}a(.:r:) + ..... ;

and
P. A. P. Moran, Proceedittgs Royal Society,
Series B, vo!. CXLIX (1958), pp. 102-112.
33 G. A. Watterson, Annual of Human Genetics,
vol. xxm (1959), pp. 204-220.
34 P. A. Moran, op. cit.
35 G. A. Watterson, op. cit.
36 G. Ma!ecot, Publication de l'institut de statistique de rUniversite de Paris, vol. VIII (1959), pp. 173210.
32

=0

for the asymptotic stationary distribution, f(x)
denoting the limiting density function. Similar
results are obtained 38 if one assumes that
f(y,x) is normal with mean x
b(x) and
variance a(x). For the calculation of a(x) and
b(x) under mutation, selection, etc., see the
next section.

8

J~ e•Y[j~ f(:y,x)f(x,n)dx]dy

{a(x)f(x,n)}]dx.

a(t,.:r:)

d~:;,

=

dlt:, it JIY-Ki<B (y-.:r:)2f(t,x;t+dt,y)dy

=

limlJ
)
dHo
at l:v-~<l<o (
y-.:r:
if(t-dt,x ;t,y)dy

37 G. Malecot, ibid., pp. 173-210.
ss G. Ma!ecot, Les mathematiques de l'heredite
(Paris, Masson, 1948).
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We may think of b(t,.~} and a(t,x) as the mean
change and the mean square change in the
variable per unit time. Under certain regularity
conditions it can be shown 39 that f satisfies the
following equation ( cailed Kolmogoroff's forward equation)
of
1 a2
lJic = 2 oy2 [a(u,y)f(t,x ;u,y) 1
li
IJy [b(u,y)f(t,x;lt,y)].

39. In the stationary (or time homogeneous
case) we write
f(t,x ;t+u,y)

= f(x ;u,y), a(t,.r) = a(.'l")
b(t,.r)

1

32

2 ay 2

[a(y)f(x;u,y)] -

s = [X,.+Y,.]jN.

Due to mutation, immigration and gametic
selection the proportion of A in the pool effec-.
tively contributing to the birth of the next
generation is different from x, say .x-1 . If
u(A-M) and v(a~A) are the mutation rates~
then
x 1 = .r(l-u)+(l·-s)v.

x 1 = x(1-m)+mc,

a

oy [b(y)f(x;u,y)].

This equation may be solved for every fixed x,
to give f as a function of u and y, provided
a(y) and b(y) are known. These in turn depend on the assumptions regarding the relation
dt).
between X(t) and X(t

+

(ii) Application to the study of genetical
evolution
40. We consider a population of fixed size
N, N being sufficiently large for the gene-frequency to be approximated by a continuous
variable. X ( t) denotes the proportion of the
gene A at time t (0 ~ X(t) ~ 1). Time t is
measured in generations and a continuous
approximation of this discrete time is assumed
possible.
41. The transition from one generation to
the next is supposed to take place in the following manner :
42. \Ve start with N individuals of the nth
generation of which X,., 2Y,., Z,. are AA, Aa
and aa respectively. These individuals conP(AA)

xl(xt+A:Yt)

P(Aa)

2x1y1 (1-X) = 2Q

P(aa)

y 1 (y+Xx)

=

c being the proportion of A among the immigrants. Due to gametic selection, we get
~= (l+s)
1-x1

x

where A or a has selective advantage over its
allele according as s > 0 or s ~ 0. If s is small
we have approximately
.x-1 = x+ss(l-x) .

When all the three factors are present we
assume that the effects are additive and get
x1

=

x+.:ls = x+{v(l-x)-ux}+
{m(c-x)}+{sx(l-x)}.

+

43. The birth of individuals of the ( n
1) th
generation is assumed to result from random
mating. Taking into account the inbreeding
effect due to limited population size, the assumption of random mating amounts to
selecting N 1 individuals of the (n
l)th
generation with the following probabilities
(multinomial distribution)

+

p
x1+Y1 = 1
/.. = inbreeding coefficient

R

44. Suppose actual numbers of zygotes at
birth are X,.+ 1 , 2Y,.+l• Z,+l (sum=Nl)·
Due to zygotic selection the number of zygotes
actually reaching the reproductive stage are
aX,.+ 1 , 2,8Yn+l, yZ,.+ 1 , where a, ,8, y are the
relative viabilities of the zygotes. To keep the
A. T. Bharucha-Reid, Elements of the Theory
of Markov Processes and their Applications (New
York, McGraw-Hill, 1960).
llll

tribute to the gametic pool giving rise to the
next generation, the proportion of A in the
pool being

If m is the immigration rate, the reproducing
population consists of "immigrants" (fraction
m) and "autochtones" (fraction 1-m), so that

and

b(x),

and the forward equation becomes
lit< =
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population size constant we choose N, such that

+

E(«Xn+l
2f!Y,+l
aE(X,.+ 1 )
2fJE(Y,.+ 1 )

+

that is

+ 7Zn+1) =
+ -rE(Z11 + 1 ) = N

(a.P+2!3Q+'YR)N1 = N.

45. The gametic output of these individuals
will now have A genes in the proportion
z = [ct.X,.+ 1

+

.BY,.+IJ/N,
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z is thus a random variable related to the initial
value x through the random variables Xn+ 1 ,
Yn+1• Zn+1· \Ve have
E(z) =

(1/N)[aE(Xn+ 1 )

+

,BE(Yn+ 1 )]

+ ,BQ]
+ ,BQ)/(aP + 2,BQ + 'YR) ,

(N 1/N)[aP
(aP

Var(z) = (1/N2) [a 2 Var(Xn+ 1 ) + ,B 2 Var(Yn+ 1 )
2a,BCov(Xn+ 1 , Yn+ 1 )]

+

=

(1/2N)[2a2P(l-P)+,B2Q(1-2Q)
- 4a,BPQ]/[aP
2,BQ
'YR]

+

+

We can now obtain b(x) and a(x). In fact
b(z) = E(z) - z
a(z) = E[(z- z)2] = Var(z) + [E(z) -

Kimura. 40 • 41 • 42

special cases by
The steady
state solution (of/au= 0) is given by
f(z) = [K/a(z)] exp [2f{ b(z)/a(z) }dz] .

Special forms of this solution in the different
cases are listed by S. Wright. 43
48. For those interested in details of these
demographic models, we refer to the sources
listed in the foot-notes throughout this paper.
In addition to these sources, detailed bibliographies will be found in the sources listed in
footnotes 13 • 14 • 20 • 37 and 39 • Other writings
that treat the subject are those of D. Basu 44 ,
V. M. Dandekar 45 and vV. F. Taylor. 46
40

z]2

46. In special cases we may take a, {3, y as
follows : a = f3 = y (zygotic selection absent) ;
a: f3 : y = 1 s : 1 : 1 - s (uniform genetic selection), a : f3 : y = 1 : 1 : 1 - s (selection with
dominance) ; a : f3 : y = 1 - s: 1 : 1 - s (heterozygote advantageous).

+

47. The exact solution of the forward can
now be attempted and has been obtained in some

66.

M. Kimura, Biometrics, vol. XII (1956), pp. 57-

41 M. Kimura, Annual of Mathematical Statistics,
vol. XXVIII (1957), pp. 882-901.
42 M. Kimura, Genetics, vol. XLVII (1962), pp.
713-719.
43 S. Wright, Stochastic Models in Medicine and
Biology (Madison, Wisconsin, University of Wisconsin Press, 1964), pp. 119-244.
44 D. Basu, Sankhya, vol. XV, 1955), pp. 251-252.
45 V. M. Dandekar, Sankhya, vol. XV (1955), pp.
237-250.
46 W. F. Taylor, Proceedings Third Berkeley Symposium Statistics and Problems, vol. IV (1961), pp.
347-368.

The use of population models
SULLY LEDER~N
[Translated from Fn>nch]

1. Although the term "model" is of recent
date, the use of models dates back to the earliest
attempts to describe and explain natural phenomena. The geocentric astronomical system of
r:tolemy and the heliocentric system of Coperntcus are examples of celebrated models.
2. Models are usually understood as formalizations of actual reality. We shall consider
here only the mathematical formalizations. 1
3. The elaboration of models presupposes a
certain minimum of previous scientific theory.
They are not identifiable with the theory,
which is a broader construction, but, as Malinvaud notes, "they apply to the most crucial
part of the theory".
4. Because of this, they provide the most
sensitive tests of its validity. They thus con,-.
tribute, in a precise manner, to the criticism
and improvement of basic hypotheses, which
are at the core of scientific progress.
5. We may also note that the mere construction of a model. even if it is to be devoid
of numerical application, may play a powerful
role in the elaboration of a theory.
6. Models present certain characteristics by
which they may be classified. Here we shall
examine several simple characteristics, with the
help of examples.
EXAMPLE

I

7. Since it is a mathematical formalization,
the model begins with a numerical equation.
P2 = P1

+ N-

D +I- B

8. This equation gives the population of a
territory on date No. 2 when the population on
date No. 1, the number of births (N), the
number of deaths (D), the number of immigl Non-mathematical models (reduced-scale models of
ships or aircraft, towing-tank or wind-tunnel tests,
etc.) are rare in demography. However, there is an
example of this kind of model at the Institut national
d'etudes demographiques (!NED). It consists of a
plaster surface representing the numerical development of the French male population by age for the
period 1930-1980. This is an example of a non·
mathematical demographic model.

rants (I) and the number of emigrants (E),
are known.
9. If the data P1, N, D, I and E are known,
there is no point in carrying out a population
census on date No. 2. The model, which is a
substitute for actual reality, provides the
answer (P2).
Remarks

10. Adopting economic terminology, we
may note in this example the exogenous
variables P 1 , N, D, I and E, whose numerical
value derives from outside the model, and an
endogenous variable P 2 , whose value is a
mathematical function of the exogenous variables proposed by the model. Here there is a
causal relationship involved in the passage from
the exogenous variables to the endogenous
variable, but such a relationship does not
always exist.
(a) Each variable may be endogenous in its
turn, without necessitating any change in the
model. For example: D
P1- P2 N
I-E;
(b) This model is a determinist one. The
exogenous variables being numerically fixed,
the endogenous variable is rigorously determined;
(c) Model P 2
f(Pt, N, D, I, E) is constructed on the basis of structural analysis of
the passage from P 1 to P 2 • What reacts on or
influences what, and how? ;
(d) The relationship between P 2 and P 1 is
complete; here, the model is not a simplified
representation of reality. This is an exceptional
case which is encountered only at the level of
numerical equations.

=

+ +

=

EXAMPLE

II

11. Let n be the length of a marriage measured by the number n of the wife's ovulation
cycles since the beginning of the marriage. 2 Let
2 Example taken from P. Vincent, "Recherches sur
la fecondite biologique. Etude d'un groupe de familles
nombreuses", Travaux et documents, cahier no. 37
(Paris, Institut national d'etudes demographiques,
1961).
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p be the probability of conception during a
cycle, assumed to be the same for all women
and constant in time. The number of women
not yet having conceived for marriages of
duration equal to 1, 2, ... n cycles is (N
number of married women) :
f
N(l
p)n

=

12. Where N=1,000, P=0.30 and n=12
cycles, we shall obtain, by way of example, a
figure of f=14 women per 1,000 who have not
yet conceived up to the twelfth cycle.
Remarks
(a) Like the preceding one, this model is
derived from a prior structural analysis : here
the passage from N and p to the final number f;
(b) This is a simplified representation of
reality, for probability p is assumed to be (i)
the same for the N women; (ii) constant in
time;
(c) The model is a determinist one : p and
N being fixed numerically, the final number f
is strictly determined ;
(d) The value of f is strictly valid only if
the two assumptions (i) and (ii) are satisfied;
(e) We can, of course, try to improve the
model by introducing sub-groups of women
characterized by different probabilities. We
may then, in the sub-groups, try to vary the
probabilities in time. \Ve shall thus, for the
calculation of the final and global rate f, have
a combination of "microdemographic" models,
the mathematical formalization of which will be
the more difficult to handle the greater the
number of microdemographic models used.
13. Experience shows that this approach
rarely leads to a simple "macrodemographic"
model, i.e., a model of simple relationships
between masses of units.
EXAMPLE

III

14. Examination of 154 mortality tables
shows that there is a mean linear relationship
between the logarithm of the probability of
death within the age interval 0 to 5 years and
the logarithm of the probability of death in
another age interval 10 to 15 years, for
example: 3
Log 5 ij10 (MF) = -0.9058 + 0.903 56 log 5 q0 (A1F)
+ 0.125 e

When 5q1o (MF) = 60 per 1,000, for example,
we have log 60
1.778 15 and log 5 q10
0.700 9
0.125 e where e is a reduced Gaussian variable with a mean of zero and a variance

+

3

The probabilities in the formula are per 1,000.
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of unity. Ninety-five per cent of the values of
e are included in the range plus or minus 2.
The value of 5 q10 is therefore in the range 2.8
to 8.9. The estimated value corresponds to
e = 0, i.e., sq1o = 5.02.
Remarks
15. The model does not originate in a structural analysis of the passage of the probability
of death from age interval 0-5 to age interval
10-15. It was simply noted empirically that
this mean linear relationship existed for the
154 mortality tables, i.e. for a variation of 5 q0
rising appreciably from 20 to 450 per 1,000.
16. Upon reflection, we can diagnose two
preponderant influences :
( 1) The age difference between the individuals in the two groups considered, which is a
factor common to the various populations and
which, in this case, must be reflected in values
for 5q1 0 generally lower than the values for

sqo;
(2) The local context, which simultaneously
increases (or decreases) the probability of
survival of the two groups of individuals--a
factor common to the two groups and variable
from one population to another. This is clearly
the origin of the linear regression noted in the
logarithms of 5q0 and sqlO·
17. But this is an a posteriori qualitative
explanation. (\Vhy, for example, is the relationship linear for the logarithms? Vv' e do not yet
know.) The estimates for 5 q10 given outside the
range 5 q10 = 20 at 450 per 1,000 should therefore be viewed with increasing caution the
further we deviate from this range, because the
model has no theoretical demographic basis :
(a) The model provides an estimate of 5 q10
approximately formalized in the random term e.
The model is called random, or stochastic, or
probabilist, or again statistical. The terminology
is not fixed;
(b) It permits the use of a partial causality
or a simple partial co-variance, while still
allowing for many unknown factors or for an
influence that is too complicated to formulate;
(c) The simulation of the behaviour of e is
provided by means of a theoretical distribution,
in this case Gaussian. This distribution reflects
the substantially symmetrical form of the deviations from the linear trend ; the theoretical
probability density also gives an acceptable
picture of the respective densities of the deviations; the theoretical probability of deviations
outside the range plus or minus 3 cr is so small
that we ca:n ignore the range of the "normal"
theoretical variable,
IYJ to
oo, which is inconceivable for the concrete variable ;

+
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(d) The exogenous variable is 5 q1 0 , and the
endogenous variable 5 q0 • This must be made
clear, for the estimator is not symmetrical. Let
us exchange the roles of the variables : the best
estimate of log 5 q 0 (former exogenous variable)
on the basis of log 5 q10 (former endogenous
variable) is not given by:
- 0.125 e

=

1.002

+ 1.106 7 ~q 10

0.138 e

but by:
log 5 q0

=

1.215 4

+ 0.893

4 log :;q10

+ 0.124 e,

i.e., by an estimator other than the inverse of
the preceding one. The numerical value of its
coefficients depends on the specification of the
variables;
(e) The value assumed by 5 q 1 is not the
cause of the value observed for 5 q10 (or inversely). What we have is merely co-variation
due to common factors. The law of the conditional probability of the endogenous variable
may be expressed in various ways. Instead of
adopting a linear regression relative to the
logarithms, we could, for example, have used
in 5qo a second-degree or third-degree polynomial which would have given mean values
of 5 q10 (and not of the logarithm). There is
thus a shift here from the concept of the model
to that of the estimator, which is required to
possess certain qualities (convergence, absence
of distortion, etc.). According to the numerical
data, the requirements may be contradictory,
and it may be necessary to choose between
several possible estimators, giving varying
degrees of satisfaction ;
(f) The numerical coefficients of the model
were determined by the method of least squares,
which minimizes the mean quadratic error of
the estimate and hence the "loss" suffered by
the user because of the inevitably erroneous
result provided by the estimator. The value
r;q1o = 5.02 where sqo = 60 corresponds to this
minimization (in the logarithmic universe but
not in the rates themselves: priority was given
here to another quality of the estimator).
EXAMPLE

IV

18. The process of reproduction may be
represented by a succession of random phenomena. At each moment of her life, a woman
is in one of the following states S, such as:
S0
initial sterile period before puberty
sl = period of fertility before sexual union
s2 = period of fecundability
etc.

=
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19. The passage from one state to another
is characterized by a variation in the probability
of fertilization and also by the random appearance of fertilizations. The length of time for
which a woman remains in one of the above
states is also considered as a "random variable,
characterized by a distribution of frequencies.
This is a demographic model using the theory
of the stochastic processes. 4
20. These processes were described by
Mr. Joshi in the paper he delivered at this
meeting, and we shall not go into their special
characteristics.
21. Let us note merely that this type of
model achieves the transition from microdemography to macrodemography through the intermediary of a transition and aggregation operator which ensures the free play of individuals
(this is still conventional, for there are simplifications at the level of the micro-models)
and the synthesis of these individual freedoms
so as to ultimately produce macrodemographic
results.
CONCLUSION

22. The preceding examples have illustrated
some of the simplest characteristics of mathematical models used in demography. To sum
up:
( 1) A model is generally a simplified representation of reality;
(2) The variables may be classified as exogenous and endogenous. The exogenous variables are those whose value is taken from
outside the model. The endogenous variables ·
are those whose value is derived, so to speak,
from the interior of the model : it results from
the mathematical function of the exogenous
variables posited by the model ;
(3) There are broad categories of models:
(a) determinist; and (b) random, or probabilist or stochastic. In the determinist models,
the value of the endogenous variables is strictly
determined when the exogenous variables have
been given their value. In random models, the
value of the endogenous variables is only determined within certain limits given by a probabilist sub-model (theoretical laws of the distribution of frequencies, etc.). In random
models, there is often a tendency to move from
tl1e idea of a model towards the "estimator"
concept, of which certain characteristics may
be required (absence of distortion, convergence,
etc.). This estimator is linked to the variable
to be estimated. That is one of the reasons
why the form of random models is not usually
4 Example taken from H. Hyrenius and I. Adolfson,
A fertility simulation model (GOteborg, 1964).
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independent of the specification of the variables
are not
as exogenous and endogenous.
symmetrical so far as the variables are concerned;
( 4) Two extreme classes of models may be
considered, with an intermediate class combining the characteristics of the extremes :
(a) the models may be determined on the basis
of a prior structural analysis of a greater or
lesser degree of elaboration, i.e., on the basis
of a certain number of causal relationships
between the exogenous and endogenous variables; (b) they may be determined without
any structural analysis, on the basis of the
empirical observation of simple co-variations;
(c) the intermediate class combines the two
above approaches. Models which are not based
on prior structural analysis are common and
extremely useful. But since they lack any
theoretical basis in the field in which they are
applied, the forecasts they provide should
naturally be treated with caution when extra-
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polated outside the area of available empirical
observations ;
(5) Two other classes may also be considered: (a) microdemographic models, i.e.,
those relating to small demographic units :
individuals, small communities, etc; (b) macrodemographic models. These are designed to
establish only relationships between large
masses of units. These two categories of models
are not usually of the same nature, and the
aggregation of a large number of microdemographic models does not usually produce any
more than it does in economics, simple and
easily usable macrodemographic models. Nevertheless, a decisive step forward has been taken
in this field with stochastic processes (simulation, etc.), which make possible such a transition from micro- to macrodemography. The
practical use of these processes is bound up
with the calculation possibilities offered by
electronic machines.

The increased scope of demographic investigations through the use
of sampling surveys
FoRREST
L There are many scientific ways by which
the boundaries of demographic knowledge are
extended. These include the official census and
<:ivil registration systems, casual study of available groups, intensive investigations of an
epidemiological type, detailed anthropological
researches, and a wide and heterogeneous
variety of activities which often are grouped
indiscriminately under the heading of "sampling
.surveys".
2. The utility of the whole group of sample
surveys as a means of extending the scope of
demographic studies could be discussed in a
general way, but the discussion can be more
precise if it is limited to the consideration of
sample surveys which are based on sound
probability theory, which are drawn from a
.sample of individual persons or households, and
which utilize interview techniques to collect
information.
3. Consideration of possible contributions
from sample surveys of this type must be in
relation to the potential of traditional sources
of basic demographic data. The traditional
sources, namely, the decennial or quinquennial
eensuses and the continuous civil registration
system for decades have provided, and undoubtedly will continue to provide, the basic
facts for understanding structure and changes
in national populations. It is often implied that
traditional sources would be fully adequate if
developed to a high level of efficiency and that
sampling surveys are only a substitute and
interim method primarily for use in the developing countries.
4. No one can dispute the value and economy of sample survey methods in countries
where the traditional demographic sources are
not effectively operating. Indeed, in some areas
the sample survey method may be the only
available source of data, but the emphasis on
the use of sample surveys in developing countries tends to hide the point that even in the
most developed countries, the census and civil
registration systems are necessarily inadequate
sources and that sample surveys in such areas

E.
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have a major place and an increasing role as
a method for collecting demographic data.
5. To discuss in detail the basic limitations
of even highly perfected census and registration
methods is not necessary. The complete census
method is extremely costly and for this reason,
new census data usually are available only once
a decade. Even with modern methods, the time
required for processing and printing results is
long. Another factor in the limitations is that
for technical and policy reawns, the list of
items for which data are compiled is not
extensive. The civil registration system, as a
source of demographic. data, is restricted in
ways similar to the census method. The volume
of records involved in a complete registration
system imposes processing problems and delays
in dissemination of tabulated data. The legal
character of the registration process, and the
use of birth and death registration documents
for many public purposes make them inappropriate instruments for the collection of many
demographic, social and economic facts.
6. An examination of the various international and regional recommendations for items
to be included in censuses and vital statistics
systems show these items f2.ll far short of
satisfying the catholic interests of modern
demography. It is true that most of these
recommendations tend to define basic programmes designed for countries with minimum
statistical resources, but examination of the
range of topics covered by the censuses and
registration systems of the most advanced
countries leads one to the conclusion that the
data are also insufficient for the developed
countries.
7. General limitations of even highly
developed census and vital registration systems
have led to a rapid increase in the use of
sample surveys in countries that are advanced
in their statistical methods. These surveys
usually are not directed solely at the collection
of demographic or fertility data, but collect a
wide range of social, economic, labour, or
health data to which purely demographic factors
are related or for which population data form a
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base. Sample survey programmes of this type
have been carried on with notable success in
such countries as Canada, the Federal Republic
-of Germany, Japan, the United Kingdom, the
United States and other nations with effective
<:ensus and registration programmes.
8. Studies in which a defined or undefined
part of a population has been covered by
adequate data collection procedures are, of
-course, not new. However, recent continuing
progress in survey theory and method is developing a much sharper and better tool than
-previously has been available. These theoretical
and methodological advances have been in five
major areas:
(a) Impro7.Jed sampling theory and design.
The modern survey design is greatly sophisticated and much more powerful than earlier
simple random designs. A survey today may
quite possibly include such features as deep
stratification, multi-stage structure clustering,
and controlled selection schemes ;
(b) Computer-related complex estimation.
Estimation methods of improved efficiency and
additional complexity have accompanied the
development of more elaborate designs. These
methods emphasize the use of all relevant
information, and often employ extensive computational routines which were always theoretically possible and which became economically
feasible when adapted to the capacity of
electronic computers ;
(c) Improvement and evaluation of the
response. There is less acceptance of an interview response at face value. Much attention is
given now to the art and science of improved
questionnaire design. Survey designing and
estimation processes are arranged so that they
facilitate the calculation not only of sampling
errors, but also of the com_[')Onents of measurement error, and permit improved evaluation
of the quality of the results of the survey;
(d) Field control. Development of more
rigorous methods of field organization and
<:ontrol has narrowed the potentially dangerous
gap between the plan for a survey, and its
execution ;
(e) Technological developments in data
processing. The advent of the electronic computer has been well-publicized, but other
processing aids collectively may have as much
impact on survey data as the computer. In
addition to the conventional punch card equipment, these aids include a wide range of optical,
mechanical, electrical, and electronic devices
which improve the recording and transcription
of information, reduce processing errors, and
contribute greatly to the quality of final output.
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9. Theoretical and operational advances
continue to increase the intrinsic advantages
of the sample survey method. It is true that
some of these advances also have increased
the value and soundness of conventional census
methods, but the use of sampling has had the
effect of directing additional attention to the
whole problem of the sources of measurement
error. Because sample surveys usually deal with
samples much smaller than the universe under
observation, it is possible to maintain improved
control of the complete range of data collecting
and processing operations. The reduced volume
of material to be collected permits a speed and
flexibility of great advantage. The legalistic
character of a registration system means that
its content and pattern of operation is "lockedin" and that it is subject to only rare revisions
or minor ones. The cumbersome complete
census procedure is too heavy to repeat except
at quinquennial or decennial intervals. The
total time-span of operation, on the other hand,
can extend over a period of a year or less and
some continuing survey operations produce
data on new topics on a quarterly or monthly
basis. The decreased volume of data and the
shortened time period result in reduced costs.
This economy, in turn, permits an increased
frequency of data collection and a more liberal
range of subject coverage.
10. These intrinsic advantages arising out
of the reduced cost and more limited extension
of the sample survey mean that each interview
can be more intensive and cover a much wider
range of interrelated topics than can the census
or registration system. The way is opened to a
fruitful analysis in great detail of interrelated
factors that goes far beyond what previously
has been possible. Utilization of intensive interviews means that the survey can be directed
more sharply to the exploration of a topic in
depth and permits demography to move into
a more scientific phase of development that is
beyond the mere descriptive stage. For many
studies of fertility and other demographic factors, probability surveys produce, in addition
to the numerator information, the basic denominator data without which meaningful rates
and ratios cannot be computed.
11. How these advantages may be exploited
to increase the scope of demographic investigations can be appreciated by an examination of
the range of topics that are considered appropriate for study with survey-collected data. The
modern study of demography, concerned not
only with the static structure of population,
but also with the forces working to influence
population distributions, is necessarily con-
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cerned with a range of topics much broader
than the basic demographic variables themselves. Interest obviously extends to natality
and the factors, attitudes and practices affecting
fertility. Mortality and the pattern of death in
relation to age is the basis of a fundamental
tool for demographic analysis and research.
The geographic distribution of people and the
changing plan of population from one area of
a country to another, or from rural to urban
sectors, has a bearing on the elements of
natality and mortality. Beyond these, demography is concerned not only with the quantity
of population but also with its quality and
characteristics. It is concerned with qualitative
factors not only because of their determining
effect on quantity, but also because population
quality is a proper area for demographic study.
12. Demographic interests extend to broad
fields of health and nutrition, educational and
cultural characteristics, and economic behaviour
of people. The programme of the World Population Conference, 1%5, includes, among other
things, plenary meetings or discussion group
meetings on fertility, mortality, internal migration, labour supply and employment, educational development, agricultural development
and food supply, urban development and
housing, demographic aspects of savings, investments and industrialization, and demographic
aspects of economic growth. Where, it may be
asked, are the sources of data for this almost
universal coverage of demographic interest? It
is true, of course, that in addition to the conventional vital registration system and the population censuses, there is the agricultural
census, the housing census and an enormous
armamentarium of traditional reporting systems
producing data on education, employment, trade
and other social and economic factors.
13. For demographic analysis it is often
important to study the interrelation of the5e
factors. What is frequently essential is not a
system giving macro-data expressed in total
aggregates, but rather micro-data in which each
variate can be determined for the individual
and developed in a way that presents distributions and relationships built from separate
observations for each separate member of the
population. Another promising technique being
utilized in demographic analysis is computer
simulation of human populations. Simulation
methods, to be effective, require a substantial
input of real-world parameters. The sample
survey is perhaps the most efficient instrument
for obtaining the variety and detail of needed
data. It is in these applications that the adaptability and flexibility of the survey method has
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its greatest potential-a potential which is now
being recognized increasingly and effectively
realized in the highly developed countries, as
well as in countries in the early stages of
economic development.
14. The full detail of important topics for
demographic analysis which are potentially
susceptible to investigation by the sampling
survey method would cover practically the
whole range of statistical knowledge. This
potential coverage of subject matter combined
with a survey method that Is flexible, rapid,
manageable and relatively inexpensive opens a
broad and inviting field for the demographer ;
however, there are pitfalls of a serious character
which must be taken into account. The
sampling survey is not an "open sesame" to
demographic knowledge.
15. Sampling theory itself relates only to the
connexion between a subgroup of responses and
the theoretically complete group of responses.
The theory provides the basis for correct selection of the subgroup, for estimating the parameters of the complete group and for estimating
the errors expected by virtue of the fact that
only the subgroup, rather than the total group,
has been examined. None of these points has
bearing on the validity of the complete group of
responses as truly reflecting the facts under
investigation. Both sampling surveys and collection of data from the complete population
under study are subject to response errors of
a priori unknown magnitude.
16. The design of sampling surveys and
recommendations for operating procedures
create a necessity for a careful determination of
concepts, definitions, and relations of design to
operating steps. In addition, a sound survey
requires a firm control over operating procedures to keep them in reasonable conformity
with the theoretical design. All these requirements promote and facilitate the evaluation of
total measurement and response error, but:
there is nothing in this process that guarantees
validity of response.
17. The process of data collection by interviews is subject to numerous defects arising
from simple memory loss, conscious suppression
of known facts, biases of distortion or omission
resulting from psychological mechanisms, sys-·
tematic shifts in recalled time references,
possible lack of clarity and ambiguity in con··
cepts and questions, interviewer-created biases,
lack of rapport and many other factors perhaps
still unidentified.
18. With numerous investigators in social
science rapidly expanding the collection of
information by using surveys, it may be said
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that we are approaching a major crisis in
social and demographic research, since methodological research into problems of response is
not receiving the continued and intensive
attention that it deserves. It may be said safely
that whenever the validity of interview survey
data is challenged rigorously by objective tests,
the validity of such data fails to come up to
expectations. The science of survey interview
is in its infancy and phenomenal increases in
technical sophistication are required before the
interview survey becomes an instrument of
known dependability. This is no claim that the
potential of the survey method is hopeless now
that these same defects do not apply to other
methods of collecting data. Defects in present
survey methods will yield to serious and sustained methodological research. Areas in which
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the present methods will yield satisfactorily
accurate results can be delineated. For areas
in which present methods are inadequate, it
may be possible to measure the magnitude of
response bias so that data are usable for some
purposes, if not for studies requiring the.
rigorously perfect data.
19. New developments in methodology have
offered the demographer a process of greatly
increasing the scope of demographic investigations through the use of sampling surveys ;
however, without proper attention to problems
of survey design and response validity, these
new tools can lead to scientific disaster. ·with
proper attention to these factors, a new and
fruitful era of demographic research presents
itself.

The use of electronic machines in demographic models
Luu-MAu-THANH
[Translated from French}
INTRODUCTION

1. Relatively little use has yet been made of
electronic machines at the demographic research
level, for such reasons as lack of information
among research workers and, in some cases,
financial problems.
2. It may be recalled that a model is a
mathematical function of exogenous variates
from which values of endogenous variates can
be worked out. 1 Electronic machines can be
used for this mathematical function purpose
and can also handle numerical data. Because
of their enormous capacity for storing numerical data, they are an ideal tool for large
statistical centres (for analysing census and
survey data, etc.). This paper, being concerned
rather with demographic research models, will
deal primarily with the mathematical forms
used.
3. Three main headings may be considered;
they may be called, purely for convenience:
(a) Classical mathematics ;
(b) Matrix computation ;
(c) Statistical and probability computations and models.
I.

CLASSICAL MATHEMATICS

4. Most demographic models now constructed are based on classical mathematics; a
distinction may be drawn between the
following:
(a) Computations relating to integrals and
differentials;
(b) Resolutions of systems of equations.
5. Generally speaking, integrals or differentials cannot be conveniently handled at the level
of numerical applications. The difficulties may
be theoretical (Jack of integrability, lack of
explicit form, transcendental functions, etc.) or
practical (length of the computations).
1 See paper by Sully Ledermann, "Models in demography," Proceedings, vol. III.

6. Lotka's basic equation relating to the
intrinsic rate of increase r of a stable population provides an example of this :

f

e-ra p(a) • m(a) da

(1)

(D)

(p(a) and m(a) being the probabilities of survival and of fertility respectively at a given
age).
7. Solutions can be obtained only by successive approximations, and the length of the
computations depends on the speed of convergence, which may be very low, even when such
acceleration procedures as Newton's method or
the trapezes method are used.
8. A similar problem arises in the computation of series and runs involving a large number of parameters.
9. The following may be cited as examples
of the use of computers in this connexion.
10. Demeny (1%1), who calculates the true
root and the complex roots of equation (1), by
various methods of approach (Taylor's development, Coale's method), using an IBM 650.
The time taken for each iteration and for each
step of the computations is given by the author.
Keyfitz (1964), who uses Newton's approximation and successive iterations on the basis
of an arbitrary value of,., using an IBM 7094.
11. In a study on fertility, Henry (1%1)
expresses the number of conceptions according
to the order k, in the case of non-restriction
of births, by means of the following equation
(discontinuous) :
.,_1

ck = P l

<Ca-l -

ck- ck-1

K)

(2)

<llo

.r0 being the age of marriage, p being the

probability of conception.
12. These computations are made "man~
ually" for a period of eighty quarters ( t is discontinuous and is expressed in quarters) and
for each order k varying from 1 to 15, taking
p = 0.488 as the average fecundability.
Although this computation is easy in com-
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parison with the computation of a sum of
integrals in the continuous case, it is still very
laborious and requires several weeks of computation with an office machine. It can easily be
programmed, and computation takes only a few
minutes. In the continuous case, computation
would take longer.
13. A similar study, but on a stochastical
process basis, was made by E. B. Perrin and
M. C. Sheps (1964). The average number
of conceptions during a given period and its
variance are roughly estimated by means of
linear time relations. In a particular case where
the parameters are given in advance (only live
births and fa:tal deaths are recorded, and the
sterile period following each pregnancy is con. stant), the exact values of the number of conceptions and its variance are computed with an
electronic machine for a period of approximately 100 months, beginning with the first
month of marriage (the authors did not mention what machine and method were used).
These points trace a damped oscillation curve
around the asymptotic right limit.
14. Systems of equations, whether linear or
not, are seldom encountered in demographic
research. They will probably appear more
often with electronic machines. In Henry's
study on fertility (1961 ), the "central fertilities" of thirty-two months are the solutions of
a system of thirty-two equations. In the absence
of an electronic machine, these results were
computed by the author by "testing, but not
resolving" the system. The resolution of such
systems is the type of computation for which
an electronic machine can at present be used.

II.

MATRIX COMPUTATION

15. The formulation of certain models can
be greatly facilitated by the use of matrix computation, and most matrix operations are
programmed on electronic machines. A programme can therefore be written directly from
matrix relations, but it should be pointed out
that the most economic computation programme
is not always obtained in this way.
16. We may cite the studies by Leslie
(1945), Lopez (1961) and Keyfitz (1964)
relating to stable populations. The age structure P, during the year n is expressed in terms
of the initial age structure P 0 by the very
simple matrix relation
Pn

A"Po

where A is a transition matrix, the elements of
which are probabilities of survival and of
fertility.
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17. Computation of the crude rate of
increase, in particular, is simply a matter of
determining the characteristic roots of the limit
matrix A", when n increases indefinitely.
18. Keyfitz, in an application to the French
population of 1961-1966, used an IBM 7094 to
compute all the characteristic roots of a transition matrix (9 X 9). Age groups were needed.
This is an example where more precise computations would probably have been possible if
matrix relations had not been used at the
programming level.
19. We may also cite the studies by
Madras (1961) on differential fertility; Musham (1962) on immigration; and Ledermann
(1959 and 1964) on mortality.

Ill.

STATISTICAL AND PROBABILITY COMPUTATIONS AND MODELS

20. Statistical and probability computations
and models are used in many demographic
models.
21. Models such as those provided by the
theory of factor analysis and canonical analysis:
factor analysis sets out to explain the correlations noted between the variates of an aggregate
paired by a combination of latent variates.
Canonical analysis attempts to summarize in
the most economic manner the relations between two systems of variates in covariation.
22. Reference may be made to the studies
by S. Ledermann (1959 and 1%4), Luu
(1963) on mortality, and Westoff (1959) on
fertility.
23. Adjustment. Methods of adjustment
have found many applications in studies of
the human sciences.
24. What is involved is to adjust a curve
(two dimensions), a surface (three dimensions) ,
or a hypersurface (several dimensions) to an
aggregate of points observed in that space.
25. One variate may be expressed in terms
of the others in the following form :
Y

= f(X) + e

(e being a. random deviation).

26. The minimization of e, by the least
squares method, for instance, provides a system
of equations to be resolved in order to determine the parameters of f (X) .
27. If f (X) is linear, the time needed for
the whole computation is equal to the time
needed to compute the linear system plus the
time needed to compute the table of covariance.<>
of the variates. For small dimensions, when
the values do not exceed 100 vectors XY, for
instance, and a number of exogenous variates
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X less than 10, it is still conceivable that the
computations can be made. 2 However, the
multiple regression is at present available in
all electronic machine programmes.
28. Iff (X) is not linear, the computations,
except in a few simple cases, may be very
lengthy, and it becomes necessary to use electronic machines, since the solution generally
requires arduous iteration procedures.
29. Examples o£ adjustments by electronic
machine in demographic models are still
relatively few. We may cite the preparation of
standard mortality tables by Ledermann
(1965), the computations of which would have
been inconceivable without an electronic
machine.
30. The use of electronic machines for
stochastical processes does not, as a rule, raise
any particular problems. Examples of such
models will be found in Mr. Joshi's paper, and
examples of application with an electronic
machine in Keyfitz (1964) and in Hyrenius
and Adolfsson (1964).
IV.

and they vary in number according to the
length of the programme and the skill of the
programmer.
37. They are of two kinds-errors in
writing and errors in method of computation.
A single writing error causes the machine to
stop. \Vith some languages, errors are more
easily detectable. The time lost in obtaining a
correct programme can vary from a few
minutes-the time needed to redo the tape or
the punched cards-to weeks. A programme is
usually checked by testing it with very simple
data, the results of which are known in
advance. Errors due to the method of computation are more serious, since they are not indicated by the machine.
38. It is hazardous, therefore, to launch
immediately into the construction of a programme, without trying to simplify the computations, to reduce them as much as possible,
to break them down into simple computations,
or even to reduce them to computations for
existing programmes, the content of which is
almost exactly known (another problem).

CoNSTRUCTION oF A PROGRAMME

31. Let us summarize the essentials for the
construction of a progranune.
1. Method of computation

32. The first step is to seek a method of
numerical computation to resolve the problem
involved. The best method is, o£ course, one
which requires less time of the electronic
machine. At least some knowledge of numerical
analysis is therefore recommended.
2. Programming

33. The programmer must next write the
programme, either directly or through a coder,
with the appropriate machine language (Algol,
Fortran, etc.). Here, a perfect knowledge of
the language of the machine and of its capacity
(especially the number of memories) is necessary.
34. The use of sub-programmes which have
already been prepared considerably reduces this
part of the work and the cost of the operation.
It is useful, therefore, to consult a programme
library.
3. Testing the progra.mme
35. Once the programme has been constructed, it must be tested. This is both a
difficult and a frustrating step.
36. The programme is seldom correct at the
first attempt. Errors are practically inevitable,
2
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With an office machine.

CONCLUSION

39. Let us leave aside theoretical research
without numerical applications. A research
worker seldom creates a mathematical model
without considering the computations that will
be needed for numerical applications. The
correlation between existing models and the
capacity for numerical computation is obvious.
40. As electronic machines are being improved and becoming more widely used, most
mathematicians and statisticians do not hesitate
to contemplete practical applications of increasingly complicated mathematical or probability
theories.
41. This being so, it must be noted that,
while there are few problems which cannot be
resolved by electronic machine, there are many
problems for which it is uneconomic to use
electronic machines.
42. In order to estimate whether such use
would be economic where the programme does
not already exist, account must be taken of the
following:
(a) The time needed to prepare the correct
programme--days or weeks, as the case may
be;
(b) The waiting time, either because the
computer is not at liberty or because the
programmers are busy.
43. It is desirable, therefore, from the outset, that a research worker should have some
idea of electronic machines, of programming
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and of the implications of approaching a solution by means of electronic machine.
44. Lastly, it must be borne in mind that
computers do not resolve problems. They
merely perform the computations called for by
the research workers. Solutions remain the
prerogative of the research worker. All that
electronic machines can do--and this opens the
door to a vast area-is to enable problems to
be tackled for which it was not possible to
envisage a solution in the past, thus making it
possible to use larger and more complex models
than the former ones and, consequently, to come
nearer to the truth which is so difficult to
arrive at.
SUMMARY LIST OF EXISTING PROGRAMMES 3

45. Matrix computation: transposition of
matrices ; diagonalization ; addition; subtraction; multiplication; inversion (with resolution
of a linear system) ; computation of characteristic roots and proper vectors (symmetrical
matrices, unsymmetrical matrices) ; computation of determinants.
46. General mathematics: Bessel function;
Legendre functions ; complete and incomplete
beta and gamma functions. Series: Fourier's
series (addition of two series, evaluation, multiplication) ; breakdown into series, chronological series and graduation. Integrals and
differentials; differential equations, equations
with partial derivates, computation of integrals
(trapeze method), Laplace's transformed curve.
Simultaneous equations (linear and non-linear).
Classical values (natural logarithms, Napierian
logarithms, square root, power, trigonometric
values, etc.) .
47. Statistics and probability: characteristic
values (mean, variance, comparison of means
and variances, ca:fficient of correlations, multiple correlations, comparison of ca:fficients of
correlation). Tests and graduations: test of
non-parametric distribution, test of X 2, test of
mean vectors, comparison of mean vectors,
test on matrices of covariances (comparison of
a matrix with a given matrix). Linear regression (simple, multiple, selective)-non-linear
regression (simple, multiple, selective). Graduation with the laws of probability: binomial
law (computation and graduation), polynomial
law (computation and graduation), hypera Most of these programmes are published by IBM
in its catalogues, together with references, authors
and, in some cases, a summary of the content of the
computations. There are special periodicals, such as
T echnometrics (The American Society for Control
and American Association), the Communications of
the Association for Computing Machinery and the
Abstract of Statistical Routine, which publish new
programmes regularly.
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geometric law, Poisson's law, Laplace-Gauss
law, bivariate normal law.
48. Multivariate analysis: factor analysis
(centroid, principal components, Varimax,
etc.), canonical analysis, covariance analysis,
incomplete blocks (comparison), Latin squares.
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Some concepts of sample surveys in demographic investigations

P. C.

MAHALANOBIS

1. N on~sampling errors in sample surveys.
Sample surveys can supply, with speed and
economical cost, demographic information with
sufficient accuracy for most practical purposes.
Properly designed and properly conducted, a
sample survey has the possibility of making a
valid estimate of the margin of errors of
sampling. The total margin of error, however,
includes not only the theoretical errors of
sampling, but also "non-sampling errors" which
arise from the personal bias of different investigators, or which arise from differences in
collecting the data or in processing it. Such
non-sampling errors are often large and may
be even larger than the theoretical errors of
sampling. The object of this paper is to draw
attention to some recent techniques for the
study of "non-sampling errors" in sample
surveys.
2. The design of inter-penetrating network
of sub-samples (lPNS). This method can be
used to study the differences arising from two
or more sources of errors, such as two or more
investigators or parties of investigators, questionnaire forms, etc. The logic of the IPNS
design is simple. The sample (that is the
total number of sample-units to be investigated) is selected in the form of two or more
independent sub-samples with replacement.
Each sub-sample has full coverage of the whole
population under survey. The information is
collected or processed for each sub-sample so
that one sub-sample is assigned to each source
of non-sampling error. To study the nonsampling bias done by two investigators or two
parties of investigators, information for one
sub-sample would be collected by one party of
investigators and the information for the other
sub-sample would be collected by the other
party of investigators. Differences in the results
based on the two sub-samples or components
of the IPNS may then be ascribed to (nonsampling) differences between the two parties
of investigators. An appropriate analysis of
variance would supply relevant information for
the study of non-sampling errors. 1
1 The IPNS design, which bas been used extensively in India since 1935 or 1936, bas been discussed
in P. C. Mahalanobis, "On large scale sample sur-

3. Four demographic characters in India.
These characters, based on the National Sample
Survey, round 9; made in India, May to
November, 1955 are: (a) sex-ratio (number of
males per hundred females) ; (b) proportion
of population in labour force; (c) proportion
of population of age fifty and above; and (d)
proportion of population literates.
4. Sample design and procedure. The
design was a two-stage one, stratified with
IPNS. Rural India was divided into a number
of strata, each stratum consisting of districts
or district groups. Within each stratum, sample
villages were selected with probability proportional to population and with replacement. In
each selected sample village, ten households
were selected with random start. Urban areas
were divided into blocks as first-stage units ;
sample blocks were selected systematically with
four independent random starts and in each
selected sample block, sixteen households were
selected systematically with random start. The
survey was conducted by two parties of investigators in each state, each party working in two
periods of three months each, giving four
different estimates for each demographic
character for each state.
5. Analysis of variance, by states. For each
of nineteen different states, an analysis of
variance was done with the following partition
into three degrees of freedom (d.£.) : one d.£.
between time, one d.£. between party; and one
d.£. as error (party X time) with a total of
three d.f. In this way, nineteen F-ratios for
each of party/error and of time/error were
obtained for each demographic characteristic
for the nineteen states of India.
6. Table 1 gives an analysis of the varian<".e
of proportion of literate persons for each of the
nineteen states of India.
veys" in Philosophical Transactions of the Ro)'al
Society (London, 1944); and "Recent experiments in
statistical sampling in the Indian Statistical Institute"
in Journal of the Royal Statistical Society, vol. CIX,
part 4 (1946). See also United Nations, Recommendations for the Preparation of Sample Survey Re•
ports, provisional issue (United Nations publication,
Sales No.: 64.XVII.7). Reports have also been
published of the National Sample Survey of India in
Sankya: the Indian Journal of Statistics.
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Table 1. Analysis of variance of proportion of literate persons,
by states.
F-ratw

Mean square

b

Error a.

Party

Time

(3)

(4)

(5)

(6)

10.99
1.65
6.55
1.65
0.04

2.39

4. West Bengal. .........
5. Assam ......... ' .....

1.73
8.67
29.59
1.48
89.02

0.38
2.50
0.20
0.94

1.38(r)
22.82
11.84
7.40
94.70

4.60
4.34
2.62
8.25
23.50(r)

6. Andhra . . . ..........
7. Madras ..............
8. Mysore . .............
9. Travancore and Cochin.
10. Bombay ..............

8.61
0.08
12.08
22.04
17.64

0.32
12,04
0.11
34.28
2.34

4.78
7.24
6.62
30.75
7.02

1.80
90.50(r)
1.82
1.40(r)
2.51

14.94(r)
1.66
60.18(r)
1.11
3.00{r)

11.
12.
13.
14.
15.

Saurashtra
Madhya Pradesh ......
Madhya Bharat .......
Hyderabad ...........
Vindhya Pradesh ......

46.31
0.90
1.09
0.22
7.02

83.63
2.25
0.01
2.53
4.75

3.48
7.03
13.59
0.28
0.14

13.31
24.03
7.8l(r)
3.12(r)
12.47(r) 1,359.00(r)
1.27(r)
9.04
50.14
33.93

16. Rajasthan, Ajmer .....
17. Punjab, Delhi .........
18. Pedialla East Punjab
State Union ..........
19. Jammu and Kashmir ..

0.11
22.56

0.07
0.42

1.37
2.54

12.45(r)
8.88

19.57(r)
6.05(r)

3.76
6.13

63.68
0.32

25.91
7,04

6.89(r)
1.15(r)

2.46
22.00(r)

State

Party •

(1)

(2)

t Uttar Pradesh
2. Bihar . ...............
3.

Orissa

.... .........
'

~

• • • • • • • • • •+

Time

a

a Each with 1 d.f. The symbol (r) indicates error/party or error/time
in F-ratio.
b Significant at 5 per cent level: F 5 per cent (1,1) = 161.4; at 1 per
cent level: F 1 per cent (1,1) = 4,052.

7. Notice that none of the nineteen F-ratios
i& statistically significant. This indicates that
there was no significant difference between
results based on the information collected by
the two parties or between those based on
information collected in two different time
periods. The survey in respect to proportion
of literates showed no significant non-sampling
errors due to either party or to time factors.
Out of nineteen F-ratios, nine values, those

marked (r) within brackets, were cases of F~l
(less than or equal to one) and ten were cases
of F>l (greater than one).
8. Three similar tables of F-ratios for each
of the three other characteristics are not shown
here. The combined frequency distribution of
observed values of the F-ratio for all four
demographic characteristics are shown in
columns two and five in table 2.

Table 2. Frequency distribution of observed F-ratios
F

= Pa•·ty mean square
Error mean square

Demcgrapmc
characlerutics

F

1

1. Sex-ratio (19) proportion
of population ....... ...
2. In labour force (19) ......
3. Age 50 and above (19) ...
4. Literate ( 19) ............
~

5. 4 characteristics (76) .....
6. 4 characteristics each for
party and time (152) .....

1

Chi-square F

Error mean squ.are

(4)

1
(5)

14
9

11(9.5)
10(9.5)
5(9.5)
10(9.5)

0.4737
0.0526
4.2632
0.0526

9
6
11
9

40

36(38)

02105

(Z)

(1)

F

F - time mean square

8
9

(.n

F

1 Chi-square
(6)
(7)

10
13
8
10

35 41
75

0.0526
2.5789
0.4737
0.0526

-0.4737

77(76) 0.0263
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9. Half the F-ratios are expected to be less
than or equal to one (that is, cases of F:::;;;l) and
half greater than one (that is, cases of F>l).
The expected numbers of F-ratios are shown
within brackets in column three; the expected
numbers would be the same for column six.
The corresponding values of chi-square, to test
the agreement between observed and expected
numbers of F-ratios are given in columns four
and seven for party and time respectively.
10. Party differences clearly were not significant which shows that the survey was conducted under satisfactory statistical control.
Time differences also were not significant
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showing that these demographic characteristics
were not affected by the difference in the time
of collection of information.
11. Combined analysis of variance. It is
possible to make this analysis between state,
party and time with either three interactions
(party X time, state X party, and state X time)
or with a single interaction (party X time).
With three interactions, the error would be
based on eighteen degrees of freedom, and with
one interaction on fifty-four degrees of freedom.
Results for such an analysis of variance are
given in table 3 for proportion of literates.

Table 3. Analysis of variance of proportion of literates between state,
party and time
Degrees
of
freedom

Source
(1)

(2)

Sum of
squares
(3)

Mean

square
(4)

F-ratio
(5)

With three interactions
1.1 State
2.1 Party
3.1 Time
4.1 Party
5.1 State
6.1 State
7.1 Error

8

................

18

X time .........
X party ........
X time .........
(1) .............

1
1
18
18
18

7,984.00
0.35
13.06
0.77
278.69
214.58
123.43

TOTAL

75

8,614.88

......... ·······
......... ·······

1

--

443.56
0.35
13.06
0.77
15.48
11.92
6.86

64.86b
19.60(r)a
1.90
8.91(r)a
2.26C
1.74

443.56
0.35
13.06
0.77
11.42

38.84
32.63(r)a
1.14
14.84(r)a

With one interaction

1.2
2.2
3.2
4.2
7.2

State ················
Party ················
Time ················
Party X time .........
Error (2) .............

(5.1
8

+ 6.1 + 7.1)

TOTAL

18
1
1
1
54

7,984.00
0.35
13.06
0.77
616.70

75

8,614.88

a (1") indicates error/party, or error/party X time.
b Significant at 1 per cent level.
c Significant at 5 per cent level.

12. Differences between states definitely are
significant, whether the analysis is made with
three interactions or with one single interaction.
Different states clearly have different proportions of literates. On the other hand, differences
between results collected by different parties or
at different periods of time are not significant.
Neither are the interactions significant.
13. Fractile graphical analysis. With the
IPNS-design it is possible to use a simple
graphical analysis for detailed investigations of
demographic characteristics, for example, the

change in the proportion of adults with
increasing level of living. In a household survey
of expenditure it is usual to record the age, sex
composition, size of the household, and total
consumer expenditure during a suitable
reference period (in thirty days in the case of
the National Sample Survey of India, round 8:
July 1954-March 1955). For each household,
the per capita expenditure can be found by
dividing the total expenditure by the number
of persons in the household. This per capita
expenditure may be used as an approximate
indicator of the level of living. Data for per-
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centage of adults in households in table 4 are
given separately for rural and urban areas of

India, based on the National Sample Survey,
roundS.

Table 4. National Sample Survey of India: round 8:
July 1954-Mareh 1955
(Percentage of adults)a
Deciltt

Sub-

sample 1

Com·

(2)

biHed
(3)

0-10 ........
10-20 ........
20-30 ........
30-40 ........
40-50 ........
50-60 ........
60-70 ........
70-80 ........
80-90 .........
90-100 .......
0-100 ........

51.1
51.4
58.6
55.6
59.0
60.9
59.0
62.4
61.3
67.3
58.6

Rural
49.4
54.3
56.0
57.1
58.0
61.3
61.0
60.9
61.1
67.9
58.7

Number of
sample
households.

931

1,869

f?er cent
(1)

Sub-

sample Z

Sub-

.sample 1

co-

Sub-

4amtle Z

(5)

bimd
(6)

48.6
55.6
53.8
58.9
56.5
61.5
63.1
59.0
63.1
66.8
58.7

58.4
52.8
60.9
66.3
63.5
69.8
58.4
68.6
65.7
74.6
64.0

Urban
55.0
56.8
62.5
57.4
64.8
59.3
66.8
64.5
68.7
75.2
63.0

53.3
59.0
56.3
54.3
59.0
63.3
64.0
65.5
72.4
75.0
62.2

938

224

447

223

(4)

( )

a Ranking of households by per capita total consumption expenditure.

14. In the IPNS-design such information
will be available for at least two sub-samples
and for the combined sample. The sample
households in each sub-sample and in the
combined sample are ranked in ascending order
of per capita expenditure. The number of
sample households is multiplied by the appro-priate probability factor to give the estimated
population, and the total (estimated) number
of households is divided into a number of equal
divisions, for example, ten decile groups. The
proportion of adults in each decile is then
calculated and plotted on the y-axis corresponding to successive decile groups shown at
equal distance apart on the x-axis; successive
points are finally joined by straight lines to give
graph 1 for the first sub-sample. Graph 2 may
be plotted in the same way for the second subsample, and the combined graph for the combined sample. The area included between graph
1 and graph 2 supplies a geometrical or
graphical error-area associated with the combined graph. Two sets of graphs, each consisting of graph 1 for sub-sample 1, graph 2 for
sub-sample 2, and graph 1 and 2 for the
combined sample, for urban and rural areas are
shown in the accompanying chart.
15. The percentage of adults is higher in
urban areas in comparison with rural areas and
increases with increasing level of living in both
rural and urban areas. The error-area is given
by the area enclosed within graph 1 and graph
2 in each case. The error-area is larger for the

All-India urban

No. of households

75

70

-ll

~

g

65

:E
~

-g

~ oo

J

i.

55

All·lndio rural
50

No. of households

s.s.1

-·-·-··

5.1.2

ftltUUUUtU

931

938
combined - - - 1869

Docile groups: cumulolive p~rcentoge of population

National Sample Survey: Round 8: July 1954·
March 1955. Ranking by per capita expenditure
of households. Percentage of adults in households

urban area, partly at least, on account of the
smaller size of the sample. The; error-areas
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overlap to a large extent to about 70 per cent
of the population (ranked according to in~
creasing level of living) showing that on the
basis of the available evidence differences in
the percentage of adults in rural and urban
areas are not statistically significant in this
range. No overlap exists in the error-area for
the percentage of adults in the top 20 per cent
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of population (ranked in accordance with the
level of living) indicating that for the richer
households the percentage of adults is
significantly higher in urban areas. A proportionately larger number of adults in the household probably implies a proportionately large
number of earners and a larger per capita
income.

Demographic analysis and computer programmes

HowARD B.

NEWCOMBE

1. The most common use of computers for
population study relates to the extraction in
tabular form and the statistical analysis of
demographic information recorded in census
enumeration forms and in the civil registrations
of the vital events of birth, death, and marriage. Preparation of programmes for these
two operations depends upon the demographer's
understanding of the capabilities of the machine
and the form in which the instructions must
be put and the programmer's understanding
the rules by which the same task would be
accomplished if it were carried out by hand on
a smaller scale.
2. The extent to which demographer and
programmer are required to comprehend the
other's methods and procedures, indeed, may
be limited to simple tabulations when elementary analyses are the sole requirements, but
uncomplicated procedures serve to extract only
a limited part of the information contained in
demographic records. Mutual understanding
and an appropriate division of labour become
greatly important as the complexities of the
computer operations increase. A number of
examples will be cited to illustrate the point.
3. The purpose of this paper is to acquaint
the demographer with the manner in which
computers function and the form in which instructions must be supplied, a few of the ways
computers may deal in fairly simple fashion
with problems of data extraction and statistical
analysis, and the special demands that may be
placed upon users of data. These demands
involve forming and testing new rules which
a computer may be programmed to follow.
l.

MANNER rN WHICH COMPUTERS FUNCTION

4. An electronic computer essentially
consists of a central processor capable of
arithmetical and simple decision making operations and various storage devices (such as
magnetic core memory and tape units) to hold
information while it is not being processed. The
central processor includes some temporary
storage locations (called registers) that hold
limited amounts of information during manipulation; it also has provision for reading information into and out of the system.

and

JAMES

M.

KENNEDY

5. The instructions for any task, regardless
of its complexity, ultimately must be reduced
to very simple commands to be executed by
the computer. For example, adding a pair of
numbers may require as many as six commands, two to read the numbers into storage
locations, two to perform the addition, one
to store the result, and one to print the result.
6. The preparation of a programme written
in so-called machine language is a tedious task
for a human programmer, because it calls for
meticulous attention to trivial details. In recent
years, it has become common practice for
programmers to write in a language suited to
the problem they are attempting to solve, and
to leave the detailed encoding of the instructions to the computer itself. The programmes
that carry out this translation are known as
compilers.
7. A number of problem-oriented languages
for writing programmes are available, known
by names such as ALGOL, FORTRAN, or
COBOL. The use of these languages is so
wide-spread that a new generation of programmers have grown up who are not initiated into
the mysteries of machine language, and who
have little concern for the detailed steps in
executing a single sentence of compiler language. It is possible to supply the computer
with a "source deck" of cards, containing a
description of the job written in the compiler
language, and to demand from the computer
either immediate execution of the translated
programme or the translated machine language
programme punched on cards for later use.
8. For the most part, it is unlikely that
demographers will undertake their own programming. What the programmer will need is
explicit information concerning the required
manipulations ; for some of the complicated
operations, the demographer will need guidance
from the programmers on the simplest way of
achieving an objective.

II.

PROGRAMMING FOR EXTRACTION OF DEMOGRAPHIC STATISTICS

9. A further step in simplification is the
"generalized" tabulation programmes, which
can put directly into the hands of the
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demographer the means for extracting actual
data in almost any form. Once a programme
has been written, it can be used repeatedly to
extract virtually any tabulation or cross-tabulation from the various information contained in
a punch card or magnetic tape file. The only
instructions required (apart from the programme proper) are simple statements indicating the data to be tabulated, such as
occupations, religions, ages or age classes, and
the tabular form in which the information is to
be distributed. These instructions are easily
written by the user who has had no programming experience, and are easily revised. They
usually are presented to the machine in the
form of a dozen or more control cards, which
are added to the deck containing the main
programme.
10. The advantage of the programme just
described is that the demographer needs no
help from a busy programming group each time
he wants a new kind of tabulation. With
modern computers, the times required for such
tabulations are exceedingly modest in relation
to the sizes of the files. In our own work,
processing rates of 5,000 records per minute for
operations yielding ten to twenty two-way
tables have been achieved with the Control Data
G 20 computer, which has a memory access
time of 6p. seconds and addition times of 6 to
20p. seconds. For relatively small files, relating
to 13,000 records of still-born, handicapped,
and dead children, a total of five minutes is
required to produce as many as forty two-way
.tables showing the numbers of cases by cause
of disease, birth order, legitimacy of the child,
and age class of the mother, cross-tabulated in
various ways. Most of the time is used in printing the tables after the processing has been
completed.
11. Such tabulations relate only to the numbers taken from individual records of various
kinds. Unless special methods are employed to
interrelate pairs or groups of records, it is not
possible to extract information on the bearing
that one recorded event may have on the
occurrence of another recorded event. Th<!
ial problems of pr
ing to extract
ssed later on.
is information will be

III.

PROGRAMMING FOR ANALYSIS OF DEMOGRAPHIC STATISTICS

12. Conventional methods for statistical
analysis are, for the most part, sufficiently
defined by the mathematical expressions that
describe them to raise no special problems for
the programmer. For example, multivariate
analyses that would be exceedingly laborious
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if carried out solely with the aid of a desk
calculator are commonly programmed for
execution on the more modern computers.
13. Such multiple regression procedures
possess advantages and disadvantages. On one
hand, when employed with data broken down
simultaneously by potentially important variables, in the form of a matrix, they permit
virtually exhaustive analyses of the relation of
one sort of variation to all other sorts of recorded variations. On the other hand, these
procedures may be insensitive or even misleading when the associations are other than
linear. As an illustration of such non-linearities,
one might mention the relationships between
the risks of certain congenital anomalies and
maternal age or parity, which may be !-shaped
or U-shaped, or which may exhibit an abrupt
rise at some point in the curve.
14. Some simpler statistical tests that are
readil
med may be used to avoid this
example, splitting the data into
two groups with respect to one of the variables
permits comparison of the incidence of a condition in the one versus the other, and application
of a chi square test of the significance of arty
difference found. As an example, the procedure
may be used to show that the incidence of
cert:1.in congenital anomalies is higher for one
maternal age group than for another. While it
seems to waste information, this approach has
an efficiency of not less than 2/I', or 64 per
cent.
15. B. Woolf has developed a readily
programmable extension of this procedure,
which permits the combining of data from an
indefinite number of population sub-groups in
such a way that comparisons made within subgroups are not biased in the pooling process. 1
We have found this method useful for demonstrating the effects of maternal age on the risks
of various diseases independent of contributions
from possible birth order differences, and vice
'lJersa. For the sake of convenience, the statistical tabulation programme we have used has
been written so that the output can be taken
on cards that are fed directly back to the
computer to yield the required chi square
analysis.
16. If the statistical requirements are clearly
stated, there is no great difficulty in providing
such programmes for tabulations and for analyses in forms that will make their repeated use
convenient in a variety of situations.
1 B. Woolf, "On estimating the relation between
blood group and disease", Annals of Human Genetic.r,
vol. XIX (1955), pp. 251-253.
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IV.

PROGRAMMING FOR LONGITUDINAL ANALYSES THROUGH INDIVIDUAL FOLLOW-UP

17. Particular mention should be made of
the possibilities formed by the computers'
ability to carry out longitudinal analyses t~at
involve following very large numbers. of mdividuals and families by name, and usmg the
accumulated files of routine records which they
generate. Although the approach is potentially
capable of releasing, in statistical form, information that could not be extracted from the files
in any other way, the necessary "linkages" or
matchings of successive records relating to the
same persons until recently have been regarded
as beyond the capabilities of machines, because
of the numerous discrepancies encountered in
the names and other identifying particulars.
Now, however, procedures have been ~escribed
which make nearly maximum use of 1te~s of
identification that are individually unrehable,
but collectively of substantial discriminating
power. 2 • s, 4 Their development, however,
depends upon an unusual degree of collabo~a
tion between the programmer and the statistician or demographer.
18. Methods to minimize the effects of
discrepancies in spelling names and to assess
numerically tlae assurance that a pair of records
relates to the same individual or family must be
devised and tested by hand, using the actual
files before these files can be programmed.
The' refined procedures have little in common
with crude rules of thumb that can be used
with modest success for ad hoc studies. Since
the logic of such operations is still in its
infancy, even the best procedures currently
available can be improved.
19. In our own experience, merging and
linking records of birth and marriage into
family groupings has been carried out on the
G 20 computer at a. rate of about. 2,300 .incoming records per mmute. Further mtegratton
of these family files with accumulated records
of still births, child handicaps, and child deaths
has permitted extraction of reproductive and
health histories of families on a limited statistical scale.
2 J. M. Kennedy, "Linkage of birth and marriage

records using a digital computer", AECL Report,
No. 1258 (Chalk River, Ontario, Atomic Energy of
Canada Limited, 1961).
8 H. B. Newcombe, ]. M. Kennedy, S. ]. Axford
and A. P. James, "Automatic linkage of vital records",
Science, vol. CXXX (1959), pp. 954-959.
4 H. B. Newcombe and ]. M. Kennedy, "Record
linkage : making maximum use of the discriminating
power of identifying information", Communications of
the Association for Computing Machi1u:ry, vol. V
(1962), pp. 563-566.
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20. A glimpse at the possible complexities
and potentialities of the approach, and at the
demands it may place on the programmer and
the user, may be gained if one considers the
problem of multi-generation studies of whole
population groups, which woul? interest. !he
demographer and the populatton genetlctst.
Within each family pocket in the file would be
a hierarchy of records, relating to the primary
event of marriage, the secondary events of live
birth and still birth from the marriage, and the
tertiary events of ill health and death among
the live born offspring.
21. Such family pockets, arrayed linearly
along the file, would need to be cross-referenced
to the family pockets of first degree relatives.
For most Canadian provinces, the marriage
records contain all necessary cross-referencing
information, because each identifies three married couples, the bridegroom and bride, the
bridegroom's parents, and the bride's parents.
Thus, the full marriage information may be
filed in triplicate, serving as a primary record
in the pocket of the family unit of which the
marriage is the first event and. as ~ert~ary
records in two pockets of the famlly umts mto
which the bridegroom and bride were born. In
each location, the record serves as a reference
to the other two family pockets. When the
cross-referencing information is placed, it
makes possible storage in retrievable form of
pedigree information of _unlimited comple:city
relating to whole populations. Such files m1ght
be visualized as being arrayed in order of the
two family names of husband-wife pair.;;,
perhaps in phonetically coded form, and as
being continuously updated.
22. The advent of such systems is not as
remote as it may seem. There are now both
administrative and statistical uses for the information which could be derived from files
of this complexity ; the capabilities of the new
machines are adequate for establishment and
maintenance of such files; and the speeds of
sorting, merging, and linking are now sufficient to reduce the processing costs to modest
proportions in comparison with the costs of
card punching. The chief limiti~g factor. is the
detailed thought and collaboratwn reqmred of
the programmer and the user of the stat~stics.
Rapid increases in ~~chine speeds and .mformation storage dens1t1es undoubtedly wtll reduce further the processing costs, and should
serve to make increasingly worth-while the
necessary investment of design and programming effort.

Sample surveys in the checking of population censuses

G. VANGREVELINGHE
[Translated from French]

I.

INTRODUCTION

1.. There is no need to stress here the
growing importance of general population
censuses. First and foremost, they are an
irreplaceable source of data on population,
employment, housing and migration, which
they supply in very great geographic detail.
In this connexion, the importance of censuses
in the preparation of regional and national
development programmes cannot be minimized.
2. In addition to their own importance, it
should be noted that census data are to an
increasing extent providing the basis for many
economic, sociological and other works and
studies, which are becoming more and more
scientific in character.
3. For all these reasons, it is particularly
important to have some idea beforehand of
the accuracy of the returns being used. Moreover, an appraisal of the accuracy of a census
throws light on the nature and frequency of
the errors made and makes it possible to seek
the causes. The results of such analyses will
obviously be very valuable when new censuses
are to be prepared.
4. Lastly, census quality studies indicate
how the statistical results obtained should be
corrected if necessary to reflect the facts more
accurately.

II.

6. The possible checks are of two kinds :
(a) Qualitative checks: these are studies of
the quality and accuracy of the information
collected on buildings, dwelling units and respondents. This study may be made by means
of a conventional sample survey, in which the
sample can advantageously be taken from the
sampling frame of the census itself. Any demographic survey sufficiently close in time to the
census may provide an opportunity for checking
some of the census data;
(b) Quantitative checks: their object is the
detection . of omis~ions and duplications (and,
on certam occas10ns, improper entries) of
buildings, dwelling units and persons; in other
words, they are checks on the completeness of
the census. The quantitative control of the data
collected in a census presents great problems :

Possi'BLE CHECKS

5. There are many possible checks of a
census and they can be made at different
stages. The most original, and the most difficult, are checks of the quality and completeness of the information collected, i.e., of errors
made at the collection stage ; or the purpose
of the checks may be to detect and analyse the
numerous errors which may occur during the
data processing (coding of documents, card
punching, tabulation, actual processing). The
latter kind of check has no special technical originality and we shall therefore confine
ourselves here to a study of errors occurring
at the collection stage.
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(i) It may be hoped that errors in coverage will be few - of the order of a
few pe~ cent at most. Unless adequate
precautions are taken, the evaluation
of such a small percentage may be
affected by a considerable random
variation;
(ii) Errors occur mainly in difficult cases
which are especially hard to detect:
isolated buildings, dwelling units that
are difficult to identify, vacant dwelling
units or secondary residences, transients. In most ordinary surveys, the
difficult cases are in fact somewhat
neglected because they can cause only
minor errors ; here they must be
treated with special care, because they
are the very subject of the survey.
Unfortunately, however carefully the
control survey is made, the likelihood
of the same error being made as in
the census and consequently not being
detected is far from negligible ;
(iii) On the other hand, some faults in the
quantitative checks may in some cases
wrongly appear as errors in the census.
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Ill.

VARIOUS POSSIBLE CHECKING METHODS

7. Several different methods may therefore
have to be used in order to grapple with the
problem.
8. The possible methods consist of internal
census checks (matching of census documents)
and external checks (matching with the results
of field surveys, with the data in existing
administrative files, such as the electoral roll,
the taxation roll and the social security file,
and with other statistical sources, e.g., vital
records).
9. Duplications can be studied directly in
the census documents. However, when only
one sample is used for the study, a special
method of sampling must be used, for in the
case of a sample taken at random from all the
documents the probability of the two forms
representing a duplication both being included
in the sample is equal to the square of the
sampling fraction ; it is therefore very slight.
In practice, the solution is to take not a random sample in the strict sense of the term but
a whole "section" of the population. For
example, in the case of the 1962 census in
France a check was made by comparing all
forms for persons born on 1, 2, 3 or 4 May.
An estimate of the frequency of duplication
and an analysis of them by this method cannot,
however, be made before the coding of the
documents has been completed. In this process
of estimating duplications, two types of error
may occur: either a form has by mistake not
been included in the "section" taken as a
sample or else an error in the identification
characteristics makes a pair of cards which in
fact represent a duplication appear to be
normal.
10. This leads to an underestimate of the
number of duplications but a rapid calculation
shows that this source of bias is a minor one.
For example, there are two chances in a
hundred that a form belonging to the "section"
will be overlooked. The result will be a 4 per
cent underestimate of the number of duplications, which is still perfectly acceptable.
11. Similarly, for the study of omissions,
wlu1.t might seem an attractive method would
be to take an entire whole section from a file
existing elsewhere (presumed to have been
brought up to date beforehand), e.g., an electoral roll, and to look for the forms of the
individuals on the roll among the census documents.
12. A major disadvantage of this method is
that any error in the file or in the making of
the documents would wrongly appear as an
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omission, since it would be impossible to pair
up the corresponding cards. Such a check
would reveal the frequency of matching errors
as much as the true omission rate and, because
of the procedural difficulties of making such a
study, the estimation of the omission rate in
this way is impracticable. Consequently, for
the detection of omissions, it is difficult to use
the census itself as a sampling frame; we
have just seen that the use of other files as
sampling frames is also a source of many
difficulties. There is a more satisfactory
method, which is to repeat the census completely-not throughout the entire territory, of
course, but in a number of sample geographic
areas : this is the area sampling method. Since
the two enumerations are very close in time
and space, it is much easier to compare the
returns and detect a real omission. As will be
seen below, however, many precautions must
be taken to eliminate numerous sources of imprecision.

IV.

CHECKING BY AREA SAMPLING

13. Since the general principle of checking
by area sampling is well established, it remains
only to study the methods.
14. One plan may be to estimate only the
variability of the returns of a population census. To the extent that accidental errors have
occurred in the enumeration, the census returns are affected by a random error whose
variance may be estimated by repeating the
census operation in identical conditions.
15. Since it is difficult to repeat two independent measurements in identical conditions
after a short interval and particularly since in
a census systematic errors, which may well be
expected to recur in a second operation and
therefore to pass unnoticed, are much more
frequent than accidental errors, this method
is unsuitable in most cases.
16. It would thus seem that the second
possible procedure--the detection of errors
in coverage - has to be followed. This implies
that the observations made during the sample
check can be considered to be almost perfect.
This means:
(a) That the enumerators must have a
much higher standard and much better training
than the canvassers;
(b) That their working conditions in the
field must be better ; and
(c) That the working of the questionnaire
and the actual technique of the survey must

256

WORLD POPULATION CONFERENCE,

be such as to prevent the same errors being
made in the control survey as in the census.
17. From this point of view, the experiment conducted in France in 1962 dearly
shows that, in this type of survey, the subtleties of a sample plan are much less important
than a purely practical concern to avoid repetition of the errors made in the census. This
concern should be felt at all stages of the
preparation of the survey: if the sampling is
to be effective, the areas chosen must he numerous and must therefore be small and
approximately equal in size. The erroneous
inclusion or exclusion of whole dwelling units
should, however, be avoided in the control
survey-in other words, the difficulties of
identifying the areas in the field must be
minimized. For this reason not only must the
cartographic documentation be as accurate as
possible, hut must be chosen areas whose
boundaries can be easily identified on the spot
~nd . which are sufficiently large and varied
m s1ze.
18. Many errors at the collection stageomissions, moreover, as well as duplications-are the result of errors made in the
often ticklish process of applying general rules
to difficult individual cases. The concepts applied
in the preparation of the census documents are
often determined by the legal character of this
operation; hence, in France, in particular, the
desire to pin-point the precise geographic domicile of each individual. In a control survey,
whose only purpose is to ascertain whether
each individual has been counted once, omitted
or counted twice, there is no need to be bound
by these concepts and a more direct and more
complete questionnaire can be devised. The
most reliable method seems to he to evolve, for
each area, rules for the inclusion of individuals
in the field of inquiry which are very broad
and, naturally, different from those adopted for
the census.

1965

19. For example, in France in 1962 the
enumerators were instructed to enumerate all
persons in any way connected with a dwelling
unit in the area allotted to them (root sampling), to find out all the addresses at which
those persons could have been counted and to
note each person's principal socio-demographic
characteristics. In processing the data, it will
be sufficient in a second stage to determine
whether or not each person has been counted
at each of the addresses given for him and
then, when the returns are totalled, to weight
him inversely as the number of different areas
where it would have been possible to include
him in the field of control. The special cases
of persons with secondary residences, persons
residing in collective dwellings (residential institutions, hospitals, etc.) or persons who have
moved in the interval between the census and
the control survey-cases which, it should he
recalled, are often the cause of census errors
and therefore deserve special attention-make
it necessary to evolve special rules for inclusion in the field of inquiry (also called "selection rules"), which must again be different
from those used for enumerating the populations concerned in the census. It is not necessary here to describe the methods to be used.
20. As this paper has indicated throughout,
the study of the completeness of enumeration,
while it raises no real problems of a theoretical
nature, is in its many aspects a particularly
delicate task because of the actual difficulty of
detecting census errors. Perhaps the best proof
of this is the fact that the surveys made in the
past by a number of countries have not yielded
all the desired results. Nevertheless, the essential requirement for the success of a survey to
check the completeness of an enumerationthat its results should approximate as closely
as possible to the truth-is imperative and
difficult to fulfil.

A cursory consideration of electronic computers and their use in demography
PAUL VINCENT

[Translated from French 1

1. Electronic computers are designed to be
able to handle automatically a large variety of
problems. For this purpose, they are equipped
with a number of devices having the following
functions : the input of the information required for solving the problem ("programme"
and "data"); the storage of this information
and of the intermediate and final results of the
calculation; the processing itself (the execution of the "arithmetic" and "logical" operations specified in the programme) ; the output
of the "results"; and finally, the control of the
other devices.
2. Physically, an electronic computer consists of a system of interconnected "units"
among which the various devices are distributed. These units are often so numerous that
the term of "electronic system" is preferred to
"electronic computer".
3. The main part of a computer, which
gives it its basic characteristics, is known as
the central unit. This comprises the control and
processing devices and the central memory
which is the essential, if not the only, storage
device of the system. The central unit covers
what is known as the "internal area" of the
computer. In this area, the data are transmitted
and stored in a special form, which varies ac-

cording to the material but which is always
based on the use of the system of binary not'ltion
for the "internal representation" of numbers and
characters. In the "pure binary" system, the
numbers are expressed entirely in binary
terms, which facilitates calculation. In other
systems, the numbers retain their usual decimal
structure while their decimal figures are coded
individually in binary terms; this facilitates
input and output conversions.
4. As the figure shows, the central memory,
also known as the "internal memory", communicates directly both with the control and
arithmetic devices and with the input and output devices. The latter are distributed in "peripheral" units, which vary greatly in number.
A single "input-output" unit, comprising one
input device and one output device, may in
some cases suffice to ensure the essential communications between the internal memory and
the "external area" but large systems usually
include not only input, output or input-output
units of several types, but also many units comprising at the same time an input device, an
output device and a storage device acting as
an auxiliary memory. These memories, known
as "external memories", communicate with the
internal memory through the input and output
devices associated with them.

Auxiliary memories

Programme}
Central memory

data

Central unit
Channels

Data
-

-

~

Instructions

Schematic diagram of an electronic computer
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5. The internal memory is divided into locations, each capable of storing a group of characters constituting what is known as a "rnachine-word" or simply a "word". Each memory
location is given an address, i.e., an identification number. By means of this address, the
control devices are able to establish communications with a given memory location, either to
"write in" a word there or to "read out" the
word in it. Unlike writing in, which substitutes a new word for the one previously
recorded in the same location, reading does
. not change the content of the location; a word
written in at a certain address therefore remains
available at that address so long as no new
word is written in there.
6. To solve a problem with an electronic
computer, we first insert, through an input
device, the programme of aU the operations to
be carried out by the computer. Each of these
operations is the subject of a programme instruction. This instruction is expressed in the
computer's machine language, in the form of a
word made up of several coded numbers.
During the "programme insertion" the instructions are simply stored in the memory in
their order of input, without being analysed.
Since the insertion of the problem data is effected by input operations laid down in the
programme, the insertion of the programme
necessarily precedes the input of the data.
7. \Vhen the insertion of the programme is
completed, the control devices read the first
instruction of the programme from the address
where they stored it. They interpret the coded
elements of the instruction and initiate the execution of the prescribed operation. Then they
read the next instruction of the programme
and analyse· it in its turn. The renewal of the
same process thus results in the "sequential"
execution of all the programme instructions,
except when the programme includes instructions designed to bring about a "transfer" or
"jump" to an instruction other than the following one.
8. Transfers are known as "conditional" if
they are subject to the fulfilment of a condition, or as "unconditional", if not. Conditional
transfer operations play an important part in
electronic computation, since they make it possible to simulate human reasoning by making
the machine take "decisions" in the light of
rational criteria. These criteria are usually
comparisons, which lead to analysis of the sign
of a difference--a "logical" operation carried
out by the computer's arithmetic devices.
9. By means of transfers, chains of operations can be built up; these may indeed be .
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highly complex, because instructions can be
treated like numbers and consequently modified
by arithmetical operations. It will thus be seen
that the utilization of a programme stored in
the memory to control the process of solving
a problem gives electronic computers incomparable flexibility.
10. Unfortunately, this advantage is not
without corresponding disadvantages. The rnachine must be told everything that it has to do;
for example: "receive a piece of information
and store at such and such an address" " ..
"read the number stored at such and such an
address and add it to the contents of such and
such a device" ... "store the contents of such
and such a device at such and such an
address" ... "print the information stored at
such and such an address" ... and all these
orders must be given to the machine in its
own language. Obviously, this is work which
can on1y be done by a specialist in "programming" for the subject in question.
11. It is also time-consmning and }aborious work, for the automatic processing of
even a relatively simple problem always involves a large number of operations. And the
fact is that it is almost impossible to write
several dozens of instructions in machine language without making a mistake. Hence the
need for "debugging" the programme is often
a long and expensive process, for to detect
errors, trial runs have to be made, and numerous instructions may have to be rewritten to
correct the errors found.
12. Many methods have been devised to
simplify programming. One of these is the use
of sub-routines, i.e., sets of standard instructions for the solution of specific problems likely to be frequently encountered: the evaluation
of square roots for example. Generally, the
designers themselves build up "libraries" of
sub-routines which they keep available for
users. The latter are thus freed from the task
of writing any part of the programme corresponding to a sub-routine already "in the library": they merely have to insert, at the correct
place in the "main programme", appropriate
instructions for performing the sub-routine in
question, which, of course, has to be stored in
the memory as a supplement to the main programme.
13. Sometimes a common sub-routine which
is permanently stored in the memory of the
computer may be brought into play by an instruction in every way similar to those which
initiate built-in operations, i.e., operations
carried out by special circuits designed into the
computer. So far as the user is concerned,
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there is nothing to distinguish operations
"simulated" in this way by sub-routines from
built-in operations, except that they are performed much more quickly.
14. In spite of the simplification achieved
by methods of this kind, programming would
have remained the province of specialized
"programmers" if designers had not hit on the
idea of making the machine "translate" into its
own language programmes drawn up in very
different languages. These new languages could
then be designed as genuine electronic language,
adapted to electronic computation in general,
not restricted to the specific technology of a
specific subject, and at the same time simple,
synthetic and very close to ordinary language.
15. The use of such languages involves some
slight additional complication of procedure,
since it necessitates breaking down the solution
of a problem into the following phases:
(a) The preparation of a source programme
in electronic language;
(b) The conversion of this source programme into an object programme, formulated
in machine language;
(c) The execution of the object programme.
However, the second phase is carried out
automatically by means of a special programme,
called the translator, written once and for all
in machine language by the designer.
16. Furthermore, the instructions which
make up the source programme are actually
"macro-instructions", each implying the execution by the computer of a whole series of
operations. A few dozens of instructions in
electronic language may thus represent several
hundreds of instructions in machine language.
17. This considerably facilitates the task of
programming, particularly as some dozens of
instructions can easily be formulated in
electronic languages without a single mistake.
Furthermore, the simplicity of electronic
languages makes them easy to use by anyone
wishing to programme his problems for himself.
18. These advantages are particularly valuable in the field of scientific research, where
scientists are constantly having to deal with
new problems which for the most part have
only to be solved once and which are generally
much too technical for their solution to be
expressed in a form comprehensible to professional programmers. That is why most
electronic languages are "scientific" language
based directly on mathematical language. However, there also exist some "commercial"
languages designed to facilitate the pro-
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gramming of problems connected with the
"administration" of enterprises.
19. The main applications of electronic computation may, in fact, be divided into two
categories : administrative applications and
scientific applications. The differences between
these categories are so great that designers
have felt it desirable to diversify the available
equipment to adapt it better to either administrative or scientific problems.
20. Let us consider in this connexion administrative applications such as payrolls, accounting, stock control, invoicing, etc. They
have certain characteristics in common : the
operations are repeated regularly; they cover
a considerable volume of information and
involve a large number of items, which can be
arranged according to identification numbers ;
they entail many sorting and cross-referencing
operations but few calculations-which, moreover, are very simple; and they produce numerous documents, often requiring alphabetical
indications.
21. Adtninistrative computers therefore need
powerful input and output devices and largecapacity auxiliary memories (external memories). On the other hand, they need a central
memory of only small capacity, and arithmetic
devices comprising only a few built-in operations. Furthermore, they benefit by using an
internal representation of characters based on
alpha-numerical positions, grouped in words of
variable lengths.
22. In scientific applications, the work is
rarely repetitive; it is therefore essential to be
able to use an electronic language for programming. Moreover, the data and results are
usually few in number, and essentially numerical. Finally, the volume of calculations is
always considerable.
23. Scientific computers can thus operate
with relatively small input and output devices ;
but they must be equipped with a large-capacity
central memory and arithmetic devices comprising numerous operations, preferably builtin, or at least simulated. In addition, they
benefit by using the pure binary system for the
internal representation of numbers, and words
of fixed length.
24. The diversity of electronic equipment is
still further increased by differences of "power".
We may note in this connexion that while
speed, both in access time and in calculation,
is costly, it is generally economic, in the sense
that a machine which can solve the same
problem ten times faster than another machine
is .not ten times more expensive. That is why
we have witnessed the emergence of more and
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more powerful computers, which have the additional advantage of being able to solve problems
beyond the range of more modest types.
25. However, the use of large scientific
computers ceases to be economic as soon as
they are left at all idle. Only very large
research firms can hope to keep such machines
busy; thus, other interested organizations can
use them with advantage only on a jobbing
basis. Furthermore, each operation is carried
out so rapidly that the machine would become
uneconomic if the slightest idle time was
tolerated between consecutive operations; all
operations are therefore inserted into entirely
automatic sequences. The user is therefore faced
with troublesome delays when the solution of a
problem calls for numerous tests.
26. On the other hand, certain types of small
scientific computers are very well adapted to
work of this type; these are computers with
memories large enough for the translator to be
retained in storage during the execution of the
object programme. The process of calculation
can then be modified in the light of the results
already obtained, exactly as if the work was
being done manually. This facility is obviously
highly valued by research workers.
27. The above considerations will enable us
to define the contribution which electronic
computation is able to make to demography.
We shall distinguish three categories of applications:
(a) Survey analysis;
(b) N umetical calculations;
(c) Simulation.
28. Survey analysis is similar in nature to
the administrative applications of electronic
computation, because it has to deal with a large
number of statistical units, calls for classification and enumeration rather than calculation,
and produces a fairly large volume of reports.
For this type of work, electronic computers
have undoubted advantages over punched-card
machines, as the experience of statistical departments has shown. The help of a professional
programmer is usually necessary, but the definition of the problems gives rise to no difficulty.
29. Numerical calculations naturally form
part of the current scientific applications. Thus,
each scientific machine has a library of routines
which the designer is constantly expanding on
the basis of the experience of users. If, however, it should happen that a demographer is
faced with an entirely new problem, he will
probably be well advised to apply to a specialist
in numerical calculation by electronic computer.
For this is a special discipline involving fairly
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difficult questions, such as the choice of suitable
methods in the light of the degree of accuracy
required and the internal technology of the
machine used.
30. Simulation is probably the field in which
electronic computation will be of the greatest
service to demography. For dem'Jgraphic projections are a form of simulation, as are models,
which are playing an increasing part in
research. Any distinction between these two
categories of applications may indeed seem
somewhat artificial, so closely are they related.
From our point of view, however, there are
certain differences between what is usually
called a projection and what is usually regarded
as a model which are worthy of mention. The
calculations involved in projections are generally fairly simple and provide fairly voluminous results, whereas models usually call for
much more complex calculations to produce
results of a high degree of concision. We may
thus anticipate that the equipment best suited
for the calculation of models will not always be
as well adapted to projection calculations.
31. Moreover, needs as varied as those of
demography cannot be satisfied without the
use of equipment of several different types.
This is quite possible by employing computers
on a jobbing basis; but it must be stressed that
the use of a number of different machines
necessitates as many different learning .processes, and this is hardly conducive to the
perfect mastery of any one machine.
32. To avoid this disadvantage, the use of
a dual-purpose computer may be considered;
for besides the specialized machines which have
been mentioned there exist machines designed
to carry out both ad."llinistrative and scientific
programmes. Actually, this solution is not very
attractive where jobbing work is concerned, for
machines of this type, because of their hybrid
character, are always of limited range. Thus
the demographer, still assuming that he will be
using computers on a jobbing basis, will need
to employ at least two machines: an administrative computer of small or medium power for
survey analysis and a large scientific computer
for other work.
33. Where, on the other hand, a dem-·
ographic research department is to be equipped
with an electronic machine, considerations of
cost and load will necessarily restrict the field
of choice to low-powered equipment. This
cannot be regarded a priori as an obstacle, for
no one who is not obsessed with size in computers can fail to agree that small scientific
computers equipped with capacious memories
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offer a range of calculation facilities which are
entirely adequate to satisfy the needs of demographers in this field.
34. The difficulty will be rather to see that
these machines are supplied with enough
scientific work to avoid their being used for
survey analysis, to which they in general are
ill-suited. On the other hand, dual-purpose
computers may be unable to satisfy fully the
scientific needs of research workers. \Vhatever
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the equipment envisaged, therefore, the possibility will have to be left open of supplementing
it by the use of computers on a jobbing basis.
35. These conclusions are valid today, but
they may no longer hold good tomorrow, so
rapid is the pace of computer development. But
whatever form this development may take, one
point already seems clear: the electronic computer will have an important part to play in
demography as in all other spheres of research.

SUMMARIES OF PAPERS
The electronic computer as an instrument
for demographic analysis
JAMES

w.

BRACKETT

To date most applications of electronic computers to demography have been designed to
exploit the computer's ability to perform "rapid
arithmetic". The author maintains that his
experience with programs for the preparation
of population estimates and projections and
for the construction of population pyramids
for printing on the high speed printer indicates
computers can be used to perform demographic
analysis. The paper suggests an analytical
program might check demographic data for
"reasonableness" and internal consistency, and
correct or reject faulty segments. The program
then would prepare estimates for gaps in the
data and finally proceed to the analytical phase
where the relevant implications of the data are
determined. Output from the program could
be tailored to the prospective audience. It might
serve as the basis for a written report, or it
might be used in lieu of a report.
The paper advances a plan for the development of an analytical program. This plan calls
for a series of clearly defined stages, the goals
of each stage to be established in accordance
with the accomplishments of the previous stage
and the needs of the sponsoring organization.
This stage-development approach appears to
offer adequate opportunity for experimentation,
safeguards against the pursuit of uneconomical
or ill-conceived schemes, and an expandable
framework capable of adapting to almost any
new situation.

Computation of growth rate for a stable
population from the age pyramid and
the survival curve

J.

M.

CALLIES

Assuming a stable population with negligihle
external migration, the equation of the age
pyramid (female side, for example) is
y

= N s(x) e-tm

where s(x) is the survival function.

This equation involves two parameters:
N: the base of the age pyramid at the time
of the census
t : the rate of growth.
The basis of the curve fitting method is to
minimize the surface bounded by the observed
pyramid and the fitted pyramid.
This implies minimizing the integral

J IY -

N s(x) e-tmi dx

In practice, since the age pyramid is given in
terms of age-groups, it is required to minimize
the sum
S

!Yi -

N s(xi) e-tm,l

i

Fitting proceeds by successive adjustment of
the pyramid for females, based on a growth rate
assumed close to the true rate.
This method, when applicable, allows a test
of the consistency with other data, namely:
survival curve ; births in last twelve months;
rate of growth. In the case of pyramids distorted by inaccurate age determination, in countries where registration of births is virtually
non-existent, the procedure leads to a pyramid
of a more natural shape and enables reasonably
plausible population projections to be made.
This method has been used in the "Duck's
Head" region of North Cameroon and gave
good agreement with other sources.

On the difi'erence between the vital statistics and the census survival rate methods
of estimating net migration among subclasses of the nation's population
C.

HoRACE HAMILTON

Experience with data for the United States
in recent decades indicates that estimates of net
migration based on the vital statistics (VS)
method tend to be higher than those based
on the census survival rate ( CSR) method.
Investigations of the mathematical relationships
between the two methods lead to finding that
improvements in census enumeration will result
in VS estimates that are higher than CSR
estimates. Experimentation with various assumed values for the population, the proportion
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enumerated and the "true" survival rate lead
to the conclusion that the CSR method is
generally superior to the VS method for
estimating net migration.

Example of the applieation of the analysis
of variance in the study of fertility
SuLTAN S. HASHMr

In this paper an attempt has been made to
measure the variability of marital gross repro~
duction rates (MGRR's) of various sub-groups
within Karachi metropolis using applications of
analysis of variance. The data used were
obtained through a sample of about 3% per
cent (on the average) of the total population of
the metropolis. The variables used in the tw~
variables classifications for analysis of variances
are migrant status, family classification, personal monthly income of husband, and size of
place of origin of migrants.
Analysis of the influences of family classification and migrant status has shown that family
classification is the major source of variation in
MGRR's and the differential effect of classification on ~1GRR's is significant at 1.5 per cent
level. In addition, holding migrant status constant, a pattern of increasing fertility from the
traditional joint and extended family settings
to the modern nuclear family settings is
observed. Migrant status seems to have mild
differential effect on MGRR's and is significant
at 22 per cent level.
·
Analysis of the influence of personal monthly
income of husband and migrant status on
MGRR has shown that both the independent
variables have insignificant or mild differential
effect on MGRR's. The effect of personal
income of husband is not significant even at the
25 per cent level, whereas the effect of migrant
status is mildly significant at the level of 25
per cent.
Analysis of the influence of family classification and size of place of origin of migrants on
MGRR's has shown a strong differential effect
of family classification (significant at 1 per
cent level) and a mild effect of size of place of
origin (significant at 16 per cent level). Migrants of rural origin do not have highest
MGRR's but migrants from cities of 100,000
population or more have lowest MGRR's. On
the other hand, nuclear families show a pattern
of decreasing MGRR's with increase in the size
of place of origin. This analysis leads us to
infer the following transitional pattern: when
a family system changes from a traditional
familistic type to a modern individualistic type,
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fertility increases but, as an individualistic
family becomes more urbanized, fertility tends
to decline.

A revision of model life tables
R. S.

KuRUP

Notestein and others in "The future population of Europe and the Soviet Union" made
the first systematic study of mortality data and
presented models which would enable the projection of observed regularities. The United
Nations demographers later prepared model life
tables by considering all the mortality tables
available. The reliability of the United Nations
model life tables was critically appraised by
Gabriel and Ronen. R. S. Kurup in his doctoral
dissertation to the University of Chicago presented revised model life tables in 1964.
In the revision of the model life tables, the
various countries have been stratified according
to socio-economic and health conditions and the
mortality trends have been analysed. In the
analysis only the recent data have been considered. Model life tables have been constructed
from whatever technically correct life tables
that are available by linking two consecutive
mortality rates with the previous rate and
constructing the life table on the basis of the
relations obtained. This has been done separately for males and females and for various
strata. This revision has been able to eliminate
defects of the United Nations system of model
life tables.

Regional computer projection by demo·
graphic types of partial populations with
incomplete data
RAINER MACKENSEN

Recent developments in demographic
research suggest improvements in theoretical
background and methodology of projections.
This paper reports on a series of experiments
designed to test some improvements concerning
the development of populations, socio-economic
structure of partial populations, techniques of
regional projections, use of electronic computers, and applications in regional planning.
The development of populations depends on
their demographic structure which, in turn,
varies with socio-economic characteristics. To
find partial populations of typical structural
characteristics in a population, both conventional and sophisticated procedures are tried.
A larger number of population units are
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grouped into partial populations by minimum
variance criteria on single demographic variables and on principal component values from
factor analysis. These again are matched with
components of socio-economic characteristics to
ensure structural homogeneity within partial
populations. Both types of partial populations
are projected over a period of forty years,
and the results compared with a conventional
projection of the total (national or regional)
population. Deviations in results should show
the effect of the more elaborate procedure.
For regional (total and partial) populations
statistical sources are less specified than for
national populations: therefore, a sequence of
estimations and standardizations must be used
to meet typical characteristics of partial popula~
tions. The techniques applied might be interesting in other situations where data are
incomplete.
Preparation of input data, life tables,
smoothing and standardization, projections of
partial and total populations afford extensive
calculations without complicated mathematical
techniques. Electronic computers have been
used to facilitate analysis and projections. For
steps requiring higher mathematical training
(such as factor and canonical analysis) standard
routine programmes are available. Special
programmes and sub-routines developed may
be used for further studies. A pool for demo~
graphic computer routines should be discussed.
After demographic projections, ecological
considerations are necessary
egional
populations to project inout-migrations,
and prospective distribution of projected population within the region. Some illustrative
examples of results and techniques are
explained in the paper.

A mathematical model relating to the
chronological evolution of a human
population
GH. Mmoc and GH. THEILER
It is impossible to make a study of the
chronological evolution of a human eopulation
without taking into account the distnbution by
category of age, determined at the outset, as
also other characteristics which enable us to
break down the population into sufficiently
homogenous categories and to apply the procedure of calculation of probabilities and of
mathematical statistics.
The mathematical model that the authors
envisage presupposes an initial population comprising w
1 categories: co, c11 • • • ell ...
C111 ; category C11 numbers s(y) living persons.

+
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It is also presupposed that it is only possible
to leave the population by death, that the events
corresponding to the different categories are
independent one of the other and that p.(x,t)
.6. t
0 ( 6 t) represents the probability that
a person ~ged ten years at moment t will die
during the period (t, t
.6. t), whereas the
possibility that two or more persons of the
same category will die during the same period
would be 0 (.6. t). The population considered
can be increased only by birth; in that respect
recourse is had to the function oft ( t), which for
every t > 0 shows the number--corr
to moment
children of an age
ted
0, in other words an age comprising between 0
and 1/2 time units, exclusively speaking.
On this basis the authors make estimates of
the chronological evolution of the human population considered.
They also demonstrate that it would be
possible also to consider cases in which certain
persons would temporarily leave the population
under consideration; that has been done in the
case of an observation carried out on the
chronological evolution of a population made
up of active persons and pensioners. A mathematical model corresponding to this situation
is presented.

+

+

Contributions to the preparation of a set
of methods for the composite study on
population
ST. M. MILCO and V. V. CARAMELEA
The carrying out of "pluridisdplinary" or
"interdisciplinary" research for the purpose of
a composite study on phenomena is an advanced
method of investigation which is being increasingly used by the various sciences and is,
moreover, characteristic of certain schools and
certain scientific systems.
In Romania this method is of long standing;
it has been successfully used in the practical
research undertaken on certain human populations, both by sociologists and by anthr~
pologists. At present it is in general use in yet
other disciplines, which apply it to the study
of the respective phenomena.
Hence those who use it for the study of
population have the benefit of the experience
gained by both sociologists and anthropologists,
which is based in particular on the results
achieved by the anthropological school of
Bucharest. That school had a number of human,
natural and social disciplines, including de·
mography, collaborating. in its studies. The
experience thus gained shows dearly the
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advantage of collaboration between disciplines
in the study of certain problems of population,
co-ordinated in this case by demography.
The population of a large or small social
unit-village, town, country-can be well determined, from the point of view of both its
natural movement and its migratory movement,
if demography associates certain neighbouring
sciences in its studies.
In particular, a whole series of secondary
pointers which are used to reflect in detail the
normal or exceptional development of the
population, the demographic "explosions" or
"cataclysms", the high rate of intra-uterine
mortality, etc., can be much better understood
if recourse is had, for example, to anthropological or biological human sciences-chiefly
genetics-and to social, economic, ethnographic
sciences, etc.
Demography can also benefit considerably
from collaboration in composite anthropological
research.
The cognitive value of the results obtained
by this composite set of methods is considerably
greater than that gained from the use of the
met~ods of one single discipline for the study of
a gtven phenomenon.

A few properties of the expectation of

life

s.

0

ex

MITRA

Life table ordinarily is constructed from q•.
values. While this is a logical step, it has been
found that q., values cannot always be obtained.
Model life tables prepared by the United Nations provide normative values of life table
functions for a given mortality level which
corresponds to a particular life expectancy at
birth. This paper has shown that
(and
also q.,) can be closely approximated by a
mathematical function, the parameters of which
can be estimated for given values of

e,

eo.

Studying determinants of natality. Quantitative estimation through a simulation
model
MINDEL

C.

SHEPS

and

JEANNE CLARE RIDLEY

This paper is a description of work in progress: an attempt to use a simulation model on
an electronic computer as an approach to
analytic problems of natality studies, particularly for investigating the quantitative effects on
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reproductive performance of changes in mortality, in marriage patterns, in use of contraceptives and their effectiveness, in size of family
desired, in fecundity or in rates of pregnancy
wastage. The report deals with the particular
problems to which the model is directed, its
purposes, its nature and its expected uses and
limitations.
The model described in the paper probabilistically simulates detailed reproductive histories
of a hypothetical cohort of women. Each woman
is treated individually, and her reproductive
history is developed sequentially. The model
provides for a woman's dying, becoming sterile,
marrying, becoming a family planner, becoming
pregnant-with varying outcomes of pregnancy
-as well as for the dissolution of marriage due
to widowhood or divorce. The probabilities of
these events vary with age, status and, in some
cases, with parity.
The expected contributions of this model lie
in its usefulness as an analytic tool for disentangling the effects on natality of various social
demographic, and biological factors ; as a vehicle
for developing criteria for the choice of appropriate natality indices as well as a method for
investigating sampling variability of such
indices. Thus, the model will have both
substantive and methodological implications.
The need for suitable input data creates difficulties. Since the model falls short of realism in
many respects, direct application of the results
to human population data may be limited. Even
unrealistic results, though, should have implications for studies of human populations and may
suggest new hypotheses to be tested in future
studies.

The renewable set - A means of population
analysis

z.

T.

SOUGAREV

The replacement of the population is regarded as a system of renewable sets. Each set
is made up of a current set (or sub-sets) and
of two flows-an inflow and an outflow.
The classification of the sub-sets is based on
three categories of characteristics: invariant
characteristics (sex), characteristics which vary
discontinuously (civil status, profession), and
characteristics which vary continuously (age).
A portion of the flows of the second and third
categories consists of the movement of units
from one sub-set to another (marriages,
divorces, migrations).
Each renewable set is completely described
by the laws governing the densities of its flows
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(births, deaths, migrations ... ) and the size of
the set at an initial point in time. These are
the elements of the law of population.
One measure of the renewal rate of the set
(the average duration) is represented by a
generalized formula; this would be of practical
value if one knew the analytical form of the
functions expressing the law of population and
the law (integral or differential) of the outflow.
From another point of view, the inflow and
outflow are regarded as being made up of
events-births,
·
divorces, death&which constitute the
raphic history of
each individual, the unit of the set. A certain
probability, which in the general case would
be a conditional probability, is assigned to each
eyent. ~he probability. of the final event (e.g.,
btrth) 1s expressed m terms of conditional
probabilities. Thus, to obtain the probability
of a birth at age X of the mother, one must
k!l?~V the whole chain o! conditional probabthties : that ?f th~ mother s survival to age X ;
of her marrymg, m the event that she survives
to that age ; of her not being divorced not
becoming a widow, not being sterile 'conceiving, and giving birth. To estimat; these
probabilities it would be necessary to calculate
the relative frequencies, i.e., to undertake a
longitudinal analysis, by cohorts. This is usually
replaced by a cross-sectional analysis.
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Biases in the major estimates of net inter·
censal migration
LEROY

0.

STONE

Formula for the total biases in the four
principal estimates of net intercensal migration
are indicated. The total bias is shown to be
the sum of ( 1) structural bias and (2) the
mathematical expectation of measurement error.
Elements ( 1) and (2) previously have been
treated separately. Systematic and comprehensive analyses of the relative accuracv of the
four estimates under varying conditions" may be
conducted by evaluating the terms in the
formulas.
Tentative conclusions about the relative
accuracy of the estimates, as measured by bias,
are suggested. The relative accuracy of the vital
statistics and the survival ratio estimates
depends on the covariance between the measurement errors in the survival ratios and those
in the population totals, as well as on the
structural bias in the survival ratio estimate.
The vital statistics estimate is free of structural
bias. When the measurement of net migration
is intended to refle~t internal migration only,
there seems to be httle difference between the
total bias in the adjusted birth-residence estimate and that in the survival ratio estimate.
These two estimates have the same structural
bias in this case, subject to the condition that
they use the same survival ratios.

Meeting B.8
PROMOTION OF DEMOGRAPHIC RESEARCH AND TRAINING IN
DEVELOPING COUNTRIES

PAPERS
Demographic training and research in Tropical African universities which
employ English as the medium of instruction

J.

C. CALDWELL

THE REGION AND ITS PROBLEMS

1. Slightly over 150 million people live in
Tropical Africa. They form almost three fifths
of the population of the continent and occupy
about the same fraction of its area. It is a
region of very considerable ethnic, cultural,
historical and even topographical homogeneity.
Problems of rapid population growth and of
the analysis of that growth are already facing
many of the new Governments of the area.
Such problems will not be transient. Although
precise vital rates are not known, the United
Nations Demographic Yearbook gives the
general outline of the situation. There, it is
suggested that, with a crude birth rate of
around forty-seven per thousand, Tropical
Africa's potential for population growth is the
greatest of the world's major regions. As yet,
high mortality has acted as a brake on population increase. Nevertheless, a crude death rate
of perhaps twenty-six per thousand has allowed
an average annual growth rate of 2.1 per cent
since 1950.
2. In recent years, nearly all the countries
of the region have achieved independence and
most have plans for further economic and social
development. Before the Second World War,
the pool of experts available to Tropical
African administrations was to be found almost
entirely within the colonial administrations
themselves. The position has changed quite
rapidly. Many of the foreign civil servants
have returned home and have not yet been
replaced by sufficient numbers of local appointees with the required specialized technical
training. At the same time, educational facilities
in these countries have increased enormously,
and nowhere has this been more markedly so

than at the level of tertiary education. Nearly
all the universities of the region have been the
product of the last decade. Thus, there has been
a very considerable concentration of local specialized talent in the universities. This is not
to be deplored. But it does mean that the
universities will have to participate in governmental planning and in the research upon which
governmental planning should be based to a
far greater extent than is necessary in the economically more advanced countries.
3. The organizers of demographic training
programmes and research projects, especially
those based upon universities, will have to
determine the answers to a range of quite
difficult questions. These questions concern the
balance of research and training, the mode of
participation in governmental projects, the type
of research undertaken, the training of research
workers, the further training of students subsequent to graduation, the position of the
discipline within the university and the
financing of activities within the field.
THE CURRENT POSITION IN THE REGION

4. In early 1964, the author made a survey
of demographic training and research in those
universities of Tropical Africa which employ
English as the medium of instruction. There
are now fourteen such universities, as well as
one research institute, which is similar in
nature to a research university. The survey
attempted to cover all fifteen institutions and
failed to elicit any response from only one of
them. All the universities, except one, are in
territories which either have been or still are
under the administration of the United Kingdom. They cater to territories with a total pop-
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ulation of over 90 million, or about three fifths
o£ that of Tropical Africa. As two of the
universities had not yet begun teaching at the
time of the survey, the findings are limited to
twelve institutions.
5. In practically all these universities, views
were expressed in favour of a very considerable extension of demographic research and
training. Quite frequently, economists, anthropologists, agriculturalists or those engaged in
medical research stated that their work really
required adequate prior demographic research.
This is now more possible than ever before, for
within the last few years all these countries
have taken censuses, the results of which have
begun to appear in considerable volume.
6. However, in only four universities was
a full demography course, which formed a unit
of the degree of structure, either already in
existence or about to begin. In the Universities
of Ghana and Khartoum, the course has been
in operation for some time, in Fourah Bay College, it began in the 1963-1964 academic year,
while in Makere University College, it will
commence in the 1964-1965 year. In two universities, the course is being given within sociology departments, in one, in a department of
economic and social studies, and in the other,
in a department of geography.
7. All universities in the region give some
training within the general field of population
study. Apart from the specialized demography
courses, most work is done in geography departments. In six universities, these departments do a very considerable amount of such
work but most of the effort is concentrated on
study of the distribution of population and of
certain characteristics of population. Five economics departments undertake somewhat
shorter periods of training on population
problems, especially those connected with economic development. A lesser amount of population study is carried out in five other
departments of various universities, namely,
those of anthropology, agriculture, medicine,
statistics and African studies.
8. More population research of depth and
broad scope would appear to have arisen from
sociology and anthropology departments than
elsewhere. But geography departments follow
fairly closely behind, as do economics departments at a greater distance. Some research has
also been done in each of the other departments
mentioned above. A great deal of this research
has centred on population distribution, and to
date, very little of it has been analytical. Some
studies of fertility, especially in small com-
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munities, had been wtdertaken, but larger-scale
inquiries have begun only recently.
9. Of the twenty-three major research projects or programmes investigated, ten had been
financed by the universities themselves, five by
governmental or municipal funds, four by
foundations, two by United Nations agencies
and two by the Government of the United
Kingdom. The large-scale projects, however,
were those financed from outside sources.
10. Thus far, the professional staffing of
these projects and tl1e publications which have
arisen from them have been undertaken almost
entirely by persons of overseas origin.

T:a:E

PoPULATION CouNCIL DEMOGRAPHic
TRAINING AND RESEARCH PROGRAMME AT
THE UNIVERSITY OF GHANA

11. There are some lessons to be learnt
from the experience of this pioneering multipurpose project, which commenced at the
beginning of 1960. By that date, preparations
for taking the 1960 population census of Ghana
were in an advanced stage. It was realized that
the results could be analysed adequately only if
a core of students and public servants were
trained in demographic techniques; and furthermore, that research and other demographic
studies, which might throw additional light
on the nature of Ghanaian society and provide
a firmer basis for economic planning, could be
pursued more effectively if foreign demographers spent periods in the country.
12. The Population Council post was attached to the Sociology Department. During
the first four and one-half years of its existence,
it was held by four demographers from four
different continents. Funds were provided by
the Council for salaries, ancillary transport
costs, equipment and research. As the teaching
load grew, the University agreed to make it
possible for the holder of the post to continue to
enjoy a considerable amount of time for research, by appointing from its own funds a
junior lecturer in the subject. This appointee
may well be one of the original graduates of
the course. Thus, it will begin to become selfsustaining. Funds have now been provided to
extend the programme to six years, the cost for
the full period averaging about $20,000 per
annum.
13. By the end of the first four and one-half
years, the Population Council demographers
had taught a large number of sociology honours
students, of whom over forty had taken their
final examinations in the subject. A considerable fraction of this number subsequently went
overseas to undertake graduate work in de-
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mography. Lectures had also been given to
public servants, and co-operation for mutual
benefit had developed with the Census Office
and the Central Bureau of Statistics. At least
one holder of the post took part in a United
Nations international technical training scheme.
By the 1962/63 academic year, gradnate work
was also being undertaken in Ghana.
14. During the first years of the programme,
no results of the 1960 population census were
available for analysis. During this period a
variety of surveys were undertaken on the
social and demographic structure of selected
communities, rural-urban migration, international migration, changing family structure and
attitudes on the restriction of family size, conjugal histories, the efficacy of birth and death
registration, age mis-statement during census
enumeration and the testing of various hypotheses arising from demographic transition
theory. Henceforth, census analysis will undoubtedly be more important, although some
of the findings of the surveys will probably be
used to supplement these analyses.
PROBLEMS OF DEMOGRAPHIC TRAINING
RESEARCH IN TROPICAL AFlUCA

AND

15. The primary aim in setting up a
teaching course in demography is usually to
produce a group of specialists who can understand and interpret the new population data
becoming available for their country. In practice, it may also become apparent that the
demography course is the only course available
to many future public servants which provides
training in the handling of quantitative social
data.
16. The greatest teaching problem is that
inevitable defects in the schooling system, together with the non-quantitative nature of the
culture, make it necessary to spend a great deal
of time on basic mathematics and on the
meaning of quantitative data, if the subsequent
demographic training is to be meaningful. To
this end, laboratory classes dealing with as
much local data as can be acquired are very
helpful. An attempt must be made to accumulate all types of population records from the
country itself and to acquire census, sample
survey and registration repo,rts from as many
African countries as possible. This can be
surprisingly time-consuming and expensive.
17. In view of the small size of some of the
new African universities, it is still important
that the more capable graduates be sent overseas for graduate work. However, even at this
stage, the establishment of local gradnate
progranunes leading to a Master of Arts degree
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may well be advisable, both for those students
who fail to gain entrance overseas and, occasionally, as a method of consolidating basic
training before proceeding to other gradnate
progranunes.
18. The research side of such a programme
would necessarily be more important than is
often the case in economically more developed
countries, because so much must be done
quickly and because the university-based unit
often is the only organization available to undertake much of the necessary work. The work
currently most needed in Africa is of the type
which lies at the core of demographic studies,
namely, the assessment and correction of population data collected by the Government, the
estimation of mortality and fertility levels and
their trends, the interrelation between population growth and economic development, and
the projection of future population growth.
19. Where this work requires the use of
assistants, either for survey work in the field
and the subsequent processing of data or for the
analysis of official statistics, these assistants
must be trained. Thus, to carry out any major
demographic research programme, the head of
a multipurpose demographic unit would usnally
find that he must establish a specific training
programme for the project, quite distinct from
the demographic courses being given. In countries with limited higher education, he would
usually be well-advised to recruit university
students. Normally, the core of such a group
would be formed by the demography students,
whose more formal training would benefit
greatly from the interrelation of teaching and
research. On the other hand, if the survey were
to be an extensive one, the linguistic and tribal
variations within African countries would
usually necessitate the recruitment as well of
other university students who could meet specialized requirements in terms of background.
20. Co-operation with Governments can be
rewarding and can yield both financial help and
official approval for access to records and
assistance in the field. Usually, both African
interviewers and respondents are ready to cooperate in an effort to establish the facts, to
a degree surprising to those from other continents. On the other hand, the respondents
often cannot remember that which culturally
was not regarded as important,, and this is
especially true with regard to numerical data.
21. In an area where the assessment of the
quality of data is still of more importance than
any amount of manipulation of that data and
where the assessment must often be based on
local experience and knowledge, there is much
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to be said for inducing visiting experts to stay
for at least two years, unless they have had
previous African experience.
22. When processing data, shortages of
trained assistants or facilities may arise. Sometimes an arrangement should be sought with
an external organization to undertake some of
the processing of the material.
23. Finally, teaching materials in demography and population analyses on which to
base government planning are currently so
meagre in Africa that encouragement should
be given both to researchers to write up their
material with a minimum of delay and to those
who might assist, financially or otherwise, with
the publication.
CONCLUSIONS AND RECOMMENDATIONS

24. The following points are listed in an
effort to summarize what may make for better
demographic research and training in Tropical
Africa. They represent a personal viewpoint
and are meant neither to be exhaustive nor to
define the minimum requirements for the
setting up of university-based demographic
units:
(a) Although quite a few population studies
have been carried out in Tropical Africa, very
little of the work has been demographic in the
stricter sense. Such work is now urgently
needed in the Commonwealth countries, for, in
most of them, census findings are becoming
available and more accurate developmental
planning is dependent on analysis by professional demographers;
(b) Because of inadequate or non-existent
registration systems, field surveys will continue
to be necessary. Only in this way can measurement be made of levels and trends of mortality,
fertility and migration across land borders. This
is also true of any attempt to measure the
probable reaction to family planning programmes or the effectiveness of any programmes
already instituted;
(c) In many Tropical African countries, the
university communities will, for some years to
come, form a very large proportion of the total
pool of highly trained talent within the country.
If developmental plans and projects are to be
properly formulated and based on an accurate
understanding of social and economic conditions, the university staffs must play a more
significant national role than is often the case
in more developed countries;
(d) In terms of technical aid in the field of
demography, multipurpose demographic training and research units attached to universities
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have much to recommend them. They can
undertake university undergraduate and graduate teaching, public service training, the proffering of technical advice and research, either
independently or as part of governmental
projects;
(e) There is mnch to he said for these units
being initially set up by specialized overseas
bodies having the required experience in the
field of demography. In some cases, such bodies
might be the population research centres of
universities and, in others, non-university organizations. In the formative stage, such bodies
could give invaluable help with finance, the
finding of staff (for in such a specialized field,
African universities do not enjoy the necessary
contacts), the provision of books and equipment, and the collection and provision of demographic material for teaching and research from
other African countries. Foreign currency e..'l{change control can make such acquisition difficult from some countries within the continent;
(f) The. African university should he given
some kind of reasonably long-term financial
guarantee, such as a definite three-year period
extendable to six years if co-operation has been
willingly given. In return, it might be expected
to take over the unit at the end o£ the period.
In addition, it might support supplementary
teaching and clerical staff in the earlier period,
as well as providing office space and housing.
Perhaps after six years, some of the original
trainees of the programme would be able to
staff the unit as an integral part of the
university;

(g) The provision of reasonably experienced
demographers is a major problem. African
universities, advertising posts in the usual way
without outside assistance, do not seem to be
able to attract them. Possibly the single most
important function of the external sponsor of
a demographic unit is to he able to give the
type of assurance about the post which might
induce demographers of suitable calibre to apply.
Probably, however, the only really satisfactory
solution to the staffing problem would arise
from the willingness of universities in developed
countries to lend staff members for periods of
twelve, eighteen or twenty-four months without
in any way penalizing them professionally for
their periods of absence. This might well be
regarded as meeting a certain moral obligation
to provide technical aid. A further inducement
might he the payment of salaries and superannuation in some convertible currency, with
the right to lodge savings and pay insurance in
a country of choice;

DEMOGRAPIDC RESEARCH AND TRAINING IN DEVELOPING COUNTRIES

(h) The exact form of attachment between
the university and the demographic unit is
important. If it must be an integral part of any
particular department, its place is probably with
sociology, because of the relation between the
social structure of a community and its demographic characteristics. However, this may
preclude the giving of adequate instruction
within such departments as economics and
geography, or full research co-operation with
these departments. The best arrangement is
probably the creation of a special demographic
unit, which could service several departments
with lecture courses and co-operate with them
in research projects. The unit staff should be
members of the university staff or should at
least have the same rights and privileges in the
sense that a visiting professor would. The
status of the head of the unit should be high
enough to allow him to participate in university
decision making ;
( i) The demographic unit, or the demographic unit plus its external consultants,
should be autonomous with regard to the
planning and financing of the research programmes;
(j) Some kind of liaison should be set up
with United Nations regional demographic
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centres. Arrangements could possibly be made
for the head of the unit to act as an observer at
United Nations regional demographic conferences;
(k) The unit should be expressedly regional
in concept and should be encouraged to take
an interest in demographic phenomena which
extend across national boundaries ;
(l) Some kind of permanent relation should
exist with an external research organization,
to allow such processing of research material as
cannot be carried out in the country because
of insufficiency of research assistants or
facilities;
( m) The cost of such a unit should not be
underestimated. It is unlikely to fall far short
of $20,000 per annum. With two or more members of the staff supplied from outside, it could
cost considerably more;
( n) At some stage, it would probably be
possible to make a full analysis of the establishment of the Population Council demographic
post at the University of Ghana, which has, of
necessity, been pioneering and experimental in
its nature. Such an analysis might be useful as
a guide. The post meets many, but not all of the
list of suggested requirements given above.

Status and problems of demographic research and teaching in Iran
JEAN-CLAUDE CHASTELAND

and A. M.

D.JAMCHID BEHNAM

[Translated from French]
INTRODUCTION

1. Like other countries in the region, Iran
began to take an interest in population questions only quite recently. However, demography
has perhaps developed even more slowly there
than in other neighbouring countries which are
urgently confronted with the vital problem of
balancing population and means of subsistence.
Iran, which has a population of about 22 million
spread over a territory three times as large as
that of France, with considerable petroleum
resources, has so far encountered no insurmountable difficulties in meeting the basic needs
of its population. However, since the need for
primary schooling and full employment for all is
officially recognized, a rate of natural increase
of about 3 per cent a year inevitably gives rise
to difficult adjustments, so that demography is
at last coming into its own.
I.

ORIGIN OF DEMOGRAPHY l'N MODERN IRAN

2. One of the first manifestations of interest
in population questions was of an administrative nature. In 1926, a register of vital
statistics was established in order to ascertain
the potential number of men of military age.
In 1939, 1940 and 1941, censuses were taken in
about thirty towns.
3. It was not until 1956 that the first exhaustive population census was taken. Like all
first censuses, it has its shortcomings but the
experience thus acquired has been extremely
valuable.
4. This traditional aspect of governmental
interest in demography was gradually modified
as the State began to intervene more and more
frequently in economic and social matters. The
institution of the Planning Organization in
1948 provided the decisive impetus. The need
for demographic analysis and statistics created
by the preparation of medium-term plans
brought increased awareness of the problems
of rapid population growth.
5. In addition to the Central Statistical
Service, created in 1950, various Ministries

(primarily the Ministries of Health, Education and Labour) have established statistical
departments, which have made a notable contribution to the preparation of demographic
statistics, both exhaustive and partial.
6. Outside these government bodies, a few
demographic surveys were made in the 1950's,
on the initiative of individuals and with the
help of foreign foundations ; among the most
important, mention may be made of the survey
of certain demographic characteristics in 173
villages in the Teheran region and of the survey
in the Demavend district. Despite their merits,
these surveys had the initial disadvantage of
providing limited coverage and being made in
villages very near Teheran.
7. In 1958, the University of Teheran came
into the picture when it established first a chair
of demography in the Faculty of Literature and
then a Social Studies and Research Institute
which, from the beginning, had a section for
the study of demographic: and economic
problems.
8. The support given by the United Nations
in the form of fellowships for study abroad
and by the establishment of the Chembur
Centre in India, where each year Iranians go
to obtain demographic training, has helped to
create a nucleus of technicians working on
population problems at the university or in
the various Ministries concerned.

II.

EXISTING ORGANIZATION OF INSTRUCTION

9. At the University of Teheran, instruction
is given both at the Faculty of Literature, as
part of the course for a degree in social
sciences, and at the Social Studies and Research Institute. The degree course, lasting
four years, includes four hours of theoretical
demography and two hours of applied demography each week. The universities elsewhere
in the country do not yet provide instruction
in demography.
10. The Social Studies and Research In··
stitute, which is responsible to the Faculty of
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Literature, is open to graduate students of all
disciplines wishing to specialize in the social
sciences. From the outset, both theoretical and
practical training have been stressed. This is
particularly striking since the Institute is a
research body and most of the teachers direct
research work there, assisted by the students.
The course of studies lasts two years. A oneyear course in demography is given during the
second year, with one and a half hours of
instruction a week.
11. Outside the university, various departments or Ministries have started interval
training courses which may include demo·
graphy. This has been done, for example, by
the Ministry of Health and the Department of
Vital Statistics.

III.

STATUS OF DEMOGRAPHIC RESEARCH

12. Outside the university, a good deal of
work has been done in fields related to demography. The statistical departments in the
Ministries of Labour, Health and Education,
the Planning Organization and the Central
Statistical Service collect statistics, usually by
means of sample surveys, and from time to
time analyse the data thus collected.
13. In the field of demography proper, it is
the Central Statistical Service which has made
the largest contribution. In addition to the 1956
population census, it also carried out sample
surveys (each covering about 70,000 households) in 1959 and 1963, not to speak of the
agricultural census of 1960, of which the part
concerning the agricultural population is also
of interest to demographers.
14. It is at the university, however, that
demographic research is being done systematically and in conjunction with other work.
General supervision is exercised by the demographic-economic surveys section of the Social
Studies and Research Institute. Let us examine
in turn the direction of the work, the initiating
authorities and the means of execution.
15. The work actually has four main directions:
16. The analysis of existing documents
should be by far the section's most important
activity but it will be seen below why this is
not possible. The starting-point of the work
was the analysis of the 1956 population census.
17. Conventional studies on the validity of
the data were made first: structure by age and
by sex. Then came more elaborate interpretation work on fertility, nuptiality, mortality and
migration. Studies were also made of the structure of the urban population, the working pop-
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ulation, the school-age population and the
population of Teheran. Lastly, a series of
projections of the Iranian population is being
prepared.
18. Subsequently, research was undertaken
on the sample surveys made by the Central
Statistical Service, including the 1963 demographic survey and the 1960 sample census of
agriculture. These studies revealed the main
shortcomings of the surveys and they will help
to improve the work of this kind to be undertaken shortly. So far such work has been done
at the Social Studies and Research Institute,
either because of the professional competence
of the research workers or because they have
freedom in the choice of work.
19. Sample surveys have a threefold purpose : to fill the gaps existing in the most
important statistical fields, to test new survey
techniques in Iran and, lastly, to train personnel
for this type of work. Because of the importance
of these three aims, the section has to do more
than merely perform its traditional function of
analysing data already collected. For example,
last year the Social Studies and Research
Institute made a sample survey of fertility in
six rural districts, interviewing a total of some
7 000 households. This survey actually is in
t~vo parts : a conventional demographic survey
using a pre-coded questionnaire and a more
limited psychological survey based on a subsample, to allow the attitudes and behaviour
connected with fertility to be analysed in
depth. A tape recording has been made of all
the interviews conducted for this survey.
20. A similar survey (3,000 households) is
being prepared for Teheran. It is to be carried
out in May-June 1965.
21. The demographic section is often
required to give technical advice to the various
departments concerned with population problems. This role, though more unobtrusive, is
important and takes up much of the research
workers' time.
22. Lastly, the section is trying to collect
the demographic documents which were previously scattered or were impossible to find.
Translations have been made of foreign works.
In this connexion, one of the most important
projects, going beyond mere translation, is the
preparation of a demographic dictionary in
Persian, based on the French and English
dictionaries of the United Nations. The first
version of this work is to appear in autumn
1965. In addition, several research workers in
the section have written demographic works
directly in Persian. The four works already
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published include a textbook of demographic
analysis and a treatise on demography.
23. The initiating authority for the work
varies ; in some cases it is the Institute which
takes the initiative, in others the work is done
at the request of a state body, such as the
Planning Organization, the National Insurance
Corporation, etc.
24. The financial resources are extremely
small. The Institute's regular budget provides
only very limited funds for the demography
and economic section. It has therefore been
necessary to obtain outside assistance, which
now far exceeds the assistance provided by
the Institute. As in other fields in Iran, it is the
Planning Organization which is the principal
source of funds.
25. The demography and economics section,
with a limited regular budget, has an even
more limited staff. The limitations are twofold:
the section has only one full-time research
worker and the other sections of the Institute
are in a similar position. The other staff members are all employed part time : at present they
number about twelve, including research
workers and technicians. The enumerators are
all recruited for specific assignments, depending
upon the availability of funds.

IV.

SoME

PROBLEMS OF DEMOGRAPHIC
SEARCH

RE-

26. The pattern of demographic research
is determined by actual performance possibilities and by the needs of the bodies which
provide the funds. In the scale of priorities the
place of pure demography is a modest one. The
main trend is towards demography applied
more or less closely to the solution of specific
problems. This may have unfortunate consequences for freedom of work in the future; in
the long run, the price of short-term effectiveness is the subordination of research.
27. It is difficult to combat this trend when
the bulk of the funds come from outside and
when badly paid research workers are obliged
to hold two jobs. In Iran, research workers.and this is true of other disciplines besides
demography-do not have established positions.
Only those who have a particularly strong
vocation can agree to work in conditions of
permanent instability.
28. The human problems of research are
not limited to career or salary problems; they
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also relate to training. Most research workers
are trained outside Iran. When they return
home, the conditions in which they are called
upon to work and the outlook are quite different from those to which they were accustomed abroad. Whereas in Europe, the United
States or elsewhere they were highly specialized, they find that in Iran they must be
highly flexible; while fitting into a rigid administrative structure, they have to solve the
most varied problems on their own and it is
difficult and sometimes impossible for them to
adapt to these conditions.
29. While abroad, Iranian research workers
were accustomed to frequent and fruitful exchanges of views with colleagues in the same
discipline or other disciplines; in Iran, such
contacts are more infrequent. The situation is
aggravated by the fact that there is no homogeneous body of research workers and no
research tradition and that the workers have to
divide their time between different departments because they do two jobs.
30. Lastly, the actual development of research and the organization of important
surveys pose administrative problems hitherto
unknown. As is often the case in developing
countries, there is a transition from a complete
lack of administrative structures to a plethora
of structures ill-suited to the problems of research work.
CoNcLusroNs

31. The principal difficulties involved in
expanding demographic research and instruction in a developing country such as Iran seem
to be:
(a) The fact that the relationship between
the university and the Administration is not
defined;
(b) The lack of independent financing for
research, which is thus dependent on the organs
responsible for national development. However,
is such subordination not inevitable in a country which must devote all its efforts to the
execution of its plans ? ;
(c) The fact tl1at research workers have
no permanent tenure;
(d) The lack of a coherent policy of
scientific exchanges between universities in the
developed countries and those in the developing
countries.

United Nations programmes for promotion of demographic
research and training
CHARAT KUMAR DILWALI
INTRODUCTION

1. One of the major goals of the United
Nations is to aid the nations of the world,
especially those of the developing ar~as,. to
achieve a better future through the apphcat10n
of balanced economic and social development
policies aimed at improving standards of living.
Wider recognition is being given to the fact
that research on demographic, social and economic interrelationships is a part of the basis
for policy formulation, planning and action in
many economic and social fields, including population policy, and is particularly important for
efforts to promote the development of the
developing countries.
2. United Nations work in the field of
demography has been concentrated on research
on population numbers, characteristics and
trends, and their interrelationships with economic and social factors; and the conduct of
demographic training programmes. By building
up technical and analytical demographic information on both the international and the
national levels, the United Nations is helping
to develop the tools and materials necessary for
the formulation of practical balanced economic
and social policy. By means of training courses,
experts' advisory services and conferences, the
United Nations is helping to create a nucleus
of personnel capable of carrying out research
work that may be of assistance to policy-makers
in their own countries. The research programme is carried forward on both the international
level (mainly in the Population Branch of the
United Nations, the counterpart of the Population Commission in the United Nations
Secretariat; and in the United Nations regional
economic commissions) and the national level.
The training programmes are carried on chiefly
at regional training centres and seminars.
I. UNITED NATIONS DEMOGRAPHIC PRoGRAMMES ON THE INTERNATIONAL LEVEL

A. Research and publications 1
3. The United Nations Secretariat has a
number of special advantages for undertaking
1 A selected list of the demographic publications of
the United Nations is annexed to this paper.

and
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certain kinds of demographic research and
methodological studies of international scope :
(a) The international composition of its
staff, with their knowledge of conditions in
different parts of the world, their familiarity
with demographic literature and their command
of many languages. These assets make it possible to draw from and utilize research material
from world-wide sources;
(b) The consultative machinery available for
United Nations work, which is not limited to
contacts with Governments, but also includes
contacts with universities and research institutions;
(c) A free two-way flow of consultation,
demographic data and published materials between Member States and the United Nations.
4. An important area of United Nations
demographic research is in world-wide studies
of population trends and prospects, and their
interrelation with economic and social development, with special attention to developing
countries. These studies provide a framework
for the interpretation of findings of national
studies and further serve as a primary material
for future research. They also help to disseminate knowledge and to heighten awareness
of the nature and magnitude of population
problems on both the national and the international levels. Current work includes surveys
of world-wide conditions of fertility, mortality,
and rural and urban population trends. The
United Nations Secretariat is also revising,
with the co-operation of experts and United
Nations specialized agencies, its study, The
Determinants and Consequences of Population
Trends, which deals with the relation of popu1ation questions to economic and social
matters. This publication has been widely used
as a textbook for university teaching, a
bibliographical reference work and a guide for
research.
5. The United Nations Secretariat also
prepares methodological manuals as aids to research workers in interpreting and analysing
demographic data; these manuals also serve as
training materials. Another continuing activity ·
is making population projections on an interna-
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tionally comparable basis for countries, regions
and the world as a whole. The Secretariat has
also undertaken intensive analyses of demographic data on an international scale and has
published a number of monographs on such
special subjects as fretal, infant and early
childhood mortality, the causes and socioeconomic consequences of the aging of population, and factors in the post-war upsurge of
fertility in many industrialized countries. The
geographical scope of these studies som~imes
brings to light relationships not immediately
apparent when data of a more restricted group
of countries are considered. Parallel studies
are carried out by the United Nations regional
economic commissions and the regional demographic research and training centres.
6. The improvement of techniques of census
taking and the improvement, extension and
international compilation of demographic statistics are important adjuncts of the programme
in the field of population. These &_ubjects lie
within the competence of the United. Nations
Statistical Office. Among the publications
issued by this office is the Demographic Yearbook, a world-wide source book of statistics
of area and population, vital statistics and
international migration statistics, which is
indispensable to the United Nations demographic research programme.

B. Conferences and seminars

7. Another way in which the United Nations promotes research and training in demography on the international level is through a
programme of conferences, seminars and
working groups. These meetings focus attention
on the importance of population problems,
besides providing a medium for the exchange
of ideas and experience among demographers
engaged in teaching and research activities
throughout the world.
8. Among the principal international conferences on population questions organized
under United Nations auspices are: (a) the
First World Population Conference (Rome,
1954), attended by 450 participants and to
which more than 400 papers were presented;
(b) the Asian Population Conference (New
Delhi, 1963), attended by more than 200
persons from countries of Asia and the Far
East; and (c) the Second World Population
Conference, held in Belgrade from 30 August
to 10 September 1965.
9. Between 1953 and 1963, the United Nations also organized six regional seminars in
different regions of the world for the exchange
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of views among experts and officials on population questions.

II.

UNITED
NATIONS
DEMOGRAPHIC
PROGRAMMES ON THE NATIONAL LEVEL

10. Demographic research and training are
of fundamental importance at the national level
also for the planning and formulation of
realistic economic and social development
programmes. The United Nations has promoted
work in this respect in the following ways.

A. Demographic research and training centres
11. The United Nations co-sponsors, with
the respective host Governments, three regional
demographic centres, in Chile, India and the
United Arab Republic, which serve the countries of the respective regions, i.e., Latin
America, Asia and the Far East, and North
Africa and the Middle East. The two former
centres were established in 1957 and the third
in 1963. Plans are in progress to establish more
centres. The centres provide training courses
and opportunities for research in demography
for students from countries within the respective regions. Through fellowships financed by
the United Nations, more than 200 students
have received training at the three centres.
Each centre has, in addition to its training programme, a programme of research on demographic questions of special relevance to the
countries of the region concerned. The technical
training of research workers is thereby linked
with the programmes of research on countries
of the region and provides a laboratory for
trainees. Each of the two older centres has
carried out and published a number of important studies on the demographic profile of the
region it serves.

B. Advisory services
12. The United Nations provides experts on
a short-term basis to give advisory services to
Governments on request. The types of services
include assistance in analysing demographic
data, evaluation of the quality of demographic
data, preparation of population projections and
life tables, etc. Other duties may include
assisting Governments in setting up demographic research units, and training counterpart
personnel in demographic techniques and
methodology. About twenty countries have thus
far requested and received such short-term
assistance. Advisory services are also rendered
at the national level by United Nations experts
appointed on a longer-term basis to serve the
countries of a particular region as the occasion
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demands. This type of service has thus far been
established for Asia and the Far East and
for the Middle East.
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- - - , No. 6, 1962. 210 pp. (Sales No.: 62.XIII.
2). Published also in French and Spanish.
- - - , No. 7, 1964. 151 pp. (Sales No.: 64.XIII.
2). Published also in French, Russian and Spanish.

C. Fellowships for study tours and training
in advanced countries

STUDIES OF POPULATION TRENDS AND PROBLEMS

13. A limited number of fellowships has been
awarded to applicants from developing countries to study demography at institutes and
government offices in more developed countries.

The determinants and consequences of population
trends. 404 pp. (Sales No.: 53.XIII.3). Published
also in French and Spanish.
F(l!tal, infant and early childhood mortality 1: The
Statistics. 137 pp. (Sales No.: 54.IV.7). Published
also in French.
F(l!tal, infant and early childhood mortality, II: Biological, social and economic factors. 44 pp. (Sales
No.: 54.IV.8). Published also in French.
Population growth and the standard of living in underdeveloped countries. 9 pp. (Sales No.: 54.VIII.7).
Published also in French and Spanish.
The uging of populations and its economic and social
implications. 169 pp. (Sales No.: 56.XIII.6). Published also in French.
Human resources of Central America, Panama and
Me:nco, 1950-1980, in relation to some aspects of
economic development. 155 pp. (Sales No.: 60.
XIII.l). Published also in Spanish.
Population growth and manpower in the Philippines.
66 pp. (Sales No.: 6l.XIII.2). Published also in
French and Spanish.
The Mysore population study. 443 pp. (Sales No.: 61.
XIII.3).
Demo{Jraphic aspects of manpower. Report l: Sex
and age patterns of participation in economic activities. 81 pp. {Sales No.: 6l.XIII.4). Published also
in French and Spanish.
Population and food supply. 49 pp. (Sales No.: 62.

D. Special pilot projects

14. The United Nations has collaborated
with a few Governments in carrying out special
national pilot studies on various aspects of
demography. The applicability and usefulness
of the results of these studies extend to other
countries in similar situations. Such pilot projects have been carried out in: Mysore State,
India, on household sample survey methods
to obtain estimates of birth and death rates and
other data for analysis of interrelations of fertility, mortality and factors of economic and
social changes; the Philippines, on demographic
questions pertinent to the national development
plan ; the Sudan, on population growth and
manpower; and the State of Guanabara, Brazil,
for estimating various demographic rates and
measures for a specific population.

E. Concluding remarks
15. It should be emphasized that the contribution of United Nations demographic
activities is to be evaluated not only by the
number of experts sent on advisory missions,
fellowships awarded, national personnel trained,
field studies organized and completed, studies
published, conferences held, etc., but also by
the extent to which these activities serve to
stimulate the interest and participation of
Governments, research institutes and universities, and individuals in demographic studies,
research and training.
SELECTED BIBLIOGRAPHY OF
DEMOGRAPHIC PUBLICATIONS OF THE
UNITED NATIONS
Population Bulletin, No. 1, December 1951, 57 pp.
(Sales No.: 52.XIII.2). Published also in French.
- - - , N o . 2, October 1952. 79 pp. (Sales No.:
52.XIII.4). Published also in French.
- - - , No. 3, October 1953. 70 pp. (Sales No.: 53.
XIII.8). Published also in French.
- - - . , No.4, December 1954. 40 pp. (Sales No.:
55.XIII.l). Published also in French.
- - - , No. 5, July 1956. 61 pp. (Sales No.: 56.
XIII.4). Published also in French.

1.22).

Guanabara demographic pilot survey. 77 pp. (No. 35)
(Sales No.: 64.XIII.3). Published also in French.
Population growth and manpower in the Sudan.
150 pp. (No. 37) (Sales No.: 64.XIII.5).
FUTURE POPULATION ESTIMATES

The future growth of world population. 75 pp. (Sales
No.; 58.XIII.2). Published also in French and
Spanish.
REGIONAL REPORTS GIVING PROJECTIONS BY SEX AND
AGE FOR INDIVIDUAL COUNTRIES

The population of Central America {including Mez,._
co), 1950-1980. 84 pp. (report I) (Sales No.: 54.
XIII.3). Published also in Spanish.
The population of South America, 1950-1980. 139 pp.
(report II) (Sales No.: 55.XIII.4). Published also
in Spanish.
The population of South-East Asia (including Ceylon
and China: Taiwan), 1950-1980. 166 pp. (report
III) (Sales No.: 59.XIII.2). Published also in
French.
The population of Asia and the Far East, 1950·1980.
110 pp. (report IV) (Sales No.: 59.XIII.3). Published also in French.
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REPoRTS ON METHODS OF DEMOGRAPHIC ANALYSIS

MISCELLANEOUS DE:!.l(")(;ILU"BIC PUBLICATIONS

Methods of estimating total population for current
dates. 45 pp. (manual I) (Sales No.: 52.XIII.5).
Published also in French and Spanish.
Methods of appraisal of quality of basic data for population estimates. 67 pp. {manual II) (Sales No.:
56.XIII.2). Published also in French and Spanish.
Methods for popul<Jtion projections by sex and age.
81 pp. (manual III) (Sales No.: 56.XIII.3). Published also in French and Spanish.
Age and ses patterns of mortality, model life tables
for under-developed countries. 28 pp. (Sales No.:
55.XIII.9). Published also in French and Spanish.

Multliingual demographic dictionary. 77 pp. Index

(Sales No.: 58.XIII.4). Published also in French
and Spanish.
National programmes of analysis of population census
data as an aid to planning and policy tnaking.
67 pp. (No. 36) (Sales No.: 64.XIII.4). Published
also in French and Spanish.
General principles for n-ational programmes of population projections as aids to development planning.

60 pp. (Sales No.: 65.XIII.2). Published also in
French and Spanish.

The teaching of demography in Indian universities

A.

GEORGE

INTRODUCTION

1. The teaching of demography in Indian
universities originated in the form of courses on
population problems or on vital statistics offered
to students in economics, sociology, mathematics or statistics. Perhaps the slow development of demography as a discipline in the
curriculum of the Indian universities could be
traced to the lack of clarity of the exact relation
between demography and the above-mentioned
branches of knowledge. Of course, there is
nothing surprising in this; even in developed
countries, it is only recently that universities
were able to fix the proper place in the curriculum for demography.
2. The dearth of qualified and well-trained
persons to teach and direct programmes in
demography and the lack of incentives in the
form of scholarships and other financial aids
might be considered two other important factors
in the slow progress of this branch in universities. The best men are naturally not attracted
to the field. A student of good calibre cannot
be attracted without proper financial assistance.
Such incentives have become essential, as
serious demographic studies can be undertaken
only at the post-graduate level and, even there,
preferably by those who already have a
master's degree in some related discipline, when
the student has attained maturity in outlook
and background. Only then can the student
appreciate and pursue research activities. This
is a matter which calls for the immediate attention of the authorities concerned; otherwise,
the teaching of demography in this country will
suffer. Another reason for the small number of
students electing to study demography may be
the relatively few employment opportunities for
trainees in this field.
THE DEVELOPMENT OF UNIVERSITY EDUCATION
IN DEMOGRAPHY IN INDIA

3. The need for properly trained personnel
who could study scientifically the problems
caused by the accelerated growth of population
has been seen, by planners and administrators
alike, as an urgent problem requiring top
priority. In view of the increasing fields of

application and the great demand for demographic studies in a planned economy, it is
only fit and proper that demography should be
given due recognition and proper encouragement and facilities among courses of studies.
Therefore, it is definitely time for the universities of India, as seats of learning and centres
for disseminating knowledge, to bestow more
attention on the discipline of demography by
giving the subject its rightful place, both in
teaching and in research.
4. At the undergraduate level, only basic
ideas regarding vital statistics and elementary
notions of population theories are taught as
population problems. But the same type of
course for students in statistics usually includes,
in addition, statistical measures of fertility and
mortality, together with elementary concepts of
life tables. Medical and public health undergraduates also have to undergo some similar
elementary courses in vital statistics.
5. At the post-graduate level, demography
has been receiving slightly more attention,
though no university in India has recognized
its proper place in the scheme of academic
studies. It has been included as a paper or as
part of a paper for the post-graduate degree
examinations in statistics, sociology and economics of most of the Indian universities for
more than a decade. Details are given in annex
II. Among Indian universities, Kerala has been
a pioneer in its efforts to give due recognition
to demography. The Kerala University has
begun, in the Department of Statistics, a demographic research and training programme
leading to the degree of Master of Arts and
to that of Doctor of Philosophy. Details of these
courses are given in annex I.
DEMOGRAPHIC STUDIES IN THE UNIVERSITY OF
KERALA

6. The interest shown by Professor U. S.
Nair in demographic studies since the inception
of the Department of Statistics in the University has aroused interest in many others, and
under his guidance, research workers in the
department have taken up a number of studies
in the subject. This has led to the sanction by
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the University Grants Commission of a demographic section as a development scheme of the
Umversity's Department of Statistics during
the Second Five-Year Plan (1956-1961). A
demographic section concerned with research
and training in demography was initiated in
1961; the unit immediately undertook a tribal
survey connected with the 1961 census.
7. Regular courses in demography, leading
to a Master's degree, were begun in 1963 for
the first time in an Indian university, when
the Department of Statistics established a unit
for the imparting of instruction and the
carrying out of research programmes in demography. A field-survey research unit also forms
part of this establishment. The staff of the unit
consists of a reader, a lecturer, two research
assistants, four technical assistants and six
field investigators.
8. Considering the advanced level of the
courses offered in this programme, only those
holding a Master of Arts or Master of Science
degree in mathematics, statistics, economics,
sociology, psychology or related fields are
considered eligible for admission to the courses.
Students who have not had mathematics at the
Bachelor of Arts or Bachelor of Science level
are required to take a special course in
mathematics and to pass a test conducted by
the Department of Statistics before they can
be admitted to the Master of Science (Previous) Examination. Active participation by
the students in an ongoing research project is
an integral part of the training..
9. During the first year, the students are
given intensive training in the substantive field
of demography, as well as in research methods,
including statistical techniques (with special
reference to population studies), so that they
may acquire the necessary technical competence.
They also get thorough training in field research methods through active participation in
the design and analysis of a major project undertaken by the department. Courses in other
disciplines, such as sociology, economics, human
genetics, physiology and social psychology, are
also offered so as to
'de a broad background for the study.
major part of the
student's time during the second year is
devoted to the preparation of his thesis.
10. The Population Studies Center, University of Michigan, Ann Arbor, Michi~n
(United States of America), the Populat1on
Council (United States of America), and the
United States Bureau of the Census, have
helped in obtaining the hooks required for the
research and training programme in demography, free of cost. During July-August 1964,
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the department had a visiting professor of
demography from the United States.
RESEARCH ACTIVITIES

11. An important feature of the demographic research and training scheme of the
university is its close association with a family
planning communication research programme
functioning within the Department of Statistics since its inception in 1962. But for the
zest and untiring efforts of the late Dr. K. C.
K. E. Raja, then Vice-Chancellor of the
University of Kerala, the project, with the
objective of popularizing family planning
among selected segments of the population,
would not have materialized. He was also very
insistent that the project should function as a
part of the Department of Statistics. The
intensive educational phase of the project was
over by the end of 1964, and a well-planned
evaluation study of the project is in progress.
It is intended and hoped that the research
studies pertaining to the target population of
the family planning project will he timely and
useful for those concerned with the family
planning action programme.
12. A vital statistics and house-listing
survey in the action areas of the family planning
communication research project was completed
during September-October 1964. One of the
major objectives of the survey was to have a
fresh and complete listing of the area so as to
furnish a minimum an1ount of required in·
formation on household composition. A second
purpose was the collection of birth and death
statistics occurring in the area during the
twelve-month period prior to September 1964.
The analysis of this data is nearing completion
and it is expected that the results can be
compared with the figures filed by the field
assistants of the family planning communication
research project. It should be mentioned that
these field assistants are aided by local infor~
mants in the collection of data on vital events,
more or less on a current basis, which certainly is a new experimental method of collecting current vital statistics. The matching
study is expected to throw considerable light
on the relative effectiveness of the new pro-cedure for collection of vital statistics.
13. To facilitate future sampling work, to
provide for effective organization of field
surveys and to assist in locating sample households, the enumerators prepared maps of the
areas showing sufficient details, along with their
complete listing of households.
14. A major survey on family building patterns was completed during 1963-1964, and
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must maintain its contacts with such related
disciplines as economics and sociology.

the report of the study will be published shortly.
The students working for their Master's degree
actively participate in laying out the objectives,
framing the questionnaire, conducting the pretests and carrying out other tasks connected
with the surveys.
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CONCLUSION

15. An attempt has been made in this paper
to trace the developments in demography as a
course of study and research in Indian universities. In spite of the efforts of experts and
authorities, progress has been disappointingly
slow. Among the universities in India, Kerala
University has taken a leading role, not only
in establishing a course of studies leading to
the degree of Master of Science, but also in
initiating a number of research programmes in
demography.
16. In view of the extensive facilities, such
as properly trained personnel, well-equipped
laboratories with desk calculators and advanced
books and journals covering related areas,
the Department of Statistics in the University
would be the proper place to establish such a
demographic unit, even though demography

D. V. Glass, ed., "The university teaching of social
sciences", Demography (Paris, UNESCO, 1958).

ANNEX I
Description of course in demography leading to
degree of Master of Science, University of Kerala
Only candidates possessing a Master's degree in
mathematics, statistics, sociology, economics, anthropology, psychology or social psychology are eligible
for admission to the two-year programme in demography leading to the degree of Master of Science.
Those who did not study mathematics at the level of
Bachelor of Arts or Bachelor of Science will have to
take a special course in mathematics and pass a test
conducted by the department during the first year.
Promotion to the second year will be made on the
basis of an assessment of the performance during the
first year, according to the following schedule:

Table 1
ScHEDULE OF FIRST-YEAR COURSES

Duration of
lectures
(in

Paper I. Population problems ....
Paper II. Techniques in demographic analysis ............
Paper III. (a) Statistics; (b) survey
research methods ....
Paper IV. (a) Sociology; (b) social
psychology; (c) eoo·
nomics; (d) human
genetics; (e) Phy·
siology . . . . . . . . . . . .

Duration of
examinations
(in hours)

Maximum
mark

124

3

100

124

3

100

124

3

100

3

100

ho~<rs)

31

+ 31 + 31

+ 16+ 15=

124
Sessional
performance
(theory and practical).
Participation in field re·
search ............. .
During the second year, the candidate will devote
most of his time to the preparation of his thesis. The
assessment during the second year will be made according to the following scheme :
(a) Thesis, 300;
(b) Seminar, 100;

100
100
(c) Participation in field research, 100;

(d) Viva t'oce, 100.
The final placement of the student will be on the
basis of his over-all performance during the two years.
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ANNEX II
Table 2
DEMOGRAPHY COURSES GIVEN IN INDIAN UNIVER.SITIES

Pest-graduate level

Undergraduate level

Syllabu

Agra ...... .

M.Stat.
M.Sc.(Stat.)

Optional- demography a
Optional -vital statistics and population
studies a

Allahabad .. .

M.A.(Econ.)

Compulsory-population problemsa

Annamalai ....... .

M.Sc.(Stat.)

Optional-demography and population
studies a
Compulsory -economics and vital statistics b
Optional- population problems with special reference to India a

Aligarh . . . . . . . . . . . B.A./B.Sc.

Vital statistics

M.A.(Soc.)
Banaras .. .

M.A.(Econ.)

Elementary a

Baroda .. .

B.A.(Stat.)

Elementary b

M.A.(Econ.)

Elementary b

Bhagalpur

M.Sc.(Stat.)

Compulsory- elementary b

Bombay .......... .

M.Sc.(Stat.)
M.A.(Econ.)
M.A.(Soc.)

Optional- elementary b
Optional- advanced a
Compulsory -elementary b

Calcutta

M.Sc.(Stat.)
M.A.(Econ.)

Compulsory- elementary
Optional- vital statistics a

Delhi .......

M.A.(Soc.)
M.Sc.(Stat)

Optional- elementary b
Optional- vital statistics and demography a

Gorakhpur

M.A.(Econ.)
M.A.(Soc.)

Optional- population studies a
Optional - social demography a

Gujarat ..... .

M.Com.
M.A.(Econ.)

Optional -elementary a
Optional -demography a

Jabalpur

M.A.(Econ.)

Optional - df'.mography and vital statistics a

Jadavpur

M.Sc.(Stat.)
M.A.(Appl.
Eeon.)

Optional -elementary b
Optional - elementary b

Jammu and Kashmir

M.A.(Econ.)

Optional- elementary b

Karnataka ....... .

M.Sc.(Stat.)
M.A.(Soc.)

Optional- elementary a
Compulsory- elementary b

Kerala ............ B.A.(Econ.)
B.Sc.(Stat.)

Elementary b
Compulsory
Elementary b

Compulsory- elementary b
M.Sc.(Stat.)
M.Sc.(Demo.)

Kurukshetra ...... B.A.(Econ.)
Lucknow

Elementary b

Madras . . . . .. . . . . B.Sc.

Elementary b

M.A.(Econ.)
M.Sc.(Stat.)
.M.A.{Soc.)
M.Sc.(Stat.)
M.A.(Econ.)

Compulsory -elementary b
Economics and vital statistics b
Social demography a
Demography and population studies (not
teaching)b
Elementary b
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Undergraduate level
University

..........
Punjab ...........
Patna .............

Mysore

Degree

Syllabus

~

Post-graduate level
Degree

Syllabus

M.Sc.(Stat.)

Elementary b

M.A.(Soc.)

Optional- social demography a

B.A.(Econ.)

Elementary b

M.A.(Econ.}
M.Sc.(Stat.)

Elementary b
Actuarial and vital statistics b

B.A./B.Sc.

Elementary b

M.Sc.(Stat.)

Optional (not teaching}•

Rajasthan

M.Sc.(Stat.)
M.A.(Econ.)
M.A.(Soc.)

Compulsory- elementary b
Optional (not teaching)
Optional- elementary b

Ranchi ............

M.A.(Econ.)

Optional (not teaching)b

S. V. Vidyapeeth ...

M.A.(Econ.)

Optional

advanced•

Saugar ... . .. .. .. .

M.A.(Econ.)

Optional

elementary

S. N. D. T. women.

M.A.(Econ.)
M.A.(Soc.)

Optional -elementary a
Compulsory - elementary b

Poona

............

Vikram ........... B.Sc.(Stat.)
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Elementary

" Full paper for post-graduate degree examination.
b Part of a paper for post-graduate degree examination.
NOTE. Elementary courses cover the study of birth rates, death rates, life-tables, measurements of fertility, gross and net reproduction rates, population growth, population projection, etc.

Problems of recruitment and training of personnel for demographic
training and research in Pakistan
MUHAMMAD KHALID HAYAT

1. Demography has not yet been given
as a separate discipline in the social
sciences. In most countries of the world
persons trained as economists, sociologists and
statisticians have taken up research in this field
because the problem in which they were
interested had some direct bearing on the
growth, decay, or other characteristics of the
population. In this respect, Pakistan presents
no exception to the general world picture.
Almost all the demographers in Pakistan are
drawn from the fields of economics, sociology,
or statistics. With the positive attitude of the
Government towards population welfare programmes, popularly known as social welfare
programmes, the biologists, particularly those
in the medical profession, have also been
attracted to the field of demography.
2. It is pertinent to discuss briefly the
history of growth of demographic training and
research in Pakistan. When Pakistan came
into existence in 1947, economics and
geography were the only disciplines among the
social sciences which touched upon certain
aspects of the study of population. Students of
economics studied the growth of the labour
force, the problems encountered in industrialization and the growth of population and its
repercussion on the development programmes
of the country, while students of geography
studied the spatial distribution of population
and, to some extent, the problem of urbanization. The next subject that introduced the
training in certain demographic techniques was
statistics. The methods of calculating a few
vital rates formed a part of the general course
offered, while an advanced course in certain
techniques, sometimes known as "vital statistics" and at other times as "demographic
statistics" or "demographics", also was available. With the introduction of the subject of
sociology at the post-graduate level, the field
of population study was touched upon under
the topic of social problems. Although the
university curricula offered the option of population study, many students preferred to select
other fields which promised jobs after they
obtained their Master's degrees.
r~cognition

KHAN

3. The need for trained demographers was
emphasized for the first time by the National
Planning Board of Pakistan. The following
section appeared in the First Five-Year Plan:
"There is need for scholarly research in
at least two universities, one in each Wing,
into questions of growth and change in the
population and labour force. This is a
difficult field, requiring the services of
skilled mathematicians, statisticians and social
scientists, and it may be desirable to obtain
in the beginning the advisory services of
specialists from abroad. We commend this
problem to the attention of the universities
and urge early action as a part of the process
of developing their research programmes".1
4. In spite of this recommendation of the
Planning Board, it was not feasible for different universities in Pakistan to implement
such a programme. The field of population
studies cuts across a number of well-recognized
disciplines and it is not possible for any one
discipline to introduce courses covering various
aspects of demography. The universities have
felt all along that the more acute need was to
remove deficiencies in the fields already existing and to strengthen the teaching programmes
by suitably augmenting the staff, both quantitatively and qualitatively. This has left little
leeway for the introduction of new disciplines,
owing primarily to the limited resources, but
owing also to inertia.
5. In 1959, the Social Sciences Research
Centre was established by the University of the
Punjab with the financial assistance of the Asia
Foundation for the purpose of carrying on
research in the demographic, economic and
sociological fields. Another purpose in setting
up such a centre in the university was to train
suitable persons in research methodology.
Incidentally, the first research project undertaken by the Centre fell into the field of
demography; the third and the fourth projects
also belonged to this field. This made the
1 Pakistan, National Planning Board, The First
Five-Year Plan 1955-1960 (Karachi, 1957) chapter 13
section 34, p. 196.
'
'

284

DEMOGRAPHIC RESEARCH AND TRAINING IN DEVELOPING COUNTRIES

Advisory Committee of the Centre realize that
research in demography could be carried out
more effectively only if an adequate number of
persons trained in certain aspects of the subject
were available. Moreover, Field-Marshal
Mohammad Ayub Khan, the President of Pakistan, laid a great deal of stress in his speeches
on the population problem facing the country.
An extract from one of his speeches is reproduced below :
"Scientific research in hygiene and health
has resulted in a much higher expectancy of
life and given relief to physical misery, but
this has brought in its wake a host of
pressing problems we have to contend with
and find an answer for. And these problems
are particularly acute for the under-developed
countries of the East like ours.
"I am referring to the enormous increase
in their population and the ever-increasing
food shortage, poverty and sociological
stresses associated with it. All these have got
to receive the attention they deserve from the
various sectors of study in the natural and
social sciences. I earnestly hope that we will
be doing all this and doing this with the
requisite sense of urgency". 2
The Planning Commission of Pakistan laid
great stress not only on the population problem
and population policy, but also on population
statistics and demographic analysis :
"Since population growth can threaten to
wipe out the gains of development, the Plan
dearly recognized the paramount need for
a conscious population policy and its implementation. A population policy must take
into account many implications of population
growth for other aspects of planning....
"It will be necessary, during the Plan
period, to take effective steps to overcome the
present limitations of population data, vital
statistics, and demographic analysis ...." 3
As the Social Sciences Research Centre had
been established for an interdisciplinary approach to the study of social problems, it was
considered a suitable department of the Punjab
University for the initiation of a training
programme in demography. Consequently, a
training programme was begun in 1961 with a
grant from the Population Council, New York
City, United States of America. For the first
two years, the Population Council also provided
2 The Family Planning Association of Pakistan,
Knowledge of and Attitudes Towards Family Planlting (Lahore, 1961).
3 Pakistan, Planning Commission, The Second FiveYear Plan 1960-1965 (Karachi, 1960), chapter 13,
sections 10 and 13, pp. 334-335.
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a professor to assist in various aspects of the
training programme.
6. The training course conducted at the
Social Sciences Research Centre is an evening
course extending over eleven months, and its
successful completion entitles the candidate to
receive the Post-graduate Diploma in Demography. Primarily, persons possessing a
Master's degree in one of the social science
subjects, or in statistics or mathematics, are
given admission to this course, but other suitable graduates who are interested in population
studies are also admitted. One quarter of the
course consists of basic demographic techniques; another quarter constitutes substantive
demography; elementary principles of economics, rudiments of sociology, and basic statistical techniques each form one twelfth of the
course; social research methods constitute one
sixteenth; and the remaining credit of three
sixteenths of the course is covered by the
research report.
7. During the first eight months of the
course, the students attend twelve hours of
lectures during each week, besides the reading
assignments and practical work. Excluding the
vacations, there are thirty-two weeks available
for this period of training. The students then
take their final examinations in technical demography, substantive demography, economics,
sociology, statistics and research methods. The
remaining period of about two and one-half
months is spent on research, at the end of
which the student submits a research report on
an approved topic in the field of demography
and then .takes the oral examination in which
he is expected to defend his report.
8. As the Social Sciences Research Centre
of the University of the Punjab is the only
institute in Pakistan which provides a wellrounded training programme in demography,
although it has had only limited experience of
training in this field extending over the last
three academic years, the remainder of this
paper is based on the Centre's experience.
9. The first year this course was offered,
eleven persons were admitted to the programme. Of these, nine had a Master of Arts degree
(seven in statistics and two in sociology) ; one
held a Bachelor of Arts degree in mathematics
with a post-graduate diploma in statistics; one
was a graduate in economics. Of those with a
Master's degree, two (one each in sociology
and statistics) left for higher studies abroad
before completing the course; another (in statistics) left the course after the first quarter
because he found it difficult to devote enough
time to study. The graduate in mathematics
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fell ill and could not take the examination. Of
the seven who completed the course, five were
declared successful. Four of these had a Master's degree in statistics and the other had a
Master's degree in sociology.
10. During the second year, eight students
-all of whom had a Master's degree-were
admitted to the programme. Of these, three
were in statistics, two in sociology, one in
social work, one in geographv, and one in
mathematics. After the first quarter, four
students (two in sociology, one in social work
and one in geography) left the course because
they found it difficult to allocate enough time
for the work involved. Of the four who completed the course and took the examination,
three were successful. Two of these had a
degree in statistics and one had a degree in
mathematics.
11. During the third year, eight students
with a Master's degree (three in statistics,
three in sociology, one in economics and one
in geography) were admitted. Three students
(one each in economics, geography and sociology) left after the first quarter as they could
not find enough time for study. Another student with a degree in statistics left after the
second
er because he obtained a position
outside
hore. Thus, four students completed
the course. However, only three of them took
the examination ; all three were successful.
Two of these had a degree in statistics and
one had a degree in sociology.
12. To summarize, over the three-year
period only eleven students-all of whom had
a Master's degree-qualified for the Diploma
in Demography. Eight of these had their
degree in statistics, two in sociology and one
in mathematics. Nine of them were men and
.two were women. Both women had a degree
in sociology.
13. Generally, persons who register for
training in demography have had their previous training in different fields of social
science, e.g~. economics, geography, social
work, sociology,· or statistics. More often than
not, such persons have not studied mathematics beyond secondary school level and, in some
cases, not even up to that level. In taking up
the study of these disciplines at college and
university levels, they usually selected areas of
these. disciplines for which the quantitative
approach was not considered essential; they
were satisfied with a descriptive or qualitative
approach to the areas they had chosen for
study. Although they come to study demography because their interest in population problems has been aroused by their previous
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studies in economics, geography, social work
or sociology, they suddenly fiud themselves
confronted with a quantitative approach to the
subject of study and this seems very difficult
for them.
14. Another genuine complaint of the student is the scarcity of suitably graded books
and research papers in the field of demography
and allied fields.
15. As stated above, academic training in
demography has not yet received so much
attention as training in other fields of social
science. In fact, professors in the social sciences
would not like to recognize demography as a
separate discipline. Moreover, a one~year course
for this diploma is generally considered to be
a fairly difficult evening course. As these diplomas are not considered as important as degrees
by all the government departments, the students
do not feel that their efforts for qualifying for
such a diploma will be adequately rewarded.
They would prefer to undertake a longer
period of training to obtain a Master of Arts
degree, rather than to receive a diploma after
a shorter period. Even those who have qualified for the Diploma would like to take a
course leading to a Master's degree, if one
were offered.
16. As is apparent from the foregoing paragraphs, most of the students who took this
course already possessed a Master's degree. In
two cases, the students possessed two Master's
degrees. As good job opportunities are rather
scarce, many of them leave the course when
the demands o£ a good job conflict with giving
their whole-hearted attention to such a course.
Continuing to work for the diploma and giving
up the opportunity of a suitable job would be
a very great sacrifice for them to make, particularly when the need for trained demographers is not being given due recognition. Therefore, it becomes imperative that incentive
should he given in the form of grants of fellowships/scholarships, covering the cost of tuition,
boarding, lodging and the other expenses involved in the training. In the developing coun- .
tries, this may amount to the equivalent of
$US 80 per month. Moreover, unless more
research jobs in the field of population become
available, the persons who receive this training
may not necessarily be absorbed into suitable
jobs. It may be desirable for the Planning
Commission, the Central Statistical Office, the
Census Office and the offices of health departments to utilize the services of trained demographers in different fields.
17. Although nuclei for demographic research exist in the country, namely, at the
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Institute of Development Economics, Karachi,
and at the Social Sciences Research Centre,
University of the Punjab, Lahore, the number
of trained personnel that can be absorbed is
extremely meagre. As due importance is not
being given to training in demography, pseudodemographers who know little about population
problems thrive and do more harm than good
to the cause of demography. In a recent survey
conducted by the Social Sciences Research
Centre, it was brought out that social research
is the most poorly paid profession among the
various types of research carried out in the
country. Unless attractive job opportunities for
qualified demographers are made available, it
may be difficult for them to adopt demographic
research as a profession and the research done
by pseudo-demographers is apt to continue to
be of low quality.
18. Social research is a costly business in
the developing countries. Demographic research
is still more costly if good results are to be
achieved. For interviewing women, the cultural
pattern necessitates the employment of mature
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women as interviewers. Trained female interviewers available for carrying out survey work
are scarce. Very often women cannot stay in
rural areas and transportation becomes a costly
problem. After the persons trained in field
work are discharged, they are not again available for such work. In this manner, a prog-ramme of research becomes still more costly,
as on each occasion fresh persons receive
training as interviewers and by the time they
have acquired enough experience, the particular programme of interviewing is completed.
In addition to the financial loss entailed in
training the persons for each survey, the quality of the work is also adversely affected. The
quality can be improved only if a continuous
programme of demographic research is evolved
to retain the services of properly trained, talented persons.
19. To sum up, the problem is not only that
of attracting suitable persons to be trained in
demography, but also that of adequately utilizing the services of such trained persons.

International co-operation in the setting up of the Regional Centre
for Demographic Training and Research, Cairo

M. S.

KHODARY

BASIC CONSIDERATIONS

1. Since the Second World War, interest
in the field of population problems has been
mounting in many countries of the world.
2. Furthermore, developing countries are
currently aware of a pressing need for population studies, mainly because economic and social
development plans in these countries are being
hampered by population pressure, owing
primarily to high fertility and declining mortality rates.
S. Although population pressure in Africa
is not-generally speaking-as acute as it
is in some other regions of the world, per
capita income in Africa is much too low, owing
mainly to the lack of investment funds and a
properly trained labour force, and to the prevalence of a subsistence economy coupled with
social traditions that hamper economic progress.
4. Developing countries in general, and
African countries in particular, suffer from
serious deficiencies in
statistics.
Furthermore, technicians in
eld of demography are rare or non-existent.
5. The usefulness of foreign experts sent by
the United Nations and other agencies to
African countries is limited by three principal
factors, namely :
(a) The language barrier, which makes it
difficult for the expert to make use of data
available only in the local l
e and limits
his ability to train local staff w
o not understand his language ;
(b) Lack of well-qualified
suiting from the scarcity of
graduates, in general, and statisticians or economists in particular. Such graduates usually
hold responsible posts in government service
and cannot be released from their jobs to be
trained by the experts ;
(c) Scarcity of demographic and related
data. With few exceptions, African countries
have not taken more than one census, if any.
In most of them, vital statistics are available
only for limited parts of the country and, on

the whole, available data are unreliable. Faced
with such problems, the expert usually resorts
to intelligent guess-work and the adoption of
models which may not be adequate or convincing to policy-makers in the country concerned, especially if one takes into consideration
that politicians are not expected to appreciate
or fully understand the assumptions upon
which the demographer relies in arriving at
his estimates. It should be noted that in many
African countries, economic statistics also are
lacking and this, in turn, makes any studies
pertaining to interrelationships between demographic variables and socio-economic variables
rather difficult.
SETTING UP OF THE NORTH AFRICAN DE'MOGRAPHrc CENTRE

6. Improving the standard of living of the
peoples of the world is one of the aims of the
United Nations. To achieve that end, the
United Nations has to assume certain responsibilities in respect to population problems,
which can never be divorced from economic
and social development plans. It also should
be noted that world population growth poses
a serious problem that cannot be tackled without sincere intemational co-operation.
7. At the time of the establishment of the
Population Commission in 1946, the Economic
and Social Council could not have foreseen the
developments in world population growth that
were to follow. The terms of reference of the
Commission, as approved by the Economic and
Social Council in its resolution lSO(VII),
were as follows:
"The Population Commission shall arrange for studies and advise the Economic
and Social Council on :
" (a) The size and structure of populations and the changes therein ;
" (b) The interplay of demographic factors and economic and social factors;
" (c) Policies designed to influence the
size and structure of populations and changes
therein;
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" (d) Any other demographic questions
on which either the principal or the subsidiary organs of the United Nations or the
specialized agencies may seek advice".
8. In the early years, the Commission was
mainly preoccupied with the development and
international compilation of demographic statistics. At its fifth session, in 1950, the Commission strongly recommended technical assistance
in the demographic field for developing countries. At the sixth session, regional seminars
on population problems and the organization of
training courses were recommended. At its
ninth session, the Commission viewed with
concern the deficiency of demographic services
in those parts of the world where population
was growing most rapidly. The establishment,
in 1957, of the Chembur Centre in India for
the benefit of countries of Asia and the Far
East and the Centre for Latin America ( CELADE in Santiago, Chile) was noted with
pleasure, and extension of these activities was
also recommended at the ninth session.
9. A United Nations Seminar on Population Problems in Africa was held in Cairo in
1962. The Seminar noted that although much
of Africa appears to be underpopulated, nearly
all African countries suffer from the heavy
strain imposed on their developing economies
by the excessively rapid growth of population.
Discussions brought out the fact that the
demographic statistics of most African countries are inadequate. Furthermore, fundamental population research was lagging behind the
development of demographic statistics in Africa.
10. The establishment of subregional centres for demographic research and training was
recognized by the Seminar as an adequate
means of pooling technical resources in order
to overcome difficulties resulting from the
scarcity of trained personnel and other resources.
11. During the Seminar, it was announced
that negotiations had been successfully concluded between the Government of the United
Arab Republic and the United Nations for the
establishment of a subregional demographic
centre in Cairo.
12. The agreement was finally signed in
February 1963, and the training course began
in November 1963.
13. According to the agreement, the United
Nations provides the services of the director
of the centre and the services of one demographer, as well as fellowships for trainees from
the countries of the subregion (Algeria, Libya,
Morocco, the Sudan and Tunisia). In addition,
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fellowships are made available for trainees
from the Arab States of the Middle East. The
United Nations agreed also to provide the cost
of consultants' fees, technical books, journals,
teaching material and equipment.
14. The Government of the United Arab
Republic undertakes to provide the necessary
premises, furniture, office equipment, supplies,
the services of three full-time experts (in addition to part-time experts), stipends for trainees from the United Arab Republic and the
funds for the training of the necessary clerical
staff.
AcHIEVEMENTS AND PROBLEMS

15. The programme of training and research
was formulated with assistance from the Secretariat of the United Nations Economic
Commission for Africa (ECA). The training
curriculum includes technical demography, substantive demography, elementary mathematics
and statistics, sociology and methods of social
research, economics, human genetics, physiology of reproduction and family planning. The
research programme for 1963-1965 included
studies on fertility, on mortality and morbidity,
and on internal migration and urbanization, an
assessment of the quality of basic data and
studies of demographic problems of social and
economic development and other studies, such
as projection of population.
16. The original plan envisaged a shortterm training programme for six months and a
long-term programme for twelve months. Subsequently, the basic training course was planned
for twelve months. This is considered the minimum time for training university graduates in
demography, technical and substantive.
17. The programme was also reviewed and
amended accordingly. Practical application of
demographic techniques and analysis of demographic data have been emphasized in the form
of adequate laboratory exercises. During the
latter half of the training year, trainees are
expected to embark on a term paper under the
supervision of the staff or, alternatively, to
receive on-the-job training by taking part in
the research activities of the Centre.
18. In its first year, the Centre was prevented by diverse problems from carrying out
research work aside from the term papers of
trainees. Initially, the Government of the
United Arab Republic could only provide the
services of two full-time experts, instead of
three.
19. Among the basic problems is the scarcity of expert knowledge in the field of demography in the subregion, mainly because demo-
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graphy is not adequately dealt with in local
universities. The few available demographic
experts in the United Arab Republic cannot
be released to take part in the Centre's activities, even on a part-time basis in some cases.
Financial remuneration for such experts is
insufficient to procure first-class experts from
abroad. At the same time, foreign experts can
only be of limited use for training purposes
unless training is carried out in English, which
limits opportunities for training in the countries under discussion. However, foreign
experts are necessary for carrying out research
programmes, at least in the near future.
20. The scarcity of suitable trainees is
another basic problem in the subregion. With
the exception of a few countries, qualified graduates are scarce, and they usually hold responsible jobs and cannot be released for training.
The Centre is faced with the problem of
training persons who do not have adequate
university education. Furthermore, a few of
the trainees have no experience, since they are
recruited from among newly appointed government officials. It suffices to mention that the
simple handling of statistical data poses a
problem for some of the trainees.
21. The scarcity of textbooks in Arabic,
coupled with the inability of some students to
refer to books and publications in a foreign
language, poses a serious problem. It should
be recognized that graduating from the Centre
without the ability to supplement and substantiate such training with continuous reading in
the field cannot be considered adequate training
for demographers who are expected to take an
active part in the formulation of policies in
their own countries.
22. The training of such a diverse group of
persons with different levels of education
(some of them have to be trained in elementary mathematics and statistics) consumes most
of the time of local and foreign experts· and
limits the scope of training in techniques. Thus,
little time is left for the experts to embark on
their own research or that of the Centre.
23. The Centre has not yet been able to
collect all relevant demographic data from
countries of the region, although a start has
been made. In this respect, ECA may play a
useful role in substantiating the Centre's efforts
to obtain up-to-date information and research
carried out in the field of demography.
FIELDS FOR FUTURE INTERNATIONAL
co-OPERATION

. 24. The scope, quality and coverage of
demographic data in countries of the subregion
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are not satisfactory. International co-operation
could contribute a great deal towards filling
in gaps and improving quality through the initiation of field surveys. The Centre should take
part in such fields of activity. A programme
should be drawn up by the Centre with the
assistance of ECA, the United Nations Statis·
tical Office and any other competent agencies.
25. In spite of the progress made thus far
by the Population Commission in the fields of
studies, manuals and conference or seminar
proceedings, there is still much to be done in
methodology for tackling incomplete and inaccurate demographic data, with a view to estimating true population parameters. A sizable
extension in the field is indicated and would
be of great help to developing countries. Emphasis should be given to simplified techniques
that have direct operational uses.
26. Textbooks and special topics in demography should be made available in as many
languages as possible through international cooperation. The same applies to manuals and
methodological work. Demographic centres
should co-operate among themselves and with
other interested agencies in preparing a variety
of training manuals in local languages. Practical examples, preferably utilizing local data,
should be dealt with at length in such manuals.
Thus, research in the field of demography
would not be limited only to those who can
read English andjor French.
27. Since training in demographic centres
will not be fruitful unless it is substantiated by
subsequent extensive reading, it may be use~
ful, currently, to limit training to those who
know English or French until reading materials are made available in local languages.
Much time may be gained if trainees are selected from those who have mastered elementary mathematics, at least up to matriculation
level. It is also preferable to select trainees
with previous adequate e.xperience in the field.
of statistics, economics or sociology. The problem of· selection of trainees may be one of the
topics that directors of demographic centres
would deal with, taking past experience of their
centres into consideration. Furthermore, local
universities should be encouraged by international agencies to train graduates in the field
of demography.
28. The existing staff of demographic centres is not adequate to cope with training and
research problems effectively. More full~time
experts should be recruited, and local experts
from all countries of the region served should
be offered adequate incentives to collaborate
with these centres. In the absence of regular
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university courses in demography locally, trainees should be encouraged, through fellowships abroad and generous local research
grants, to build up their knowledge in demography. In future, such an approach would
partially solve the problem of scarce technical
personnel.
29. Periodic meetings of the staff of demographic centres should be encouraged to exchange experiences, with a view to modifying
programmes in order to improve the standard
of training and research work.
30. It may be useful to experiment with the
idea of mobile demographic centres. Transporting the staff of a demographic centre into
another country of the region to give a short
training course in demography to planners,
statisticians and economists of that country may
be the best approach for serving the countries
where university graduates are scarce and can-
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not be spared for the period of training outside their countries.
31. Governments of countries of the region
should be notified of the research programme
of the demographic centre. Comments should
be encouraged. The idea of a mobile centre may
be helpful in acquainting government officials
in each host country with the possible fields of
demographic research. Research having direct
operational application would undoubtedly be
of great value in convincing politicians and
policy-makers of the direct utility of demographic research. Hence, it may be appropriate
for demographic centres to devote a large part
of available resources to point out and help in
the type of demographic research needed to
forecast necessary investments in education,
housing, communications, etc. Demographic
centres should also take part in providing
basic data for a population policy for the countries of the region and should take part, when
requested, in research in family planning.

The Latin American Demographic Centre: an experience in international
co-operation for training, research and technical assistance in demography
CARMEN

!.

REASONS WHICH JUSTIFI'ED THE ESTABLISHMENT OF THE CENTRE

1. The growing concern for the economic
and social conditions of the developing countries has called attention to the importance of
an adequate evaluation of those conditions and
to the need for development programmes as
initial steps in the search for measures intended
to raise the levels of living in those countries.
2. If, as has been widely accepted, demographic trends and their consequences have a
decisive influence upon the economic and social
conditions of a given area, knowledge about
the size, rate of growth and composition of the
population is a prerequisite to planning and
action programmes. This is even more important in the case of Latin America, with the
highest demographic growth rate ever recorded
and with wide-spread urbanization.
3. Unfortunately, the study of population
problems was until rather recently inadequate
or non-existent in most of the Latin American
countries, in spite of the availability of demographic data of an acceptable quality. Lack of
personnel capable of undertaking demographic
analysis and research has been one of the main
reasons advanced to explain the absence of
population studies.

II.

EsTABLISHMENT OF THE CENTRE

4. Considering this adverse situation, typi~
cal of other developing areas of the world, and
recognizing the urgent need to quantify and
qualify the impact of demogr · growth in
these areas, the Economic an
ial Council
deemed it advisable to extend the benefits of
United Nations technical assistance to the field
of demography. This is why, in May 1955, it
adopted resolution 571 (XIX) requesting the
Secretary-General to study the possibilities of
establishing regional centres in these areas, for
the study of their population problems and the
training of personnel specialized in demographic analysis. This initiative,. favourably received by Governments and mterested organizations, led, in the case of Latin America, to

A.

MIRO

the conclusion in August 1957 of an agreement between the United Nations and the
Government of Chile on the provision of technical assistance for the establishment of a Latin
American Demographic Centre (CELADE).
This agreement stipulated that, in principle, it
would remain in force "for a period permitting
the completion of three training courses". It
has, in fact, been extended twice and should
continue in effect until December 1966. An
additional extension for a five-year period with
the financial support of the United Nations
Special Fund is now being considered.

III.

OBJECTIVES TO BE MET

5. The objectives of CELADE were set
forth in the above-mentioned agreement, as
follows : (a) the organization of courses on
techniques of demographic analysis, for the
purpose of training students from Latin American countries and encouraging the establish~
ment o£ similar courses in those countries ;
(b) the initiation of studies on demographic
problems, based on existing sources of information and field-work; (c) the provision of
advisory services on demographic problems for
the benefit of Latin American Governments or
governmental organizations.
6. The activities of CELADE were organized accordingly and in order to fulfil these
objectives efficiently, some other functions have
been added, such as the publication of research
findings and general divulgation of the interaction of demographic growth and economic
and social development.

IV. PROFESSIONAL TRAINING
7. The programme of professional training
is implemented at three levels, namely: (a) a
basic course (first year); (b) an advanced
course (second year) ; and (c) a specialization
course (third year). Research Fellows not formally attached to any course are also admitted
to the Centre, under special circumstances. The
teaching activities very briefly described below
are also conducted outside of the Centre by its
staff.
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A. Basic course

B. Advanced course

8. The seventh basic course was completed
at the end of 1964, having been attended by
ninety-five students from eighteen Latin American countries and from Puerto Rico. This
course is designed to: (a) introduce the Fellow
to the study of demography as a scientific discipline ; (b) familiarize him with the sources
of demographic data and the methods of collection and processing; (c) give him an understanding of the world demographic situation
and perspectives, with special reference to Latin
America; (d) make him conscious of the
meaning and repercussions of past and current
population trends and of the economic and
social consequences of these trends ; (e) teach
him the more fundamental techniques of demographic analysis; and (f) make him aware o£
the practical difficulties of demographic research
by requiring that a short project be prepared
by him.

12. The students who have shown interest,
ability and initiative in the study of population
phenomena have in this course the opportunity
to extend their training for an additional
period of one year, in which they are expected
to attain a broader understanding of the interaction of population growth and economic and
social conditions ; greater competence in handling quantitative data and the ability to
conduct independent research. The main
activities performed in complying with these
objectives are: (a) direct participation in
research ; (b) formal courses ; (c) seminars
and other meetings. The formal courses
include: (a) sampling applied to demography;
(b) matrix analysis applied to demography;
(c) methods of social research ; (d) population
growth and social change (II); (e) economic
development ; and (f) theoretical models of
population (II).

9. For attaining the preceding aims, students are submitted, during a ten-month period,
to a teaching programme divided into three
segments, namely: formal demography and
methodology, demographic aspects of economic
and social development, and applied demographic research. In the segment dealing with
formal demography and methodology, the following subjects are covered: (a) mathematical
and statistical methodology applied to demography; (b) nature, methods and data of demography; (c) world demographic situation and
population trends; (d) population composition;
(e) population distribution ; (f) mortality ;
(g) fertility, reproduction and nuptiality;
(h) fundamental relationships between components of demographic change; ( i) internal migration ; (j) evaluation of demographic data;
and (k) estimates and projections.

13. By the end of 1964, a total of thirtythree students from fifteen Latin American
countries had completed the advanced course.

10. Within the segment dealing with demographic aspects of economic and social development, the students are given courses on:
(a) the economically active population ; (b)
interdependence of economic and demographic
variables; (c) social aspects of demographic
growth and change; and (e) population policy.
11. Under applied research activities, students are exposed to the research projects of
the advanced Fellows and the Centre's staff,
and are also required to execute a brief research project which, in some way, should
reflect the degree of competence acquired by
the student in applying the techniques which
he has learned and in presenting his findings
in adequate form.

C. Specialization course

14. This course is open to students already
having two years of training at CELADE, and
its purpose is that of preparing personnel to
teach specialized courses in demography and
to render technical assistance in demographic
analysis and population studies. Fellows in the
third year of training are actually incorporated
into the Centre's staff and, according to needs,
they are given responsibilities in teaching inside or outside CELADE, in advising secondyear Fellows and in reviewing critically their
research findings. The only formal academic
activities in which these Fellows are engaged
are seminars on readings of demography and
allied subjects. Up to now, six students from
three countries have gone through this type of
training.
D. Research Fellows
15. Facilities also exist for the training in
demographic research of civil servants who
have not taken the basic course, but who have
acquired, either by working or studying in
another institution, some knowledge and experience in demography. In general, these Fellows
have the same duties as the regular advanced
students and, according to their interests, can
participate in some of the activities of the basic
course. Only two Latin Americans (from Costa
Rica and Colombia). have benefited from this
programme.
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RESEARCH

. 16. The research programm~ comprises
~trect field-work, as wel~ a~ analytical exploitatto~ of the demographtc mformation already
available and the development of new techniques of analysis which are applicable to the
type of demographic data available in the countries of the region. In organizing the prog:ramme, the attainment of the following objectives has beet;~ .the .guiding pr!nciple : (a) to
serve as a trammg mstrument 111 demographic
research techniques for the students ; (b) to
provide the population studies needed for the
demo~raphic factor t? be adequately incorporated mto the economtc and social development
programmes; (c) to experiment with new
m~thods of obtaining and analysing demographtc dat;; and to .encourage the compilation of
mformatwn on msufficiently studied phenome':a; and (~) to participate actively in internatwnal semmars and conferences in which
aspects of population trends in Latin America
an: e~amined. In the development of the first
objecttve, more than 170 studies have been
accumulated, many of them of undoubted merit,
which are not only contributing to the increase
of information available on Latin American
population, but also to the development of methodological solutions for analytical problems
related to the type of demographic data available.
17. In fulfilling the second objective, CELADE has been fortunate in being able to
e~ter into c?-operati:'e working agreements
wtth the Umted Natwns Economic Commissio~ for Latin America (ECLA). A series of
prOJ!!Cts has been ~evelope~ for supplying essenttal background mformatwn to the advisory
groups on economic and social planning who
are sent to the various countries of the region
and for investigating demographic matters of
particular interest to ECLA. These studies
include, among others, population projections
for Argentina, Bolivia, Chile, El Salvador,
Mexico, Panama, Peru, Uruguay and Venezuela, man-power analyses for Brazil and Chile
the examination of patterns of populatio~
settlement in Latin America and the geographical distribution of the population of
Brazil and Venezuela.
18. CELADE has placed special emphasis
on the importance of developing methods for
obtaining basic demographic information not
otherwise available. The research programme
has included the following field operations, involving, in most cases, experimentation on
methods of collection applicable to the Latin
American situation: (a) 1959, survey on fer-
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tility. and atti.tudes related to family formation,
Santmgo, Chtle; (b) 1961, experimental demographic survey, Guanabara, Brazil; (c) 1962,
sur.vey on in-migration into greater Santiago,
Chtle; (d) 19~4.-1965, coml?arative fertility
surveys 111 the ctttes of Bogota, Buenos Aires,
Caracas, Mexico, Rio de Janeiro, San Jose and
Panama; (e) 1964-1965, demographic survey,
Cauquenes, Chile ; and (f) rural fertility survey
in Colina, Chile.
19. Following the desire of both ECLA and
C~LADE to ~ontrib?te to th~ study of populatwn trends m Latm Amenca and of their
consequences in the economic and social
spheres, the research programme has provided
for the preparation of documents supplying
background demographic information for the
discussions at various international conferences
and seminars : Some examples are : "A demographic analysis of the educational situation in
Latin America", "Demographic information
required for housing 3;nd programmes with
special reference to Latin America" and
"Urban-Rural patterns of population distribution in Latin America and changes. in this
pattern during the last decades".
VI.

TECHNTCAL ASSISTANCE

20. While all activities carried out by CELADE could properly be classified under the
general heading of technical assistance those
examined here correspond to that part' of the
programme involving collaboration with other
institutions, usually outside the Centre and
very frequently in countries other than Chile.
This collaboration has taken diverse forms,
namely:
(a) Direct technical assistance on the spot
with regard to:
(i) Questions to be included in the population censuses and the best means of
exploiting them analyticaHy;
(ii) The establishment of demographic
analysis units and the co-operative
development of programmes of population studies ;
(iii) f'he organization of demographic trainmg centres ;
(iv) The design of samples and solutions
to methodological problems associated
with the execution of certain demographic surveys ;
(b) The teaching of courses in demography in several international and national institutions established in Santiago and in other
organizations in the region, i.e., the Mexico
Centre;
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(c) The organization and direction of, or
participation in, consulting status in such technical meetings as the Seminar on Evaluation
and Utilization of Population Census Data in
Latin America (1959), the workshop on comparative fertility surveys (1963), the Latin
American Census Training Centre (1958), the
Central American Seminar on Census Administration (1959), the Working Group in
Teaching of Medical Demography and the
Second Inter-American Seminar on Civil Registration ;
(d) Advice on methodological questions to
physicians working in Chile on questions related to physiology of reproduction ;
(e) Co-operative execution of certain population studies;
(f) Advice through correspondence to former CELADE Fellows on specific analytical
problems.

VII.

PUBLICATION PROGRAMME

21. CELADE regularly issues the following
four series of publications : series A (blue),
reports on research projects conducted by the
staff; series B (red), methodological manuals,
class-notes and other teaching materials;
series C (brown), reports on research conducted by the Fellows; and series D, reports
prepared by visiting professors and consultants,
and translations.
22. Under this programme, more than 100
different publications have been distributed to
interested institutions and persons. In addition,
the Centre issues, for limited distribution, a
monthly bulletin in which the highlights of activities are summarized.

VIII. OTHER ACTIVITIES
23. In order to keep abreast of professional
development in the field, CELADE's staff
participates very actively in seminars, roundtable seminars and conferences on population
convened by professional organizations or private foundations, such as the 40th Annual
Conference of the Milbank Memorial Fund in
Demography and Public Health in Latin
America, the Round Table on Components of
Population Change in Latin America, held on
the occasion of the 60th anniversary of that
fund and the 1961 International Population
Conference.
24. CELADE has also sponsored short
visits to Santiago of distinguished foreign
scholars in the field of population, to collaborate in the teaching programme and to promote interest among the general public in population problems.

IX.

ORGANIZATION AND SOURCES OF FI~A~CE

25. There is an advisory board, headed by
the Executive Secretary of ECLA, which has
met twice since the inception of the Centre and
which is responsible for establishing the guidelines of the programme to be developed. The
general orientation of the Centre is entrusted
to a director appointed by the United Nations
in consultation with the Government of Chile.
Five senior experts, two juniors, one associate,
three research assistants and a secretary in
charge of academic affairs complete the professional staff. The ECLA demographer participates very actively in the various aspects of
the work of the Centre.
26. CELADE operates through the financial support of the United Nations, the Government of Chile, the Population Council, the
Government of the Netherlands and, more recently, the United States of America Agency
for International Development. In the past it
has also received the support of the Ford
Foundation.

X.

BALANCE

OF

THE EXPERIENCE
CENTRE

OF

THE

27. The highlights of the experience of
CELADE in international co-operation in
demography in the period 1958-1965 can be
summarized as follows :
(a) In seven years of operation, CELADE
has given training to ninety Latin Americans
at the basic level, to thirty-three in the advanced course and to six in the specialization
course in demography. The greater portion of
these former Fellows are actively working in
demography and are serving in a wide variety
of positions, such as international technical
assistance consultants, teachers of demography,
heads or members of units of demographic
analysis, assistants to other professionals in
execution of population studies, etc. Former
CELADE Fellows have been the national
directors of urban fertility surveys in six Latin
American cities;
(b) Twelve surveys to collect data on vital
rates, rural and urban fertility, and migration
have been conducted by CELADE, either directly or in co-operation with national institutions;
(c) National demographic research units
have been set up with the participation of former CELADE Fellows in ten countries of the
region;
(d) Technical assistance missions to advise
on matters related to population problems or
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to teach demography have been sent to fourteen
Latin American countries and to Puerto Rico;
(e) Population projections have been made
for practically all countries of the region, for
the preparation of which evaluations of censuses and vital statistics have been undertaken.
Research in fertility, mortality, migration, geographic distribution of the population and manpower has received considerable attention ;
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(f) A seminar on the evaluation and utilization of population census results and a workshop on comparative fertility surveys were
organized and directed by CELADE. Members
of the staff have participated as consultants in
at least four technical meetings on Latin American demography. Papers have been prepared
for another four seminars concerned with population matters.

Demography and social sciences
PAUL PAILLAT

[Translated from French]
1. In 1958, UNESCO published the survey
by D. V. Glass on instruction in demography, 1
which was based on reports from various countries and which, in part I, described the nature
of demography and the objectives of instruction in demography. On the occasion of the
World Population Conference, 1965, the organizers thought it timely to reconsider this question in the light of changing ideas and needs.
For the very progress of demographic studies
it is desirable to inquire whether Glass's excellent report still reflects the facts or whether
achievements or events have altered the picture
presented in the UNESCO survey, without
necessarily going into the same amount of
detail.

I.

OBSERVATIONS OF

D.

v.

GLASS

2. As editor of the survey, Glass emphasized
that the organization of instruction in demography reflected differences in ideas about the
nature of that discipline. According as demography is considered as a distinct science, a
kind of synthesis of the social sciences or as
a discipline associated with one or more social
sciences, the programme of instruction, the
basic training of the teaching staff, the type
of institution providing courses and the nature
and scope of the diplomas vary. This can clearly
be seen from the national reports presented at
that time.
3. We think that experience counsels the
broadest conception. In countries where demography is treated as a poor relation, this is
either because the human and material means
are lacking or because the needs in this sphere
are not appreciated. On the other hand, organs
which have been studying population problems
for many years are coming more and more to
the conclusion that for a complete understanding of those problems the contribution of
the other social sciences is essential, and that,
from this point of view, demography holds out
the possibility of a synthesis. Such a synthesis
1 D. V. Glass, The University Teaching of Social
Scitmces: Demography (UNESCO publication: SS.
57.VIII.9A).

cannot be criticized as "intellectual imperialism" : if the demographer has recourse to
sociology and to sociologists, this does not
mean that he is annexing that science or joining
the ranks of its scholars but that he understands
the value of their work.
4. How then can we decide what is and
what is not covered by demography? Dr. Glass
replied pragmatically that the decision depended
on the nature of the problem being considered.
It also depends on the angle from which the
problem is approached. It is the ambition of
almost every demographer to study fertility,
because the evolution and structure of a population are largely governed by this factor, but
the doctor and the sociologist may maintain
that such a study is within their competence, if
the former has in mind the physiological aspect
and the latter the diversity of social behaviour.
5. Such a debate, which is developed at
length in the 1958 survey, is less strictly
academic than appears at first sight. One may
wonder whether the fact that demography has
developed little and is virtually non-existent
even in some developed countries is not due
to a too narrow conception of its role or, conversely, to a reaction against an over-ambitious
conception (as in Germany). To limit the study
of population to the quantitative measurement
and statistical analysis of the role of the various
factors involved is to restrict greatly not only
the scope of this discipline but also-what is
more serious--its practical bearing and hence
its value to possible users (and providers of
funds). Again, by over-emphasizing the
diagnosis of a particular concrete situation and
concentrating on bringing the basic data up to
date, however subtle the methods of situation
analysis may be, one may forget that the situation in question is only one link in a long chain
and that some of the keys to understanding it
are to be found in the past. A demographic
service too closely bound to routine tasks-however useful-cannot always see things in
the right perspective or embark on work which
seems superfluous or of secondary importance
but which will later lead to improved methods
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and a better knowledge of man in society. This
example shows the pitfalls to be avoided if
demographers are not to be denied suitable
working conditions.

li.

ARGUMENTS IN FAVOUR OF GREATER
INTEGRATION

6. Taking as a basis the report by D. V.
Glass, we may ask ourselves whether the last
few years have brought grist to his mill and
reinforced certain conclusions implicit in his
observations.
7. The demographer does not claim that his
presence is always indispensable but he often
regrets being absent when his methods, his
information and-why not-his professional
bias would be of great service. As the years
go by, an increasing number of countries,
without going so far as the stage of planning
their economies, are drawing up partial
programmes of action, e.g., in the field of
education, employment and housing. UNESCO
itself has just established an International
Institute for Educational Planning. How can
such studies be carried on without the help of
demographers or at least of staff familiar with
demographic projection techniques and methods
of evaluation (where complete and reliable data
are lacking)?
8. The demographer can give only a partial
answer, however, unless the data on which his
calculations are based are supplemented by
information furnished by other disciplines. The
study of fertility, though a typically demographic subject, will be fully comprehensive
only if it encompasses medical and sociological
observation. Educational requirements are
another example. They are linked with the
evolution of the age-specific child and
adolescent population and the age-specific
teaching establishment (and of the generations
from which new teachers can be recruited);
they are also linked with the short-term and
medium-term needs of the economy, the country's administrative and material potential, the
location of human and material resources, the
type of population and, last but not least, the
motivations of the parents and the young people
themselves. The current difficulties in higher
education in France are due to the pressure
exerted by the voluntary prolongation of
studies, swelling enrolment after the end of
compulsory schooling, whereas demographic
pressure as such plays a lesser role (indeed, it
1s not a factor at all in the case of students over
twenty years of age). The analysis of this
situation and particularly of its foreseeable
medium-term developments is beyond the scope
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of demography in the strict sense of the word:
it requires the concerted efforts of educators,
administrators, economists and sociologists, not
to speak of architects, employers and trade
unions. Should we go so far as to seek a supervisory role for the demographer in a task of
this kind? Certainly not; but social projects
and even social demands ·would be more cogent
if they were quantified before being formulated,
instead of vice versa. Demography is the social
science which best lends itself to quantification.
In a country with an old age structure, the
policy with regard to older people cannot be
as generous as in a country with a younger
age structure.
9. Even if this claim is rejected, it may be
surprising to learn that statistics is not compulsory in the syllabus for diplomas in sociology. However penetrating the observations of
sociologists may be, they will have no practical
importance unless they are based on correctly
quantified data, if only to avoid the risk of
rash extrapolations and costly errors by a
community that were to take then1 literally.
10. This being said, it must be pointed out
that, even in highly developed countries, the
public services are making increasing use of
demography, if not of demographers. One
might even say that a new page has been turned
and that the time will soon come when demand
from this sector will exceed supply, i.e., the
capacity of the skilled staff, whatever the institution to which they belong. The pressure of
this demand may prejudice the progress of
studies unrestricted by any specific and immediate objective, but demographers have to
run this risk, while doing what they can to
keep it within bounds, for this is how they will
at last obtain the resources they often need so
badly.
11. In the countries of the Third World,
however, the problem is different. The shortage
of highly skilled personnel, the slow pace at
which research workers are trained and the
difficulty of recruiting them in countries where
education is not wide spread and the educational standard is low make it impossible to
borrow a solution directly from countries where
the range of specialization is, so to speak,
unlimited. As a first stage, it is essential to
train personnel who realize the importance of
research and know how to obtain the necessary
technical aid and to train research workers who
will not think it beneath them to co-operate in
concrete tasks, including precisely the training
of co-workers and ... successors. To train a
demographer who is only that and lacks a good
knowledge of economics and sociology may
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raise the individual's professional standard but
undoubtedly limits his usefulness. Similarly, to
train economists or administrators who have no
proper grounding in demography, in countries
with a high population growth rate, is to run
the risk of having them one day advocate wrong
solutions detrimental to their countries.
12. Here the essential idea is not to produce
complete all-rounders but personnel permanently receptive to the other points of view,
the existence of other methods and the possibility of non-demographic factors intervening.
A country with a large number of research
workers can afford to have a whole range of
specialists but it will be well advised to associate
them in interdisciplinary groups ; a less
advanced country must erect a structure that i:>
less highly developed, and intellectually satisfying but more useable during the long and
difficult period of take-off.

III.

OBSTACLES TO SUCH INTEGRATION

13. There are obstacles of various kinds to
the application of such a policy. First of all,
there are psychological obstacles. The prejudices of specialists in one branch with regard
to specialists in another branch, even if both
belong to the tree of the social sciences, do
not facilitate research collaboration and make it
difficult to establish and run any institution of
higher learning.
14. In the older universities, the compartmentalization of faculties and departments
hampered the introduction of new disciplines
such as demography, which Alfred Sauvy for
this reason calls the "sky" science. \Vhen the
pressure of demand becomes too great, there
is a scramble to take in the new arrival :
demography then will have no mathematical
foundation, if the men of letters prevail, and
no window onto society, if the scientists win.
The established positions, on either side,
ultimately determine the content of the curricula, the type of instruction, the impetus given
to demography or the scant attention paid to
it: the national reports in the UNESCO survey
are most enlightening in this regard. Demographers, whatever their earlier training, ought
not perhaps to allow this situation to continue
without opposition, if they are really convinced
of the practical usefulness of their work.
15. The textbooks, of which there are in
any case too few, reflect this state of affairs,
since they seldom mention the interests or the
work of related disciplines, if only by way
of reference. Yet what is it that prevents a
psycho-sociologist from making use of mathematical models or at least mentioning their
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existence as a means of analysis? What
prevents the mathematician from breathing life
into his abstractions by using examples taken
from sociology? Could it sometimes be mutual
ignorance?
16. The scarcity of demographers and
particularly of demographers with the time and
inclination for teaching increases the difficulty,
even in the developed countries, as such
specialists, however distinguished, are not
always given their rightful place in university
systems. In the Third Vvorld, the mediumterm problem is generally insoluble at the
national level : the task of training professional
demographers or equivalent personnel falls to
regional centres such as the Latin American
Demographic Centre at Santiago de Chile or
the Centre at Chembur (India).

IV.

METHODS OF DEVELOPING AND ADAPTING
THE TEACHING OF DEMOGRAPHY

17. UNESCO's inventory of existing programs and facilities, which, incidentally, ought
to be brought up to date, should be supplemented by an inventory of needs, singling
out:
(a) The dissemination of demographic information to national cadres ;
(b) The imparting of a better understanding
of demography to those destined for posts of
responsibility in the civil service, the economy,
etc.;
(c) The training of technicians at various
levels;
(d) The training of skilled demographers.
18. The place of demography in the curricula depends on the objective sought. It
should be one of the compulsory subjectsgiving entitlement to a certificate or a creditfor degrees in ethnology, sociology, psychosociology, economics, geography and economic
history, although the same aspects need not
necessarily be studied. In countries where overspecialization is undesirable, future statisticians
should nevertheless familiarize themselves with
the methods of demographic analysis, since
their schooling predisposes them to be receptive
to such methods; those who are to hold public
office should have some grounding in economics
and sociology.
19. Lastly there are those whose primary
goal is to become demographers. They cannot
limit themselves to analysis, however high the
level of instruction.
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. 20. Suitable courses in sociology, population
history and geography, economics and economic
geography and social politics will not make
them expert in all those subjects but will
facilitate their contact with specialists and
increase their understanding of social phenomena. In the study of these phenomena they will
be able to use the tools of statistics (including
the th~ory !lnd pract.ice of sampling) but their
work m thts field will be more effective if the
way has thus been paved for them. Knowledge
of a widely used foreign language is essential
because translations of substantive works ar~
rare and conferences alone cannot meet this
need. Moreover, contact with foreign methods
and problems is a major intellectual stimulant.
21. ~ere it is necessary to keep a sense of
~oderatton and avoid the fragile gloss of in:tlabon. The syllabus depends on requirements
and part~cularly on the type of posts to be filled.
The socto-economic part, for example, should
be made mor~ comprehen~iv.e in a developing
country than man mdustnahzed country. This
extr:; knowledge can be acquired during earlier
studtes, so that more time is left for actual
dem~aphic training, or simultaneously, which
restncts the demographic training but allows
the course of study to be shortened. 2
2 The syllabus is improved with experience as is
s~~:nvn by t,he successive, curri<;ula of the institut
d et1;1de du dev~loppement economzque et social and the
Instltut des sc1ences sociales du travail in Paris.
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V. CoNCLUSION
22. The sole aim of this paper is to prompt
those attending the World Population Conferenc~ to ask themselves a series of questions:
what ts the place of demography in their
countries? What measures should he taken to
expand its in:tlue;tce, for example by freeing it
from too constncted a role and enriching it
with what other social sciences have to offer?
~o :V~at extent ?o dem_o~raphers defend their
dtsctplme and Its legthmate aspirations at
conferences of other social sciences? To what
extent do they privately recognize that theirs
is a distinct branch of knowledge and do they
feel capable of making an individual contribution to the building of the society of tomorrow?
How many feel able to go beyond the analysis
stage to the level of solutions or at least to
assess scientifically the solutions proposed by
others? It is not enough to measure for
exampl.e, the effectiveness of a particular' con!raceptive method (the studies are legion); it
1s also necessary to know the reason for the
effectivex:ess or ineffectiveness and to find ways
of reducmg the latter if the object is to lower
the birth rate. In this field, how can the
economist alone apprehend all the medium-term
and long-term aspects of a decline (or rise)
in the birth rate and how, on the other hand
can the demographer alone assess all the sociO.:
economic implications of the new trend
whether it is spontaneous or encouraged?
'

The recruitment of personnel for training in demography
VINCENT

H. WHITNEY

THE N EED FOR DEMOGRAPHERS

1. It is being increasingly accepted that the
widely held goal of improvements in the levels
of the developing countries cannot be attained
without proper consideration for population
factors and their relation to the economic and
social factors in development. Indeed, an outstanding example of this point of view is seen
in the decision of the United Nations to define
its _Development Decade in terms not only of
soc1al and economic conditions, but equally of
demographic ones.
2. These and related considerations, such as
the need for improved population statistics and
the rapidly growing interest in many countries
in family planning, have sharply increased the
demand for well-trained demographers. The
specific number required, either currently or in
the future, cannot be stated with accuracy.
Desp~te the a?sence of firm.figures, the difficulty
of fil.lu:~g p~rt1cular .posts w1th properly qualified
spec1ahsts IS a reahty obvious to those who are
either seeking or being asked to recommend
candidates. In different parts of the world, the
!leed f~r ~rsons :with demographic training is
mcreasmg m varymg degrees. Qualified persons
:u-e s?ugh~ .not only for teaching and research
m umvers1t1es, but also for the staffs of statist!cal offices a~d government planning organizatlons. Increasingly, also, they are required for
action programmes aimed at some measure of
control over both the size of individual families
and the rates of growth of countries. The rapid
increase in such activities is likely to grow
rather than to lessen, over the next several
years. It is tempting, but clearly dangerous, to
follow the lead of an earlier scholar and predict
that demographers will increase arithmeticallY.
~vhile positions ~vhich they might fill wtli
mcrease. geometrically. Nevertheless, general
observatlon suggest~ that, in many areas, the
~upply of population analysts is currently
madequate to meet the rising need for persons
with professional training. Where general levels
of development are such that the demand does
not. :ret exist .or barely exis.ts, it is logical to
ant1c1pate. an mcreased reqmrement for demographers m the future. One must also recognize

that an increase in the number of trained
persons will tend to increase the number of
positions available. Such a circumstance is
desirable in view of the unmet needs in the
field, but it will ensure that recruitment
problems remain substantial in the years ahead.
TRAINING CENTRES IN DE MOGRAPHY

3. Compared with the number of universities
and other centres offering training in such
fields as economics or statistics, the number
providing any substantial amount of training in
demography is small. T hese also tend to be
concentrated in the developed countries, and
especially in the United States of America.
F oll?wing discussions at the sixth and eighth
sessiOns of the Population Commission, two
United Nations regional demographic centres
for both training and research were established
in 1957. In co-operation with the Governments
of India and Chile, the centre for Asia in
Bombay and that for Latin America in Santiago
began operations then. More recently, a centre
has been established at Cairo (1963) with the
co-operation of the Government of the United
Arab Republic, and there are proposals for the
development of an additional centre at Dakar
for French-speaking African countries and of
a subcentre in San Jose, Costa Rica, for Central
America. These centres are intended to provide
grad~tes who can conduct training programmes m their own countries. In addition the
United Nations has assigned an expe;t to
deve~op a ~niversity rese~rch and training
curnculum m demography m Iran. With the
support of private foundations, training programm~s in population are beginning to take
shape m several other countries, including
Colombia, Ghana, India, Mexico, Pakistan the
Philippines, the R epublic of Korea, the S~dan
and Tunisia.
4. In addition to these centres, with their
curricula in population, specialized training
courses of limited duration, with emphasis on
specific demographic topics, have been held
in a number of countries. For example, the
Government of Ghana co-.operated with the
United Nations in 1961, to organize a training
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course for four countries in West Africa in
techniques necessary to the taking of a population census. The Bureau of the Census of the
United States of America, through its International Statistical Programs Office, provides
a steady series of courses for students from
many countries, lasting from a few days to
a year and emphasizing population census
topics and techniques. Some training is
provided by individuals on missions to the
statistical offices of other nations or to foreign
universities, where they serve variously as
visiting professors, experts or advisors. An
example is the assignment to the National
Statistical Office of Thailand of a demographic
adviser from the United States Bureau of the
Census. This has resulted in the organization
of a demographic unit within the Office and
in the establishment of a quarterly survey and
other activities which are providing in-service
training for staff members.
5. Finally, additional limited training occurs
when population factors receive some attention
in the context of another topic, such as public
health or statistics. Illustrative are the tnany
university courses in economic growth which
now give some attention to population factors.
Again, training in statistics may include population statistics. The newly created Asian
Institute of Economic Development and
Planning, which was established by the United
Nations Economic Commission for Asia and the
Far East in Bangkok, conducts a ten-month
training programme which includes a discussion
of the relation of population to economic growth
and to the social aspects of population structure. A further example is provided by such a
specially organized programme as the International Training Course on Vital and Health
Statistics in the Western Pacific Region, cosponsored by the United Nations and the World
Health Organization and held in Tokyo in
1960. This included training in the use of
sample surveys in securing health and population data and in methods of estimating total
population and vital rates.
CoNSIDERATIONS IN RECRUITMENT

6. This brief summary of training opportunities may suggest that there are already
wide-spread means of recruiting potential demographers. Several comments are relevant.
7. To begin, the demand for demographers,
both currently and in the future, must be
thought of as world-wide. It is clear that in
many areas, training facilities are either nonexistent or inadequate. At best, potential
students must travel considerable distances,
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often to othet· countries in which the mediun1
of instruction is a foreign language. If the
focus is on university training, there are only
a few widely scattered places in the world outside the United States of America where
curricula have been developed. One indication
of this is the fact that of the 194 holders of
Population Council demographic fellowships
thr
1964, 177, or all but seventeen,
rec
their training in institutions in the
United States. Even in the United States, however, there are fewer than ten universities with
substantial training programmes in population
study.
8. Thus, local training opportunities in
demography are not available in most parts
of the world, except for on-the-job training in
some statistical bureaus and the occasional
opportunity to participate in specially organized
short-term training courses or seminars with
visiting experts. Other important limitations
exist. Students at the United Nations regional
centres are almost entirely government workers
who have been selected for training by their
Governments. These centres are not available
to the ordinary student who may wish to
study demography in his home area. In the
United States, where substantial training
capacity does exist, it is concentrated heavily in
the graduate programmes of departments of
sociology, with a much smaller number of programmes in departments of economics. A recent
development has been the establishment of population study in four schools of public health,
growing out of an increasing interest in family
planning as an aspect of maternal and child
health services. Universities in the United
States are organized by departments, but there
is no department of demography in any of
them. As yet, only one university in the United
States offers a graduate degree in demography
(a Master of Arts). Thus, it is not surprising
that of the 356 members of the Population
Association of America reported in its January
1962 roster as holding the degree of Doctor
of Philosophy or an equivalent degree, 240 held
the degree in sociology. No other field approached this figure. There were thirty-six
degrees in economics, fifteen in biology or
medicine and thirteen in geography. Only five
were in statistics or biostatistics. The remaining
forty-seven degrees were in widely scattered
fields. The concentration in sociology appears
to be more important than the scatter of
persons trained in other disciplines and
indicates a need to increase the opportunities
to undertake the study of demography as a
separate discipline, or perhaps to include it as
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a regular requirement within a larger number
of allied fields.
9. In the United States, at least, existing
population training centres are not generally
operating at capacity. It appears that most
could, without undue effort, handle an increase
of one third or more in the number of students
enrolled. The existence of a programme of
study, then, is not the only requirement for
successful recruitment. Resistances to entering
such programmes can be identified. These
include the failure of demography to achieve
an independent status in the hierarchy of
university departments, the lack of early contact
with demography by students and the weak
image of the field, particularly in terms of a
career. In addition, demography faces severe
competition from other areas in terms of fellowships and related means of providing student
support.
10. The desirability of establishing separate
departments of demography can be argued on
academic grounds, but there is no question of its
advantage from the point of view of recruitment. A department is a highly visible symbol
both of a field of study and of a career area. It
can be presumed to offer greater fixity than
any sub-area of a department like economics,
which may wax or wane with current staff
interests without affe · the existence of the
parent department. It w normally command
a larger share of resources available for
development and for student support.
11. Demography is an area of low visibility
today in the school programme. Students
frequently will have decided on careers before
they enter college and before they have had any
contact with the study of population. As college
undergraduates, they will seldom have the
opportunity to take more than one course (or
read more than a single paper) in demography.
In fact, to become a demographer, a student,
in the United States at least, will ordinarily
have to concentrate in sociology as an undergraduate. Still more probably, he will have to
elect sociology as his field of graduate study.
Next, he must attend one of the limited number
of universities offering work in population.
Within the department, he will find competition
from several established specializations, such as
community studies or criminology.
12. This competition is, at one level, financial, a reflection of fellowships and other support open to a student whose interests are still
somewhat flexible. There is no question but
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that the recruitment of demographers requires
adequate funds for assisting students, as well
as for establishing programmes and providing
necessary facilities. It is fortunate that, to a
degree, such funds are available, since without
support most students will enter other fields or
will not continue their work
13. From another viewpoint, the competition
is informational. Studies of career choices have
stressed the appeal of areas which are conceived
as providing adequate work
ortunities of
a kind which excite and ch nge young
persons and which, at the same time, promise
ample personal remuneration and status. Such
opportunities are not as great in all countries
for demographers as they are for persons with
better established titles. Yet they do exist in
good measure, and it is unfortunate that they
have received little publicity. The Population
Association of America is one professional
organization which is currently attempting to
improve understanding.
14. This paper is intended to do no more
than raise issues for discussion and further
elaboration by those who are in a position to
assist in meeting the growing shortage of demographers. Clearly, increasing awareness of the
need for basic population data and for studies
of demographic trends in relation to other social
and economic factors portends a rise in the
effective demand for population analysts.
Equally clearly, the supply will lag behind the
demand unless active steps are taken to recruit
personnel. So far as the recruitment of stude!lts
for training goes, it will be necessary to provtde
additional training facilities in many more parts
of the world and probably to allow for training
which centres on demography, rather than
making this an adjunct to programmes in other
fields. Funds for student support and better
communication of the opportunities which the
field provides for individual satisfaction and
remuneration are, likewise, prerequisites in
developing additional numbers of demographers. Governments and international
agencies can provide further opportunities for
in-service statisticians, economists and others
to participate in special training courses or to
·work with demographic advisers, thus increasing the number of persons with demographic expertness. Governments may also find
it useful to include the title "Demographer" in
the roster of official posts as a recognition of its
importance and as an assurance of its existence
as a career field.

Experience of the Chembur Demographic Training and Research Centre
in international co-operation

K. C.

ZACHARIAH

1. Nine years ago when the Demographic
Training and Research Centre at Chembur,
Bombay, was established to help accumulate
scientific knowledge in the field of demography
and to train demographic personnel, a major
step in international co-operation in the field
of demography was taken in the Asia and the
Far East region. This Centre came into being
as a result of international co-operation, is
sustained by such co-operation and is now
promoting regional co-operation in the field of
demography throughout the region served by
the United Nations Economic Commission for
Asia and the Far East (ECAFE).
2. The need for demographic data and
personnel capable of utilizing these data for
economic and social planning became increasingly evident in this region during the past ten
to fifteen years, when attempts were made to
develop the economic and social conditions of
the people of the area through a programme
of planned development. Basic population statistics were unavailable in all but a few of the
countries of the region; detailed information
needed for the purpose of assessing the magnitude of the social and economic problems of
these countries and for formulating targets for
production and consumption were altogether
lacking in a majority of them; estimates of
future rate of growth of population remained
inefficient ; and methods of checking the
mounting population pressure remained ineffective in the absence of a clear understanding
of the social, economic and psychological factors
affecting fertility in developing countries.. It
was with a realization of the urgent need of a
large volume of demographic data for planning
purposes and of the lack of trained demographers for producing and analysing such data
that the Centre at Chembur was established
to serve the needs of India and other countries
in the ECAFE region.
l.

THE ESTABLISHMENT OF THE CHEMBUR
DEMOGRAPHIC CENTRE

3. It was in July 1956 that the Government
of India decided to establish a demographic

teaching and research centre at Bombay in
association with the Sir Dorabji Tata Trust.
On the basis of previous negotiations with the
United Nations, it was also decided that this
centre should become a regional institution to
serve the needs of other countries of Asia
included in the ECAFE region. Under the
agreement between the United Nations and the
Government of India, the former undertook to
provide long-term advisers and short-term
consultants on different aspects of demography
and related fields of training, as well as equipment and technical literature, and other
reference materials for building up a library.
The United Nations also agreed to provide
fellowships for students from the countries of
Asia other than India.
4. The Government of India undertook to
provide permanent buildings for the Centre, to
grant scholarships to trainees from India, and,
in association with the Sir Dorabji Tata Trust,
to establish and maintain the main unit of the
Centre. The Centre consists of this unit and of
a certain number of other institutions located in
Bombay and in Poona. The composition of the
Centre is given below :
(a) The Department of Economics of
Bombay University, Bombay;
(b) The Department of Sociology of Bombay University, Bombay;
(c) Two divisions in the Indian Cancer
Research Centre, Bombay, dealing with human
variation and the physiology of human reproduction;
(d) The Tata Institute of Social Sciences,
Chembur, Bombay;
(e) The Gokhale Institute of Politics and
Economics, Poona;
(f) The main unit.
5. The main unit was originally provided
with a staff consisting of a director ( co-ordinating officer unti11959), a statistician, a demographer and junior technkal, secretarial and
clerical personnel. Recently, one deputy director, one senior professional and two junior
professionals were added to the professional
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staff at the Centre. The unit also has the
services of experts and consultants assigned by
the United Nations.
6. Administrative control of the Centre is
vested in a governing body, consisting of a
chairman nominated by the Government of
India, the heads of the co-operating institutions
listed above, the Secretary of the Ministry of
Health, Additional Secretary, Department of
Statistics, Cabinet Secretariat; a representative
of the Ministry of Finance, the Director
General of Health Services, the Director of
the Indian Council of Medical Research, a
representative of the Sir Ratan Tata Charities,
a representative of the Dorabji Tata Trust and
the director of the Centre, who is also its
secretary.
7. The initial agreement with the United
Nations was for a period of five years. It came
to an end in 1962 but was, however, renewed
for a further period of two years. At the
expiry of the renewed agreement in July 1964,
it was renewed for a further period of two and
one-half years; that is, up to December 1966.

II.

TR·AINING AND RESEARCH PROGRAMME OF
THE CENTRE

A. Training

8. The aim of the training programmes at
the Centre, as pointed out in the aide-menwire
of the United Nations issued at the time of
the establishment of the Centre, "would be to
help to build up over a period of years, a
nucleus of persons in each country of the region
who have sufficient knowledge of demography
to plan and carry out such population studies
as the governments and universities may wish
to sponsor, and in turn, to train other persons
in this field". With this objective, the Centre
offers three courses of training. These are:
(a) A certificate course, which is a basic
one-year training course in demography and
allied subjects, on successful completion of
which the trainees are awarded a certificate;
(b) A diploma course, to which students
who have received the certificate in demography
and who have shown promise of making demography their main professional interest are
admitted;
(c) A course leading to the degree of Doctor
of Philosophy.
9. The basic first-year training course
(certificate course) is the major part of the
Centre's training programme. This course
consists of :
(a) Classroom lectures in substantive demography, technical demography, statistics and
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social research methods, economics, genetics
and physiology of human reproduction ;
(b) Statistical laboratory work;
(c) Seminars;
(d) Visits to institutions and organizations
of interest to demographers.
10. The students working for a diploma are
required to map out a reading programme, with
the approval of a faculty adviser, and to carry
out this programme. In addition, they have to
undergo one or two research apprenticeships
and to complete a piece of research work of
their own.
11. The Centre has been recognized as an
institution for guiding students for the degree
of Doctor of Philosophy in Economics (Demography) of Bombay University.
12. During the seven-year period 1957/58
to 1963/64 a total of 122 persons were trained
at the Centre. These trainees were drawn from
seventeen countries: Afghanistan, Burma,
Ceylon, China (Taiwan), Ghana, Guinea, India,
Indonesia, Iran, Japan, Laos, Nepal, Pakistan,
the Philippines, the Republic of Korea, Thailand, and from Hong Kong. Of the total number of students, 116 received the Certificate in
Demography and twenty-five received the
Diploma.
B. Research
13. The research programme of the Centre
was developed by attempting to identify
problems that are of primary importance to the
countries of Asia and the Far East and which
the Centre is especially well-qualified to undertake because of its international nature, the
availability of United Nations experts and its
library, and the qualifications and interests of
the permanent staff. The research programme
is divided into five major parts: (a) studies of
fertility and family planning; (b) studies of
internal migration and urbanization ; (c) assessment of the quality of census data; (d)
demographic problems of economic development ; and (e) special studies, worked out in
co-operation with the Government of India or
of other nations in the ECAFE region, or with
other organizations.

III.

PROMOTION OF INTERNATIONAL
CO-OPERATION

14. Realizing the important role which
regional and interregional co-operation could
play in the rapid development in this region,
of demography in all its aspects-provision of
data, development of training and research
facilities etc.-the Demographic Centre has
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endeavoured throughout its existence to
promote international co-operation through a
variety of methods. In the first instance, the
training and research programme of the Centre
is developed through international co-operation
and is oriented to the promotion of such cooperation. Secondly, such co-operation is
initiated and sustained by the establishment of
a variety of institutional structures.
15. There are several elements in the
training and research programme of the Centre
which promote international co-operation. First,
the trainees at the Centre live on the same
campus, and they come into intimate contact
with not only the internationally selected faculty
of the Centre and the large number of demographers and other social scientists who visit
the Centre each year, but also with the Fellows
from each of the other countries in the region.
The contact which the trainees thus establish
with the faculty and the visitors, and with the
other trainees during their stay at Chembur is
maintained even after their departure from the
Centre and goes a long way in the promotion of
international co-operation among the df'.mographers of the region. SecondJy, the training
programme at the Centre is developed to suit
the needs of the students from all the countnes
of the region and, as a consequence, the trainees
develop a regional outlook on demographic
problems. The library at the Centre and the
students' seminars play important role!> in
bringing about such an outlook. The library is
well-equipped with census and other statistical
materials from all the countries of the region,
and even from those outside it. In the students'
seminars, demographic researches on a variety
of subjects pertaining to the various countries
of the region are presented, and all the trainees
take part in the discussion of these research
papers.
16. The students' research is only a small
part of the total research activity of the Centre.
Many of the research projects sponsored by
the Centre have also contributed to co-operation between the Centre's staff and other organizations in the region. Thus, the researches
on population projections for Ceylon and on
the manpower resources of that country
brought about close collaboration between the
Centre and the Planning Secretariat of the
Government of Ceylon.
17. The Centre also promotes regional cooperation by contributing research papers and
acting as officials and discussion leaders in
seminars and conferences organized by national
and international agencies. The Centre played
a very significant role in the successful holding
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of the Asian Population Conference in Delhi
in December 1963. In this conference, the faculty and the students (past and current) of
the Centre contributed several research papers,
acted as conference officials, discussion leaders,
panel members, rapporteurs, etc.
18. Apart from taking part in conferences
organized by other agencies, the Centre also
sponsors regional seminars and conferences in
collaboration with the United Nations and the
Government of India. These and other insti~
tutional setups especially established for the
sake of promoting regional co-operation are
discussed below :
(a) Inaugural conference of the Centre:
under the joint auspices of the United Nations
and the Demographic Centre, an inaugural
conference was held at Bombay between 5 and
9 November 1957, at which representatives
from Burma, Ceylon, India, Japan, the Republic of Korea and Thailand were present The
teaching and research programmes to be promoted by the Centre were reviewed; the ways
of developing co-operation between the Centre
and the Governments in the region, as well as
institutions and individuals interested in demographic problems, were discussed; and proposals were put forward for the establishment
of a standing advisory committee on which the
United Nations, India, the countries of Asia
other than India in rotation and the Interna~
rional Union for the Scientific Study of Population would be represented ;
(b) Seminar on Evaluation and Utilization
of Population Census Data in Asia and the
Far East: this seminar was conducted by the
Centre on behalf of the United Nations and the
Government of India from 20 June to 8 July
1960. It was attended by representatives from
Afghanistan, Burma, Cambodia, Ceylon, China
(Taiwan), France, India, Indonesia, the Republic of Viet-Nam, Sarawak and Thailand,
in addition to representatives of the United
Nations and its specialized agencies. The
seminar was arranged for the purpose of
aiding Governments of countries in Asia and
the Far East to plan their census programmes
in such a way as to provide the maximum
amount of information relevant to the practical
problem of policy-making and planning of
economic and social development;
(c) Advisory Committee : an important step
in the direction of international co-operation
was taken with the establishment of a standing
advisory committee, the composition and functions of which were agreed upon in the inaugural conference. It was intended that the advisory committee would meet once a year to
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review the activities of the Centre and to advise the governing body on future policies and
plans. So far the committee has met three times
( 1958, 1959 and 1961) and has made important recommendations ;
(d) Directory of Demographers: at the
inaugural conference, it was proposed that a
directory of demographers be compiled for the
ECAFE region, indicating the governmental
andjor other institutional affiliations, as well
as the research interests, of each person included. This suggestion was implemented in
1960. The original Directory was revised
twice, first in 1962 and then again in 1963.
Each new issue of the Directory was more comprehensive and up to date than its previous
ones. Included in the most recent issue are :
Afghanistan, Burma, Cambodia, Ceylon, China
(Taiwan), Hong Kong, India, Indonesia, Iran,
Japan, Laos, Malaysia, Nepal, Pakistan, the
Philippines, the Republic of Korea, the Republic of Viet-Nam and Thailand;
(e) Corresponding secretaries : in order to
facilitate the flow of information. and exchange
of ideas between the Centre and each of the
Governments in the ECAFE region, one person or agency has been nominated by each
Government to serve as a corresponding secretary. Through this secretary, the Centre has
been able to obtain new materials from censuses
and surveys as they became available. To these
secretaries have been forwarded copies of
reports, news-letters and other items of interest
of the Centre ;
(f) News-letter: in April 1960, the Centre
began publishing a news-letter three times a
year. The news-letter contains information
about the Centre, the students and staff members. Each year one issue is devoted to the
activities of the former students. Brief summaries of the major researches undertaken at
the Centre and reports about the major demographic seminars and conferences held in the.
region are also included in the news-letter.
About 600 copies of each issue are distributed;
(g) Director's visit to the region: at the
first meeting of the advisory committee, it was
proposed that, as a means of promoting re-
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gional co-operation, the director of the Centre
should visit the countries of the region periodically. During the past nine years three such
visits have been made. These visits were of
great benefit to the Centre in establishing contacts with Governments and with demographers
in the region, thereby obtaining and exchanging
information regarding the research work in
progress in these countries, as well as information on matters which were of particular
benefit to students coming to the Centre from
these countries.
IV. CoNcLUDING

REMARKs

19. With the establishment of the Chembur
Demographic Centre, a beginning was made
in international co-operation for the promotion
of demographic training and research in the
ECAFE region. During the few years of its
existence, the Centre has been able to make
substantial contributions in the fields of training
and research. It has successfully~ trained more
than 130 men and women from the region and
has played a significant part in the development of demographic research in the region. It
has organized seminars and conferences, and
has helped to disseminate demographic information among Governments, universities and
other research institutions. It has built up a
good reference library of books, journals,
pamphlets and statistical materials on demography and related fields. The students trained
at the Centre are now capable of initiating
training programmes at the elementary level
in their own countries. The Centre at Chembur
is therefore in a position to develop itself into
a seat of higher training and research in demography. In achieving these manifold objectives,
regional and interregional co-operation played
a decisive role. It cannot, however, be claimed
that all that needs to be done has been achieved.
Few countries in the region can boast of possessing reasonably accurate census and registration data. It is in this field that international
co-operation should be extended on a larger
scale to develop in each country a government organization capable of collecting reasonably accurate demographic data.

SUMMARIES OF PAPERS
The development of demography and de·
mographic research in the Netherlands
S. GROENMAN and H.

J.

HEEREN

General interest in demography has increased
steadily in the Netherlands since the World
Population Conference, 1954. Furthermore,
during this period the first university chairs
in demography were created--one in demography and sociography at the Roman Catholic College of Economics at Tilburg in 1960
and another in demography and physical
planning at the University of Amsterdam in
1961. However, no degree in demography is
obtainable thus far, as the subject is subsidiary to degrees in sociology or human
geography.
Demographic research has been concentrated
on problems of migration, owing to the extensive migration movements, both internal and
international, that the Netherlands has experienced in recent years. With regard to internal
migration, studies have been made both of
migration as a mass movement and of the
migrants themselves, i.e., their motivations,
frustrations, assimilation and effect on the
sending and receiving societies. International
migration has received even greater attention.
Between 1946 and 1953, there were 400,000
emigrants from, and 310,000 immigrants to,
the Netherlands.
This movement has prompted some of the
most important demographic studies published
in recent years.
Although research on fertility is second to
that on migration, such research is not as
great as one would expect in view of the country's high birth rate (currently 20.8 per 1,000,
the highest in Western Europe). The scarcity
of research in this field is attributed to taboos
(linked with the religious diversity and the
"pillarization" of the country) surrounding the
subject, but these now appear to be less rigid
and a survey on factors influencing fertility
was planned for the fall of 1965 by the Institute of Sociology, Utrecht State University.
Very few studies of mortality have been
made, perhaps owing to the fact that the

Netherlands has one of the lowest death rates
in the world.
In recent years the study of historical demography has received considerable attention.
Research on this subject has been and is currently being undertaken.

Translation of the Multilingual Demogra·
phic Dictionary of the United Nations
into Persian
AsooLAH MoEzi
Since its introduction in Iran a few years
ago, the new science of demography has received much attention. The writer of this paper
has translated the Multilingual Demographic
Dictionary into Persian with certain considerations in mind.
There is no need to emphasize the numerous
difficulties with which the translator was faced.
The more important ones were: (a) similarity
of terms ; (b) short definitions ; (c) variety of
arguments ; (d) innovation of words ; and (e)
lack of technical words.
The advantages served by the translation of
the M~tltilingual Demographic Dictionary are
as follows:
(a) Researchers will be able to comprehend
the precise meaning of various demographic
terms and definitions ;
(b) The Persian language will be strengthened in scientific and technical words;
(c) Foreign experts will know the exact
demographic Persian terms.
Furthermore, with this translation of the
Multilingual Demographic Dictionary, the
translator hopes to encourage demographers
in the developing countries to translate the
work into their own languages. Undoubtedly,
making this material available in the languages
of the developing countries would be a considerable contribution to the science of demography. Such translations of the Multilingttal
Demographic Dictionary would promote understanding of the concepts of demography in
these countries.
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Meeting B.1 0
POPULATION AND NATIJRAL RESOURCES
PAPERS
Utilization of renewable resources as a stimulus for socio-economic development
LAWRENCE

W.

BASS

1. Industrial development projects involving
renewable resources have special significance
in developing economies with mounting populations, as a means of providing employment
opportunities, not only in ~he fact~ri:s established, but also through the JOb-multlpher effect
felt broadly throughout the economy. Current
resource endowment patterns need not be unduly limiting in the long run, becal!se utilization practices are constantly chan~ng. Developing countries may not necessanly have to
rely on the same raw materials that are being
used in more mature regions. And, of course,
as is widely appreciated, ways can always be
found for using more effectively such resources
as are available.
2. The search for more advantageous raw
materials is a major concern of industrial enterprises in highl~ developed co_u';ltries .. The situation manifests 1tself most stnkmgly m the competition between industries using different
starting products. In the textile industry, there
is commercial rivalry among the natural fibres
and the synthetics based on cellulose or o~
chemicals derived from organic sources or fossd
fuels. In foods, there is a continual shift in
consumption patterns among items derived
from different agricultural pro~ucts. In ~~te
rials of construction, there . 1s competltlon
among iron and steel, non-ferrous metals and
alloys, plastics, combinations involving cellulosic materials and ceramic products.
TECHNOLOGICAL

BACKGROUND
UTILIZATION

FOR . RESOURCE

3. Dynamic change in utilization of raw
materials has thus become the natural course
of events in the more mature economies. The
developments that have taken place have provided a background of knowledge and expe-

and S. J.

LANGLEY

rience from which the technology can be modified and adapted by the newer nations to
promote the most effective use of their basic
products in the national interest.
4. A competitive position in raw materials
is often a prerequisite for the success of a
production enterprise. This fact leads many
manufacturing concerns to integrate backward
to ensure that there shall be an adequate
supply of starting products. It also leads other
operating units with good resources of raw
materials to integrate forward into intermediates and even to end-products. Both pro·
cesses illustrate the benefits of coordinating
closely the chain of steps required to convert
a resource into useful end-products.
5. Leading food companies in highly developed countries often undertake extensive agricultural development programmes in th7 farm
territories from which they draw thetr raw
produce. These include recommendation of
varieties to be cultivated, provision for sources
of selected seed or breeding stock, educational
work on improved techniques to increase yield
of acceptable product and e:ven some form of
assistance in arranging for financing of farm
improvements. These measures are adopted to
ensure a regular source of raw material of suitable quality within an area which permits
economic collection and centralization of
starting products at the processing site.
Similar activities are carried out by some
agricultural cooperatives.
6. The composite effect of agricultural development programmes on the economy is widespread. The individual farms are privately
owned and operated, but the processing units
aid their success by providing a steady and
attractive market which is mutually advantageous. Hence, the farmers obtain greater eco-
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nomic yield from their land and can enjoy a
higher standard of living. The processing plants
improve their efficiency as a result of better
quality and integration of raw material supply.
And the benefits extend to the consumer, who
gets greater value for his money as a result of
improved products. This chain of socioeconomic development is found, for example,
in operations in dairy products, fruits and
vegetables, and animal husbandry. In silviculture, too, large paper firms conduct programmes of systematic reforestation and carefully planned logging procedures to ensure
sustained yield of charge stock within economic
transportation distance from their mills.
7. This process of upgrading the utilization
of raw materials may be looked upon as a
search for optimum economic adaptation of
resources, rather than as a substitution of materials, which to some may connote inferiority
in the final product. Success in finding the best
starting materials and adapting them to new
uses often leads, as mentioned above, to interindustry competition, which, in the long run,
encourages greater flexibility in use of resources. While this competition may pose difficulties for individual industries when they
begin to lose certain markets, as has been the
case when rayon has invaded such cotton outlets as tire cords, it nevertheless represents the
impact of aggressive technology on the effective
deployment of raw materials.
UsE OF RENEWABLE RESOURCES IN DEVELOPl'NG
COUNTRIES

8. The use of raw materials in the newer
economies must be viewed broadly in terms of
contribution to the general welfare, as well as
to the individual undertaking. This evaluation
must take into account not only direct costs,
but also the total employment created and the
impact on operation of production facilities at
optimum level as a result of the quality, reliability and flexibility of supply of the more
important starting products.
9. Exploitation of renewable resources from
farm and forest results in greater income to
non-urban workers, expansion of transportation
facilities, employment in primary processing
plants, encouragement of other industries to
make end-products and better satisfaction of
the needs of the consumer, all within the
framework of enhancing national self-sufficiency. While the central plants which upgrade
the natural commodities may not, of themselves,
create a large number. of jobs, because of
mechanized operations, they generate ·employment in growing, harvesting and centralization,
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and in the satellite industries which convert
and distribute the final articles or commodities
which reach the consumer or other industries.
10. Because of this broader spectrum of contributions to socio-economic development, commercial evaluation of the primary operation may
not give the whole story on industrial advantages to a developing country. Through up~
grading the products of the land and encouraging more efficient agriculture to supply a
stable and discriminating market, an impetus is
given to rural development. The establishment
of a dairy industry, for example, will graduallv
raise the status of animal husbandry and lead to
better understanding of sanitary practices. It
can also bring about better nutrition in the
producing areas through improved effectiveness
of home use of surplus and by-products. A well··
run village milking-shed, collecting and forwarding to the processing centre the milk obtained by a group of farmers, can become a
potent force in creating a better life for the
community.
11. Since agricultural resources are the main
support of many developing economies, their
conversion into products used in the country
has many self-evident advantages. They may
conserve foreign exchange by providing alternate products in place of those imported, thus
permitting reallocation of these reserves to
other development projects. While much of
the emphasis here has been placed on endproducts for internal use or export, every step
forward in upgrading the raw materials to a
higher degree of concentration or purification
plays its part in the total of national progress.

NEED

FOR DEFINING THE NAT:tONAL PROFILE
OF RAW MATERIAI.S

12. If a successful programme of resource
utilization is to be carried out, a systematic
survey of current and potential raw material
production should be conducted. A catalogue
of agricultural products should be assembled,
including not only types and volumes, but also
quality, geographical concentration and potential for progressive upgrading in type, quality.
yield and processing characteristics. The list
should be assessed for adaptation of the agricultural system to the production of new
classes, species or varieties that may have been
developed in other countries, if such innovations are required.
13. This analysis of potential changes in the
agricultural resource profile should take into
account functional performance, rather than
direct relationship to raw materials used in
other countries. For example, in the search for
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fibre-producing plants, it may be possible to
use effectively some indigenous species, rather
than to introduce the types used elsewhere.
14. While wood-pulp is generally used for
making paper products, successful processes
are available for converting bagasse, straw and
reeds to this purpose. It may be possible to
improve the lumber resources in certain countries which are poor in timber by introducing
varieties of trees which give adequate shade,
soil conservation and weather protection, but,
at the same time, are a good source of board
stock. Alternatively, the need may be filled by
production of composition boards based on
local cellulosic raw materials with suitable
binders.
15. Such measures will reduce the requirements for costly imports and will also create
employment in the cultivation, harvesting, collection and processing of the starting products.
The subject offers a challenge to the joint
efforts of agronomist, scientist, engineer and
economist to create an indigenous technology
that takes advantage of pertinent knowledge
and experience from the world reservoir.

from those in industrialized countries which
have wider access to raw materials. In the latter
situations, adverse factors of availability, concentration, modification and complications in
recovery of values from wastes and rejects
often cause the failure of these projects from
the standpoint of costs, and a large amount of
unfruitful work has been conducted on unsuccessful projects of this type. In countries
that are short of resources, a recovery system
that might be uneconomic elsewhere may result
in a contribution to the economy.
19. As an example of the by-product utilization that can be derived from a well-conceived
primary operation, the offshoots from a sizable
slaughter-house of modern design may be mentioned. Not only is the yield of meat improved
in character and sanitary quality, but the useful
waste parts are collected in forms suitable for
efficient use. Subsidiary operations for handling them include tankage for fertilizer, blood
meal for animal feed, leather tanning, glue and
adhesive manufacture, gelatine, fat rendering,
soap production and hair for mattresses.
20. More attention should be given to quality standards, as well as to projects for preliminary processing of renewable resources
moving into export. As international transportation and communication improve, each country's economy becomes more integrated into
world competition. For example, inadequate
steps to counteract environmental conditions
can result in lower quality of hides and skins
thus reducing their value for internal use o;
export: Failure to employ. adequate grading
of frmt .and vegetables gomg . to foreign or
metropolitan markets c~n result m lower prices,
but the culls and reJects would be suitable
for local distribution or processing.
21. ~ven t~e question. of suitable packages
to prov1de r~si~ual value It; t~e packaging maten~ls has. sigmficance: It ts Impressive to see
the mgenUlty with whtch metal or textile containers can be converted to useful purposes in
skilled artisan shops and households.

CONSERVATION OF RESOURCES

16. It is vitally important that hard-won
agricultural products should not be dissipated
through avoidable losses. It is claimed that in
one large country in which under-nourishment
is an endemic problem, the amount of grain
that fails to reach the consumer is nearly one
quarter of the total production of its farms.
The losses occur through faulty mechanical
handling and storage, as well as through damage by pests and spoilage. Yet, grain has a
comparatively high degree of self-protection,
and one is horrified to think of the wastage
that occurs in such perishable items as the
more fragile vegetables and fruits. Here is an
area that offers great opportunities for preserving the values of renewable resources. One
of the most promising approaches, in addition
to instituting corrective precautions against the
more obvious forms o£ loss, appears to be in
developing a technology for localized semiprocessing to reduce the produce to more stable
condition as soon as possible after harvest.
17. A related situation is the wastage of
materials through over-design. This is not
involved to such noticeable extent in agricultural products, but it can represent important inefficiencies in the use of such scarce
structural materials as wood and metal.
18. By-product utilization has special importance in developing countries, and the economic considerations may be very different

UTILIZATION OF AVAILABLE ENERGY RESOURCES

22 . . Ener~ sources. are, of course, important !n socto-economtc development. Major
attentwn has been devoted to hydroelectric
potenti.al and to fossil fuels. But solar energy
and wmd energy have not received the same
amount of inventive study to harness their
forc;s in .ways .suitabl~ to developing regions.
While this subject mtght superficially appear
to lie outside the scope of this paper, these
forl?s of energy art; particularly pertinent to
agncultural productwn and conservation.
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23. Many developing countries lie in dima~
tic zones in which solar energy could be put
to useful purpose if suitable devices were invented to meet local requirements. For example, under conditions of low humidity, sundrying of perishable fruits and vegetables would
aid in conserving these materials. Village units
for carrying out the operation efficiently would
add to a country's available food-stuffs. The
technology is available for installations of this
type.
24. In some western countries, windmills
are a feature of many rural areas and serve
as a continuing source of energy for pumping
or irrigation, thus relieving the drain on human
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or animal labour. Such devices are not employed in many developing countries, where
their use would appear to be advantageous.
CONCLUSION

25. Optimum use of renewable resources is
an important basis for undertaking socioeconomic programmes in developing countries.
The impact of such projects on employment
opportunities is . broad. Because they involve
a co-ordinated approach to farm production,
collection and centralization of raw products,
and processing and distribution systems, they
are best attacked by joint efforts of agronomists, technologists and economists.

The relationship of material resources and population to economic
and social development
JOSEPH

L. FISHER

1. The material level of living of the inhabitants of a country or a region depends on
several factors : natural resources, including
land; human resources, principally entrepreneurs, management and the labour force; capital resources, such as industrial plants, transportation facilities, housing and electric power;
and cultural and institutional resources, for
example, science and technology, the educational system, and governmental and private
organizations. It is difficult to separate these
basic factors. Thus, a natural resource, such
as a mineral in the ground or unutilized agricultural land, must have technology, capital and
labour applied to it before it becomes of economic significance. Each of the four basic factors-natural resources, human resources,
technology and capital, and institutions-is a
necessary ingredient of economic and social
development, and each has to operate in concert with the others.
2. Since a country or region must possess
within its own borders the material resources
on which to base its economic development,
or be able to acquire them through trade with
other countries or regions, the relationship
between material resources and population is
important as an indicator of the level of living.
Speculation as to the course of movement of
this material resources-population relationship
has given rise to numerous propositions. The
most famous perhaps is that of Malthus : that
population tends to outrun the means of subsistence, subject to the constraint of positive
(famine etc.) and preventive (birth control
etc.) checks.
3. This relationship in its simplest form
can be expressed : level of living equals material resources divided by population. The
term, material resources, may be broken down
into natural resources of various kinds, industrial products and related capital resources.
Also, the term, population, can be broken down
into the labour force, age groups and education
levels. Countries whose economies are in a
take-off stage of development will progress
rapidly as new inputs of capital become avail-

able and are translated into large increases of
consumption goods. At earlier stages, population growth may tend to outrun increases in
usable material resources, necessitating aid from
outside or a reduction in living levels.
4. The most important commodities in the
resources-population relationship are food and
energy. With respect to food consumption, the
statistical evidence seems to indicate that
people in most parts of the world have seen
only moderate improvement in the last thirty
years and progress has been least where it is
needed most. In the more developed areas,
such as northern America, western Europe and
Oceania, calorie consumption per capita is currently about what it was in the 1930's since
people in these parts of the world have been
consuming all the calories they need anyway.
In most of Asia and Africa, increases have been
very slight, if indeed there have been any;
while in Latin America, there seems to have
been a modest increase. In eastern Europe
and the Union of Soviet Socialist Republics,
improvements reported over the past three
decades have been considerable, virtually to
the point where further increases in per capita
food consumption will not be needed.
5. Looking to the future of 1980 and 2000,
a continuation of the consumption trends of
the past decade would. indicate that considerable gain is possible for the world as a whole,
even on the basis of the high population projections set out by the United Nations-4,300
million in 1980 and 6,900 million in 2000, compared with 3,000 million in 1960. If the first
few years of the 1960's are taken as the sole
basis of extrapolation, the picture is much less
optimistic because the rate of increase in food
production in the past few years has remained
stationary or even declined in many parts of
the world. However, there exists a large backlog of improvements in agriculture, which have
already been applied in the more advanced
countries and which could, over the coming
decades, be adapted to other areas and result
in large increases of production in most of the
farming areas of the world.
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6. In the world's average diet, there are
much larger and more serious deficiencies in
proteins and vitamins than in calories. While
the world needs only a 20 to 30 per cent increase in per capita calorie intake, it needs a
40 or 50 per cent increase in its per capita
protein supply to reach the western European
standards of 1960. The increase in animal proteins (milk, eggs, meat etc.) required would
be on the order of 200 to 300 per cent. 1
7. Per capita food production indices, expressed in value terms, for the world, excluding
China (mainland), increased by about 7 per
cent during the past decade, and by about 10
per cent compared with the 1930's or with the
years of the late 1940's and early 1950's. 2 If
the rate of the past decade continued to the
year 2000, world per capita production would
increase by 40 to 50 per cent, but would still
be below the current level of western Europe
by 15 to 20 per cent. Figured on this basis, in
the year 2000, the gap between the level in
most of the developing countries and the current western European level would be greater
still, despite some absolute per capita gain in
most of them. In addition, of course, western
Europe continues to import food, so that consumption there exceeds production slightly.
8. The chief hope for increasing food production in the developing countries appears to
lie in increasing crop yields per acre. Yields
for wheat, rye, maize, rice and potatoes in
northern America and Europe have been
running approximately twice that for Asia,
Latin America and Africa. Some increase of
acres in cultivation through irrigation, drainage
and land clearing is possible, but mostly at
rather high cost ; gains in output from this
source would appear to be far less promising
than from increasing yields on existing fann
land.
9. To increase agricultural yields in developing countries will not be easy or cheap.
Larger amounts of fertilizer, improved cultivation and harvesting practices, proper use of
irrigation water, better drainage and soil demineralization, use of better seeds and pesticides,
more mechanization, adequate credit for needed
capital investments, more efficient marketing
arrangements, changes in ownership and tenure
patterns, and better management, generally,
will be necessary. Particularly important will
be the increased production of nitrogen and
phosphate fertilizers, plus the education of
farmers in their proper use. This will require
1 Food and Agriculture Organization, State of Food
and Agriculture, recent annual volumes (Rome).
2 Ibid.
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more investment in fertilizer plants and in
electric power. Fortunately, there are in the
world plenty of fertilizer resources (phosphate,
potash and nitrate). In semi-arid places like
the Indus Valley, north-eastern Brazil and
many parts of Africa, water-supplies of required quality can often be increased with
additional capital and energy, or can he used
more effectively.
10. The trend in per capita consumption of
energy in the developing regions of the world
over the past thirty years permits greater optimism. The rate of increase for the world over
the past twenty-five years has been nearly 2
per cent per annum, compared with 0.5 per
cent for food, with higher rates, fortunately, in
those countries where consumption is low. 3 In
Mexico, the increase from 1929 to 1960 was
more than three times ; in Brazil, nearly four.
times; in India and Nigeria, about double.
Post-war trends indicate that this kind of increase is continuing and even accelerating. By
the year 2000, again on the basis of the high
United Nations projections of population, the
world average per capita consumption of energy
could well exceed that of western Europe in
recent years. Since energy is a basic ingredient
of industrial development and economic development generally, the rough trend projection
of a five- to six-fold increase in world energy
consumption between 1960 and 2000, nearly a
tripling in per capita terms, is indeed a hopeful sign.
11. Since many countries are largely dependent on foreign supplies for their mineral
fuels and since many other countries find their
richest source of capital and foreign exchange
in exports of these fuels, it will be important
to economic development that the channels of
world trade be unobstructed. The immense oil
reserves in the Middle East, in North Africa
and in the Caribbean area of northern South
America, as well as in other parts of the world,
can play a significant part in the general eco~
nomic advance. It will, of course, be desirable
that these reserves be developed as efficiently
as possible, taking full advantage of latest
techniques o£ both discovery and recovery. The
investment of net earnings and royalties from
oil and other mineral enterprises in the con·
servation and development of land and water
resources, in education and health and in other
beneficial lines will be important.
a United Nations, World Energy Supplies in Selected Years 1929·1950 (United Nations publication,
Sales No.: 19S2.XVII.3) ; United Nations, Statistical Yearbook, various issues; other United Nations
sources.
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12. In various countries, there are large
reserves of oil shale and tar sands, from which
crude oil and refined products can be recovered. Oil shale in the United States of
America, and perhaps in Brazil, and tar sands
in Canada are close to being economically competitive with conventional liquid petroleum. The
underground production of liquid or gaseous
fuel from coal and oil shale, if economical
techniques can be developed, would eliminate
the necessity for transportation of ores, construction of refining and processing mills, and
disposal of most waste materials.
13. Nuclear energy, chiefly as converted to
electricity, is already becoming a factor in the
total energy situation in the United States of
America. By 1980, for the United States, it
has been estimated that about 20 per cent of
electricitv consumed will come from nuclear
reactors; by 2000, about half. This would be
about 5 per cent of total energy consumed from
all sources in 1980, and 15 per cent in 2000. 4
Undoubtedly other countries will also make
progress along this line ; those countries with
poor conventional sources of energy have a
special incentive to go to nuclear power. It
should be kept in mind, however, that much
capital will be required, not only for reactors,
but also for generators, transmission lines and
distribution facilities, plus reliable base loads
of industrial, household and other uses. The
fuel requirements of uranium and thorium do
not appear difficult, but facilities for processing
and enrichment are costly. Developing countries will want to plan to take full advantage
of nuclear power in ways suitable to their own
economic situations, but should take care that
the problems are not underestimated, compared
with obtaining additional energy in more conventional ways.
14. With respect to iron-ore, future prospects are also reasonably optimistic, because
large new discoveries of high-grade deposits
have been made in recent years in a number
of areas of the world, including Australia,
Brazil, India, Liberia and Venezuela. More
difficulty will probably be encountered in certain other metals, for which reserves in sight
are far less abundant. For copper, lead, zinc
and certain other metals, projections of recent
rates of consumption, even taking into account
the reuse of scrap, rise above currently known
and inferred reserves before the end of the
century. Large new ore discoveries, significant
technological improvements or increasing use

of substitutes will be needed if higher costs
and diminished consumption are to be avoided. 11
Fortunately, the outlook for aluminium is much
brighter, even though obtaining sufficient supplies of high-grade bauxite may become quite
costly by the end of the century. Alumina, from
which the usable metal can be obtained, can
also be extracted from clays which occur widely throughout the world and at costs not too
much above the current ones. The critical factor
in obtaining enough aluminium is electric
power, for which there are, in many parts of
the world, major hydroelectric potentialities,
plus large sources of conventional hydrocarbons.
15. \Vhether the world's forests will be able
to stand the drains projected for the next few
decades seems uncertain at this time. One encouraging sign is that 40 per cent of the world's
total wood came from northern America and
western Europe in 1960, yet the forested acreage in these two areas is only a little over 20
per cent of the world total. Thus, if sustained
output in the rest of the world could be brought
to a European-American level, consumption
could be increased substantially, perhaps
doubled. This would still be less than the projected tripling or quadrupling of demand
which a continuation of the post-war consumption trend would indicate. However, substitute materials are available, e.g., steel, aluminium, fibreboard and ceramic building blocks.
The physical potentials for hardwoods in the
tropical areas of the world are known to be
great, but the problems of economic development are most difficult. Further gains could be
made by the application of more efficient
management and cutting practices to the large
forested areas in virtually all countries of the
world in which modern, scientific forestry is
not currently being undertaken.
16. Whether the relationship between material resources and population will improve,
stand still, or deteriorate cannot be known
except with the passing of time. Recent trends
and future projections afford grounds for optimism regarding energy and certain of the
mineral materials. For food, the future is
clouded with uncertainty, as it is also for forest
products. However this may be, certain factors
will be critical for the outcome. The resourcespopulation equation can be affected by events,
forces and deliberate policies acting on one or
both of the two elements in the equation. The

4 Hans H. Landsberg, Leonard L. Fischman and
Joseph L. Fisher, Resources in America's Future
(Baltimore, Johns Hopkins Press, 1963), p. 35.

5 Joseph L. Fisher and Neal Potter, World Prospects for Natural Resources: Some Projections of
Demand and Indicators of Supply to the Year 2000
(Washington, D.C., Resources for the Future, Inc.,

1964).
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net result of these factors will determine the
level towards which the relationship will tend.
17. Of great significance will be the trend
in population growth itself, and this is pri·
marily a matter of the birth rate. In the last
few years the annual birth rate for most Latin
American countries has exceeded 40 per 1,000,
while that for much of Africa and Asia apparently has been as high. 6 Total population
in Latin America has been increasing recently
at some 3 per cent per annum, while that in
Asia and Africa, where death rates are higher,
the rate of growth apparently has slightly exceeded 2 per cent. The more developed parts
of the world have had lower birth rates and
lower rates of population increase, especially
Europe, where the population has
owing
at around 1 per cent annually. It is s 11 anti·
cipated by many demographers that as the developing countries become more urbanized, as
people there become more highly educated,
and as they find a way to higher per capita
incomes, birth rates will decline, as they did
at an earlier time in the economically more
advanced western countries. Deliberate limitation of births through wide-spread and effective
use of birth control measures may enter more
prominently into the picture during the coming
years, as control techniques are perfected and
made cheaper and as social and religious taboos
are loosened.
18. Large programmes of information and
education in many of the developing countries
will undoubtedly be necessary to impress upon
people the dangers inherent in current trends
of births and deaths, and to instil in them a
desire to find and to apply those policies which
can alter the trends, along the lines of their
own wishes. Research in the physiology of
reproduction has been extremely lively in recent
years and may yield important new break~
throughs in our understanding of processes
upon which new, safe and more effective control measures can be based. Assertion by people
of rational control over their own rate of increase can be applied in future years to births,
as acceptable means become available and as
the desire to do so becomes stronger.
19. Very important also will be the future
levels of education, health, science and tech·
nology, investment, work skills and managerial
skills in countries and regions currently regarded as over-populated. Perhaps most important of all is a strong motivation towards
6 From United Nations and other sources, as reported by the Population Reference Bureau, Washington, D.C., in Population Information for 129 Countries, World Popukmon Data Sl1eet (December 1964).
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economic development. Successful programmes
in these fields could permit the production of
food and other materials in poorer countries
to surpass population increase rapidly enough
to allow social forces to come into operation,
which might lead to a slower rate of population increase. A decrease in the number of
children, unless offset by an increase of old
non-producers, would mean an increase in the
relative portion of the population in the working
ages. The total cost of rearing children would
be less than otherwise, and the income available for educating and caring for children
would be larger.
20. More strictly on the resources side,
further scientific knowledge about land, water
and minerals, and how to develop and use them
would he helpful. An example would be the
development and application of low-cost tech~
niques for demineralizing ocean and brackish
waters so that agriculture and industry could
flourish in arid parts of the world. Furt.her
developments in the control of nuclear fission,
and beyond that nuclear fusion, contain the
promise of very large amounts of electric
power and heat virtually anywhere in the
world. The oceans represent an immense store
of food and mineral resources about which
relatively little is known. Even the land itself
has not been explored in any great detail. Newer
techniques for discovering underground minerals have greatly changed the former estimate
of available reserves. In many parts of the
world, modern mineral prospecting has not
been undertaken. Added knowledge about how
to increase agricultural yields seems clearly in
prospect. Development of hybrid trees promises
ultimately a large increase in the output of
forest products.
21. Closely related to new knowledge about
resources is the application of technical knowledge to the problems of resource development
through capital investment and skilled management. The point has correctly been made that
the application of the best-known farming
techniques everywhere in the world would so
increase the output of crops that no one anywhere would have to go hungry. The real prob-lems, of course, lie in finding the investment
funds, the skilled labour and the efficient management, along with other necessary items to
make such improvements possible.
22. Numerous social, institutional and organizational changes will be necessary if levels
of living in the poorer countries are to rise
significantly and soon. In this regard, each
country must experiment and innovate for
itself, basing its new institutional arrangements
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objectives.7

upon its own traditions and the possibilities
open to it. The establishment and execution of
resource development programmes, closely
geared to economic plans generally, are proving
to be effective as the means by which countries
are able to move forward in developing their
resources so as to support and sustain economic
advancement. Successful resource development
programming will involve research and development activities, careful evaluation of alternative development schemes and the setting of
priorities so as best to serve social and eco-

nomic
The strategy for resource
development will probably vary from country
to country, depending upon its particular situation. Aid from the more developed and
wealthier countries can be helpful, but the main
effort must come from within. Of particular
importance will be institutional improvements
to expand world trade and investment in resources, so that abundant and low-cost materials, wherever they are in the world, can flow
into world markets and be purchased by those
who need and can afford them.

7 In this connexion, the establishment of a world
resource development institute has been proposed,
which, among other things, could sponsor comprehensive and systematic projections of resource demand
and supply, improve analytical techniques for evaluating resource projects, investigate the uses of new
resource technology and otherwise assist in the effective planning of resource development. See Joseph L.

Fisher and Roger Revelle, "Natural resources policies
and planning for developing countries", Natural Resources: Energy, Water and River Basin Development,
vol. I, papers prepared for the United Nations
Conference on the Application of Science and Technology for the Benefit of the Less Developed Areas,
held in Geneva, 1963 (Washington, United States
Government Printing Office, 1963).

Mineral resources and rates of consumption

M. KING HUBBERT
1. The context in which this World Popu·
lation Conference is
·
held is briefly as
follows: the world pop
·on by 1%5 has
reached a magnitude of about 3.35 X 10 9, and
is increasing at such a rate as to double in
about thirty-six years. Of this population, about
30 per cent live in geographical regions with
moderate-to-high states of industrialization;
about 70per cent live in regions of low industrialization with subsistence agriculture as the
principal source of livelihood.

2. The fundamental characteristic which distinguishes an industrial civilization from a
contemporary non-industrial one, and from all
civilizations prior to three centuries ago, is
that industrialized societies are completely dependent upon large-scale consumption of mineral resources, particularly those of energy
and of the industrial metals. In fact, the 30
per cent of the world population who live in
the industrialized areas consume approximately
90 per cent of the world production of industrial energy and mineral resources.
3. Consequently, a question of fundamental
importance in any consideration of the world
population problem is whether (and under what
circumstances) the benefits, in terms of public
health and the general well-being now enjoyed
by the populations of industrialized areas, can
be extended to the much larger populations in
the currently non-industrialized areas of the
world. This involves the further question of
whether the world's mineral and energy re·
sources are adequate for such an undertaking,
and also whether a state of large-scale industrialization is a condition which can be prolonged indefinitely, or whether such a state is an
intrinsically ephemeral phenomenon in the
longer span of human history.
4. Since a high state of industrialization is
not possible without large-scale consumption of
energy and mineral resources, examination of
the foregoing questions can scarcely be made
without prior inquiry into the requirements
and availability of the essential resources. This
can be done in a preliminary way from the facts
stated in the opening paragraphs of this paper.
Assuming that approximately 90 per cent of

the world production of energy and mineral
resources is consumed by the 30 per cent of
the world population now living in industrialized areas, one can estimate how much the
annual production would have to be increased
in order for the average consumption of the
entire world population to equal that of the
30 per cent at the current time. If one lets M1
be the current annual rate of mineral production, C the rate of mineral consumption per
capita of the industrialized areas, M 2 the rate
of production necessary for the world per
capita consumption to equal C and P the current world population, then
0.9M1 = C = M 2
0.3P
P •

(l)

From this, it will he seen that
(2)

or that it would be necessary to increase the
current world rate of mineral production by a
factor of 3.

5. This figure, however, is only a minimum
figure, since it, in effect, assumes that the rest
of the world has already become industrialized
and so represents only the rate of mineral consumption required to sustain its operation.
However, before this state could he reached,
a large expenditure of energy and minerals
would be required to build up the necessary
stock of industrial equipment.
6. Perhaps a more informative way of
seeing the magnitude of the discrepancy hetween the per capita mineral consumption of
the industrialized and the non-industrialized
areas is the following. Let C1 and C2 be the
current per capita mineral consumption rates
in the industrialized and non~industrialized regions, respectively. Let M be the current rate
of mineral production and P the current population. Then
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c1 _

0.9M

3M

O.JP

= p•
-

(3)

c2

O.L'Il
0.7P

=

M
7P'

(4)

-

POPULATION AND NATURAL RESOURCES

319

Then, dividing equation (3) by equation ( 4),
one obtains

mineral consumption of the former would have
to be increased by a factor of about 21.
7. For an idea of the approximate magnitudes that are involved, there is shown in
table 1 the world production of some of the
principal energy and mineral resources for the
year 1963 and also the approximate average
per capita consumption of each for: (a) the
world as a whole; (b) the industrialized areas ;
and (c) the non-industrialized areas.

3M/P = 21
M/7P
.

(5)

That is to say, in order to bring the operation
of the non-industrialized regions up to that of
the industrialized regions, without allowance
for capital equipment, the average per capita

Table 1. Annual world production and consumption per capita of
major mineral products. 1963
World
Annual
production
(-tric tons)

Coal .............. 2,650 X 100
Crude oil ............ 1,296 X 106
280 X 106
Pig iron ............
Aluminium ......... 5.52 X toe
Copper .. ' ' ' .. ' .. '
4.74 X 106
Zinc ... ...... ' .... 3.60 X 106
2.54 X 106
Lead . . . . . . . . . . .
Tin ...... ' ' ....
194 X 103
Portland cement .....
374 X 106
~

'

Consumption per capita

Average
production
t,er capita
( k.togrammes)

791
387
83.6
1.65
1.41
1.07
0.758
0.058
112

NonIndustrialiJted industrialized
areas
a-reas
(kilogrammes) (kilogrammes)

2.370
1,160
251
4.95
4.23
3.21
2.27
0.174
336

113
55.3
12
0.236
0.201
0.161
0.108
0.008
16

SouRCE: minerals data from United States Bureau of Mines, 1963
Minerals Yearbook (Washington, D.C., 1964).

8. These figures, however, are not particularly meaningful until they are considered both
in their historical and in their geological contexts. Historically, the smelting of non-ferrous
metals appears to have been initiated in Anatolia about 4000 B.C., and the smelting of iron
in the same general region about 2700-3000
B.C. 1 From these early beginnings the mining
and smelting of metals have continued as an
uninterrupted human enterprise. The use of
coal for fuel was also begun at least as early
as the Roman occupation of the British Isles.
This, however, was discontinuous and it was
not until about the twelfth century, when the
inhabitants along the Northumbrian coast of
north-eastern England discovered that certain
black rocks found along the sea coast- and
thereafter known as "sea coals"-would burn,
that the digging and mining of coal became an
uninterrupted enterprise.
9. It was not, however, until the eighteenth
century, during which the steam-engine was
developed and charcoal for the smelting of
metals was displaced by coke made from coal,
that the modern era of industrialization was
1 Theodore A. Wertime, "Man's first encounter
with metals", Science, vol. 146 (1964), pp. 1,257-1,267.

'

seriously begun. It was during this period that
the rates of production of coal and of the
various essential industrial metals began their
exponential rates of increase which continued,
with minor interruptions, until about the beginning of the First World War.
10. Supplementing coal, a second major
source of industrial energy, in the form of the
fossil fuels, crude oil and natural gas, was
introduced near the middle of the nineteenth
century, when the commercial production of
crude oil was begun in Romania in 1857 and
in the United States of America in 1859.
11. Although water-power had been in use
to a limited extent since the Roman Empire,
this source of energy and power was limited
to small units of rarely more than a few horsepower, or kilowatts, each until after the development near the end of the nineteenth century of electrical means of generation and distribution of power. Hence, it has been principally within the last half-century that waterpower, with units having a range of capacity
in the hundreds of megawatts, has reached a
magnitude of significance in terms of modern
industrial power requirements.
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12. Although the rates of consumption of
energy and of industrial metals began their
exponential increases during the eighteenth
century, it was not until the nineteenth century
that their magnitudes became large by current
standards. An idea of the manner of this growth
can be gained from figure 1, in which the
annual world production of energy from coal
and crude oil, plotted on an arithmetical scale,
is shown for the century 1860 to 1960. By
visual inspection, it is seen that this period
is divided into three distinct episodes of growth.
The first, ending at the beginning of the First
World War, was a steady exponential growth
at about 4 per cent per annum; the second
was a period of confused growth extending
from the beginning of the First World War to
the end of the Second World War; the last
has been a period of renewed exponential
growth, extending from the end of the Second
World War to the current time.
13. Since energy provides the motive power
for all other industrial activities, the rate of
increase of industrial energy production is a
composite measure of the rate of increase of
the activity of the entire industrial complex.
In particular, the rates of production of the
major industrial metals, although differing
slightly among themselves, are markedly simi-

li.

l

201---l-t--+

1

"'~

121--+--t-

~

Years

Figure I
World production of energy from.
coal and crude oil during the century 1860-1960

--SoURCE:

M. King Hubbert,
Energy Resources, Publication
lOQO..D (Washington, D1C., National Academy of Sciences-National Research Council, 1962),
p. 26, fig. 8.

lar to the rate of consumption of energy. Space
here does not permit the presentation of these
rates of increase in a graphical form, but some
of the salient statistical characteristics are
shown in table 2.

Table 2. Growth rates of world production of energy and the principal
industrial metals

Growth
period

R"squrce

. .. ......

1860-1910
1910-1946
1946-1962
Coal .............. 1860-1914
1914-1954
Crude oil. ......... 1880-1930
Energy

~

~

1942-1964
1830-1910
1910-1946
1946-1962
Copper ........... 1815-1910
1815-1850
1875-1910
1910-1964
Lead .............. 1800-1900
1910-1962
Zinc •4• . . . . . . . . . . . . 1815-1915
1915-1964
Tin ........•...... 1800-1850
1850-1900
1910-1962
Aluminium ........ 1910-1963
Pig-iron

•••••

~

•• * •

1965

Production
increMe
J>eratt""m

(pwcentfl.ge)

4.39
1.65
4.88
4.21
0.65
7.86
7.60
4.42
0.148
6.77
4.06
3.22
5.57
2.80
4.02
1.67
6.74
2.40
0.169
3.60
0.176
9.35

l!U:1'etUe
pwcentury

Doubling

time

(years)

16.1
43.2
14.6
16.8
110
9.2

9.5
16.0
42.3
10.6
17.4
22.0
12.8
25.1
17.6
41.0
10.6
29.2
41.5
19.5
52.3

7.75

p-

Tettfold
time
(years)

p;;-

54
140

73
5.2

48

117

56
365
JO
31
53.5
157

62
1.9
1,920
1,500
76
4.3
700
54

35

58
73
43

83
59
147
35
97
138
65

174
26

24
240
16
52
4.8
680
10.3
5.3 .
34.5
3.75
7,600

SouRCE: United States Bureau of Mines, staff and various publications.
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14. From this, it will be seen that for the of metallic ores that are likely to be formed
period comprising most of the nineteenth cen- during the next million years would be
tury and ending about 1910-1915, the produc- insignificant in comparison with those which
tion rates of total energy and of most of the h~ve been formed during past geological
industrial metals increased exponentially at history.
annual rates which averaged close to 4 per
18. When fossil fuels are burned, their
cent.
energy becomes degraded into low-temperature
15. Newer components are represented by heat and eventually is radiated into space.
crude oil, as a source of energy, whose produc- When high-grade ores are mined for the protion did not begin until 1857; and by alumin- duction of metals, these metals are not deium, as a new metal, whose commercial pro- stroyed in a chemical sense ; instead, they are
duction was not achieved until 1886. Crude-oil wasted by scattering. One sees, therefore, that
production from 1880 until 1930 increased at deposits of fossil fuels and of the high-grade
an average rate of 7.86 per cent per annum, ores of metals represent initial fixed supplies,
while the production rate of aluminium, from which, by the processes of exploitation and use,
1910 to 1963, has been increasing at an average are absolutely exhaustible.
rate of 9.35 per cent per annum.
19. \Vhen the rate of production of an
exhaustible
resource is plotted graphically on
16. These figures are emphasized because of
their significance with respect to the future. A an arithmetical scale against time, the area
quantity which increases at a steady growth under the curve is proportional to the cumu.rate of 4 per cent per annum will increase fifty- l~tive production. Since the cumulative producfold in a century ; a quantity which increases tiOn can never exceed the amount of the reat a rate of 9 per cent per annum will increase source initially present, then it follows that
7,000-fold per century. When the initial the curve of the rate of production must
quantities are small, as all mineral production begin at zero, rise until it passes one or more
was at the beginning of the nineteenth century, maxima, and then decline eventually to zero.
there is no difficulty in increasing such small The area under such a curve, when multiplied
quantities by large factors; when the quantities by the appropriate factor of proportionality,
have become large, however, as mineral produc- must be equal to or less than the quantity of
tion had become by the beginning of the the resource initially present.
20. This principle is illustrated in figures
twentieth century, or as it currently is to
continue a rate of increase of fiftyfold or ~ore II and III for the world production of coal
per century is quite another matter. It is an and of crude oil, respectively. The initial world
impossibility for any physical quantity on a reserves of mineable coal are estimated to have
finite earth to increase at a constant exponential been about 2,500 X 109 metric tons, 2 of which
rate greater than zero for more than a tem- about 110 X 109 metric tons have already
been consumed. As figure II shows, if the
porary period of time.
2 Paul Averitt, "Estimated remaining coal reserves
17. Limitation on the future production of
the world by region and principal coal-producing
energy from the fossil fuels and of metals from of
countries" (1961), as reproduced in M. King Hubbert
geological deposits of high-grade ores are Energy Resources, Publication 1000-D (Washington'
imposed by the fact that deposits of these D.C., National Academy of Sciences, National Re~
materials within exploitable depths (about. two search Council, 1962), p. 37, table 3.
kilometres of mining and eight kilometres for
petroleum) are of finite magnitude and occupy
but a minute fraction of the space within these
depths. The deposits of metallic ores now being
exploited are the cumulative results of geological processes which have occurred during the
last 3,000 million (3 X 109 ) years of geological
history. The deposits of fossil fuels have been
formed from the remains of organisms accumulated in sedimentary rocks during the last
Years
600 million (600 X 106 ) years, and their
energy content represents chemically stored
Figure II
energy derived by photosynthesis from solar
Ultimate world production of coal
radiation during that period. Hence, although
the same geological processes are still operative,
SouRCE : M. King Hubbert, op. cit., p. 39,
the additional new deposits of fossil fuels or
fig. 19.
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2200
Yea,..

Figure III
Ultimate world production of crude oil

-SouRCE:
- - M. King Hubbert, op. cit., p. 75, fig. 41.
maximum rate of world production should he
only three times that of the current time, the
production of coal will pass its maximum about
200 years hence.
21. A similar analysis for crude oil, shown
in figure III, indicates that the maximum rate
of world production of this fuel will probably
occur about the end of the current century.
22. The total length of time during which
an exhaustible resource may be exploited is
likely to be deceptive. Thus, coal has already
been· mined continuously for about eight
centuries and mining may continue for as many
centuries into the future. However, if one
disregards the first and last 10 per cent of the
cumulative production, it may be determined
from figure II that the time required to produce
and consume the middle 80 per cent will
probably be only about 350 years. A similar
analysis of figure III for crude oil indicates
that the middle 80 per cent will probably be
consumed during the eighty-year period he·tween 1960 and 2040.
23. Another example of the deceptiveness of
t!1e length of past time during which exploitatiOn of mineral resources has been occurring is
the following. The cumulative production of
coal from the twelfth century to the end of
1964 amounts to about 109 X 109 metric tons;
however, one half of this has been produced
·
since 1933.
24. Similar statements are valid with regard
to all other industrial mineral resources. In
every instance, the production during the last
~-century exceeds that of all preceding
history.
25. The brevity of the period of exploitation
o~ the fossil fue_ls in the ~onger. span of human
h1story, extending from· minus to plus 5,000
years with respect to the current time, is
shown in figure IV.

1965

26. The metals differ from the fossil fuels
in that, with the exception of nuclear fuels
th~y are not chemically destroyed; they ar~
rrun~, used and scattered. They also occur in
a w1d~ spectrum of • concentrations ranging
from htgh-grade depostts down to their average
geo-chemical abundances. Exploitable iron-ores
for example, have iron contents ranging fro~
as high as 72 to as low as 20 per cent, whereas
the average iron content of the mineable rocks
of the earth-the geochemical abundance-is
about 5 per cent. 3 Copper in the Bingham
Canyon mine in Utah is being obtained from
rocks with an average copper content of about
0.6 per cent.
27. Comparative magnitudes of known ores
of major industrial metals and their corresponding geochemical abundances within a
mineable depth of two kilometres are shown in .
table 3. 4 It is to be noted that the known ore
deposits of grades now exploited are sufficient
at cl:!rrent rates of production only for periods
rangtng from a few decades to a few centuries.
The ratio of the content of these deposits to
the total metal content based on geochemical
abun~nces, however, averages, with the
exception of aluminium, close to a million. It
appears, therefore, that if enough energy is
available, the world can continue to extract
metals in industrial quantities from increasingly
lower-grade ores after the high-grade ores
have become exhausted. Furthermore, although
space here does not permit the presentation of
evidence, energy in quantities many times
larger than those of the fossil fuels can be
3 Frank Wigglesworth Clarke. ·"The data of geochemistry'', Bulletin of the United States Geological
Survey, vol. 770 (Washington, D.C., Government
Printing Office, 1924), p. 34.
4 Elmer W. Pehrson, Man and Raw Materillls,
Edgar Marburg Lecture, 1958 (American Society for
Testing Materials, 1959), p. 3. 'this material is based
in part on the work of Ferdinand Friedensburg, "The
future supply of metals", Zeitschrijt fUr Ersbergbau
und Metallhuttenwesen (December 1957), pp. 573·576.

~60

~ 40
~

~20

o• yeanl

.5

Time-before and after floe present ( 1

Figure IV

_

World production of fossil fuels in a time.,
perspective of minus to plus 5,000 .years · .

_,...::_.

SouRCE : M. King Hubbert, op. cit., p. 911 fig, .54; ,
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Table 3. Comparison of 1956 world production of selected industrial metals with geochemical
abundances in outer two kilometres of the earth's crust
Theoretical availability

Elemel<t

Aluminium ..... ,. ..........
Iron . ' .....................
Zinc .......................
Copper
Lead ...................... ·
Tin ·- .... - ..... ..... ....

.....................
.
~

Total reso«Yce
(10• metric tons)

7.48
4.7
0.017
0.01
0.003
0.0005

~

~

Estima.ted

Average
content
(percentage)

~

58,366,000
36,674,000
133,000
78,000
23,000
4,000

exploitable
reserve
(10' metric tons)

2.0
50.0
0.07
0.10
0.04
0.007

Ratio:
theoretical to
exploitable
reserves

1956 world
production
(metric tons)

Years of
supply in
e...ploitable
reserve

29,000,000
700,000
2,000,000
800,000
600,00Q
600,000

3,500,000
200,000,000
3,100,000
3,500,000
2,100,000
200,000

570
250
23
29
19
35

SOURCE: Elmer W. Pehrson, Man and Raw Materials; Edgar Marburg Lecture, 1958 (American Society
for Testing Materials, 1959). Based largely on the study by Ferdinand Friedensburg, "The future supply of
metals", Zeitschrift fur Erzbergbau und Metallhuttenwesen (Dec. 1957), pp. 573-576.

produced, by means of the breeder reaction,
from the fissioning of uranium and thorium.
CoNCLUSION

28. Despite the deceptively long times
during which metals and energy from the fossil
fuels have been exploited to some degree, the
principal increases in the rates of these exploitations have occurred within the last century. As
a consequence of the ecological disturbances
created by the rise of technology and associated
scientific knowledge, the human population has
also entered its current phase of exponential
increase. The nature of the situation and
dilemma in which mankind currently finds itself
is illustrated graphically in figure V, in which
Energy consumption per unit time

,... ~:- - "'(_t..iUCie~;'"O~d solar
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Figure V
Human affairs in time perspective

-SoURCE:
-fig. 61.

M. King Hubbert, op. cit., p. 134,

the rate of world energy consumption, the
human population and the energy consumed
per capita, are plotted as functions of time for
a period extending from 10,000 years in the
past to 10,000 years in the future. What is
most evident, when seen on such a time-scale,
is that the normal state of human affairs is one
of negligible rates of change. The current
exponential rates of increase of human population and of industrial activity are of very
recent origin, and, for reasons pointed out
above, are incapable of being continued for
more than a temporary period into the future.
In fact, one must look forward to the achievement of a state of non-growth, but the future
welfare of mankind is highly dependent upon
the manner in which this is accomplished. If
current rates of growth are not deliberately
curtailed by mankind itself, and are permitted
to . continue until stopped by physical limitations, the result can hardly be other than
disastrous. On the other hand, if, by considering the problem realistically, as this Conference is designed to do, effective measures
can be evolved not only to stop the current
growth of world population, but actually to
reduce it to a more optimum size, then the
world's resources of energy and essential industrial minerals should suffice to sustain its
population at a very comfortable level of wellbeing for at least many centuries into the
future.
29. However, since the word "growth" has
become one of the most cherished in contemporary folkways, the achievement of a state of
non-growth by rational foresight scarcely
appears likely without an accompanying drastic
revision of those folkways. Should such a state
be accomplished by rational procedures, it
almost certainly will be accompanied by an
intellectual revolution of comparable magnitude
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to those evoked by Copernicus and Galileo,
and by Hutton, Lyell and Darwin, concerning
the nature of the solar system, and the history
of the earth and the evolution of its organisms.
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Nuclear energy and other recent developments in the generation
and distribution of energy

J. A.
INTRODUCTION

. ~. The application .of nuclear energy for
Civd power purposes 1s the most significant
development in the world energy economy since
the emergence of petroleum as a major energy
source. As a result of an immense effort in a
few of the technicallv advanced countries a new
primary energy sou'rce has been harnes~d for
the service of man. In the incredibly short
space of ten years or so, a new fuel technology
has been created. During this period, nuclear
power has passed from the research and expert:nental stages to full-scale industrial application. Installed nuclear power capacity now
totals about 4,000 m vVe in various countries
throughout the world. Large nuclear powerstations are already operating as normal parts
of electricity networks. They are proving safe
reliable and flexible in operation, and there hav~
been no problems in integrating them into
existing electricity systems alongside traditional
forms of electricity generation.
CURRENT STATE OF NUCLEAR TECHNOLOGY

2. The development work of the past ten
years has resulted in the establishment of two
main systems for commercial application at the
current time. These are the graphite-moderated,
gas-cooled system, using natural uranium fuel ·
and the systems using water (light or heavy)
as moderator and coolant, and enriched or
natural uranium fuel. The costs of power from
stations based on these reactor systems, and
the expected costs of those under construction,
have shown a marked downward tendency over
time. In the United Kingdom for example
which has the largest nuclear 'programme s~
far adopted, based on the graphite-moderated,
gas-cooled natural uranium reactor, capital costs
have been almost halved between the first and
last stations in the eight so far ordered, partly
because of an increase in size from 300 to
nearly 1,200 mWe. Similar trends are apparent
elsewhere--for example, in France, which has
also ~oncentrat~d on the gas-graphite system,
and m the Umted States of America which
favours light-water moderated and cooied sys-

JUKES

terns, using enriched uranium fuel. The generating costs of these stations, in which capital
charges are the main element, have followed a
corresponding trend ; but they have not, thus
far, shown any clear advantage (and often a
clear disadvantage) compared with the cost of
power from more conventional stations.
3. However, the nuclear industries in
Europe and in America should now be capable
of constructing large reactors which would be
competitive with conventional power when they
come into operation. In at least one case
(OJ:ster Creek, in the United States), a nuclear
sta~10n has already been ordered at a price
whtch should make it competitive even with
relatively cheap fossil fuel. For the next few
years, most of the stations ordered are likely
to be of the established water and gas/graphite
types already described; but new types of
reactor are ready for introduction and others
are being developed. Competition should lead
to a continuing downward pressure on nuclear
costs.
4. Current reactors use only about 1 per
cent of the potential energy in natural uranium ;
future reactors, such as the fast breeder reactor
may increase this figure to something like
per cent. Experimental fast reactors are already
m successful operation and several industrialized countries have announced their intention
to construct large prototypes. Reactors using
thorium fuel, together with some uranium are
also being developed, which should lead to
further economies in the use of natural
uranium.

30

FUTURE TREND OF NUCLEAR COST

5. As previously pointed out, the costs of
power from reactors already built or under
construction have almost halved between the
earliest and latest in the series. Capital costs
for the latest of the established types range
from about $140 to $280 per kWe for large
reactors ( 400-500 m We) ; the systems at the
higher end of this range have lower running
costs than those at the lower end, so that the
range in total generating costs is relatively
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narrow. Generating costs per kWh will depend utilization of uranium. More high-grade reon costing conventions and other factors, which serves may have been fotmd ; but, if not, use
vary from country to country, but for indus- can be made of the very much larger low-grade
trialized countries the broad range is from 4 to deposits, which can be mined at higher costs.
$0.001). Capital costs of Thorium~fuelled reactors should also be avail6 mills (1 mill
comparable fossil-fuelled stations are $100-$150, able to relieve the pressure on natural uranium
per kWe, and fuel costs generally range from supplies. In the longer term, the sea may be a
$10 to $20 per ton of oil equivalent, giving virtually inexhaustible source of uranium at
generating costs of about 4 to 7 mills per kWh. costs perhaps several times the current price of
6. The continuance of the downward trend mined material.
9. Enriched uranium should also be availwill depend mainly on further reductions in
capital costs. Although these are not expected able in adequate quantities. The United States
to fall so rapidly as over the last few years, Atomic Energy Commission, which is currently
there is still considerable scope for improve- the largest and cheapest Jiotential supplier, has
ment through increased unit size, multiple- indicated its readiness to enter into long-term
reactor stations and large-scale production contracts linked to the United States domestic
through replication of designs and standar- price scale for the supply of enriched uranium
dization, quite apart from new technical to specific reactors over their operating lives.
developments and engineering improvements. The United Kingdom would expect to be able
Conventional costs may also fall, but the scope to supply material at low enrichment, given an
for this will be much more limited. However, adequate demand, at prices not much higher.
as the ·size of station falls, the capital cost of Other possible sources of supply in the longer
nuclear reactors falls less rapidly than conven- term may be France and the Union of Soviet
tional stations ; and it is unlikely, therefore, Socialist Republics.
that nuclear reactors will be competitive much
below 100-150 mWe for at least the next NUCLEAR POWER AND THE DEVELOPING NATIONS
decade or so, except for special uses.
10. As a result of the factors described
7. Although fuel costs are less important in
it is estimated that nuclear generating
above,
the case of nuclear than of conventional stations, there should be a possibility of significant capacity in the non~Communist countries may
improvement in them. Fuel fabrication costs reach 20,000 m W or more by 1970 and
are expected to fall as manufacturing techniques 100,000-200,000 by 1980. These figures are
improve and the scale of production increases. large, but they represent only 10-20 per cent of
Higher utilization of the fuel and thermal total forecast capacity at that date. Most of
efficiencies will also be possible. The net value the nuclear capacity will be in the highly
of irradiated fuel should also increase as developed countries.
reprocessing costs decrease with higher
11. In considering its place in the developing
through-puts and as methods are developed of countries, the most important features of
using the fissile plutonium contained in the nuclear power are its high capital costs, comfuel.
pared with fossil~fuelled g~nerating stations,
and the fact that this capital cost differential
URANIUM SUPPLIES AND COSTS
becomes more marked the smaller the size of
8. One of the main factors. affecting reactor station. It follows that, generally speaking,
fuel costs is the availability and price of natural nuclear power will be best suited in the shorter
and enriched uranium. Current prices for term to countries which are short of cheap conuranium ore are low, compared with the levels ventional fuel, but which have the .capital
reached in the 1950's, but this situation may resources to invest in large nuclear stations
not continue long into the 1970's if nuclear and the scientific and technological resources
-capacity grows at the expected rate. Even if to build and operate them. As capital charges
the price doubles or trebles, however, the effect form a high proportion of total nuclear
on the prite of electricity will not be pro- generating costs, nuclear stations must be
nounced, as the cost of uranium now fonns operated at high load factors if they are to be
only a sinall part (5-1 0 per cent) of the total economic; this presupposes a large and growing
generating cost. Unmined reserves of uranium, demand for electricity with integrated transat prices up to double current prices, should mission and distribution networks.
12. Few of the developing countries cursuffice until well into the 1980's. By then,
improved reactors should··be· available, which rently meet these requirements, but this does
will help to conserve reserves by more efficient .not mean that the benefits of nuclear power at
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the current stage are likely to be confined to
the advanced countries. One or two developing
countries, such as India and Pakistan, where
conditions are specially favourable, have already
embarked on nuclear power programmes. More
generally, however, nuclear power has already
introduced a new competitive element into the
world energy market, thereby reducing pressure on fossil-fuel supplies and restraining any
violent rise in their prices. This benefits all
countries, developed and developing alike. It is
of particular importance to the developing countries, in view of their mounting energy requirements, much of which has to be imported
at a heavy cost in scarce foreign exchange.
13. Looking beyond the immediate future,
the importance of nuclear energy for the
developing countries can scarcely be exaggerated. Owing to the very uneven distribution of
the world's fossil-fuel reserves, most of them
lack adequate indigenous resources and, in the
absence of nuclear power, would be faced with
the prospect of having to import increasing
quantities of fossil fuels. Nuclear fuel, even if
it has to be imported, is much cheaper in relation to its energy content and, because of its
enormous energy output per unit of weight,
cheap to transport. Some of the developing
regions also have indigenous reserves of
uranium and thorium. The chief significance of
nuclear power from this point of view, therefore, is that it marks the approaching end of
the situation where a relatively small number
of countries, through their access to cheap
supplies of fossil fuels, have an advantage over
countries not so favourably placed. This should
lead in time to a greater geographical equalization of energy costs, to the great benefit of
the developing nations.

speed through a magnetic field, thus generating
electricity. Used in conjunction with fossilfuelled or nuclear stations, magnetohydrodynamics might ultimately raise efficiencies to
60 per cent. Although this method is feasible,
its economic advantages remain to be demonstrated. In view of the complexity and high
capital costs of the magnetohydrodynamics
systems currently envisaged, they are unlikely
to be of interest to developing countries, but
simpler forms may follow.
16. Tidal power. Several projects for
utilizing the ebb and flow of the tides to
generate electricity are currently under way or
proposed. The River Rance scheme on the
north coast of France, with an ultimate capacity
of 320 m We, is due to start generating
electricity in 1965. The United States of
America is considering a scheme (the Passamaquoddy project) which would generate
1,250 mWe by 1980. The Soviet Union has a
small pilot project in the White Sea which
could be precursor of a vast 14,000 m We
scheme. The capital costs of these schemes are
high-about $360 per kW for the Rance
scheme, for example-though the running costs
are very low.
17. Solar and geothermal energy. Solar
energy is being successfully utilized in various
ways. Its use for salt production has long been
known, and Israel is now U!>ing fuel for the
recovery of potash from the Dead Sea. Small
solar water-heaters are being used in growing
numbers in regions where electricity is expensive and sunshine reasonably abundant. The use
of solar stills to produce potable water from the
sea or from brackish water is also growing.
Although most of these applications are on a
small scale, they may still make a useful contribution in some countries, particularly if they
are at a fairly early stage of development.
Gee!>thermal energy sources may also be worth
exploiting (as has already been done in Iceland, Italy and New Zealand, for example) at
locations where it is possible to make reliable
estimates of the total energy available.
18. Developments in energy distribution.
Transport costs are an important element in
the delivered cost of fossil fuels. In the United
States of America, for example, the cost of
transport results, in many cases, in delivered
prices for coal which are twice the cost at
mine. In India, the cost of coal delivered to
such cities as Bombay or Madras may be as
much as three or four times the cost at mine.
Improved efficiency in transporting fuel has a
large part to play, therefore, in reducing the
cost to the consumer. This is especially true

OTHER DEVELOPMENTS IN ENERGY PRODUCTION
AND DISTRIBUTION

14. Though not comparable in importance
to the successful introduction of nuclear power,
there have been other developments of interest
to developing countries.
15. Direct conversion. The practical limit of
thermal efficiency in generating plants used
for both nuclear and conventional stations
(now nearly 40 per cent in the most modem
installations) seems to be approaching. Further
improvement will depend on the progress made
with various methods of direct conversion of
heat to electricity, which can be used to raise
the over-all efficiency of generating stations.
Currently the most promising of these methods
is magnetohydrodynamics, in which gas is
heated to a high temperature and passed at high
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for the developing countries, which are so
dependent on imported fuel.
19. The introduction of large tankers has
reduced considerably the cost of transporting
oil by sea, which is still the most economic
method of transporting primary energy over
long distances (nuclear fuel excepted). A more
recent development is the transport of liquefied
natural gas in tankers specially designed to
keep it at the very low temperature necessary
to prevent vaporization. This has opened up a
large potential market for natural gas, much of
which has hitherto had to be burnt off as waste.
There have also been interesting developments
in the transport of solid fuels. In the United
States of America, transport of coal by pipeline
has been demonstrated and the threat of pipeline competition has already led to reduced rail
freights for coal. Unit trains, designed for the
transport of coal from mine direct to powerstations, are another development providing
lower transport costs in Europe and in the
United States of America.
20. The development of high-voltage power
transmission has created an alternative means
of transporting energy, which may be cheaper
than the movement of primary fuel. In the
United Kingdom, for example, for distances
over eighty kilometres, it is cheaper to transport
energy as electricity over high-voltage transmission lines than as coal by rail. High-voltage
transmission has also made it possible to ex-
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ploit, without excessive economic penalty.
remote hydro resources.
CONCLUSION

21. In recent years, there have been several
useful minor developments in the energy field,
some of which may be of interest to developing
countries. There has also been one major
development-that of nuclear power. Because
of its high capital cost, nuclear power currently
requires large reactor sizes and high load
factors to be economic. Vlith development,
these features of nudear power may be modified, but they are unlikely to disappear
altogether. The main use of nuclear power,
therefore, is likely to be in areas which, have
been industrialized. There, however, may be
special circumstances, such as the need in an
arid area for the production of fresh water
from the sea, in addition to electricity, which
would justify its introduction. But, although
the developing countries have no immediate use
for nuclear power on a large scale, the development of nuclear power is of great importance
as it means that, when they become industrialized, they should have no difficulty in
meeting their energy requirements at an acceptable cost. Meanwhile, they will benefit indirectly, as the introduction of this new energy
source will help to relieve pressure on supplies
and prices of such conventional fuels as oil and
coal, to the great advantage of developed and
developing nations alike.

Conservation and repeated use of water
YoNA KAHANA
POTENTI'AL NATURAL WATER RESOURCES

1. The most obvious and readily available
water resources are freshwater lakes and perennial rivers. Less readily exploitable resources
are ephemeral rivers. They are consider~d
marginal in many cases, though often (e.g., m
arid and semi-arid regions) they may be one
of the few resources available. Their utilization
involves complex studies, plans and operation.
2. Ground-water and surface-water are
mostly interrelated. Determination of the location of ground-water, its assessment and the
prediction of the effects of its utilization usually
entail an involved process. Ground-water ts
usually of better bacteriological quality than
surface-water, but its utilization may cause
depletion of the resource and deterioration of
its quality as, for example, by encroachment of
sea-water.
CoNSERVATION OF THE RESOURCES
AND REPEATED USE

Handling of the natural resources
3. Whereas the phrase "repeated use of
water" is self-explanatory, "conservation of
water" is far from being so. Any means
of water utilization may be termed conservation. Here, the term will be considered in
the sense of augmentation.
4. The first step in the conservation of
resources consists of its comprehensive handling. Consider, for example, the water from a
spring. Direct utilization of the spring's water
will invariably involve losses of water, especially during periods of high ~ow. ~umpi~g
the water directly from the aqutfer pnor to 1ts
discharge through the spring will either decrease or stop entirely the spring's outflow;
thus the discharge is fully utilized, as well as
rese;,.es which were otherwise in dead storage
in the ground. In many cases, the water may
be intercepted where its quality is better than
at the spring itself.
5. High evaporation losses may be a decisive
factor in the exploitation of r~ources requir!ng
relatively large storage capacities. The solution
may be underground storage. In general, the

total amount of usable water may be increased
bv co-ordinated exploitation of surface and
ui1derground water resources.
6. Another example of manipulation. of
natural resources is the case of a coastal aqutfer.
In such an aquifer, a certain flow seawards is
necessarv if sea-water intrusion is to be
checked: This flow correspondingly decreases if
sea-water is allowed to intrude inland. The
"safe vield", i.e., the quantities of fresh water
which'can be permanently withdrawn from the
aquifer without unde.sirable e~ects, n:ay t~us
be increased by allowmg some mland mtrus10n
of sea-water, and further increased by additional withdrawal of residual quantities of fresh
water near the coast. It has been demonstrated,
in recent experiments in Israel, that this scheme
would permit an almost complete recovery o£
the total net recharge of the coas~l aql!i~er.
This method also constitutes an effictent mmmg
of reserves; an "operating yiel?" is obtained,
which is composed of the safe yteld plus usable
reserves.
Underground storage and artificial recharge
i. In an underground storage system, the
water which is constantly moving, may be
almost completely recovered by proper locat!on
and operation of the recharge and pumpmg
facilities The main advantages of such a storage
system ~re : no evaporation losses, no pollution,
less land requirement, saving in costs of structures and quality control, which may be
attained by mixing in the aquifer. Disadvantages of this method include additional costs
of pumping installations and the dependence
on favourable geohydrological conditions.
8. \Vater reaches the undergound by artificial recharge, which can be accomplished by
infiltration from the surface or through wells.
Choice of method depends mainly on the quality
of the water, the type of soil and aquifer, and
the availability of land. The sources of water
for recharge will generally consist of excess
fresh water, floods and reclaimed domestic and
industrial sewage.
Evaporation control
9. In arid or semi-arid regions, considerable
annual quantities of water evaporate from free
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water surfaces. Construction of new reservoirs
further augments evaporation losses. Reduction
in evaporation losses results in improved water
quality, since evaporated water is pure. The
most advanced method to date is the introduction of monomolecular layers which reduce the
diffusion of water vapour into the atmosphere.
However, investigations are still being carried
out on the application and maintenance of such
layers. The introduction of reflective layers,
which cut down the amount of radiant energy
entering the water and, consequently, reduce
evaporation, has not been investigated to the
same extent. However, there is a promise in
their application.
10. Monomolecular layers cause a rise in
water temperature. As a result, an increased
rate of evaporation occurs through openings in
the layer, reducing their efficiency. Conversely,
reflective layers may reduce the amount of
energy entering the water, so that the temperature is lowered. Consequently, for the same
coverage one may expect greater water savings
from using reflective rather than monomolecular
layers. The efficiency of any cover will be
affected by its resistance to such natural phenomena as wind, waves and currents.
Forest and bntsh

11. Forest and brush consume large amounts
of water, which might otherwise reach surface
or underground interception facilities. Research
has shown that replacement of forest or brush
by grazing vegetation may save large amounts
of water.
Storage in upper soil layers

12. Water may be conserved by saturating
the soil for direct use by vegetation. This may
be achieved by soil conservation techniques and
proper farm management.
Repeated use of water

13. With only few exceptions, the salt content of water is increased after it has been used
for agricultural, industrial or domestic purposes.
14. In agricultural use, return irrigation
water may enter the ground-water, thus permitting more extensive application (as required
for flushing salts). Drainage water may be
either directly used, returned into a reservoir
or recharged to ground-water.
15. In industry, used water is commonly
suitable for further use. In those cases where
it cannot be recirculated repeatedly, it can be
used in processes which can accommodate progressively degraded water. Considerable water
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savings may thus be achieved. In many cases,
industrial wastes can be economically treated,
particularly in arid and semi-arid areas, where
disposal of such effluents may involve considerable investment. . Common requirements
for separate industrial waste-disposal facilities
may increase the feasibility of the waste treatment.
16. Domestic sewage water is a source of
large quantities of reusable water. In modern
towns, nearly 75 per cent of the total water
consumption reaches municipal sewerage systems. Unless contaminated by industrial wastes,
most of it may be used profitably. Treatment
of sewage may be done to several degrees, the
basic being : primary treatment (settling) ;
secondary treatment (biological process) ; and
tertiary treatment (additional biological action).
17. The standard of the effluent, the need
for skilled labour and the land requirements
depend on the specific method, by means of
which every degree can be obtained. Raw
sewage may be applied directly for irrigation
of a small variety of crops and, in some cases,
may even be successfully recharged into the
ground-water. The higher the degree of treatment, the larger will be the variety of crops
which may be irrigated, the closer the allowable proximity to inhabited areas and the more
extensive the possibilities for ground-water
recharge. Water recharged by infiltration may
be of a poorer quality than that recharged
through welts.
Efficient use of water

18. Waste o£ water is common in domestic,
industrial and agricultural usage. Water savings
of up to tens of per cent have been achieved
when appropriate steps were taken towards
waste control.
19. In domestic use, water can be saved
without lowering sanitary standards by such
measures as making improvements in home
fittings, reducing losses in supply lines, recirculating cooling water (or using brackish
water) ; encouraging suitable gardening practices (choice of plants, time of irrigation); and
applying progressively higher rates for higher
water consumption. New developments, such as
vacuum disposal of excreta, may significantly
lower domestic water demands.
20. Efficient use of water in industry re7
quires proper planning at all levels.
21. In agriculture, efficient use of water
depends mainly on adequate farm management.
Introduction of crops which have a high cash
value and which consume small quantities of
water may be equal in importance to correctly
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measured and adequately distributed water. The
most important considerations are: (a) optimal
water quantities and distribution of application;
night irrigation (for sprinklers) ; (b) irrigation
of relatively large areas in order to reduce
losses along boundaries and oasis effects ;
(c) flexible annual crop planning according to
distribution of precipitation ; (d) selection and
development of crops and varieties having low
water requirements and high drought tolerance ;
(e) selection and development of salt-tolerant
crop varieties ; development of means to reduce
evapotranspiration (such as spraying with antitranspirants) ; (f) introduction of hydroponics;
(g) elimination of leaks in lines; and (h) decrease of evaporation losses from the soil (by
adequate agro-techniques, drainage and selection of crops).
22. The importance of dissemination of information, for example, by means of extension
services, cannot be over-emphasized.

that might otherwise have been recharged
through local cesspools. Proper town planning
should provide both for recovery of rainfall
and for sewage reclamation.
27. These considerations emphasize the need
for an integral approach to water resources and
their conservation. As the development of a
region proceeds, the interrelation between the
various resources and the different utilization
projects, which, together, form an over-all system, becomes more apparent. If related projects
are not treated as such at an early enough
stage, they may become prematurely obsolete
or even become obstacles to future development. The mutual influences between water
resources and other forms of development
(e.g., urban, agricultural etc.) should be recognized and given proper attention. Provision
should be made for changes in water usage as
a result of urbanization of agricultural areas etc.
28. Systems analyses should be employed
at an early stage (based on reasonable assumptions), so that alternative courses of action can
be considered, even before complete data are
available. Such studies will reveal what important data are missing and to what accuracy and
in what order they should be collected.
29. Particular attention should be paid to
the use of one-time reserves, which might be
used in "non-rainy days", such as periods of
consecutive drought or gaps between demand
and supply. Intelligent use of reserves may
permit the postponement of important decisions
or of heavy investment until such time as
crucial data can be collected and necessary
local experience gained without development
being hindered.
30. In developing areas, the construction of
major water-supply projects may be a prerequisite for further general development. However, the implementation of such projects may
require many years of study, planning and
construction, while the pertinent data for such
studies are those obtained through actual
exploitation.· When a project is completed, its
capacity may exceed current consumption and
a considerable proportion of its lifetime may
elapse before it reaches full operating capacity,
especially in developing regions. Utilization of
reserves permits the implementation of projects
at such time that their operation at full capacity
can be provided.
31. Developing countries are characterized
by the accelerated rate at which the basic socioeconomic processes take place. The main processes which affect water conservation are:
(a) shift of the labour force away from agriculture; (b) introduction of modern farm and

PLANNING FOR CONSERVATION

23. Conservation of water resources is
usually a part of a socio-economic effort and
should be planned integrally with other phases
of development. Conservation interferes with
the natural hydrological cycle and produces
various effects, not all of which are necessarily
desirable. Therefore, watersheds should be analysed and planned as a whole.
24. \Vater requirements are influenced by
habit and may change as the availability of
water changes; educational efforts may materially affect consumption. A suitable water
law is imperative to successful implementation
of any conservation plan.
25. Planning flexibility necessarily decreases
as development progresses ; the freedom of
choice available to the planner in virgin areas
no longer exists in developed areas where
existing structures, vested interests and land
costs may seriously interfere with water resources development. An increased water requirement usually results in an increase in its
cost. To offset this, however, the ability to pay
for water increases in conjunction.
26. At advanced stages of development,
especially in arid and semi-arid countries,
quality of water becomes increasingly important. This is the direct result of utilization of
a higher percentage of available water, of
repeated use and of exploitation of brackish
resources. The mere extension of towns may
deplete resources by significantly decreasing
local natural infiltration to the ground-water.
Similarly, the establishment of modern sewerage systems may deprive local aquifers of water
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soil management techniques ; (c) urban and
industrial development ; (d) improvement of
educational standards ; (e) improvement in
health conditions and consequent immediate
(though perhaps temporary) rise in the growth
rate of the population; and (f) gradually
loosening of traditional ties and behaviour.
32. The interference of conservation in the
natural hydrological cycle is accentuated by the
accelerated development. There may be a tendency to embark on undertakings because of
considerations of prestige rather than of actual
need. Grandiose projects may be preferred to
smaller, carefully conceived, gradual development. Tackling problems at too rapid a pace
may deprive the planners and executors of
vital experience. Adaptation of theories and
methods of local conditions can be achieved
only by experience gained locally.
33. The promises inherent in desalinization
of sea-water and brackish water, and in artificial rainfall must affect the planning of water
resources and their conservation, and no plan
can be complete without taking into account
these possibilities.
34. Regional systems should permit more
efficient conservation of resources than a multiplicity of individual projects, should provide
better facilities and should allow more efficient
use of reserves. Such systems should be expected to provide better-controlled storage
facilities than smaller local projects. On the
other hand, regional projects require better
organization, operation and maintenance, and
presuppose a centralized supply-control.
35. Regional projects should be analysed for
their over-all benefits and judged on these
merits. In order to do so, a master plan must
be envisaged as early as possible. The plan
should be based on known or assumed trends
of development, possibilities of its exploitation
and conservation.
36. A master plan should be considered a
process rather than a product. It is a dynamic
effort to combine all relevant facts, figures
or anticipations, so as to produce a plan which
continuously satisfies current requirements.
37. Long-term considerations require the
preparation of an inventory of resources, however tentative, at an early stage, together with
a forecast of anticipated development, consequent trends and modes of consumption.
38. It is also imperative that future possible
technological developments should be anticipated and given due consideration.
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39. The resources should he evaluated, in
progressing order of accuracy, in terms of time,
space, quality and costs. A general outline
should be drawn up at the earliest possible
stage. This should reveal what data are lacking
and what obstacles are likely to be encountered,
and indicate what investigations will be necessary. A data-collecting system should be established and operated as early as possible.
40. The data, together with the experience
gained from operating existing installations,
should be continuously fed back to improve the
plan and to adjust it to changing conditions.
41. Assistance from other countries may be
required in developing countries. However,
adaptation of known methods to local conditions produces the greatest benefits. This can be
best achieved by dedicated, well-trained local
personnel who will gain experience with planning and execution.
42. An adequate conservation plan and its
successful implementation require a high sense
of duty, together with sound technological
knowledge, on the part of those entrusted with
its execution.
CoNCLUSIONs
43. With regard to the conservation of
water, the foUowing conclusions may be drawn:
(a) Conservation of water consists of comprehensive exploitation of resources, their correct manipulation, use of reserves, artificial
increase of water yield and repeated and efficient use of water ;
(b) To achieve this goal it is necessary to
tackle the problem integrally. A master plan,
drawn up at the earliest possible stage, should
be continuously adjusted to changing conditions;
(c) The master pian should encompass all
needs in the foreseeable future, and should
envisage the necessary research, pilot plants
and investigations;
(d) Measurement networks, research and
investigation programmes should be established
at the earliest possible stage ;
(e) The master plan should encompass the
training of skilled manpower and the establishment of extension services ;
(f) Suitable water legislation is imperative
to successful implementation of a conservation
plan;
(g) Arousal of favourable public opinion is
essential.

Population growth and power resources

S. M.

LISICHKIN

[Translated from Russian]

1. During this second hal£ of the present
century, a relatively rapid population growth
has been observed in many countries. At the
beginning of 1964, the world population stood
at 3,200 million. During the preceding fourteen
years, i.e., from 1950 to 1964, it had increased
by 700 million. The mean annual rate of increase during this latter period was about 1.9
per cent, 0.7 per cent greater than for the
preceding fifteen years. It is generally agreed
that this rapid growth has been due to the
improvements in health and sanitation in the
less developed countries which have brought
about a sharp decline in mortality while birth
rates have continued to be high.
2. Some writers, failing to take into account
all the factors, and in the first place the social
and economic factors, affecting fertility, make
projections of future population trends through
the extrapolation far into the future of the
growth rates of the more recent past. An example of this is the assumption that by the year
2000 the world population will have reached
6,000 million to 7,000 million or, in other
words, will be about double what it is today.
In this connexion, increasing attention is today
being given in journals throughout the world
to the problems of providing the population
with the means of subsistence. Some writers
say that the earth does not have enough cultivable land to produce the necessary food and
that all its power resources will be exhausted.
These assertions are all unwarranted and unsubstantiated.
3. Many widely known scientists of progressive outlook in a number of countries have said,
on the basis of a thorough analysis of the
various aspects of this question, that the possibilities for increased food production are
virtually unlimited. As regards the world's
power resources, the situation is as follows.
4. Among the great variety of minerals
today being extracted in the world, a large
share is represented by fuels. In 1960, the
world output of all minerals in terms of value
amounted to $52,000 million, of which $34,000
million was accounted for by fuels. Over the

past 100 years the gross consumption of energy
resources has increased approximately ten-fold,
the per capita consumption of energy resources
in terms of comparison fuel being about 1.6
tons in 1960 as against 0.4 tons in 1860.
According to United Nations statistics, the
1960 world consumption of mineral fuels and
hydroelectric power, in terms of the equivalent
in coal, was 4,238 million tons.
5. It is predicted that by the year 2000 the
world consumption of energy will have increased five-fold; the consumption of energy in
western Europe, North America and Oceania
will then be 45 per cent of the world total as
compared with 57 per cent in 1960, and the
share of the countries of Asia, Africa, Latin
America and the Far East will rise from 24
to 35 per cent. An expansion in world energy
consumption of this magnitude has not only
aroused the interest of scientists but has given
them cause for alarm over the future of energy
resources and the possibility of an "energy
famine" on our planet. According to information submitted to the World Power Conference,
the total world deposits of mineral fuels the
extraction of which is economically feasible
will be exhausted in about seventy-five years.
Hence, the alarm over being able to supply
future generations with energy from the customary sources.
6. What precisely is the situation regarding
the present stocks of the various kinds of
primary fuels ?
7. Let us first take coal. Over a long period
of time, coal held its place as the world's main
source of energy. Thus, in 1913 it accounted
for 80 per cent of the total world consumption
of energy and in 1938 for 63 per cent. Of the
total consumption of mineral fuel and hydroelectric power in western Europe, coal accounted for 92 per cent in 1929 and 87 per cent
in 1937.
8. According to Mr. Paul Averitt of the
United States Geological Survey, the world
deposits of coal to a depth of 900 metres are
now estimated at 2,320,000 million tons. The
consumption of coal up to the end of the present
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century will amount to 435,000 million tons.
Thus, in his opinion, the present coal deposits
will be ample for the next 100 years. According
to data compiled by various Soviet scientists,
the world coal supplies will be adequate for the
next three to four centuries.
9. The estimates regarding petroleum reserves are extremely contradictory. Many scientists consider that the petroleum deposits will
be exhausted before the end of the present
century. The proponents of this view point to
the trend in energy consumption since the end
of the Second World v\Tar, viz., the relative
decline in the use of coal and the relative rise
in the use of petroleum and natural gas in
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almost every country of the world. In 1959, the
world consumption of energy from the conventional sources was, on a percentage basis, as
follows: coal- 43 per cent; petroleum- 25.7
per cent; natural gas - 11.2 per cent; wood
and agricultural waste- 13.8 per cent; and
hydroelectric power- 6.3 per cent. The rise in
the consumption of petroleum products after
the Second World War was especially great in
the highly developed industrial countries. For
example, in the period 1929-1937 the annual
rate of increase in the consumption of petroleum by the countries that are now members of
the European Economic Community was 0.4
per cent, but from 1948 onwards it was 5.4
per cent.

Percentage distribution, by sources, of energy consumed by the
capitalist countries of western Europe
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10. Between 1948 and 1960, the relative
importance of petroleum among the various
forms of energy consumed in western Europe
increased almost three-fold. According to forecasts by the Energy Committee of the European
Economic Community, the consumption of
energy in the countries of western Europe will
have increased by 65 per cent by 1975, and
petroleum and gas will comprise 50.2 per cent
of all the energy consumed. Among all forms
of energy that will be used by the entire capitalist world between 1963 and 1975, the consumption of petroleum will rise from 46 to 49
per cent, and the consumption of gas from 15
to 18 per cent. Petroleum and gas will thus
constitute two thirds of all the energy consumed by the capitalist countries. It is important to note that this trend is also typical of
countries which have little or no petroleum of
their own. Thus, the petroleum output of the
countries of western Europe in 1962 was 15.6
million tons, whereas their consumption of
petroleum products was 206 million tons.
11. What petroleum resources are now
available to mankind, and how long can these
be expected to last?
12. The United States geologist Wicks
estimates the total world petroleum reserves to
be 270,000 million tons, of which 20,000 million
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tons have already been extracted and 205,000
million tons are still to be discovered. He also
believes that an additional 200,000 million tons
could be obtained by secondary methods. Other
experts put the petroleum reserves at 180,000
million tons, and still other at 570,000 million
tons. That these estimates are merely tentative
is quite apparent from the wide differences
between them. Some experts say that the coal
age has come to an end, that the petroleum age
will be of short duration and that a new form
of power, atomic energy, will soon supplant the
traditional sources of primary energy. This
conviction is obviously based on the latest
achievements of science and technology. It is
our view that these achievements tend rather
to confirm the importance of petroleum, as is
apparent, for example, from developments in
the field of jet propulsion.
13. In recent years, some of the experts who
have conducted research into the state of fuel
and energy reserves have contended that the
world reserves of the traditional fuels are not
so great as had been thought and will soon be
exhausted. For example, one of the outstanding
scientists of India says that the conventional
sources of energy will be exhausted within less
than forty years in Latin America, within less
than sixty-five years in the Near East, within
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less than thirty years in southern Asia and the
Far East, and within less than 133 years in
Africa.
14. Our views on this subject are as follows.
1_5. The discovery of petroleum deposits in
vanous countries and continents within the last
fifteen to twenty years convincingly demonstrates that the age of the extensive discovery
a~d use of petro~eum resources is just beginmug. Pre-revolutionary Russia was one of the
world's leadi~g petroleum-producing countries,
even though xts petroleum output in 1913 was
only 10.3 million tons. During the years of the
Soviet regime the discovery of many new deposits in the USSR made it possible to increase
the petroleum output to 31.1 million tons by
1940. After the Second World \Var, the centre
of petroleum production in the Soviet Union
shifted from the Caucasian oilfields to the UralVolga area-the "Second Baku"-where more
~han 70 per cent of all the petroleum produced
m the Soviet Union now originates. 'When
these oilfields, which enabled the Soviet Union
to raise its petroleum output to 206.1 million
ton~ by 1963, were discovered, it appeared most
unhkely that any new deposits rivalling them
in capacity and volume would ever be found.
Now, however, there is every reason to say
that the area with the greatest petroleumproducing potential in the USSR is not the
Ural-Volga area but the western Siberia lowlands, where deposits of a unique kind have
been found. The latter area will eventually
~ecome the main petroleum-producing region
m the country. Furthermore, it can be confidently said that this will not be the last discov<:ry ~f. such petroleum deposits in the
Soviet Umon. The same is probably true of
other countries.
16. In the last twenty to twenty-five years,
the world supply of petroleum has rapidly
expanded. At the beginning of 1939, the known
reserves of petroleum in the capitalist countries
alone were estimated at 4,000 million tons but
by the b.e~nning of 1964 they had rea'ched
40,900 milhon tons (United States of America
-4,700 million tons ; V enezuela-2 400 million
tons; Kuwait-8,700 million t~ns · Saudi
~rabia-8,100 million tons; Iran-4,9oo million tons; Iraq-3,400 million tons). There can
be no doubt that this increase will continue.
Petroleum output is also rapidly expanding.

17. In the first quarter of the present
century, the world petroleum output increased
by 12~ !llillion tons, ?n the second quarter by
374 mxlhon tons, and m the subsequent thirteen
years (up to 1963) by 779 million tons.
18. After the Second World War, petroleum production was begun in countries where
previously it had been virtually non-existentFederal Republic of Germany, Italy, Netherlands, Algeria, Libya and so on. The petroleum
output of some of the "older" petroleumproducing countries, although rising in absolute
terms, is declining each year in relation to the
total world output of petroleum. Thus in 1950
the United States of America acco~nted for
51.2 per cent of the world output, but in 1962
for only 29.8 per cent. Africa and western
Europe, which until very recently were not
even included in the world statistics of petroleum production, accounted for 3.1 per cent,
and ~.3 per cent, respectively, of the world
total m 1962. The rapid expansion in petroleum
output in all the continents in recent years
does ~ot in any. wise mean that the petroleum
depos1ts are bemg pumped dry of their last
remnants. It indicates rather that mankind is
merely embarking on the large-scale utilization
of the earth's petroleum resources.
19. Some geologists say that mankind has
used up only one tenth of the total world
resources of petroleum. In these circumstances
there is no basis whatever for reviving th~
"theory" of the declining importance of petro!eum and the exhaustion of petroleum resources
m the 100 or so years. An additional fact to
bear in mind is that in the course of the past
century, only 15 to 25 per cent of the petroleum
was extracted from some deposits, after which
they were declared "exhausted" and were then
abandoned. Even at the present state of technology-when wide use is made of artificial
methods of maintaining stratum pressure hydraulic cracking of oil-bearing strata ' and
secondary methods of exploiting deposits-the
average petroleum extraction coefficient is 30
per cent in the United States of America
(although in some fields it is as high as 85
per cent), less than 25 per cent in Venezuela
and about 30 per cent in most of the countries
of the Near and Middle East. It is thus
apparent that much petroleum remains in the
ground in these aJ;lan9oned deposits. ?econdary
methods of expl01tatmn have made 1t possible
to raise t~e extraction c~efficient considerably,
and there IS reason to beheve that even tertiary
methods will be applied, with the result that
the world's petroleum resources will be increased still further. Any calculation of future
petroleum resources should take account of the
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theory that one sixth of the world's land area
contains petroleum and natural gas deposits
and t!mt up to the present time only 5 per cent
of thts ~rea has been the subject of intensive
prospectmg.
20. As a result o£ improvements in drilling
technology, bore-holes can now be sunk to
depths of 3,500 to 5,000 or even more metres,
whe~eas eve~ as late as.1935 the average depth
of otl-wells m the Umted States of America
was only 841 metres and by 1962 was only
1,~1~ metres. ~t the present time the average
dnlhng depth m a number of countries, for
example Mexico, exceeds 2,000 metres, and in
several countries a maximum drilling depth of
6,000 and even 7,830 metres has been attained.
Borings of this depth provide a means of discovering petroleum deposits in areas where
none were formerly thought to exist.
21. On the strength of the discoveries of
:r~ent years, we ar~ becoming increasingly convtnced that the achtevements of modern science
and technology will enable man to expand his
petroleum resources to a still much greater
extent through the discovery of hitherto unknown deposits. It is very possible that by
comparison with today's standards the extent
of these resources will be astronomical. This
conviction of ours is further strengthened by
the discovery of unusually large petroleum
deposits in the Soviet Union (Ural-Volga area
and western Siberia lowlands), Algeria, Libya
and other countries. There is also reason to
believe that huge petroleum deposits may be
discovered along the coasts of oceans and seas.
22. Some experts, in referring to the development of the petrochemical industry, are
inclined to exaggerate the scale on which
petroleum is being used for the manufacture of
petrochemicals. Such concern, however, is unfounded despite the rapid growth of that industry. This is amply demonstrated by the fact
that in the countries of western Europe in
1962 the consumption of petroleum for the
manufacture of petrochemicals amounted to
only 6 million tons whereas the total consumption of all petroleum products amounted to
206 million tons. At the present time, the consumption of petroleum as a raw material by the
chemical industry amounts to only 2 per cent
of the world output (in the United States of
America, to about 5 per cent of that country's
output). There is accordingly no reason to fear
that the development of the petrochemical industry will make "inroads" on the petroleum
needed for energy-producing purposes.
23. What has been said above applies in
even greater measure to natural-gas resources.
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24. At the beginning of this century, natural
gas accounted for only 1 per cent of the total
world consumption of the primary sources of
energy, but by 1963 the figure was 15 per cent
(in the United States of America, 34 per cent).
The world reserves of natural gas are now
estimated at from 110,000 million to 600,000
million cubic metres (of which 60,000 million
cubic metres are situated in the Soviet Union).
In recent years abundant supplies of natural
gas have been discovered in areas where none
was known to exist. The deposits at SlochtereR
in the Netherlands are alone estimated at
400,000 million cubic metres and those at
Hassi-R'Mel in Algeria at about 900000 million cubic metres.
'
25. The prospecting for natural-gas resources has been conducted with varying intensity in the various parts of the world. Among
the capitalist countries, the largest known
reserves-about 8,000 million cubic metres-are in the United States of America. When
probable deposits are taken into account, that
country's share is 65,000 million cubic metres.
26. In many countries the natural-gas
:esources have not yet been put to use. Thus,
m Venezuela the natural-gas reserves are
estimated at 935,000 million cubic metres but
in 1962 the natural-gas output there ind~ding
by-product gases from petroleum was only
36,000 million cubic metres, of which 15 000
million cubic metres was burnt off in the flambeaux of the refineries. The value of the gas
lost in Venezuela since 1937 has been calculated at about $450 million. Venezuela is by
no means an isolated example, for the gas
reserves of Africa, Asia and the countries of
the Near and Middle East are likewise little
used. In the petroleum-producing countries of
the Near East alone in the single year of 1961
the natural gas burnt off in refinery flambea~
was equivalent, in calorific value, to 19 million
tons of petroleum and, in monetary terms, to
$247 million. During the entire period of
petroleum exploitation in that region, the gas
that has simply been burnt away has amounted
to the petroleum equivalent of 440 million tons,
representing a monetary value of $5,700 million.
The gas losses in the countries of the Near and
Middle East, in Africa and in Venezuela are
currently running as high as the petroleum
equivalent of 33 million tons a year. It is, of
course, unthinkable that this squandering of
one of the most valuable sources of energy will
be allowed to continue. Huge quantities of
natural gas are used in the United States
of America. In 1960, the world consumption
of natural gas was about 460,000 million cubic
metres, the United States accounting for almost
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SO per cent of this figure. All of this serves to
prove that mankind is just beginning to make
use of the reserves of natural gas.
27. It should be further noted that in most
petroleum-producing countries the prospecting
for deposits consisting of natural gas alone has
only very recently begun, and in some of them
nothing along these lines has been done at all.
28. For some reason or other, many of the
experts concerned with research on world
energy resources completely ignore oil shale
and bituminous rocks, the world reserves of
which, even on the basis of rough surveys, are
estimated at 200,000 million tons of comparison
fuel. In some countries these reserves are very
large, and there appear to be no insurmountable
technical obstacles to their industrial exploitation.
29. The known world resources of peat are
estimated at 2.25,000 million tons, which is the
equivalent of 100,000 million tons of comparison fuel. Except, however, in certain areas,
little use is made of peat.
30. At the present time, less than 10 per
<:ent of the world's hydroelectric resources are
being utilized. The experience of some countries with a large hydroelectric potential shows
that they prefer for the time being to use
petroleum. Of the total energy produced in
western Europe, hydroelectric power accounted
for 6 per cent in 1937, 8 per cent in 1955 and
8.5 per cent in 1962.
31. Is it possible that in the corning decades
-let us say, before the end of the present
<:entury-atornic energy will become the dominant source of power while resources of coal,
petroleum, gas and other primary sources of
energy continue to be available?
3.2. In the first years after the Second
World War, extremely optimistic views on this
subject were expressed in the scientific and
technical literature of a number of countries.
Thus, in the 1953 report of the United States
Atomic Energy Commission it was stated that
all economically exploitable sources of the conventional forms of energy would be exhausted
by the year 2000. The Suez Canal incidents
provided further support for those who were
in favor of the rapid development of nuclear
power. However, the discovery of new petroleum and gas deposits brought about a change
in these views. The early predictions concerning the development of nuclear power were
over-optimistic. One of the most important
among the various peaceful uses of atomic
energy is, as we know, the generation of electricity. According to the statistics of the International Atomic Energy Agency, nineteen

atomic-powered generating plants with a total
capacity of 1,600 megawatts had by 1%2 been
set up in six countries of the world. It was
considered likely that by the beginning of 1965
the number of such plants would rise to fiftyfive and their total capacity would be 4,500
megawatts, and that by 1970 the total capacity
of the atomic-powered plants that would then
exist would be 15,000 to 18,000 megawatts.
The magnitude of these capacities is not so
great as was predicted by some writers a few
years ago.
33. In the capitalist countries, the construction of atomic-powered generating plants is
opposed by the oil and coal monopolies, although this is by no means the only obstacle
to the introduction of such plants. Various
problems connected with their operation still
remain to be solved. These explain, for example, why the cost of generating electricity in
atomic-powered plants constructed in the years
1957-1960 was five to ten times higher than
that generated in thermal plants. It is true, of
course, that even the atomic generating plants
built in 1961 were two to three times more
economical than the earlier ones. Although
there can be no doubt that the cost of atomic
energy will gradually be reduced and that it
may, in the not too distant future, become as
cheap as or cheaper than thermal power for the
generation of electricity, it is hardly likely that
atomic generating plants will be suitable for
all countries, particularly those where cheaper
sources of conventional energy are available.
34. At the present time, the cost of atomic
energy is determined by the basic capital
expenditure that is required and to a lesser
degree by operating costs. In the United States
of America over $1,000 million has been spent
on atomic energy research during the past
twenty years, but the goal of making atomic
energy competitive with the conventional
sources of energy has not yet been achieved.
It is therefore not surprising that the predictions concerning the possibilities of atomic
energy have become more subdued in the past
two or three years. According to the latest
estimates, the total energy requirements of the
United States in 1980 will be approximately
.2,850 million tons of comparison fuel, which is
75 per cent higher than that country's energy
consumption in 1960. However, of the total
electric power produced in 1980, only 5 per cent
will originate from atomic generating plants.
35. Also in the countries of western Europe,
it is not expected that more than 5 per cent, or
at the utmost 7 per cent, of the total energy
requirements in 1980 will be met by atomic
energy. Another point to be borne in mind is
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that in some branches of industry it is cheaper
to use petroleum. The prospects for the use of
atomic energy in transport are especially
limited, and in many cases there is no possibility of it replacing petroleum at all.
36. The experts who see only a limited
range of possibilities in the use of nuclear
energy over the next twenty years seem to us
to be near to the truth. This does not, of course,
mean that there is any basis for a pessimistic
view of the future of nuclear energy. On the
contrary, it may be confidently said that the
successes of modern science and technology
will also make it possible to solve the economic
aspects of atomic energy production. Although
there can be no doubt, on this score, it does
seem that in the present century atomic energy
will merely supplement coal, petroleum and gas
as a source of power. Even when che:tper
atomic energy becomes available, petroleum is
likely to continue to play an important role in
the energy field for a long time to come and
ually to expand its range of uses in other
tions, including those to which we shall
now briefly refer.
37. At the Sixth World Petroleum Congress held at Frankfurt am Main in 1963,
French experts presented a paper entitled "The
deparaffinization of petroleum products by
microbiological methods and the derivation of
protein-vitamin concentrates". It was stated in
that paper that at the present time there is a
world shortage of edible meat products, which
is estimated at 15 million tons a year. Under
favourable conditions of economic development
it would take at least forty years to overcome
this shortage, but during that same period there
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would be a considerable expansion in the world
population. Thus, even under favourable conditions of economic development it will be impossible to ·eliminate the shortage of meat
products in the next forty years. Mankind must
therefore seek effective means for solving the
problem of meat production or the production
of substitute products. According to the authors
of the paper, this problem could he quickly and
economically solved if protein concentrates
could be obtained from petroleum products.
The cost of food concentrates derived from
petroleum would, they say, be fifteen and possibly even thirty times cheaper than meat
products. According to their calculations, the
world shortage of protein products could be
overcome through the utilization of only 1 per
cent of the world output of petroleum with a
paraffin base.
38. Although at first glance the conclusions
of these French experts may seem to border on
the fantastic, there can he no doubt that even
in the next few years petroleum will be used
on an even broader scale for the production of
substitute food products such as alcohol and
industrial fats and of animal feed products and
that in the somewhat more distant future it will
very likely be used for the production of various
food concentrates.
39. We have not in this paper concerned
ourselves with the utilization of solar, tidal or
other sources of energy that require a large
capital expenditure. Their large-scale use is
not a matter of any urgency in this century,
especially, as the conventional sources of energy
are more than ample for the next few hundred
years.

Can natural resources and manpower be used more efficiently? (the outline
of an answer based on Romania's experience)
CosTIN MURGEsco
[Translated from French}

1. The most disturbing feature of underdevelopment is that it generally affects countries which have valuable natural resources and
abundant manpower. This paradoxical situation
is traceable to imperialism, but although its
causes are thus of a historical order, we do not
intend to dwell on them here.
2. The paradox becomes a tragedy as many
under-developed countries, coming onto the
stage of history as independent States, find the
premises of their well-being transformed into
brakes on their progress. Their economic substance is drained away as their natural resources in the form of raw materials are
exported under unfavourable conditions. Birth
control is advocated in order to reduce the
growth of population, the main factor of
production and consumption in every country.
3. In theory, various quantitative relationships can be and have been established between
population increase, the rate of economic
growth, the share of national income aiiocated
to investment and so on. The problem with
which we, however, are concerned is to determine the specific directions of economic policy
that are the most appropriate for making these
relationships lead to a better utilization of
natural resources in the interest of improving
the living conditions of a growing population.
4. We shall try to find the answer to this
problem on the basis of Romania's experience.
There can be no doubt, however, that the determining factors in a country's economic policy
and the effectiveness of that policy are indissolubly linked to the social and economic
system, to the institutional framework in which
the policy is carried out and to the creation
beforehand of the conditions necessary for the
achievement of the proposed aim.
5. In some regions of the world, the system
of land ownership results in large areas of land
remaining untilled while at the same time great
numbers of peasants are unable to find work in
agriculture. What this means, in effect is that
society is wasting not only one of its i~portant
means of production, the land, but also immense

quantities of human energy. We mention this
aspect of the problem because we believe that
the transformation of the land-tenure structure
in the interest of the peasantry represents one
of the necessary conditions for the efficient use
of natural resources and manpower. In Romania, a radical programme of land reform
c:::rr~ed . out in 1945 made it possible, by
ehmmatmg the last vestiges of a semi-feudal
system of agriculture, not only to meet the
demands of social justice but also to contribute
to the expansion of the home market for
industry. During the period 1950-1%0, the
c?nversion of peasant holding~ into co-operatives gave an even stronger 1mpulse to this
development. The bringing of the land-tenure
system into conformity with the demands of
agricultural progress resulted in a veritable
economic chain-reaction that was needed to
start the economy in motion : an increase in the
r!lral demand for industrial products, an expanston of industrial production resulting in the
absorption of part of the rural labour force
and an increase in the urban demand for agri~
cultural products, which in turn stimulated a
further expansion of agricultural production
and brought about an increase in farmers'
income.
6. In some parts of the world, not only the
land but also mineral, forest, water and other
resources are wasted in a variety of ways. This
abnormal situation can be eliminated and the
transition to conditions of efficiency in the use
of natural resources can be achieved only on
the basis of a carefully co-ordinated and
graduated policy of economic development. The
first condition for drawing up and, especially
carrying out such a policy is to ensure a coun~
try of permanent sovereignty over its natural
wealth and resources. Studies made by the
United Nations throw light on the measures
taken by various countries in this regard. I In
1 United Nations: J. The status of permanent
sovereignty over natural wealth and resources· II
Report. of the Commission on Permanent Sover/igntY
over Natural Resources (United Nations publication,
Sales No.: 62.V.6).
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Romania, the policy for the development of
natural resources is based on State ownership
of the principal means of production, the nationalization of which in 1948 preceded the
transition to the planning of economic development and made such planning both possible
and necessary.
7. The principal instrument of a policy for
the efficient use of raw materials and manpower
is industrialization.

8. In Romania, the comprehensive and enlightened development of natural resources has
been the main factor determining the trend of
industrialization. The result of this has been an
increase in the number and range of final
products per unit of raw material and, in turn,
an expansion of foreign trade and an improve·
ment in the international terms of trade.
9. The intelligent utilization of raw materials depends on the adoption of a comprehensive system of measures such as : the taking
stock of all natural resources ; the introduction
of natural resources into the economy on the
basis of a sound relationship between quantities
exploited and known reserves; determination
of the most suitable rates of consumption of
each raw material in the various sectors of the
economy; and correlation of productioncapacity growth rates for the various stages
of the production process (extraction, primary
processing, secondary processing, etc.) .
10. The following example is indicative of
the results that can be achieved in this way.
In the Romanian petroleum industry, the
amount of crude oil brought to the refineries
was 7 per cent higher in 1963 than in 1959, the
number of employees was 18 per cent higher
and the value of gross output was nearly 57
per cent higher. Similar increases in the volume
of raw materials processed, the number of
employees and the value of output, which are
encountered in all the other branches of
Romanian industry, are characteristic of this
process of intelligent development of natural
resources and improved utilization of manpower.
11. The intelligent development of natural
resources implies an organic relationship between the various branches and sub-branches of
the economy and between the various products
and sub-products. Hence, it can be effectively
achieved only on the basis of a system of multisectoral industrial development, the structure
of which will be mainly determined by the
varied requirements and the raw-material base
of the economy in question and the possibilities
afforded by an expansion of international trade.
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12. The standard for evaluating and justifying the efforts demanded by industrialization
is the extent to which the resulting products
will be competitive on the world market. An
essential condition in this regard is the intro~
duction of modern technology in industrial
enterprises. Some specialists object to this on
the ground that modern technology demands a
capital investment out of proportion to the
manpower that is absorbed. Recent studies
warn against attaching too much importance to
this argument. Furthermore, the cost of invest~
ment for each newly created post varies con~
siderably from one branch of industry to
another. Classic examples are electric power,
the development of which is vital to industrial
development as a whole, and the chemical in~
dustry, which is essential for the proper development of such important natural resources
as petroleum, gas, salt, reed and so on. If the
amount of investment required for the creation
of one new post in Romania over the past
seven years is taken to be 1.00 in the textile
industry, the corresponding figures will be
found to be 1.26 for the basic metal and metal
products industries, 2.55 for the wood products
iadustry, 2.70 for the building materials industry, 6.23 for the chemical industry and about
9.50 for electric power. Where the intelligent
development of natural resources has become
possible, multi-sectoral development is again
the only means of reconciling certain apparently
contradictory demands within the national
economy, e.g., the development of industries
that require a relatively larger investment but
are vital to the economy as a whole and the
development at the same time of industries that
absorb a relatively larger amount of manpower.
13. The observation has been made that in
many developing countries there is an excessive
centralization of industry which results simultaneously in unemployment and under-employment in the rural areas and in a labour shortage
in the urban centres. 2 It is our view that multisectoral development facilitates the location of
new enterprises according to a wider variety
of criteria conforming to the specific character
of the different industries. This, in turn, creates
conditions for a more rational territorial distribution of industry which makes it easier to
draw into the economy raw material and manpower resources from various regions of the
country.
14. Industrialization can at no time be
divorced from the need to diversify and inten2 Report of the United Nations Conference on the
Application of Science and Technology for the Benefit
of the Less Developed Areas, 8 vols. (United Nations
publication, Sales No.: 63.1.21-28).
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sify agricultural production in conformity with
the natural conditions of a country, its national
pattern of consumption and the role of agriculture in its foreign trade.
15. Diversification of agriculture is intended
to make it easier to meet the growing and more
diversified demand for food and for industrial
raw materials. It therefore prevents some of
the foreign exchange earned by exports from
being used to pay for food imports and enables
more of it to be used for industrial investment
which creates new employment opportunities.
16. Through the diversification of agriculture, not only can better use be made of such
natural conditions as soil, climate and terrain
in the various regions of a country, but the
manpower resources of agriculture itself can be
more fully employed. In Romania, for example,
on the basis of the man-days required for
growing a hectare of wheat, twice as much
manpower is needed for sunflower cultivation,
5.8 times as much for sugar-beet cultivation
and 9.2 times as much for grape-growing. This
demonstrates how important-in addition to

the efforts made to increase the per hectare
output of cereals-has been the expansion of
areas used for the cultivation of industrial
crops, grape-growing, market-gardening and
so on.
17. We shall try to sum up the results of
Romania's experience in a few figures. During
the period 1951-1%3, the national income increased at an average annual rate of more than
9.5 per cent. The main impetus came from
industrial production, which in the same period
increased at an annual average rate of 13.2
per cent.
18. Whereas the working-age population increased by 12.8 per cent from 1951 to 1963, the
gainfully-occupied population, owing to the
rapid pace of economic development, increased
by 14.6 per cent during the same period. This
means that employment was provided not only
for the increased number of persons of working
age but also for part of the manpower that was
available during the period preceding the transition to a planned economy.

Minerals and living standards in the developing countries
ZAFER

A.

ROLE OF MINER:..>\LS

1. The material needs of life are of varied
types : food, clothing, shelter and a host of
others more or less important. Services are
also needed and are paid for by material rewards. To create material goods and satisfy
needs. and to improve standards of living, raw
matenals must be processed and turned finally
·
into consumption goods.

2. Raw materials are classified into three
categories: (a) mineral resources (including
fuel) ; (b) plant resources ; and (c) animal
resources.
3. Mineral resources are important in themselves as starting raw materials and as the
means for developing both plant and animal
resources. The increasing use of fixed nitrogen,
phosphates and potash is the basis for increasing crop yields. The use of steel plows and
?"actors for increasing agricultural productivity
IS made possible through the availability of
iron-ore and other minerals. The food derived
from agricultural production is used for
growing animal resources and deriving other
essential foods and products from the animal
kingdom. The increasing use of fuel is the basis
for the tremendous increase in human productivity in the three domains of production :
primary (raw materials); secondary (manufactured products); and tertiary (services). It
is apparent that the increasing production and
use of mineral resources is one of the greatest
factors for improving the standard of living.
LONG FUTURE AVAILABI'LlTY OF MINERALS

4. The continued availability of mineral
resources for the long future has been a
constant source of worry for the large consumers of industrial minerals and the Governments concerned. It seems that the problem is
not currently as alarming as it was before the
development of atomic energy. The reserve of
uranium may provide nearly inexhaustible fuel
supply through synthesis from common inorganic substances. With such quantities of
energy available, fossil fuels may be saved to
be used more effectively as a raw material, and
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further, it would be possible to work lower
grades of minerals. This would forestall otherw!se in;minent shortages of many of the industr¥J mmerals, becaU.se the total amount of each
mmeral oc~u:ring; within mineable depths is
almost a million times the amount contained in
the currently exploitable grades of ores.l
]. Gottman thinks that the notion of "natural
resources" is dangerous to spread · before
asking where nature would stop, he as;erts, one
should try ~o expand the .field of knowledge.2
Raw matenals are today m ample revolution.
Mark~ts .are getting orgauized, and on their
orgamzatlon will depend the degree of comfort
and security available for humanity in the
future. ·
5. Thus, world mineral needs for the near
future seem assured through more search and
better use. The long needs are assured through
th~ use of atomic energy: for exploiting common
mmeral;; and poor mmerals, and for going
deeper mto the earth.
MINERAL RESOURCES PROSPECTS IN DEVELOPING
COUNTRIES

6. Mineral resources in developed countries
have been much more thoroughly searched than
those of developing countries. Geological surveys of the developed countries have been
working for long years and detailed geological
maps ~ve been drawn. In spite of this, the
search ts not complete. More minerals are being
discovered. Developing countries cover larger
areas. Many of these areas have either never
been surveyed geologically or have only been
surveyed on a large scale, and provide now
greater opportunity for finding mineral re~ources. The task ~f surveying these large areas
m the needed detail and thoroughness required
to find the hidden minerals, and then making
the detailed prospection, is not an easy one.
It requires long and continued efforts and
modem scientific methods.
1 Natio~ Ac:u:Jemy !Jf Sdenc~s, "Report on. energy
resources , revtewed m Che1mcal and E11gmeering
N~ws, vol. 41, No.4 (1963), pp. 25-26.
J. Gottman, Marches de matieres premieres (Paris, Armand Colin, 1957), p. 428.
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7. The author used to teach a course in trialized countries number 2.38 times the indusindustrial chemistry, and when speaking
(around 1950) about mineral resources in
Syria, used to say, "We do not know of
important mineral resources", rather than, "We
do not have important mineral resources".
Since that time, oil has been discovered in
north-eastern Syria, and important phosphate
deposits have been discovered also, as a result
of a geological survey of the country. One still
cannot say that there are no more mineral
resources. Mineral resources are available for
those who look for them and find ways and
markets for using them. This example is most
probably true for most of the developing countries. The low exploitation of mineral resources
is not owing to the lack of these resources as
much as it is to the lack of search and interest
in using them.
ACTUAL PRODUCTION

8. In spite of the fact that the less-indus-

trialized countries,3 their mining production in
1958 was only 25.2 per cent of the total value
added in mining. 4 The production in mining in
the industrialized countries is thus 2.96 as
much as in the less-industrialized countries, and
the per capita production is 7.06 times greater.
The real situation may be understood better by
examining the following table :
3 The statistics given in the following paragraphs
are based on a world population of 3,135 million in
1962. The United Nations classification of countries
into industrialized and less-industrialized groups was
followed. The centrally planned economies are not
included in this classification, owing to lack of sufficient data. The 1962 population of the industrialized
groups was 583.6 million; that of the centrally planned
economies is 917 million; and that of the lessindustrialized group, 1,635 million. Thus, the lessindustrialized countries accounted for 73.6 per cent of
world population, excluding the centrally planned
economies, and numbered 2.38 as many inhabitants as
the industrialized countries.
4 United Nations Statistical Yearbook, 1963 (United
Nations publication, Sales No.: 64.XVII.l), table 12.

Table 1. Contribution of coal, minerals and petroleum extraction to
value added in mining, manufacturing, electricity and gas, 1958
Mining_~

manufacturing,

eleclricit::; and
gas
Total

VVeight (percentage) .........
VVeight in world index .(per·
centage):
Industrialized countries ....
Less-industrialized countries ·
Ratio industrialized countries/
less-industrialized countries.
Per capita ratio industrialized
countries /less-industrialized
countries ..... . .... ' ....
~

100
89.6
10.4

~

9. In the domain of petroleum production,
the less-industrialized countries make the best
showing, and it is even better in 1962, when
the production index of the less-industrialized
countries increased from 100 in 1958, to 182
against 114 for the industrialized countries. It
should be noted, however, that the main
production is concentrated in few countries
whose population is only around 50 million.
10. In the domain of minerals, the per capita
production of the industrialized countries is
5.4 times as large as the per capita production
of the less-industrialized countries. Three points
may be noted here. The first is the small weight
( 1.4 per cent) for minerals in the world index.
It is clear that minerals, as such, are not adding
much to the world income. Their role is rela-

Mining
Coal

(Selected industries)
Minerals Petroleum

9.3

2.4

1.4

4.2

74.8
24.2

92.1
7.9

69.5
30.5

63.8
36.2

2.96

10.8

2.27

1.77

7.06

25.7

5.41

4.18

tively larger in the less-industrialized countries,
but it does not amount to more than approximately 4 per cent (1.4 X 305/10.4).
1L The second point is that minerals
production in the less-industrialized countries
is increasing at a lower rate than in the industrialized (1962 index of production, 120, compared with 122 for the industrialized, 195S
production= 100). This rate of increase is
even lower than the population increase of the
less-industrialized countries between 1958 and
1962, which was 21 per cent.
12. The third point is that the production
of minerals in the less-industrialized countries
is generally for exportation. It was actually
developed in most cases by industrialized countries and very often for consumption in indus-
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trlalized countries. Thus, the less-industrialized
countries are not benefiting from these minerals
in developing. industrial production. Modern
methods and machinery in mining are also decreasing the role of the local people in mining
itself.
13. As to coal, it plays a meagre role in the
less-industrialized countries. An important difference from oil is that most coal produced is
for local use and not for exportation to industrialized countries.
14. Table 2 gives the share of the less-industrialized countries in mineral production. It is
clear that the role of the less-industrialized
countries is important, as suppliers of some
vital minerals.
Table 2. Production of minerals. contribution of
less-industrialized countries, 19&1
(Percentage)
Coal . . . . . .. . . .. . . ... . . . . . . . . . .. . . . . .. .. .

Lignite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Natural gas..............................
Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mang-.mese ore . .. . .. . .. .. .. .. . . .. . .. . .. . .
Iron ore .. . .. . .. . . .. . . . .. . .. .. . . . . . .. . .. .
Copper ore. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lead ore............. ..... ..............
Zinc ore.................................
Tin ore..................................
Bauxite ............ ................ .....
Chrome . .. .. . .. . .... .. ..... ....... ......
Molybdenum ore. . . . . . . . . . . . . . . . . . . . . . . . . .
Vanadium ore .. . . . .. .. . . .. . . . . . .. .. . .. . . .
Tungsten ore.............................
Nickel ore . .. .. . . . .. . . .. . . . . . .. .. .. . . . . .
Cobalt ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Antimony ore . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mercury ore.............................
Diamond ............. .. .. .... ...........
Asbestos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sulfur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Phosphates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Potash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9.3
7.4

5.6
57.5
72
34
52
50
37
95
77
65
6
16
61
24
91
44
41
90
14

37
36
45
42

SouRCE: computed from figures in United Nations
Statistical Yearbook, 1963 (United Nations publica·
tion, Sales No.: 64.XVII.l), table 12.
CoNTRl'.BUTION OF MINERALS TO THE STANDARD
OF LIVING IN THE LESs-INDUSTRIALIZED
COUNTlU'ES

15. Mineral production in the less-industrialized countries may be disposed of in two
different ways or a combination thereof: (a)
exportation; and/or (b) local processing to
various degrees. The exportation of minerals
is confronted with the problem of fluctuations
in price and demand. Generally, the price of
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the exported mineral is not controlled by the
exporting country, and it is equal to the local
price in industrial countries, minus transport
charges and any import duties that may existif such importation is freely permitted. In most
cases, the price is not determined on a free
market, according to the law of supply and
demand, and is controlled by private and/or
government organizations, which have the
power to foresee the fluctuations in supply and
demand and which can even initiate such fluctuations. This problem was discussed at length
in the last United Nations Conference on Trade
and Development, and recommendations that
may ameliorate the situation have been made.•
16. The real value of minerals is not the
market value. The real value is their use as
raw material for industrial production, as a
source of fertilizers for increasing crop yields
and as a source of energy for increasing human
productivity. The less-industrialized countrites
are not taking proper advantage of the use of
minerals. Considering the advantage taken of
mineral resources in increasing agricultwral
yield, the following table indicates how much
fertilizer consumption in the less-industriali:z:ed
countries is below that in industrializ.ed
countries:
Table 3.. Per capita fertilizer consumpticm.
1961/1962

Industrialized countries
11.8
Less-industrialized countries. 1.6

12.6
0.9

10.6
0.5

SotmCE: United Nations Statistical Yearbook, 1963
(United Nations publication, Sales No.: 64.XVII.1),
tables 141-143.

17. It is gratifying to note, however, that
the rate of increasing consumption of fertilizers
in the less-industrialized countries is faster
than that of the industrialized countries, as
seen in table 4.
18. The use of fuels as a source of energy
was the basis of the industrial revolution in
Europe and in other industrialized parts of the
world. The great increase of the standard. of
living that has taken place in the world would
not have been possible without the increasing
use of coal and petroleum as sources of energy.
5 United Nations, "Recommendation on minerals
and fuels'', Proceedings of the United Nations Conference on Trade and De'l.leloJ>ment, Geneva :1.964,
vol. I (United Nations publication, Sales No.: 64.11.
B.ll), annex A.II.9.
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Table 4. Consumption of fertilizers in industrialized and less-industrialized countries
(1,000 tons)
Nitrogenous (N)

Potash (KsO)

Phosl>hatic (P.O.)

r...

r...

In-

crease

crease

(per-

1955/
1956

1961/
1962

centage)

1955/
1956

1961/

1962

(percentage)

Industrialized countries ............ 4,422
Less-industrialized countries ........ 1,205

6,863
1,205

55
119

5,930
830

7,351
1,545

24
86

1955/
1956

1961/
1962

cretue
(l>ercentoge)

4,827
413

6,283
823

99

28

SouRCE: United Nations, Statistical Yearbook, 1963 (United Nations publication, Sales No.: 64.XVII.l),
tables 141-143.

Assuming that the average power that could be
generated by man is one-seventh horsepower,
and a conversion efficiency of heat to work is
35 per cent, one finds that one ton of oil consumed per annum is equal to the muscular
work of seventeen persons, working eight hours

per day, 300 days per annum. With this figure
in mind, it is possible to appreciate the role of
fuel consumption in increasing productivity and
in improving the standard of living of mankind.
Table S shows how much the less-industrialized
countries are lagging in fuel consumption :

Table 5. Energy consumption
(Million tons of coal, equivalent)
r ...

crease
(l>er•

World ....................
Industrialized countries .....
Centrally planned economies .
Less-industrialized countries.

1959

1962

3,940

4,555
2,690
1,417
448

2,340
1,237
363

It is gratifying to note again that fuel consumption is increasing at a faster rate in the lessindustrialized countries than in the industrialized countries.
19. As to the use of minerals as raw materials for industrial production, the less-industrialized countries are lagging greatly, as table 6
illustrates :
Table 6. Per capita production, 1962
(Kilogrammes)
Sulphuric Nitric
acid

Industrialized countries.
67
Less-industrialized countries . 1.13

acid

Caustic
sotlll

10.9
0.09

14.3
0.36

CONCLUSIONS

20. The less-industrialized countries are not
getting enough benefit from mineral resources
available to them. Under-development of
mineral resources is actually taken as a characteristic of poor countries. The reasons and

centage)

15.8
15
14.5
23

Per capita, 1962
(Kg, coal, equiv.)

1,465

4,710
1,540
274

vicious circles connected with this under-development are fully treated in some excellent
textbooks on the subject. 6 The problem is that
under-development brings under-development,
and the only way to break the vicious circle is
through the will of the people concerned and
the help of organizations interested in a lasting
peace for mankind.
21. Special principle two of the United Nations Conference on Trade and Development
stated : "Developing countries should ... fully
mobilize domestic resources and carry out the
necessary reforms" ; "Developed countries
should supplement the efforts . . . through the
supply of know-how, technical and financial
assistance ... ". It is the duty of all concerned
to see to it that the principle is fulfilled by both
developing and developed countries. It is to the
interest of both for a healthier relationship
among all countries.
6 G. Meir and R. Baldwin, Economic Development
(New York, John Wiley & Son, 1963), part 3.

Chemistry and the vital resources of mankind (the use of substitutes and their
industrial and economic si~fi.cance)

N. M. ZHAVORONKOV
1. Providing people with enough to eat has
been the most important problem in life since
the appearance of man on earth, and remains
so to this day.. The health, physical state and
development of man depend, in the first
instance, on food. His food consists of proteins,
fats, carbohydrates, mineral substances and
vitamins in the form of various products of
vegetable and animal origin. In the graphic
definition of K. A. Timiryazev, the food used
by man and by animals is "canned sunshine",
manufactured through photosynthesis by plants
as they fulfil their cosmic role of intermediary
between the sun, the central source of energy in
our planetary system, and life on earth. With
the aid of the vegetable kingdom, the reserves
of organic matter on earth expended by man
in the form of food, clothing, fuel and other
materials are replenished and the sun's energy
is stored as the chemical energy of organic
matter. Agriculture is the link that connects
man and his creative activity, through the inter~
mediary of cultivated plants, with the sun and
the radiant energy it sheds on the earth.
2. Unfortunately, the basic problem o£ agri~
culture in the modern world, the search for
ways of providing everyone with enough food
now and in the near future, has yet to be
solved in practice. There are still enormous
areas of the world where millions of people do
not get sufficient, or sufficiently nourishing,
food. At the same time the world population is
constantly growing. In 1964, it was about 3,283
million. The rate of annual increase is now
about 65 million.
3. The problem of providing this growing
population with food is extremely acute. According to rough estimates, 10 to 15 per cent
of the population are starving and almost half
are under-nourished as a result of nutritionpoor food and the lack of proper proteins.
4. The daily intake of food should contain
. an average of 3,000 calories and good protein
content. Today, according to· Food and Agriculture Organization data, this standard is on
the whole met among the populations of Europe,

North America and Oceania, which comprise
only 29 per cent of the world population. The
populations of Latin America, Africa and the
Near East (17 per cent) receive an average of
2,400 calories a day. The general protein content is satisfactory here, but it is of poor
quality. The population of the Far East and
South-east Asia, comprising
roximately half
the world population, gets
calories or
fewer a day, with insufficient protein content.
The situation is aggravated by the fact that the
greatest population increase is observed in
those countries which are hardest hit by lack of
food. But even in the countries with an "abundance" of food products, millions of people are
not properly fed. The late President of the
United States, John Kennedy, was once obliged
to admit that 17 million Americans went to bed
hungry every night. According to the wellknown English scholar John Boyd-Orr, up to
50 per cent of the population of pre~war
England suffered a greater or lesser degree of
malnutrition.
5. All this can be traced to social causes, not
to the impossibility of feeding the population
of our planet. Nevertheless, in the past 100 to
150 years there has been no lack of pessimistic
forecasts and pronouncements to the effect that
over-population is the sole cause of hunger and
all social ills, and that the vital resources of
nature are neadng exhaustion.
6. In the second half of the 19th century,
when it was established by science that the
satisfaction of human and animal protein requirements depends on the extent to which the
need of plants for nitrogenous compounds is
satisfied, the problem of combined nitrogen
rapidly emerged as one of the most serious
obstacles to the supply of mankind with protein
substances.
7. In 1887, the English scientist Thomas
Huxley predicted the end of modern civilization
in fifty years' time .because of nitrogen starvation-depletion of nitrogen in the soil arid
complete exhaustion of natural reserves of
combined nitrogen, Chilean saltpetre, suitable
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for use as mineral fertilizer. The same idea was
repeated in the eighteen-nineties by the wellknown physicist William Crooks. As long ago
as 1898, the distinguished Russian scientist
K. A. Timiryazev gave a public lecture entitled
"Is mankind really facing extinction?", in reply
to the pronouncements of Crooks concerning
the danger of world-wide nitrogen starvation
and of Lord Kelvin who prophesied general
asphyxiation as a result of the gradual exhaustion of nitrogen in the atmosphere. In this
lecture, K. A. Timiryazev, with characteristic
passion · and conviction, not only advanced
strictly scientific arguments to show the mistakenness of the positions taken by these
distinguished scientists (with which they themselves agreed), but also expressed deep confidence in an early solution to the problem of
fixing atmospheric nitrogen and creating a
nitrogenous fertilizer industry. In fairness, it
should be noted that William Crooks himself,
as was to be expected of a true scientist,
leavened his gloomy forecasts with a ray of
hope in the power of science. At the beginning
of our century the scientific principles and
methods of fixing atmospheric nitrogen were
worked out, and the door was opened to the
nitrogen industry.
8. The world production of combined nitrogen has grown from year to year, and in 1963
stood at about 17 million tons. From its beginnings to the present day (including the period
1%3-1964), the nitrogen industry has produced
over 150 million tons of combined nitrogen (in
terms of pure nitrogen), an amount which is
equivalent to 2,250 to 2,500 million tons of
grain.
9. The most pernicious of all the pessimistic
pronouncements concerning the fate of mankind was the theory put forward in 1798 by the
English clergyman and economist Malthus.
According to this theory, the population is
increasing by geometrical progression, but the
means for its existence are increasing by arithmetical progression. Malthus thought that it
was essential to restrict the birth rate. Hunger,
poverty, pestilence, and war, which increase
the death rate, were elevated by Malthus to the
status of laws of nature whose purpose is to
restrain the growth of population. This misanthropic "theory" became the emblem of reaction. Malthus was the intellectual predecessor
of the modern neo-Malthusians, who are again
trying to prove that over-population is the sole
cause of all social ills.
10. One of the first critics of Malthus'
theory. was his famous contemporary, David
Ricardo. The theory was sharply criticized by
the progressive circles of many countries.

11. Malthusianism was completely unmasked
in the work of the founders of scientific communism, above all K. Marx and V. Lenin.
12. Of the many modern works devoted to
criticizing and unmasking of the reactionary
essence of Malthusianism, we should note the
researches of the distinguished Brazilian biologist Josue de Castro, summarized in his book
The Geography of Hunger, and the work of
Jacob Oser, the well-known American economist and professor of Syracuse University,
Must Men Starve?.
13. It is not our intention to adduce further
arguments against the ideas of Malthus. Enough
have been put forward already. As far as the
potential vital resources of mankind are concerned, if the achievements of science are properly utilized they are practically limitless.
14. In a book by the Soviet scientist K. M.
Malin, The Vital Resottrces of Mankind, estimates are presented of possible food resources
based on the resources of solar energy. Just by
raising the average level of food-crop harvests
to the level attained by countries most advanced
in this respect, the actual yield from the areas
at present under cultivation could be increased
to a level sufficient to feed over 9,000 million
people. If all the vegetation growing on dry
land were replaced by forage and food crops,
given the modern scale of photosynthesis it
would be possible to produce sufficient food for
41,000 to 58,000 million people. Extension of
these same propositions to the entirety of
marine vegetation would open the way to food
resources sufficient for 290,000 million people.
According to available data, the energy assimilated in photosynthesis by the earth's entire
vegetation averages no more than 0.3 per cent
of all the solar energy reaching the surface of
the earth. Agricultural plants make fuller use
of solar energy than the earth's vegetation as
a whole. The amount of solar energy used
averages 0.5 to 1.5 per cent, and in the case of
such crops as rice, soya beans, sugar cane,
sugar beet and a number of others, it is as much
as 4 or 5 per cent of the solar energy falling
on the crops during the vegetative season.
There is reason to believe that once science
fully understands and can control the process
of photosynthesis, it will be possible to increase
the coefficient of use two- or three-fold and
more.
15. I£ we consider all the solar energy
reaching the surface of the earth in one year
(5.5 X 1()20 calories) we find that solar energy
with an average of 1.08 X 1012 calories falls
on one square kilometre of the earth's surface
(510 million km.2 ). Calculations show that if
10 per cent of this amount is used in photosyn-
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thesis, given a vegetatiye ~son ?f not less than
six months and bearmg m mmd that about
5 million calories must be fixed in order to
create a year's supply of food for one ~·
nourishment for 10,000 people can be obtamed
from an average of one square kilometre, or
100 people per hectare.

16. If we take the potential cultivable surface of the earth as 100 million km.2 (10,000
million hectares) and assume that plants utilize
solar energy to the degree indicated above,
agriculture on dry land can provide full-value
nutrition for 1 million million people. If the
Pacific Ocean were brought under the same
degree of cultivation as the land areas, the
food resources of the earth would be sufficient
for 3 to 4 million million people. These figures
are more important in principle than in practice.
The size of the world population is not determined by food resources alone. On the other
hand it should be stressed that even the above
figur~s for food resources based on ~he utilization of solar energy are not the maxnnum possible. We cannot preclude a profound chru'lge
in the nature of plant life enabling it to harness
considerably more of the sun's energy than is
assumed above. As long as the sun shines and
thought glows in men's minds, they have no
cause to tremble for their future. There is no
doubt that man will eventually learn how to
synthesize all the components of food by purely
chemical means and obtain food products
without recourse to the photosynthesis of
plants just as he will find a means of directly
transf~rming solar energy into electricity with
a higher coefficient of utilization, learn to control thermonuclear energy and make many
other discoveries, increasing his mastery over
nature.
17. The continuing substantial growth in
the world's population and the fact that a considerable part of this population does· not have
enough to eat means that we must urgently and
systematically single out the most important
food problems and set about their planned solution. A sharp increase in food resources now
. and in the near future is an urgent necessity.
18. According to Food and Agriculture
Organization data, the per capita production of
food is increasing. During the decade 19521961 when the average population growth was
1.9
cent year, food production increased
by an average of 2.75 per cent. However, because of the rapid growth of population in the
developing areas, this increase was unevenly
distributed among different areas.

Per

a

19. How can food production be increased?
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20. The quickest way is to bring new areas
under cultivation. Thus, for example, the
opening up of the virgin lands played an essential role in oolving the food problem in the
Soviet Union. Today, man cultivates about
10 per cent of the land surfa~, or 1,430
million hectares. Some experts think that from
6 500 to 10,500 million hectares could be used
f~r agriculture. Thus, in the opinion of John
Bernal 2 670 million hectares could be brought
under 'cultivation right now, that is, almost
double the area now being farmed. With
some capital outlay on the adaptation of free
areas to modem farming methods, a further
2 820 million hectares of the earth's surface
c~uld be included in the sfhere of agr!cultural
production. The use o new agrtcultural
methods. will make it possible to use yet another
3 840 million hectares. However, in the judge~ent of various specialists, the next few years
will probably see the addition of only 500
to 1,000 million hectares to the land now
under cultivation, and an increase in food
production of no more. t~an 25 to 5~ per ce~t.
Opening up the remammg lands will reqmre
time and capital investment.
21. The best way of rapidly increasing food
production and replenishing inaqequate £~
supplies is the application of chemtstry to agrtculture and stock-breeding and, in the first
instance, the expansion and the. correct use <!f
chemical fertilizers, together wtth other agncultural techniques and improvements. The
replacement of food and other agricultural raw
materials used for industrial purposes by synthetic chemical products derived from mineral
raw materials is of substantial importance for
increasing food resources.
22. Of a total quantity of 28 million tons of
plant nutrients (pur~ nitro.gen, phosi?horus
pentoxide and potassmm o:xtde) used m the
period 1959-1960, only 23 per cent fell to the
lot of the food-poor countries, whose peoples
constitute 71 per cent of the world population.
The areas where food is abundant-Europe,
North America and Oceania-used 77 per cent
of all fertilizers.
23. According to calculations by Dr. Russell
Coleman, the world demand for m~n~al fertilizers is expected to reach 49 milhon tons
(in terms of nutriet;ts) by 19(0. Th!s does not
include the populatton of Chma mainland. On
the basis of supposed population growth and
the estimates of calorie requirements prepared
by the Food and Agriculture Organization,
mainland China's nutrient requirements will be
at least 5 million tons by the period 1969-1970
C'Chemical and Engineering News", Vol. 41,
No. 48, pp. 84-94, 1963).
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24. The possibilities opened up by the use
of fertilizers are truly colossal. One need only
compare the yield of a number of crops in
various countries with and without fertilizers.
The use of chemical fertilizers in conjunction
with good agricultural engineering, irrigation,
melioration, chemical mutagens, cultivation of
the best strains, soil erosion control-all these
and other improvements could raise the world
yield to the Western European level, which
would mean at least a twofold increase in world
agricultural production. In the Soviet Union
the production of mineral fertilizers in 1963
was 19.9 million tons in conventional units, or
4.6 million tons of nutrients. In the same year,
in connexion with the targets for increased
agricultural production, the December Plenum
of the Communist Party of the Soviet Union's
Central Committee decided that by 1970 the
production of mineral fertilizers is to be raised
to 70-80 million tons in conventional units, or
16-19 million tons of nutrients.
25. Another important condition for raising
the agricultural productivity is the use of
chemical means of weed, pest and plant-disease
control. According to data provided by the AllUnion Institute for the Protection of Plants
(Soviet Union), the annual losses from pests,
plant diseases and weeds average about 10 per
cent of the gross harvest of agricultural crops.
Rough calculations show that the annual losses
in the Soviet Union on the basic agricultural
crops amount to about 5,500 million roubles.
Numerous examples from all agricultural areas
testify to the economic effectiveness of chemical
pest, disease and weed control. According to
data provided by the Scientific Research Institute for Fertilizers and Insecto-fungicides
(Soviet Union), each rouble spent on plant
protection gives an average return of twelve
roubles in the very same year, and in the case
of a number of high-cost crops the return
amounts to as much as 100 roubles.
26. Of considerable importance for increasing food supplies is the application of
chemistry to stock-breeding. With normal
fodders, the coefficient of energy transfer into
stock-breeding products is 10 per cent for beef,
20 per cent for pork, and 20 per cent for milk
and eggs. In recent years, stock-breeders in a
number of countries, including the Soviet
Union, have increased the amounts of proteins,
vitamins, hormones, antibiotics, mineral substances and rare elements in cattle fodder,
which leads to a substantial increase in productivity, heightens the assimilability of fodders,
promotes growth, lowers morbidity, and so
forth. Wide use is starting to be made in stockbreeding of mineral supplements in the form of

synthetic urea, phosphates, cobalt preparations,
and fodders derived from non-fodder raw
material. Urea in the stomach of a ruminant
(a cow, a sheep) is transformed by bacterial
action into proteins which to a certain extent
(25 per cent) replace proteins from fodder. By
this means we may supplement the protein
content of fodder. The standard dose of urea
added to cattle-feed yields 1.8 kilogrammes of
meat per kilogramme or up to ten litres of milk.
The output of cattle products obtained through
the use of urea is worth about ten times the
cost of the urea.
27. The next important means whereby food
production may be increased is the substitution
of synthetics for the food-stuffs used as raw
materials in industry, and the release of land
now taken up by crops grown for industrial
purposes as a result of the substitution of synthetic for natural products.
28. The successful development of modern
engineering, the basis of our comprehensive
mechanization and automation, is founded on
the broad use of chemical products, including
plastics, rubber, artificial and synthetic fibres
and other chemical materials. It is not only,
and not so much, that these synthetic materials
are cheaper and require less labour to produce,
as that many things used today simply could
not be made without them (for example, aircraft tires without cord made of synthetic fibre).
29. Electrical insulating materials derived
from vegetable and natural raw materials can
no longer satisfy the increased requirements.
Indeed, the chemistry and technology of new
synthetic products and materials, including
epoxy and organic silicon resins, etc., has
created the necessary prerequisites-and unlimited scope-for the manufacture of insulating
and other special materials with set properties.
30. Chemical fibres account for about 23 to
24 per cent of the world production of textile
raw materials. But if we take into account their
lower specific gravity, the fact that they lose
less in processing, and the greater durability
of articles made of such fibres, their share in
the world textile balance is now about 30 to 35
per cent. Cotton now occupies the first place in
world production, while chemical fibres have
firmly established themselves in second place,
leaving wool far behind, not to speak of natural
silk. The use of artificial and synthetic fibres
releases the areas set aside for cotton and the
production of food-stuffs.
31. The expansion of the natural robber
industry has now come to a complete halt, while
the production of synthetic rubber approximates that of natural rubber (2.5 million tons
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of synthetic and 2.1 million tons of natural
rubber).
32. An enormous quantity of vegetable oils
and animal fats is used in the world for industrial purposes. At the same time, synthetic
cleaning agents are three to four times cheaper
than substances for the same purpose manufactured from natural fats. The latter should be
freed to serve their direct purpose, which can
do much to improve food supplies. Food
products are expended in acetone-butyl fermentation plants. Enormous quantities of nutritive starch, casein, etc., are also used for industrial. purposes.
33. An important way of increasing food
production is to make use of non-nutritive
vegetable raw materials. With modem chemical
technology and industrial microbiology, nonnutritive vegetable raw materials can be used
to produce monosaccharides (hexoses, pentoses), ethyl alcohol, sorbite, xylite, glycerine,
glycol, protein-vitamin substances (food preparations, nutrient yeasts, amino-acids) and a
number of other products. These products can
be used:
(a) Directly, as food products ;
(b) As substitutes for nutritive raw materials used in industry ;
(c) As fodder supplements for use in stockbreeding.
34. The sources of non-nutritive raw materials from which the above products may be
derived are very extensive. For instance, there
are enormous, annually renewed resources of
polysaccharide containing materials in the form
of waste from logging saw-mills and wo<'ldworking, the wastes produced by industrial
processing of. com-cobs, sunflower and cottonseeds and a number of other types of agricultural raw materials, and also wild growing
grasses and bushes. Thus, for example, in 1965
in the Soviet Union the wastes of the timber
attd .wood-working industry will amount to
about 60million cubic metres, including about
20 million cubic metres of soft wastes most
suitable for production by hydrolysis. The
volume of these wastes will continue to increase. A further major source of raw materials
for chemical and biQChemical processing is the
tens of millions of tons of sawdust produced in
timber-felling..
35. The oil-extracting plants which process
cotton seeds in the Soviet Union turn out over
400,000 tons of cotton husks a year, and the
pressing plants about 200,000 tons.
''- 36. The amount of these wastes will exceed
>one million tons a year in the near future. The
quantity of sunflower seed husks turned out
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at oil plants amounts to about 700,000 tons a
year. The·wastes produced in the processing of
corn-cobs--the corn-cob cores-are reckoned
in millions of tons.
37. The basic process whereby monoses are
obtained from non-nutritive vegetable materials
for further chemical and biochemical processing
is the catalytic transformation (hydrolysis) of
polysaccharides in plant tissues. The monose
yield in relation to the dry weight of raw
material using hydrolysis with diluted sulphuric
acid is 48 per cent in the case of wood pulp,
50 per cent in the case of corn-cob husks, and
39 per cent in the case of sunflower husks. In
the hydrolysis of wood pulp with concentrated
hydrochloric acid with a view to obtaining
nutritive glucose, the sugar yield rises to 60
per cent. The hydrocarbons in oil can serve as
a new form of raw material for the fodder of
farm animals.
38. The main petroleum-based raw material
used for the production of protein-vitamin concentrates is refined liquid paraffins of normal
structure, containing not more than 0.5 per cent
aromatics and with a melting point not higher
than 30 to 32 degrees. These paraffins are
separated from diesel fuel when it is processed
to reduce the freezing temperature (to obtain
winter and arctic fuels). In the deparaffining of
diesel fuels with average paraffin content, the
yield of liquid paraffin is 14 to 16 per cent of
the raw material, and in the deparaffining of
tail fractions of diesel fuels from high-paraffin
oils (Stavropolsk and Mangyshlaksk types)
the paraffin yield reaches 30 to 40 per cent.
39. In the Soviet Union, the quantity of
liquid paraffins suitable for the microbiological
manufacture of protein-vitamin substances potentially available for separation will be about
3 million tons by 1970, sufficient for the production of over 2 million tons of protein-vitamin
concentrate.
40. In the next five years it is planned to
construct a number of plants for carbamide
deparaffination with a capacity of 500,000 and
1 million tons a year (raw material). The cost
of producing one ton of refined paraffin at such
plants will not exceed 10 roubles.
41. The production of protein-vitamin substances is of particular importance for the national economy. Soviet scientists have bred
highly productive strains of yeast which can
effectively assimilate the pentoses and hexoses
produced in the hydrolysis of vegetable wastes.
New types of yeast have also been bred which
can make effective use of the hydrocarbons
in paraffins of normal structure. Industrial
methods of cultivating yeasts have been devised.
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and organized which ensure the continuity of
the whole production process. New and highly
productive types of equipment have been introduced: yeast-growing devices, flotators, separators, spray dryers, and so forth. The introduction of advanced processes and equipment
has brought about a decline in proportional
expenditure of chemicals, steam and electricity
on the manufacture of yeasts, and a consequent
decline in production costs.
42. Nutrient yeasts and protein-vitamin concentrates derived from petroleum hydrocarbons
are a high-value fodder product. The product
contains up to 50 per cent digested protein,
including almost all the most important aminoacids an animal needs. The yeasts and concentrates are extraordinarily rich in vitamins and
in this respect represent a considerable advance
over all other fodders and protein supplements
of either animal or vegetable origin.
43. Many years of experience with the use
of hydrolyzed yeasts in stock-breeding have
shown them to be highly effective. According
to data provided by the All-Union Scientific
Research Institute for Stock-breeding, the admixture of one ton of nutrient yeasts to cattle
and poultry feed yields an additional 0.75 tons
of pork (live weight) or two tons of poultry
(live weight), or 30,000 eggs, or 4,000 to 6,000
litres of milk. The sale value of the additional
produce is four or five times greater than the
cost of the yeasts used. Such is the effectiveness
of protein-vitamin concentrate derived from
petroleum hydrocarbons as used in agriculture.
44. \Ve should also note the importance of
the mechanization of agriculture for increasing
food supplies. The substitution of vehicles for
draught animals in agriculture and transport,
in addition to increasing the productivity of
labour, in itself considerably increases food
resources. The grain previously used to feed
draught animals can now be used in part to
feed people ; land taken up by fodder crops can
now be sown with food crops; the wastes from
food crops and fodder from uncultivated land
can be used entirely to feed productive animals.
In the period 1951-1952 there were reckoned
to be 128.1 million horses, mules and asses in
the world. In addition, a considerable proportion of the 809 million head of cattle were
being used as draught animals. Calculations
show that under 1951-1952 conditions the full
mechanization o£ agriculture and transport
could provide additional food for 335 million
people.
45. We shall now consider a number of
other possible ways of increasing the production of materials suitable for use as food. Let
us turn once again to the problem of photo-

synthesis. The total output of photosynthesis
in green plants is tens and hundreds of times
greater than is necessary to feed the human
race. Only an insignificant part of the photosynthetic output of plants is used as food. The
photosynthetic activity of arboreal vegetation
alone creates about 35,000 million tons of
organic substances every year. Only fractions
of a per cent are used as food-stuffs. Man
makes even less use of the photosynthetic output of aquatic flora. Aquatic plants create about
200,000 million tons of organic substances
every year. These products, directly or through
complex food chains, serve as food for the
entire aquatic population. But only an infinitesimal fraction of it falls to the lot of animals
used for food.
46. Fuller use is made of cultured plants,
the coefficient of utilization being about 20 per
cent of the total biomass.
47. If we take into account the animal intermediaries, man still uses only about 5 per cent
of the organic substances initially formed
through photosynthesis by fodder plants. The
total proportion of the biomass of food and
agricultural fodder plants used may be considered as 7 or 8 per cent.
48. It may seem from these data that the
initial output of terrestrial flora is very great.
However, it is very far from fully used.
49. Increased food production should not be
limited by traditional methods. Here we should
note in the first instance the problem of extracting and concentrating nutritive substances,
particularly proteins from the green mass of
plants, trees and marine vegetation, and also,
as noted above, the chemical or biochemical
transformation into food products of organic
material not suitable for food. In principle, all
substances contained in plants are suitable for
food-if not for animals, then at least for
mushrooms and bacteria, which may then be
transformed into food.
SO. A thorough solution to the problem of
providing enough food for the growing human
race means, in addition to the cultivation of
plants, the search for new ways of using the
photosynthetic activity of plants for the production of food and nutrient biomass. One might
be the mass cultivation of unicellular aquatic
organisms, which in recent years has attracted
attention in many countries. The. potentialities
of such an approach are very great. In the
cultivation of chlorella, for example, a combination of carbonic acid gas, mineral salts and
water can yield a "harvest" of up to 20-40 tons
per hectare. It is theoretically possible to obtain
up to 150-200 tons per hectare of dry biomass
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per year. In the view of Japanese scientists, the
cost of chlorella proteins is already comparable
with that of other proteins. Chlorella protein
may be used to feed animals and, after appropriate thermal and fermentation processing,
human beings, too.
51. With the development of industrial processes for the cultivation of unicellular aquatic
organisms and the discovery of ways to use
them for food, tens and hundreds of times less
surface area will be sufficient to produce the
same quantity of food as is produced today.

52. Another means of increasing food production is the direct chemical synthesis of
nutritive substances from carbonic acid gas,
water and atmospheric nitrogen. Such processes
require enormous quantities of energy. If the
problem of supplying the human population
with carbohydrates is to be solved by means of
chemical synthesis, it will be necessary to
produce for a population of 5,000 million 750
million tons of sugar, equivalent in energy to
30 million million calories or 350,000 million
kilowatt hours. Supposing a chemical synthesis
of C02 and H 2 0 with a 10 per cent energy
output to be possible, the process would require
about twenty power stations like the one at
Bratsk in the Soviet Union (3.6 million kilowatts).
53. To begin with, the artificial synthesis of
food-stuffs will probably be useful in cases
where there is need for individual food com-
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ponents (amino-adds, vitamins, certain protein
preparations, etc.).
54. The use of petroleum and coal as fuel is
already insufficient to satisfy man's needs.
These types of fuel minerals are already close
to exhaustion in a number of countries, and
they are needed as raw material for the chemical
industry and for the direct manufacture of
nutrients and foods. The primary source of
power must in future come to be atomic energy,
using both natural uranium and, in the long
term, thermonuclear fuel.
55. There is enough fuel to provide atomic
power for many years, no matter how great
the consumption of electricity. According to
data in the literature, no less than 40,000 tons
of uranium are now mined every year throughout the world. Half this quantity would be
sufficient to fuel atomic power stations with a
total capacity of 15,000-20,000 megawatts. In
the long term, thermonuclear synthesis can and
will be a practically inexhaustible source of
energy. Practically unlimited resources of thermonuclear fuel are contained in the world'~ ·
oceans.
56. The realization of these possibilities will
require great efforts. However, man has now
attained a level of knowledge and technology
sufficient, if not criminally squandered for military purposes, to open up magnificent prospects
for enhancing the welfare of mankind and
above all providing it with adequate nourishment.

SUMMARY OF PAPER
World energy and energy resonrces in the
United Arab Republic
F. M.

EBEID

and T. I. RIHAN

The remarkable growth of petroleum industry in the world has been partly owing to the
displacement of other sources of energy, coal
in particular, but chiefly to the magnificent
progress in petroleum technology. Crude oil,
with its large reserves, is currently a growth
industry with long-range prospects throughout
the world.
Coal could be satisfactorily substituted for
oil and gas in most applications if a serious
shortage were to develop in oil supplies.

The world's total energy requirements will
increase during the next twenty to fifty years.
However, the world reserves of the various
energy resources from fossil fuels are sufficient
to meet these requirements.
Other resources of energy, such as nuclear
power, hydroelectric power and solar energy,
are outlined briefly.
The recent development in the petroleum
industry in the United Arab Republic, the
hydroelectric power which will be generated
from the Aswan High Dam and the utilization
of nuclear power as an additional source of
energy are also discussed.
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Meeting A.7
DEMOGRAPHIC ASPECTS OF AGRICULTURAL DEVELOPMENT
AND FOOD SUPPLY
PAPERS
Relationship between population pressure (or growth) and systems of land
tenure, the fragmentation of holdings, and customs affecting fertility in
rural areas
MICHEL

CEPEDE
[Translated from French}

1. As population pressure grows, man compels the same land to produce more and more
until finally he exhausts it. The customs which
maintain fertility are no longer respected. The
"interests of the future race"1• 2 are sacrificed
in order to satisfy immediate needs. The forest,
the sacred grove itself, is cleared in order to
provide land.
2. This logical pattern may be illustrated by
examples taken from regions which were once
inhabited but which man has had to surrender
to the desert. As early as 1905, A. Woiekof£ 3
pointed out that more than half of mankind
then lived between latitudes 20" and 40o North
in a zone which contains the principal deserts
of that hemisphere. This fact leads naturally to
the conclusion that it was the multiplication of
mankind, in this biologically favourable zone,
that caused the desert to spread:" Conversely,
it appears that the soU in England has become
more fertile since that country's agriculture
has been required to produce less.!'

3. In an advanced agricultural economy,
however, existing fertility bears very little
relation to natural fertility. Even the most
fertile land must be drained and cleared before
it can be brought under cultivation, and this
calls for a fairly high population density. Where
population density is below a certain level, man
is condemned to live in a food-gathering,
hunting and fishing economy which can support
only a sparse population. The "green desert"
of the Amazon, with population densities in the
order of one inhabitant per square kilometre,
is "over-populated'' in places. Similarly, Henri
Prat 6 reminds us that during the middle
palaeolithic period the earth was over-populated, with a total of a few hundred thousand
inhabitants, or a million at the most, leading a
wretched existence.
4. Over-population is a phenomenon which
does not depend on the insufficiE-ncy of natural
production; it results from man's inability, at
a certain level of technology and population
density, to appropriate enough of the fruits of
the land for his needs. 7
1 Michel Cepede, Du pri.:¥' de revienl au ;roduit net
5. Large-scale drainage schemes have, moreen agriculture, preface by Andre Mayer (Paris,
Presses universitaires de France, 1946).
over, rarely been carried out by peasant com2 Frant;ois (de Neufcbateau), Circulaire du 25 Venmunities. The early war lords, on the other
demiaire an. VII.
SA. Woiekoff, Verteilmg der Bevolkerung auf der hand, who could afford to "use up" the wealth
Erde unter dem Ein.ftuss der Naturuerhaltnisse und represented by slaves acquired as the prize of
der menschlichen Ti:itigkeit, Peterlann's Mitteilungen battle, were willing to take over the unhealthy
(Gotha, 1905).
4 R J. Turgot, Memoire sur les mines et les car6 Henri Prat, Metamorphose e~plosive de fhuma~
rieres; Lucien Febvre and L. Bataillon, La terre et
l' fuolution humaine. Collection: L'evolution de l'humanite, 2nd edition (Paris, 1924).
II Stuart Chase, Rich Land, Poor Land (New
York, 1937).

nile (Paris, 1960).
7 M. Cepede, F. Houtard and L. Grond, Nourrir les
hommes, preface by Fran~is Perroux (Brussels, Editions du CEP, 1963; English edition: Popu/aiion and
Food, New York, Sheed and Ward, 1964).
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land in the plains, which, after being drained
and cultivated by the abundant manpower at
their disposal, proved to be more fertile than
the mountain slopes where the peasants had
first settled. Much the same thing occurs whenever new land is settled ; after the heavy investment made at the outset is no longer remembered, the peasants discover that they own the
poorest land. They feel that they have been
"robbed" or, at all events, that they are the
victims of injustice. 8 If they wish to farm
better land, they must either rent it or buy it.
A system of land tenure may also result from
outright plunder, with no attempt made to
justify it in terms of "investment"; an invading
people may force the indigenous peasants to
pay tribute or rent in order to go on farming
the land of their ancestors and compel them to
provide various services on those lands which
the conqueror has set aside to be farmed for
his own exclusive benefit.
6. This system of land tenure is to be found
in any heterogeneous agricultural society. If
they are to have the means of subsistence and
be able to devote themselves to their duties as
priests, soldiers or public administrators, the
non-peasant classes must receive part of the
income from agricultural production-either as
rent by virtue of their proprietary rights or as
tribute by virtue of their sovereign rights.
\Vhatever their origin, these land rights give
rise to a svstem of cultivation by slaves or wage
labour or "to a system of land tenure.
7. Furthermore, population growth leads to
the fragmentation of the limited agricultural
land available-either through the periodic
redistribution of collectively held land or
through the inheritance of individual or family
holdings. \Vhere crop rotation is obligatory, the
fact that everyone must have a plot in each field
and each type of soil leads to parcelling in
addition to fragmentation. Rather than simply
enumerate the various problems to which this
gives rise, this paper will confine itself to the
relationship between population pressure (or
growth) and soil fertility.
8. Rural areas with the highest population
density are characterized by agriculture which
is intensive in nature, i.e., which results in a
high yield per unit of land area and is nonmigrant and perennial. The formerly inhabited
deserts, which in most cases are areas where
.the destruction of soil fertility went furthest,
seem never to have had a comparable level of
population density. 9 They could have been
Cep~de and M. Lengelle, L'iconamie de l'alimentation (Paris, Presses universitaires de France,
Series "Que sais-je", No. 639).
ll M. Gpede, F. Houtard and L. Grond, op. cit.
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"over-populated" only under the conditions of
a food-gathering or a pastoral economy-the
latter of which is merely a gathering economy
based on the use of domestic animals-but not
under the conditions of a genuinely agricultural
economy.
9. The laws governing human development
in a food-gathering or pastoral economy are
those which Vito Volterra laid down for parasitism.10 They are not very favourable to the
predatory populations of which mankind was
made up at that stage in its development. The
parasite which is most dangerous to the population on which it lives is the one which can
seek elsewhere tomorrow what it has exhausted
here today. The nomadic shepherd, who lives
"in space" 11 is unable, in the demands he
makes on the land, to observe the moderation
which the non-migrant peasant, living "in
time" 12 finds natural. It is when man makes an
investment in the soil in order to increase its
natural output that agriculture is born. Thus,
agriculture came about as an effort to improve
the land: "After each crop-rotation cycle, the
manure which is used leaves in the soil a
deposit, or surplus, of fertilizer which, since it
is not immediately assimilable, represents a
kind of fixed capital of humus or compost
which enhances the physical properties of the
soil and prepares well in advance elements to
be assimilated by future crops" .13 P. Gourou
observes that "\Vhile a small barbarian tribe
sees no other means of meeting the needs of its
increased numbers than to seize its neighbours'
lands, the Far Eastern peasant, who is civilized,
copes with population growth by improving his
agricultural techniques and raising the yield".14
A society based on intensive agriculture attempts to find an answer to population growth
in further intensification and, if it cannot
achieve this, will make every effort to limit its
population. 15 • 16
10. Of course, agriculture may, like a foodgathering or pastoral economy, extract more
than can be restored by natural production ;11
it is then exploiting nature like a mine, which,
as R. ]. Turgot 18 has said, does not bear fruit
10 V. Volterra, Le{ions sur la theorie mathematique
de la lutte pour Ia vie (Paris, 1931).
11E. W. Zimmermann, World Resources and Industries (New York, 1933).
12 Ibid.
13 E. Lecouteux, Ecanamie rurale, 2nd edition
(Paris, 1889).
14 P. Gourou, La terre et l'homme en ExtremeOrient (Paris, Libraire Armand Colin, 1940).
15 Michel Cepooe, op. cit.
16 M. Cepede, F. Houtard and L. Grond, op. cit.
17 Michel Gpede, op. cit.
·
18 R. J. Turgot, Memoire sur les mines et les car-

rieres.
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but is itself a fruit which can be plucked only
once. This "mining agriculture" 19 is "antiagricultural" ; it is the very opposite of peasant
cultivation. Extensive agriculture, especially if
it is nomadic, is more likely to be of the
"mining" type ; the destruction it causes is
apparent in the areas occupied by more or less
settled nomads or by nomads who, having conquered peasant peoples and taken over the
making of decisions, force upon them a type of
agriculture which they themselves would not
have chosen. Although they have become
"tillers of the soil", these shepherds have not
become "peasants" but "shepherds of peasants",20 and they introduce into agriculture
the "farming" of those who live "in space".
While the food-gatherer and the peasant have
respect for trees and often worship them (many
examples of this have been reported by Sir
James G. Frazer),21 the "shepherd of peasants"
destroys the trees in order to provide land for
"his peasants", just as the shepherd provides
grazing land at the expense of shrubbery or
even forest in order to feed his flock.
11. Where changes in the system of production have been noted in peasant societies, i.e.,
where fanning based on conservation and
improvement has given way to a type of
fanning which is less concerned with preserving
soil fertility, such changes have occurred following contact with pastoral civilizations. 22
They have been accompanied by revolutions in
customs, attitudes, family and social structure,
religious beliefs, etc.-by, for example, the
replacement of women by men as the chief
cultivators, the loss of respect for the sacred
grove or for the ritualistic abstraction which
replaces it by a single tree or a piece of wood
at the village gate, or the substitution of a god
of fire and deforestation for a goddess of fertility as the protector of agriculture. All this
opens the door to chance and to the destruction
of fertility, but there is no proof that population
pressure or growth has played a decisive role
in such changes.
12. Do these observations apply to what has
happened in the United States, where modern
man's attention has been drawn to the destruction of fertility and the deterioration of the
soil? 2s, 24 Agriculture in the United States
19 Michel Cepede, op. cit.
20 First World Congress

for Rural Sociology (Dijon, Au~st 1964), Sociologia Ruralis, vol. IV,
No. 3·4 1964).
21 Sir ames G. Fra:zer, The Golden Bough (trad.
Stiebel et Toutain, Paris, 1910-1911).
22 Michel

Cepede, op. cit.
Michel Gepede, op. cit.
:u Stuart Chase, op. cit.
23
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remained extensive in nature until very recently; it is still characterized by yields pe.r
unit of land area which are about one third of
those recorded in the European Economic
Community. 25 The concept of infinity 28
favoured the establishment of "mining agriculture" of a type suited to a people living "in
space". 27 The continent was plundered, and
within a few decades its riches, which had been
considered inexhaustible, had been squandered.
The population density of the forty-eight States
south of Canada has, however, remained below
the average density for the world.
13. In this case, however, the nature of
American society must also be borne in mind.
With important exceptions, especially a.s
regards agriculture,28 its characteristics are
those of a "capitalist" society, based on markets
and profits, which has contempt for what ils
"free", especially the natural resources whose
conservation is essential to economic life and,
indeed, to human life itself. As Karl Marx
commented on this very example : 29 "Capitalist
production thus develops the technology and
organization required for the process of social
production only by exhausting at the same time
the two sources from which all wealth springs:
the land and the worker".

14. It is surely striking that agriculture in
the United States was able to become mo:re
intensive 30 only after the need to conserve
natural resources had resulted in the establishment of organizations like SCS and AAA
which went counter to the market philosophy.
The market economy leads to the disappearance
of peasant agriculture, for econonuc crises
promote extensive rather than intensive
farming.a1 Intensive agricultural economies,
unless they are protected by an adequate
domestic market, inevitably disappear or are
led in their turn to "exhaust" the two sources
from which all wealth springs : the land and
the worker. In the developing countries, whi,ch
supply the world's agricultural markets, the
competition of extensive agriculture often
forces intensive agriculture, contrary to its
2l> M. Cepede,
Europe~Etats-Unis

L'agriculture dam les relations
(!SEA, Serie Progres et Auri·

culture, 1964).
26 Stuart Chase, op. cit.
27 E. W. Zimmermann, op. cit.
28 First World Congress for Rural Sociology
(Dijon, August 1964), Sociologia Ruralis, vol. IV,
No. 3-4 (1964).
29 Ibid.
llO M. Cepede, L'q,griculture dam les relations
Europe-Etats-Unis (!SEA, Serle Progres et Agricultuf'e, 1964).
a1 M. CEpede and M. Lengelle, op. cit.
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inherent tendencies, either to destroy apparently
free natural resources or to disappear.a2
15. When a system of intensive agriculture
disappears, the resulting exodus reduces the
population which had gradually provided the
enormous investment required; reduction of the
population below the minimum essential for the
maintenance of soil fertility is another cause of
the destruction of fertility.
16. Once abandoned, the terrace is worn
away by erosion unless it is taken over in time
by the forest or, at least, the bush; the irrigated
zone becomes a swamp, and malaria is more
likely to occur there than in the primitive plain.
There are many examples of degraded areas
which were once heavily populated and whose
de~truction was brought about not by population pressure but by the reduction of that
press~re, .which set in motion the process of
detenoratwn and, thence, the population
exodus.
a2 M. Cepede and M. Lengelle, Economic alimentaire

du globe, preface by Andre Mayer (Paris, editions
C.enin, 1953) (Spanish edition: Economfa Mundial de
la Alimentacion, Barcelona, Salvat, 1956).
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17. Contrary to the pattern outlined at the
beginning, we are thus led to believe that, at
least in a peasant agricultural economy, population growth leads to intensification of the
system of farming and that this has the effect
of increasing rather than destroying fertility.
The deterioration which has been noted is the
wo.rk of low-?~nsity, nomadic, pastoral populabons, practtsmg at the most a system of
extensive agriculture. This deterioration is all
the more serious in that the products provided
for the market by these economies, with their
c?~ten:tpt f~r what is "free", are highly compehttve m pnce and that there is no limit to the
desire for gain in economies of this type. Contrary to what had appeared logical a priori, it
would see.m that low and/or falling population
pressure 1s a greater threat than high, rising
pressure to the customs which safeguard fertility in rural areas.
18. Those who are shocked by this conclusion may find it a profitable avenue of research
to unearth and analyse facts which lend themselves to a different view.

Role of food aid under conditions of rapid population growth

v.

M.

DANDEKAR

1. In the current discussion regarding the
development of food surpluses in some parts of
the world and food deficits in other parts,
sufficient attention should be given to a circumstance which is very likely at the root of this
problem. This circumstance concerns the unequal distribution of the world's population in

relation to the agricultural land. Relevant da.ta
are available, and an examination of these da.ta
in the context of this particular discussion
ought to be worth while.
2. In table 1, the world is divided into
twenty-two regions, which are then grouped

Table 1. Share of different subregions in world population (mid-point
1959-1961) and agricultural land; their man-land ratios and
estimated annual ratios of population growth, 1960·1970
Po~on

1959-1961:
world .rhau

AgriCff.llv.
Man-land Anm.al
rallatul:
ratio
growth
world share (number ~er rate

(percentage) (percentage)

Oceania . . . . . . . . . . . . . . . . . . . . . .
Southern Africa . . .. . . . . . .. . . .
River Plate countries. . . . . . . . . .
Subtotal I

0.4
0.6
0.7

12.3
5.1
4.0
21.4

tOO acru)

1
4

6

2.5
16

United States . . . .. . . . . .. . . ..
Canada . . . . . . . . . . .. .. . . . . . . .

1.7
6.0
0.6

Mexico . .. .. .. . . . . .. .. . .. .. . .

1.2

2.4

15

7.1

15.3
30.6

11

14.9

Union of Soviet Socialist Republics . . . . . . . . . . . . . . . . . . . . .
Subtotal II
Northern Europe . . . . . . . . . . . . .
Southern Europe . .. .. .. . . . .. .
Eastern Europe .. . .. . .. . .. . . .
Japan . . . . . . . . . . . . . . . . . . . . . . . .
Subtotal Ill
Central America and Caribbean

11.5
1.6

12

15

2.2
1.7
2.0

1.5

2.5
3.1

1.3
1.6

7.0

2.5

88

1.4

70

0.7
0.7

3.9

3.1

2.0
0.2

61
527

0.9
0.9

17.2

6.1

87

0.8
2.7
3.1
2.8
2.9
2.2
2.1
2.3

area . . . . . . . . . . . . . . . . . . . . . . .

1.1

0.6

61

2.3

3.2

23

1.7

2.1

25

5.1

27

100
108

Subtotal V
India . . . . . . . . . . . . . . . . . . . . . . . .

10.7

5.9
4.7
6.6
5.0
5.1
21.4

14.3

4.4

Other, south Asia.............
Other, east Asia...............
Communist Asia . . . . . . . . . . . . . .

4.2
3.2

1.2

Subtotal VI
WoRLD

2.0

3.2

Brazil . . . . . . . . . . . . . . . . . . . . . . .
Other, South America.........
Subtotal IV
North Africa . . . . . . . . . . . . . . . . .
West Central Africa..........
East Africa . . . . . .. .. . .. .. .. .
West Asia . . . . . . . . . . . . . . . . . . .

1960·1?70

2.8
3.6

1.6
2.7

23.7
50.4
100.0

19

17

10
16
15.5

14.6

154
100
107

100.0

31

1.6
7.4

2.4
2.2
2.2
2.5

2.5
1.7
2.1
1.8

SouRCE: United States of America, Department of Agriculture, The
World Food Budget, 1970, Foreign Agricultural Economic Report No. 19,
table 6.
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under six major categories. The regions
grouped under the last category include the
whole of south and east Asia, except Japan.
This area contains half the world's population,
subsisting on barely one seventh of the world's
agricultural land. Agricultural land per person
in this area is less than one acre. At the other
extreme are the regions grouped under the
first two categories. The first category contains
those regions which are sparsely populated,
namely, Oceania, southern Africa and the
River Plate countries of South America. This
category holds less than 2 per cent of the
world's population with more than 20 per cent
of the world's agricultural land. Per capita
agricultural land in this category amounts to
over forty acres. In the second category are
Canada, Mexico, the Union of Soviet Socialist
Republics and the United States of America.
They account for 15 per cent of the world's
population and 30 per cent of the world's agricultural land. Even though this group of countries is not so sparsely populated, it still has
100 acres of agricultural land for every fifteen
persons, amounting to a little less than seven
acres of agricultural land per person. If one
adds the first two categories, they account for
less than one sixth (17 per cent) of the world's
population, with more than half the world's
agricultural land at their disposal. This situation is in direct contrast to that of the last
category, where half the world's population has
access to only one seventh of the world's agricultural land.
3. It is only in Europe and Japan that the
average density of population comes anywhere
near that in south and east Asia. The density
in Europe and Japan together is eighty-seven
persons per 100 acres, as compared with 107
persons per 100 acres in south and east Asia.
Africa (other than southern Africa) and west
Asia together have densities which are nearly
the same as those in Canada, Mexico, the
Soviet Union and the United States of
America, namely, about fifteen persons per
100 acres. The density in South America, other
than in the River Plate countries, is much
higher, with about twenty-four persons per
100 acres. The density in Central America
(other than Mexico) and the Caribbean area
is approaching Asian levels, with sixty-one
persons per 100 acres.
4. The intensity of use of agricultural land
adequately reflects the population density of
several regions of the world. In general, the
more densely populated a region is, the more
intensely it uses its agricultural land. This is
9bserved by comparing the value of agricult!lral
food production per acre among the vanous
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regions. Even though it does not take into
account the areas of non-food cultivation, it
should provide a useful indicator of the intensity of land use. The World Food Budget, 1970
gives estimates of the agricultural production
of the main items of food in different regions
of the world,! as well as the value of such
production on the basis of uniform export unit
values (average 1959-1961).2 Table 2, column
2, shows the per capita value of agricultural
food production, excluding fish, gross of nonfood use of some of the food items. Table 2,
column 3, shows the per capita value of agricultural food production net of non-food use.
By multiplying the per capita production figures
bv the density of population per acre of agrici.dturalland (table 1), the value of agricultural
food production per acre is obtained. Table 2,
column 4, shows the value of agricultural food
production net of non-food use per acre.
5. A comparison of these estimates for different regions is instructive. The average value
of agricultural food production per acre the
world over is 13.5 United States dollars. It
varies from under $2 in Oceania, which is the
least densely populated, to over $150 in Japan,
which is the most densely populated. In the
most densely populated region besides Japan,
namely, in south and east Asia, the value of
agricultural food production is $26.6. In
Europe, with comparable, though somewhat
lower, density, the value of food production is
almost one and one half times in southern and
eastern Europe, and more than double in
northern Europe. The difference between south
and east Asia, on the one hand, and Europe, on
the other, is the difference that improved agricultural technology has made. Food production
in Japan is a miracle both of technology and
of human diligence.
6. The striking fact brought out by this
comparison is that, in spite of all the advantages of technology, the value of agricultural
food production per acre in the less densely
populated, but developed, regions is not only
not on a par with the same type of area in
Europe, but is, in fact, much below the levels
even in south and east Asia. In the United
States of America, the value of food production per acre is below $20 and in Canada it is
only $13.3, i.e., only half of the level in south
and east Asia. In the Soviet Union it is only $9;
in the River Plate countries and in Mexico, it
is about $7; and in southern Africa and in
Oceania, it is only about $2. It is obvious that
l United States of America, Department of Agriculture, The World Food Budget, 1970, Foreign Agricultural Economic Report, No. 19, table 36.
2fbid., table 22.
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Table 2. Value of food consumption per annum per eapita and value
of agrieulturaJ food production per eapita gross of non-food
uses and per eapita and per acre net of non-food uses, 1959-1961

Subregion

Oceania .................. .
Southern Africa . . . .. . . . .... .
River Plate countries. . . . . . . ..
Subtotal I (average)
United States of America .... .
Canada .................... .
Mexico .................... .
Union of Soviet Socialist Republics . . . . . . . . . . . ....... .
Subtotal II (average)
Northern Europe ............ .
Southern Europe ............ .
Eastern Europe ............. .
Japan ...................... .
Subtotal Ill (average)
Central America and Caribbean
area ..................... .
Brazil . . . . . . . . . . . . ........ .
Other, South America ....... .
Sttbtotal IV (average)
North Africa .............. .
West central Africa .......... .
East Africa . . . . . . . . . . . . . ..
West Asia .................. .
Subtotal V (average)
India .................... ..
Other, south Asia ............ .
Other, east Asia .............. .
Communist Asia . .. .. .. .. . .. .
Subtotal VI (average)
WORLD (average)
SoURCE:

Value of
food conswmption
pera.nnum
per ca.Pita

117.2
57.4
97.2
88.8
109.2
104.0
43.7
64.5
32.4

Value of agricultural food production
Gross of nonfood use Per
ca.pita

Net of non· food "sez

Per capita Per acre

(In United States dollars)
183.2
346.9
1.8
71.3
61.6
2.5
131.1
120.2
7.2
115.8
2.9
147.6
16o.4
119.9
19.3
172.6
110.9
13.3
50.2
46.5
7.0

67.1
66.0
51.2
74.6

93.4
120.2
107.8
70.7
109.9
36.1
88.4

59.5
84.9
68.9
55.4
58.0
29.5
56.8

8.9
12.7
60.6
38.8
35.4
155.4
49.4

47.5
55.5
49.4
51.8
35.4
31.3
40.9
42.4
36.6
29.8
35.5
35.8
23.5
28.3
47.5

70.3
63.8
54.4
62.0
38.5
39.3
43.6
48.3
41.9
28.1
32.2
37.5
24.6
28.4
57.6

66.2
53.7
47.0
54.1
32.2
33.2
40.4
32.6
33.9

40.4
12.4
11.8
14.6
6.1
5.6
4.0
5.2

26.0

26.0
30.0
53.7
20.1
26.6
13.5

93.2

28.6
34.9
20.1
24.9
43.4

5.3

The World Food Budget, 1970, tables 4, 22 and 36.

there is too much land in these countries for
it to be put to intensive use.
7. In Africa, other than southern Africa,
and in west Asia, the population densities are
comparable to those in Canada, Mexico, the
Soviet Union and the United States, but the
value of food production per acre is much
lower, ranging between $4 and $6. This is
evidently owing to lack of technological progress. In South America, including Brazil, the
value of food production per acre is above that
of the River Plate countries alone, though still
below those in Canada and the United States.
In view of the higher densities of population
in these regions, the lower value of food production must be attributable to lack of technological progress on a sufficient scale. In Cen-

tral America and the Caribbean area, where
the density is comparable to, though still below,
that in south and east Asia, the value of food
production per acre is one and one half times
that of Asia. Part of the reason is, of course~
the large cultivation of sugar in this region.
8. In spite of the very low intensity of use
of their agricultural land, some of the regions
produce food in excess of their needs, while
other regions, in spite of considerably higher
intensity of land use, cannot produce enough.
This is because of the differences in the densities of the populations which the regions have
to support. To see this, one must compare per
capita. food production and food consumption
in different regions. These are shown in table 2~
columns 3 and 1, respectively. Thus, the world
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per capita average value of agricultural food
production, net of the non-food use, is $43.4,
while the value of average per capita food consumption is $47.5. The difference between the
two is mainly owing to the fact that the agricultural food production excludes fish and fish
products. The value of per capita food consumption in Japan is $51.2, and it is known to
be nutritionally adequate. One may, therefore,
for convenience, assume per capita food consumption of the value of $50 to be nutritionally
adequate and examine the situation in different
regions of the world.
9. At the top of the nutritional scale are
four regions, namely, Oceania, the United
States, Canada and the River Plate countries
of South America. Value of per capita consumption in these regions is $117.2, $109.2,
$104.0 and $97.2, respectively. On the other
hand, the value of per capita agricultural food
production in these regions is $183.2, $119.9,
$110.9 and $120.2, respectively. Thus, all four
regions are able to sustain their populations at
a very high level of nutrition and also to produce a surplus. They are able to do this, in
spite of the low intensity of land use, because
of the extensive agricultural lands at their disposal. The problem in these regions is how to
discourage further intensive land use and thus
to keep the surplus down. Incidentally, the per
capita food production in the River Plate countries is the same as in the United States,
namely, about $120.. Nevertheless, the per
capita food consumption in the River Plate
countries is only $97.2, compared with $109.2
in the United States. The reason must be the
existence of a larger section of poor population
with considerably lower nutritional level in the
former countries, which brings down the
national average.
10. The only other region which has attained
nutritional levels comparable to those existing
in the four regions mentioned above is northern
Europe. The value of per capita consumption
there is $93.2. This has been possible because
of very intensive land use and the capacity of
this region to buy the balance of its requirements from abroad. The value of agricultural
production per acre in northern Europe is
above $60, which is over three times as large
as that in the United States. Nevertheless, the
per capita food production in northern Europe
works out to be only $68.9, which is not sufficient to maintain the high level of nutrition
reached. But northern Europe, because of the
general economic development and high national per capita incomes, can afford to buy the
balance of its food requirements. That is what
it does.
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11. The situation in other parts of Europe,
namely in southern and eastern Europe, is
similar, but both the land use and the nutrition
are at lower levels. The value of per capita
consumption in southern and eastern Europe
is $67.1 and $66, the value of agricultural food
production is $38.8 and $35.4 per acre and
$55.4 and $58 per capita, respectively. Both
can afford to buy the balance of their food
requirements from abroad. The Soviet Union
has about the same levels of per capita consumption ($64.5) and per capita food production ($59.5), but the available agricultural land
is much more extensive than in either southern
or eastern Europe. Consequently, the land is
much less intensively used. The value of agricultural food production per acre in the Soviet
Union is $8.9, which is only a quarter of that
in eastern Euro~e.
12. At a still lower, but nevertheless adequate, level of nutrition are southern Africa
and Brazil, with values of per capita consumption at $57.4 and $55.5, respectively. Southern
Africa has a small surplus of production, while
Brazil has a small deficit. But the intensity of
land use is very different in the two regions.
The value of agricultural food production per
acre in southern Africa is $2.5, which is only
one fifth of that in Brazil ($12.4). In the rest
of Latin America, the nutritional levels are
inadequate. In South America (other than
Brazil), the value of per capita consumption
is $49.4, while in Central America and the
Caribbean area, and in Mexico, the values are
$47.5 and $43.7, respectively. Mexico has a
small surplus of food production over consumption, while South America has a small deficit.
Here again, the intensity of land use is very
different between Mexico and South America;
the value of agricultural food production per
acre in Mexico is only 60 per cent of that in
South America. In Central America and the
Caribbean area, as already noted, the intensity
of land use and the value of agricultural food
production per acre is high, but much of it is
owing to the large share of sugar in the food
production. Of course, it helps to maintain
nearly two and one half times as large a population at more or less the same nutritional
level as that in South America.
13. In Africa, the pressure of population on
the agricultural land is not much less than in
Canada or the United States. But the intensity
of land use is comparatively very low. The
value of agricultural production per acre is
only about one third that in Canada or the
United States. That explains the low level of
agricultural food production per capita and also
the low level of per capita food consumption.
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Eastern Africa is somewhat better off in both
respects, because of the comparatively smaller
population it has to support. Population pressure and intensity of land use in west Asia
are not very different from that in north and
west central Africa. However, because of the
oil resources of this region, it can afford to
supplement its food production with a certain
amount of imports and thus maintain a somewhat higher nutritional level.
14. Though larger parts of Latin America
and Africa suffer from nutritionally inadequate
diets, from the long-term point of view, the
problem in these regions is not too acute in
spite of the rather high rates of population
growth. In the first instance, in Latin America,
the inadequacies in diet are marginal and can
be made up by greater intensive use of the
land resources. In Africa, the diet inadequacies
are larger but, correspondingly, the land resources are also ample. Finally, the two regions
together account for less than one sixth of the
world population, so that if it is thought necessary and desirable to extend to these regions
adequate food assistance in the transitional
period, the problem should not be beyond the
existing food-producing capacity of the world.
15. The problem of inadequate diet is indeed
the most acute in south and east Asia. The
food gap is great and a large population is
involved. As mentioned above, the region
accounts for half the population of the world
with less than one seventh of the world's agricultural land on which to subsist. The rapid
rate at which the population in this region is
currently growing may make the ratio even
more unfavourable. The agricultural land is
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already being used intensively, the value of
agricultural food production per acre in this
region being double that of the world average.
Nevertheless, the productivity of land must be
at least doubled and thus brought to European
levels if the growing population in this region
is to earn a nutritionally adequate diet. To
achieve anything more would require raising
the productivity closer to the Japanese levels.
Presumably, this is technologically not impossible. However, obviously this could come about
only as a consequence of general economic
development.
16. Over the last decade, much thought has
been given to the possibility of promoting economic development in the poorer countries
through food aid. 8 However, while assessing
what may in fact be achieved through food
assistance, the crucial fact of pressure of population seems to have been neglected. The fact
of the situation is that half the population of
the world has been confined to less than one
seventh of the world's agricultural land, while
less than one sixth of the world population
enjoys more than half the world's agricultural
land. It is natural that the former should have
a food deficit and the latter a food surplus. It
is admirable that the latter should offer food
aid to the former. Oearly, however, the role of
food aid under the circumstances cannot be
much more than palliative. The United States
has the largest programme of food aid, which
it calls Food for Peace. Evidently, the title is
not only modest, but also realistic.
3 Food and Agriculture Organization, Development
through Food: A Strategy for Surplus Utilizqtion,
rev. ed., Freedom from Hunger Campaign, Basic
Study No. 2 (Rome, 1962).

Population growth in relation to the agricultural labour force in developed
and some developing American countries
LOUIS

J.

1. The trends in the agricultural labour
force in the developing countries are distinct
from those in the developed countries. In the
United States of America, Canada and the
western European countries, the technological,
agronomic and biological advances in agriculture have enabled a diminishing agricultural
labour force to produce the food and fibre
requirements of the expanding population in
their countries. A pronounced acceleration of
these demographic, manpower and productivity
trends has occurred in the past fifteen years
among the developed countries. The workers
released from agriculture and other migrants
from the rural population have been absorbed
into the urban-industrial sectors of their economies. The agricultural labour force has thus
decreased both in absolute size and in the proportion that it comprises of the total labour
force in the developed countries. In conjunction
with the reduction of the agricultural labour
force, there has been a reduction in the number
of farms and in the size of the farm population.
2. In the United States and Canada, the
technological revolution in agriculture had proceeded by 1%4 to a point where only about 6
and 9 per cent, respectively, of the total labour
torce in each country was engaged in agriculture, and their farm populations comprised
7 and 11 per cent of their total populations in
1961. Nor has this process of sharp gains
in productivity per man-hour and per worker
in agriculture spent itself. Further shrinkage in
the size of the agricultural labour force and the
farm population is most likely. In the western
European countries, the decline in the agricultural labour force has not been as steep as
in the United States and Canada but, nevertheless, substantial decreases have occurred.
The available evidence for more recent years
indicates a speeding up of this process as an
accompaniment to the fairly rapid mechanization and modernization of agriculture in the
countries of western Europe. 1
1 International Labour Office, Wh~ Labour Leaves
the Land (Geneva, 1960); Organizat10n for Economic
Co-operation and Development, "Report on problems
of manpower in agricttlture" (Paris, 1964, in process).

DUCOFF

3. In the developing countries of Latin
America and elsewhere, there is evident the
earlier phase of agricultural and industrial
development which manifests itself in a steady
downward movement in the proportion of their
labour force engaged in agriculture and a corresponding rise in the proportion engaged in
non-agricultural activities. For Latin America
as a whole, the agricultural labour force-as
a proportion of the total economically active
population-declined from 59 per cent in 1936
to 47 per cent in 1960. 2 In Asia and Africa,
the agricultural proportion declined from about
75 per cent in 1937 to about 60 per cent in
1960. 3 The rate at which the relative size
of the agricultural labour force is decreasing
varies considerably among the individual countries in these regions, depending on the degree
of agricultural and industrial development of
their economies.
4. The distinguishing trend in the agricultural labour force of the developing countries,
in contrast to that of the developed countries,
is the continuing increase in the absolute size
of the agricultural labour force. Two factors
are producing this sustained increase. One is
the record upsurge in population growth which
has been occurring in the developing countries. Mortality rates have sharply declined
and birth rates have remained at a steady and
high level. The increasing total population and
population of working age, in the rural (and
urban) sector has more than offset the loss of
rural population through migration- heavy
as this rural to urban migration has been. The
second factor is the insufficient rate of productivity gains and modernization of agriculture
2 United Nations, The Economic Development of
Latin America in the Post-War Period (United Nations publication, Sales No.: 64.II.G.6), table 24, p. 29.
3 Based on indications of share of agricultural population prepared by the Food and Agriculture Organization (FAO) of the United Nations. See FAO,
Productton Yearbook, vol. 15 (Rome, 1961); and
United States of America, Department of Agriculture,
Economic Research Service, Man, Land and Food,
by L. R. Brown (Washington, D.C., 1963), Foreign
Agricultural Economic Report No. 11, p. 84.
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to bring about a net reduction in number of
workers in agriculture.
5. One might examine a little more closely
the pattern of demographic growth among developed and developing countries in the western
hemisphere, in order to pin~point more precisely the rural-urban population growth and
redistribution in response to the economic and
social forces in these countries. This factor
may be illustrated by drawing on data from the
United States and Canada, and from Mexico
and Central America. Some of the Central
American countries are iu an earlier stage of
economic development than Mexico and provide a range of conditions that vary from early
stages of economic development to the highly
developed situation in the United States and
Canada.
TRENDS IN THE UNITED STATES OF AMERICA
AND CANADA

United States
6. The population of the United States increased from 152.3 million in 1950 to 180.7
million in 1960, and reached a level of 192.1
million in 1964. This is an annual rate of increase of 1.7 per cent for the entire period. The
increment in total population since 1950 of
nearly 40 million was greater than in any previous period of equal length and was characterized by a heavy concentration of growth in
metropolitan areas. Thus, the fifty largest
metropolitan areas accounted for 59 per cent
of the total increase. The rural population
(including farm and rural non-farm) remained
virtually unchanged between 1950 and 1960,
at a little more than 54 million, The unchanged
level of the rural population implies a very
substantial out-migration, since it means the
loss of the natural increase that the rural population has had during the entire fourteen year
period. Assuming fertility and mortality rates
in the' rural population equal to those in the
population as a whole, this would mean an outmigration (and a reclassification from rural to
urban, owing mainly to annexation of previously rural territories to cities) of about 12 million.
7. The stable size of the rural population
resulted from a pronounced decrease in the
farm population and a corresponding increase
of the rural non-farm sector. Between 1950
and 1964 the farm population declined by 43
per cent. From a 1950 level of 23 million, when
the farm population represented 15 per cent
of the total population, it had dropped to 13
.million in 1964 and made up only 7 per cent
of the total. The net decline of 10 million is
considerably less than the out-migration that
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occurred during this period, as the excess of
births over deaths in the farm population partially offset migration losses. Allowing for the
natural increase that probably occurred, the
out-migration from the farm population may
have amounted to 13.3 million persons between
1950 and 1964.
8. As had been suggested earlier, this dramatic change in the farm population of the
United States was a result both of technological and other conditions within agriculture and
of economic and social factors outside agriculture. The push factors in a rapidly advancing technology in agriculture (which has
led to wide-spread substitution of capital for
labour and to farm consolidations), as well as
the pull factors of urban employment and living
conditions, have operated to produce the ruralurban population redistribution.
9. The impact on agricultural employment
in the United States has also been dramatic.
Agricultural employment declined from an
annual average of 7.5 million in 1950 to 4.8
million in 1964. The proportion that agricultural employment represented of the total civilian labour force declined from 11.9 per cent
in 1950 to 6.4 per cent in 1964. The productivity gains in agriculture have been of such a
nature as to permit the labour force in agriculture in 1964 to produce a volume of output
of agricultural commodities that was 30 per
cent greater than in 1950, and a gain in output per man-hour of 125 per cent. Each worker
in agriculture in 1963 was producing enough
food and other agricultural commodities to
meet the needs of thirty-one persons (including
himself) compared with fifteen persons in 1950
and seven in 1910.

Canada
10. Although the total population of Canada
is only about one tenth that of the United
States, its trends since 1950 in rural-urban
population distribution and in agricultural employment have paralleled those in the United
States. The 1961 Canadian Census of Population showed a rural population of 5.5 million,
or 30 per cent of the total, as in the United
States. The Canadian farm population in 1961
of 2.1 million represented 11.4 per cent of the
total, compared with 8.1 per cent in the United
States. Ten years earlier the Canadian farm
population represented 20.2 per cent of the
total population, compared with 15.3 per cent
in the case of the United States. Agricultural
employment in Canada declined from an annual
average of 1,018,000 in 1950 to 641,000 in
1963 -a relative decrease identical with that
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in the United States. Agricultural employment
made up 19.7 per cent of the total civilian
labour force of Canada in 1950 and 9.5 per cent
in 1963. 4 The decline in the number of farms
was a little less sharp in Canada than in the
United States, registering a decrease of 23
per cent between 1951 and 1961, compared
with a 30 per cent decrease in the number of
farms in the United States. 5
LATI'N AMERICAN COUNTRIES

11. In contrast to the economically developed countries, those of Latin America show,
with few exceptions, the demographic and economic characteristics typical of developing
areas - high rates of natural increase and the
predominance of rural and agriculturally
dependent populations. While Latin America
has a much lower density of population in relation to agricultural land area than such areas
as east or south Asia, the average productivity
per worker in Latin American agriculture is
low. The pressure of population on resources
is therefore marked and is becoming increasingly so with the region's very high rate of population growth, which tends to equal or outpace
achievable economic growth rates.
12. Population censuses were taken in 19601963 in fourteen countries of Latin America.
On the basis of these and 1950 census results,
the United Nations Economic Commission for
4 Data on agricultural employment and total labour
force in Canada were supplied by the Government of
Canada, Bureau of Statistics.
5 There are differences in definitions of rural and
urban populations, and of what constitutes a farm.
In the census practices of Canada and the United
States of America, however, these differences do not
affect the broad trends shown.

Latin America (ECLA) estimated the population of all Latin America to have grown at
a mean annual rate of about 2.8 per cent between 1950 and 1960. The rural and urban
populations are estimated to have grown at
annual rates of 1.6 per cent and 4.6 per cent
respectively. The size and urban-rural distribution of the population and of the labour force
in Latin America for 1950 and 1960 are shown
in table 1.
13. Preliminary results on the rural-urban
population distribution from the latest census
are available for twelve countries and are
shown in table 2 with comparisons from earlier
censuses. All twelve countries show a rising
proportion of urban population and a corresponding decrease in the proportion of rural.
For the decade ending around 1960, nine of
these countries showed annual growth rates of
2.8 per cent or more in their total populations.
The urban populations have increased at a
much higher rate than the rural in all twelve
countries. Since their rural birth rates are
generally higher than the urban rates and the
mortality rates are certainly no lower, the more
rapid urban population growth rates are owing
very largely to extensive internal migration
from rural to urban areas. This is further indicated by the much higher growth rates of the
capital and larger cities than of the urban
population as a whole. Despite the extensive
out-migration, the rural populations in those
countries continue to increase at rates that are
as high or higher than those of the total populations in such developed countries as the
United States of America and Canada, where
the population upsurge has been comparatively
rapid.

Table 1. Urban and rural, and economically active population of
Latin America. 1950 and 1960
Population
(millions)

Distribution
(percentage)

Population sector

1950

1960

1950

1960

Total population .... ' .........
Rural ............ ' ' .. ' .. ' ..
Urbana ....... ' .....
Economically active population ..
Agricultural b ' .. ' .....
Non-agricultural . ' . . . . . . . . . .

155.6
94.9
60.7
53.0
28.2
24.8

204.9
110.3
94.6
68.6
32.3

100.0
61.0
39.0
100.0
53.2
46.8

100.0
53.8
46.2
100.0
47.0
53.0

36.4

SouRcE: United Nations, The Economic Development of Latin America
in the Post-War Period (United Nations publication, Sales No.: 64.II.G.6),
pp. 28-29:
" Localities of more than 2,000 inhabitants.
b Includes also forestry and fishing activities.
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Table 2. Percentage of rural population in last two censuses and of inter-censal rates
of population groWth by residence eategoey in speeilied Latin Ameriean eountrle.I »tw-censal a,.filial rau of 11rimnh II

R111'tlJ IH;P,.lation

1950.

...

Brazil
..... ,.
. Chile
............. •' ......
Costa Rica ...................
Dominican Republic .... . " ...
··~·····~···~·~~

~

~

~

~

Ecuador . ~····~····~··~····~
El Salvador ............... ..

Mexico ............. .......
Nicaragua . ' ...... ............
. Panama .... ........ .......
Paraguay ........ ...... ' ....
Peru ........................
·Venezuela ...................
~

~

~

~

~

~

63.8
39.8

66.5

1960.

Total

Urb!ln

Rurol

1.6
0.5
3.7
2.5
2.3
2.4
1.5
2.2
.2.0
2.5
1.5

54.9

3.1

5.2

33.5
65.5
69.5
65.2

2.5

3.7
4.0
5.7
4.6
3.3
4.7
4.9
4.1
2.8
3.5
6.3

76.2
71.5
63.5
57.4
65.1
64.0
65.4
63.9

64.6
52.9

52.1

37.5

61.5

49.3
57.1

58.5

3.8
3.4
3.1
2.8
3.0
3.3
2.9
2.6
2.4
3.9

0.7

Capital
city

3.2c

7.3
4.7
4.9

5.2
3.3

6.6

SouRCE: C. A. Mir6, "The Population of Latin America", Demography, vol. 1 (1964), pp. 15-41, tables
6 and 7.
·.
. 11 In Chile, the penultimate census was in 1952; in Peru, it was in 1940. The most recent census in Costa
Rica was in 1963; in Ecuador, Nicaragua and Paraguay, in 1962; and in El Salvador and Peru, in 1961. In
the other countries, 1950 and 1960 were the dates of the last two censuses.
b Geometric rates.
c Refers to Rio de Janeiro, former capital of Brazil.

14. Corresponding to the rural-urban population changes in Latin American countries,
there have been some shifts in the occupational
distribution of the economically active population. Data for Mexico and some Central
American countries may illustrate these trends.
The proportion of the population that is economically active in agriculture continued to decline during the most recent inter--censal period
in each of these countries. The absolute number in the agricultural labour force increased
in each country by percentages roughly corresponding to the relative increase in the rural
population of working age. The share of the
labour force in all non-agricultural occupations combined increased, as did the absolute
numbers, but by considerably larger increments
than in the case of agriculture, as is to be expected in view of the much greater gains in the
urban population.
15. In Mexico the agricultural labour force
accounted for 54.1 per cent of the total labour
force in 1960, compared with 57.8 per cent
in 1950. In El Salvador, agriculture's share
of the total labour force declined from 63.2
per cent in 1950 to 60.2 per cent in 1961 ;
while in Nicaragua, the decrease was from 67.7
per cent in 1950 to 59.4 per cent in 1962. In
Panama, the agricultural proportion was 50.3
per cent in 1950 and 46.2 per cent in 1960.
Sample results from the 1963 Census of Population of Costa Rica show the agricultural proportion of the economically active population

to have been 48.9 per cent, compared with 54.7
per cent in 1950.
16. The industry mix of non-agricultural
employment in Mexico and the above-mentioned
Central American countries has not shown any
marked change since 1950. The percentages of
employment in the various non-agricultural
industries in. the period 1960-1962 were not
very different from those.in 1950. Trade and
services (other than in public utilities, transportation and communication) still accounted
for a disproportionately large share of all nonagricultural activities in these countries. Conversely, manufacturing, mining, construction
and public utilities (including transportation
and communication) represented in total a disproportionately small share.
17. Of the total gain in employment recorded during the decade ending around 1960
in Mexico, El Salvador, Nicaragua and Panama, non-agricultural industries accounted for
53 to nearly 70 per cent. But half or more of
these aet gains in non-agricultural employment
were in the trade and other service sectors.
In Panama, three fourths of the net increase
in non-agricultural employment was in these
sectors. Substantial proportions of such employment are in domestic service, very smallscale retail trade and a variety of marginal
services, all of which are characterized by very
low levels of productivity and considerable
under-employment.

DEMOGRAPIDC ASPECTS OF AGRICULTURAL DEVELOPMENT
SIGNIFICANCE AND IMPLICATIONS

18. In the light of the demographic and
labour force trends discussed for North America and some Latin American countries what
can be said with regard to the interrelati~nship
between population growth and the agricultural
labour force? In developing countries that are
mainly agrarian in economic structure, as is
the case in most Latin American countries the
rapid growth of population owing to high birth
rates and declining mortality results in a continuing pressure of population on economic re~ources. The consequent surplus labour supply
m the rural population is partly relieved
through heavy rates of out-migration from rural
to urban areas, particularly to the larger cities.
The rate of out-migration, however, is not
large enough to siphon off all the increase
in ~he rural population and, consequently, the
agncultural labour force continues to increase
in absolute numbers.
19. Transfer of human resources from agricultur~l to !lon-agricultural types of employment ts an mtegral part of economic diversification and development. Since agricultural
development must precede, or at least occur
simultaneously with growth of the industrial
and other non-agricultural sectors of the economy if the development process is not to stop
sho~t, the level of productivity per worker in
agnculture must continue to rise along with
incr~asing l.evels of productivity in the urban
and mdustnal sectors. 6 In the Latin American
situation, economic growth is being slowed
down by internal imbalances between the rates
of population growth in the various countries
and the ability of their economies to absorb
manpower in the agricultural and non-agricultural sectors at progressivelv rising levels of
productivity. The unfavourable terms of trade
that Latin American countries have been experiencing since the years immediately following the Second vVorld \Var have been an
6 _For discussion of ~he role and contributions of
agriculture to economic growth, see, for example,
W. W .. Rostow, The Stages of Economic Growth
(Cambndge, Cambridge University Press 1960) ·
S. Kuznets, "Economic growth and the co~tributio~
of agriculture", Proceedings of 11th International
Conference of Agricultural Economics (London Ox·
ford Uni~ersity Press, 1963), pp. 39-61; United States
of Amenca, Department of Agriculture Economic
Resear~h Service, Agriculture and Econo:nic Growth
(Wasrymgton, D.C., ).963). For an analysis challenging
the .v!ew th~t agn~ultural development is a prerequt~tte for mdustnal development and emphasizing
that tt can be concurrent, see K. Ohkawa, "Con·
current growth of agriculture with industry: the
Japanese case", International Explorations of Agricult~ral Economics (Ames, Iowa, Iowa State Uni·
verstty Press, 1964), pp. 201·212.
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important external factor in preventing a more
rapid rate of economic growth.
20. The impact of the population growth
factor can be gauged by noting that during
the period 1955 to 1961 aggregate real income
in all of .Latin America grew at an annual
rate of 3.8 per cent. Since population increased
during the same period by 2.8 per cent per
annum, real income per capita rose only 1 per
cent per annum. In Mexico, .where population
gr~w at. an annua~ rate of 3.1 per cent during
thts penod, real mcome per capita rose only
0.5 per cent per annum. In Central America,
real income during the period 1957-1961 failed
to keep pace with population growth and the
per capita average declined by 0.5 per cent
per annum. 1 In the rural population of Latin
American countries, there continues to be a
large surplus of underemployed labour resour·
ces in agriculture. At the same time, the rapid
growth ~£ the urban labour force, arising from
natural mcrease of the urban population and
augmented by the heavy influx of rural migrants, has resulted in much underemployment
or employment in retail trade and service
occupations of very low productivity. There is
little doubt that the heavy inflow of rural
migrants to urban areas in Latin American
countries causes serious social and economic
problems, particularly when urban industries
are not growing sufficiently to absorb the available la~ou~ supply. The proJ;>lem is deeper
t~an thts, smce much of the m1grant labour is
either completely or functionally illiterate and
without experience or training that fits them
for productive urban occupations.
21. In such developed countries as the
United States of America and Canada the
interrelationship between population g;owth
a1:1d the ag.ricultura.l labour force is very indirect. Agnculture m these countries accounts
for a very small proportion of the labour force
~nd of the gross national product. Population
mcrease is occurring entirely in the urban
area.s •. and the size .of .the farm population is
declmmg. The contmumg shift of manpower
resources out of agriculture is made possible
by the increasing productivity in agriculture
and continuing growth in the non-agricultural
sector of the economy. Despite progressively
rising levels of living in the United States and
Canada, there continues a marked differential
~etween farm and non·farm incomes per capita
m favour of the non-farm population which
together with other advantages of urban con~
7 pnited !>!"atio?s, The Economic Development of
Latn1- Amenca m the Post-War Period (United
Nations publication, Sales No. 64.II.G 6) tables 6
103 and 111.
· '
'
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ditions, continue to attract population from
rural to urban areas.
22. Thus, even in highly developed countries, there exist regional or sectoral imbalances
in rates of economic growth and in markedly
uneven income distributions and wide differences in level of living among various sectors
of the population. In the rural, as well as in
the urban, population of the United States,
there are substantial numbers of people whose
economic conditions are so far below the level
attained by the majority of the population that
they can be said to be in the poverty sector
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of the population. In this respect, the developed countries must pursue policies to mitigate and eventually eradicate the causes of
lagging social and economic development that
affect certain sectors of their populations policies that in their essential nature are similar
to those which developing countries must pursue on a much more generalized basis. In the
pursuit of such policies, the developing countries have a special responsibility to reduce
their very high rates of population growth to
levels which will not tend to frustrate their
own and their internationally-aided efforts at
economic growth.

The possibilities of expanding food production by 1980

0. E.

FISCHNICH

THE TASK AHEAD

L .Many Governments, as well as many
promment persons, are becoming increasingly
exercised at the rapid growth of the world
population compared with the slower rate of
increase of food production. If the current
d~velopment trends continue, by 1980 there
wtll be another 1,000 million people to be fed.
2. As Wright points out, any realistic
assessment of food requirements for the future
must take account of not only the increased
number of mouths, but also the improvement
of existing diets, which fall deplorably below
the minimum standards of nutritional sufficiency.1 Working from the first base line, it
has been calculated that for every increase of
100 million in the population an additional 13
million tons of cereals and more than 14 million
tons of meat, milk, eggs and fish will have to
be produced to meet their pressing needs. It
thus seems that the world's farmers will be
facing a minimum food production increase in
the order of 130 million tons of cereals and
140 million tons of animal products. If the
need to improve the present nutritional
standards of the peoples of the developing
countries is also taken into account then the
aim must be an increase in world ~real production of 33 per cent and an increase of not
less th~ 100 per cent in world production of
meat, mdk, eggs and fish. It seems inconceivable that increases of this magnitude could be
achieved unless drastic and far-reaching
changes were made in the world's agricultural
production policies, especially in those countries already feeling the heaviest pressures.
The possibilities of achieving the task

3. In proceeding to examine the possibilities
of s~curing su_ffi?ent fo9d to satisfy man's
growmg need, 1t 1s temptmg to take into con1,Si;r Norman Wright, address to the British Assoclation for the Advancement of Science (Cardiff

1960).

'

sideratio!l means whereby food surpluses, which
~ave butlt. up large~y during the past decade
m the maJOr exportmg countries of the world
could be utilized. The attractions of this pros~
pect substantially diminish when the facts are
taken into. considerati~n; these surpluses, mainly of gram, have butlt up over a succession
of years, and even now, if distributed in the
areas of greatest need, would represent little
more than an amelioration of current low diets
for a brief period. The annual increment thereafter, being only about 1 per cent of the world's
annual cereal output, would make little impact
on ~~e problem m future years. Secondly, in
~ddttton to food-stuff providing calories, there
IS an acute need for diets which are nutritionally. more sufficient, the overwhelming need
bemg for proteins of high biological value
Thirdly, the movement of very large tonnage~
of cereals about the world may discourage local
~ereal ~roduction and seriously disturb the
mternatlonal cereal market, with grave conseq~ences bo~ to ex~rting and importing countnes. One 1s thus dnven to the conclusion that
the only effective and long-term solution o£ the
yvorld's need _for increased food must be sought
tn the countnes where the deficits are greatest.
CONVENTIONAL MEANS OF INCREASING AGRICULTURAL PRODUCTION

Increasing output from crops

4. Increases in the output of agricultural
crops cal! be acJ:tieved by two principal means:
first, by mcreasmg the area under cultivation ·
and secondly, by improving the yields of th~
c:ops which are grown. Throughout man's
history as a cultivator, increases in food production have come primarily as a result of
increasing the area which he tilled. With the
bringing into cultivation of large areas of the
world's land surface in the past century and
the i!Icre~sing cost of clearing much of what
remams, tt seems probable that additions to
the world's food supply must, in future, pre-
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dominantly come as a result of raising the
yield, both of crops and of stock.
5. In other words, capital must be substi~
tuted for land and new techniques must be
used : this is a comparatively new approach to
the problem, and Brown states that in the
period 1948-1952, four fifths of the gains in
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grain output have come from yield increases. 2
The scope for doing so is amply illustrated in
the table given below.
2 United States of America, Department of Agriculture, Economic Research Service, Man, Land and
Food, by L. R. Brown (Washington, D.C., 1963).
Foreign Agricultural Economic Report No. 11.

SC'Uth

America

Africa.

(Kilos tflf' heclare)

Wheat .............. .
Barley .............. .
Maize ............... ·
Rice ................ ..
Potatoes ............ .

1,830

1,060

870

2,270
2,050

1,120
1,380

4,500

1,780
6,280

1,040
920
1,680

730
590
980
1,470

9,570

8,480

14,810

SouRCE: Food and Agriculture Organization of the United Nations,
Production Yearbook, Vol. 15 (Rome, 1961).
a Excluding China (mainland).

6. Unquestionably, the marked differences
in yield · in the regions quoted are the result
of the interplay of many factors, both ecological
and technical.
.7. Pawley suggests that the use of hybrid
or improved varieties on the 50 million hectares
of the world, excluding the United States of
America, could result in an increased production on the order of ZO to 30 million tons of
grain in Europe, Africa, Asia and Latin
America. 3
8. Though the use of better-yielding varieties of seed is a highly significant factor in
increasing food production, other aspects of
crop culture must receive attention if the
results are to be fully achieved. Modem science
and technology have highlighted the necessity
for building and maintaining the fertility of the
soil, for providing adequate supplies of water
and plant-food, for securing a suitable environment through the establishment of shelter belts
and wind-breaks, for carrying out cultural processes at the right time, for protecting the
ing crop from pest and diseases and,
y, for the control of pests where the grain
is stored, as local investigations have shown
that here as much as 50 per cent of what has
been grown may be lost.
The use of water
9. A factor of great significance to crop
production, especially in arid or semi-arid
countries, would be the more effective control
of water. In many areas of the world, rainfall
a Food and Agriculture Organization, Possibilities

of Increasing World Food Production, by W. H.
Pawley (Rome, 1963).

is concentrated in one season of the year and
the heavy seasonal precipitation often creates
great devastation to unprotected soil. When
adequate conservation measures are taken, the
physical damage can be minimized; better
moisture conditions for plant growth can be
created ; and, where irrigation is possible, the
growing of two or three successive crops in
one season becomes a practical measure. How-'
ever, unless such areas are properly drained,
the increasing salinity renders the soil unsuit..
able for crop growth.
The increased use of fertilizer
10. With the availability of adequate supplies of water, a greater exploitation of the
world's increasing knowledge of plant nutri-.
tion becomes possible in attaining the potential
yield of improved seed. During the last two
years, out of a world total of almost 30 million
tons of plant nutrients applied as fertilizers,
nearly 27 million tons were used in the industrial countries and only 3 million tons in the
developing areas. As a result of many thousands
of fertilizer trials carried out in developing
countries, man's knowledge of these matters
has immeasurably increased and with it the
conviction that chemical fertilizers have
opened fruitful avenues for the development
of food and forage production.
Mechanization and use of improved tools
11. In vast areas of the world, over 90 per
cent of the power on farms is generated by
human beings and animals. Much of the equipment which they handle and pull could be
improved, for the efficiency of the tools the
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farmer uses determines the amount of land
which he can cultivate, the quality of his tillage
work and hence the. yield of his crops. Thus,
any forward-looking policy for increased food
production must clearly contemplate their
modernization.
12. For the time being, however, the general use of powered implements would be
neither economically nor socially feasible, but
even the improvement of the design of handor animal-operated implements could make a
noteworthy contribution. The rising population
of the world is causing Governments to embark
on land reclamation schemes, many of which
involve forest and brush clearance, and the
preparation of the rough terrain for cultivati?n.
Specially designed and thoroughly tested equtpment could open up large areas of the world
which are currently unproductive.

Improving livestock production
13. Equal opportunities of expanding food
production by 1980 exist in the field of animal
husbandry. Available statistics indicate that the
average annual production is only 20.5 pounds
in the case of beef and veal, 4.2 pounds for
mutton, lamb and goat meat, 20.3 pounds for
pork, 8.6 pounds qf eggs per . h~n and. 250
pounds of milk per cow. 4 Stattstlcs avadable
from countries with an advanced livestock
industry may illustrate the reserves which may
be realized through well-planned efforts? for
yields in these areas are a hundred-fold htgh~r
in the case of mutton, tenfold as far as beef 1s
concerned sixfold for eggs and almost twentyfold in th~ case of milk Most developing countries are still applying traditional methods of
livestock production and utilization which do
not allow the efficient use of existing resources.
14. Experience indicates that livestock output depends on individual productivity rather
than on numbers alone. Large areas of the
world are considerably overstocked with underfed animals of poor quality, a reduction in the
numbers of which ·would be a first step to
increasing the productivity of those which
remain. Overstocking, underfeeding, the prevalence of disease, haphazard breeding practices,
poor management and the lack of marketing
or processing facilities bring _about an over-all
situation which cannot be tmproved by the
universal application of techniques used in advanced countries. Each of these interrelated
problems and potentials has to be examined to
determine the most seriously limiting factor
4 Food and Agriculture Organization, Production
Yearbook, vol. 14 (Rome, 1960). ·
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before a logical plan for livestock development
can be prepared.
15. It is illogical to initiate the development
of feed supply through ley farming methods or
improved range management, for instance, if, at
the same time, measures are not taken to control the unthriftiness of stock caused by disease
or parasitism. Similarly, genetic improvement
would be wasted without the simultaneous improvement of animal nutrition, and the final
success of all livestock improvement prot,rrammes would depend upon the establishment
of appropriate processing and marketing
facilities.
16. Some spheres of production can be dealt
with as relatively independent of natural environments, for instance, intensive poultry, pig
and dairy industries have been established in
many developing countries, based on appropriate marketing facilities and the utilization of
a number of agricultural by-products. Vast
areas of the world's surface could, however, be
utilized exclusively by grazing animals and the
efficiency of production would be determined
largely ·by the integrated development of the
animal and plant industries. Hence, one of the
greatest needs in livestock production improvement programmes · is for more and bettertrained personnel.

Improving the output of the sea and of inland
waters
17. Since seven tenths of the surface of the
globe is under salt water, and yet man draws
from it only one hundredth of his food, there
would appear to be an immense potential for
the development of the world's fisheries to
increase the protein supplies for the human
diet. Technical advances have improved the
harvest from the sea. Most of these have been
aimed at catching more fish by using better
techniques and equipment, including powered
fishing boats, and in perfecting means of detecting the whereabouts of the fish themselves.
18. Much attention has thus been devoted
to building up a fuller understanding of the
biology of the fish (their breeding, distribution
and behaviour) which will provide reliable
guide-lines for the world's fishermen as to the
preservation of stocks for future harvesting.
Eventually, perhaps, through increasing international enlightenment and co-operative action,
both the seas and the inland waters will be
able to supply human needs to a far greater
extent than has been the case in the past.
Indeed, there are encouraging signs that this
is taking place already for, according to the
latest statistics of the Food and Agriculture
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Organization 5 , the world catch in 1963 was
about 46 million tons, or twice the amount
produced as recently as in 1951.
19. It is necessary, however, when considering the dietary significance of the increased
amount of fish available, to take into account
that consumption is not evenly distributed over
the earth's surface. Large numbers of people
rely on fish to supply more than half of their
animal protein intake, and estimations of the
additional arable land needed in these areas to
match the protein now available from fish show
that some countries could not maintain their
nutritional standards, or even survive, without
fish. 6 But while the fishing fleets of some
countries are being rapidly expanded, in others
the off-shore fish populations are not being
exploited, owing to the lack of technical
knowledge, equipment and manpower.
20. Quite apart from the greatly improved
nutritional standards which can be brought
about as the result of an increase in the catch
of fish, the diversion of fish and fish wastes to
the production of fish-meal for export could be
of significant benefit to countries in their
balance of trade.
Prevention of wastage of agricultural and
fishery products
21. While the improved agricultural practices referred to above would lead to a substantial increase in the world's food resources, this
is not, in its~£, enough. Increased production
must be supplemented by improvements in
preservation, conservation and marketing, in
order to reduce the spoilage and waste which
now occur.
22. The development of scientific techniques
of food processing and preservation was a key
factor in the evolution of civilizations and urban
settlements. Food technology is the link between production and consumption. It includes
the processing and preservation of foods by
such traditional methods as sun-drying, salting
or fermentation, as well as by the modern
methods of dehydration, canning and freezing,
and by the ultramodern methods of freezedrying and the use of ionizing radiation. The
major reasons for processing food-stuffs are to
prevent spoilage and wastage, to permit yearround availability and to develop new products
of good nutritive value at a cost which all can
afford.
5 Food and Agriculture Organization, Fisheries
Division, Provisional Estimate Based on. Partia.l Returns to Statistics Section. (Rome, 1964).
6 Food and Agriculture
Organization, ''World
Fisheries", a paper presented at the World Food Congress, held in Washington, D.C., 1963 (WFC/63/
PB/IC/2).
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23. In the encouragement of the production
of traditional protein foods and grain legumes,
international efforts have been focused on the
development and production of inexpensive
protein concentrates from sources hitherto
largely unused. For instance, protein-rich foods,
of low cost, have been developed in a number
of countries from such indigenous protein
resources as oil-seed meals and presscakes;
fish protein concentrate is. another important
potential source of high-grade protein.

The contribution of atomic radiation
24. In each of the broad fields of increasing
food production so far surveyed, the new
science of atomic energy is playing an increasingly important part, above and beyond the
provision of inexpensive power from nuclear
reactors, which, in itself, will undoubtedly have
a major impact on agriculture.
25. The plant breeder has now at his disposal a wider and infinitely more variable range
of materials for his selection as the result of
the hereditable mutations provided by sources
of radiation. Tracer techniques offer a new
means of obtaining a better understanding of
animal and plant life, of soils and water, and of
the complex relationships between them.
26. The heavy loss in field crops at all
stages of production, distribution and storage
already referred to can be considerably reduced
by the application of radiation and radio-isotopes for the effective control of fungal and
bacterial infection and of the ravages of insect
pests. Tracer studies are helping investigations
into some of the basic problems of livestock
production, notably those concerning the efficiency of food utilization by the animal. The
use of carbon-14 as a tool for estimating the
productivity of ocean-water is probably the
most important application of radio-isotopes in
fisheries.
NoN-CONVENTIONAL scURcES OF FOOD

27. Though the discoveries of the scientist
and experimenter have added immeasurably to
the world's knowledge of husbandry and have
made possible substantial increases in the
production of food from the existing resources
of land and water, the lapse of time which frequently occurs between the availability of new
knowledge and its translation into agricultural
practice is a matter of great concern, for a
decade may pass in the slow process of implementation. Thus, in considering means of increasing food production by 1980, serious
efforts must be made to reduce this time lag,
for many new discoveries show promise of
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coming to fruition in the next ten
years.

tO

fifteen

28. One of the developments which would
have the greatest impact on world food production would be the successful outcome of the
work currently proceeding on the desalination
of sea-water. This is neither a new idea nor
is it impracticable, but the distillation processes
currently used are still far too expensive to be
econo\llically practicable in the agricultural
context, where many million gallons of water
are needed for bringing the vast dry areas into
cultivation, and for irrigation. A successful
breakthrough in this single development would
revolutionize current food production forecasts.
29. Considerable effort has been applied to
research and developmental aspects of the
supply of protein from less conventional sources,
with highly promising results. The carbohydrate-rich by-products of certain industries,
such as the sugar and the wood pulp and
paper industries, could be used to produce
sizable quantities of edible yeast. So far only
minor quantities of food yeast are used as
human food, mainly as a good source of certain
vitamins (B-complex), rather than as a source
of protein and energy.
30. A recent development is the production
of proteins by yeasts growing on paraffinic
hydrocarbons obtained by refining crude
petroleum. Such products are currently being
evaluated for wholesomeness and biological
value. With the exception of food yeast, these
"petroleum proteins" appear to give the best
hope for a cheap good source of protein.
31. Algae are increasingly attracting the
interest of research workers in various countries. Pilot mass-cultures of chlorella have
provided extremely encouraging products in
satisfactory yields.
32. Protein extracted from green leaves is a
very promising potential source of protein food.
A considerable amount of pioneering work has
been done, hut a number of problems, some
common with algae, still remain to he solved
before a low-cost product of good nutritional
value, and also acceptable to the human palate,
can be produced.
33. In general, technological feasibility in
developing food products from unconventional
sources is not a limiting factor, since modern
food technology can cope easily with most such
problems. The most critical and difficult aspect
in introducing these products for large-scale
use in the human diet is acceptability and marketing.

THE PROSPECTS

INCREASES IN
TION BY 1980

OF
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34. There seems to be general agreement
that the world population will be of the order
of 4,000 million by 1980. In order both to
provide for the increase which will have taken
place by then and to satisfy the need to improve
the present low level of the diet in many of
the developing countries, it will be necessary to
increase total food production, in these areas
in particular, by more than twice their existing
level, and within this figure the current supply
of food of animal origin will need to be increased three-fold. 1
35. Can these large increases be achieved?
There appears to be no doubt that the application of man's existing knowledge to farming
practice, in all its aspects, would be adequate
to take care of human food needs, possibly to
the end of the century. But whether it will be
so applied is another question which lies largely
within the area of administration.
36. In some of the developing countries,
there does not appear to be an awareness of
the extent to which a progressive agricultural
industry can contribute to the national economy.
If there is such concern, it is usually limited
to the production of cash crops which can be
exported to earn foreign exchange. If agriculture is to be developed along lines which
will improve the home production of food, a
very much more progressive policy will be
needed. If the farmer is to produce more, a
good deal more money must flow from the
exchequer for the provision of the necessary
supporting services-research, extension, the
provision of markets and storage accommodation, roads and such large-scale agricultural
improvements as irrigation and drainage-and
for systems of agricultural credit, the formation
of co-operatives and so on.
37. Since the only practical medium-range
solution to the hunger problem in the developing areas is to greatly increase food production within the country, the peasant farmer
(numbered by the tens of thousands) is the
key figure. Hence, those incentives which
motivate him to improve the productivity of
his holding must be provided. The first, and
foremost, incentive would be to give him some
security of tenure of the land he farms, for
improvements to productivity come only slowly.
He would then need friendly advice and
guidance as to how to develop his skills and to
improve his husbandry techniques, and in the
1 Food and Agriculture Organization, Third World
Food Survey (Rome, 1993).
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care and protection of his livestock. To have
any hope of achieving his task, he would need
the ancillaries, the fertilizers, the equipment,
the seed and the means of protecting his animals
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and plants from pest and disease, at a price he
could afford to pay. Only when these matters
had been satisfactorily resolved would he be
able to play his part.

The relationship between the volume of agricultural investment and the rate
of population increase
VICTOR HERER
INTRODUCTION

1. The rate of population increase determines to a large degree the necessary rate of
growth of agricultural production. 1
2. Let the rate of population increase be p
and the desirable rate of growth of food consumption per head of population f, then the
necessary rate of growth of agricultural production, r, will roughly be:
r

=f+

p

(1)

3. The volume of agricultural investment
needed to obtain such an increase of agricultural production is defined by the following
formula: 2
(2)

where:

I
D

m

tt

a

=

gross investment in agriculture;
net product of agriculture increased by depreciation, or the
gross product of agriculture; ·
capital intensity of the increase
in agricultural production in
terms of the ratio of gross
investment to the increase in net
product;
agricultural production increase
owing to technological progress
not related to investment, e.g.,
when new varieties of seed are
used;
losses in the products, owing to
diminished productive capacity.

To simplify the problem the difference between
the dynamics of the total product of agriculture and
the dynamics of the agricultural product earmarked
for consumption by the population has not been taken
into account.
2 A simplified assumption has been made that the
rate of growth of the net product of agriculture is
identical with the rate of growth of the output of
agriculture. The author has used Kalecki's formula
of the relation between the growth of the national
income and investment. See Michal Kalecki, Zarys
teorii wzrostu gospodarki socjalistycznje (An outline
of the theory of growth of socialist economy) (Warsaw, 1963).
1

4. The values u and a, denoting respectively,
the growth of agricultural production owing
to technological progress not related to investment and losses in the product owing to diminished productive capacity, can be assumed to
be constant and independent of the rate of
population increase. Hence, the relation between the rate of population increase and the
necessary volume of agricultural investment
will be:
(3)

It follows from equations (1) and (3) that:
p

+

I

j
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1

m

(4)

Therefore:
I
D

11!

(p

+ f)

(5)

5. Equation (5) shows that the rate of population increase and the capital intensity of the
increase in agricultural production are among
the factors determining the volume of necessary
agricultural investment.
l.

INTERRELATION BETWEEN POPULATION INCREASE AND VOLUME OF AGRICULTURAL
INVESTMENT

6. The interrelation between the population
increase and the volume of agricultural investment, expressed in equation (5), can be
examined in two variants.

A. The first variant

7. In the first, it is assumed that the capital
intensity of the growth of agricultural production is independent of the rate of population
increase.
8. Under this assumption the volume of
agricultural investment grows with the growing
rate of population increase. Any change in the
volume of necessary agricultural investment
resulting from the change in the rate of population increase depends on the degree in which
the increase in population participates in the
growing demand for food in the country. In
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the case of developed countries, where the
population's average 3 requirements for food
are satisfied at a relatively high level, the needs
of agricultural investment-assuming, in addition, unchanging capital intensity-are determined by population increase alone. In those
countries, the needs of agricultural investment
change in proportion to population increase.4
9. In those countries where the rate of population increase is low, the impact of the rate
population increase upon the volume of agricultural investment is obviously less pronounced, although, in some cases, agricultural
investments may increase considerably because
the average standards of nutrition call for
improvement.

13. If it so happened that the entire population increase in a given time and country
comprised farmers' dependants or non-farm
population alone, then any increase in the agricultural product would have to be obtained
mainly by means of stepped-up investment and,
therefore, at a higher capital intensity. The
opposite situation would exist in a country
where the entire population increase equalled
the increase in active farm population ; in this
case, a growth of agricultural production might
be obtained by means of additional contribution
of live labour, with few, if any, investments
outlays.
14. The capital intensity of the growth of
agricultural production is determined to some
extent by the relation between the agricultural
manpower increase and the population increase.
If the structure of the population increase,
from the point of view of the ratio of foodproducing manpower to total population, remains stable, then it is possible to keep an
unchanged level of food consumption without
raising labour productivity in agriculture ; as a
result, the capital intensity of agricultural production can also remain unchanged. If, however, the structure of population increase
changes in such a way that there is a growing
proportion of food-producing labour, it may
result in reducing the capital intensity of the
growth of agricultural production.
15. Hence, every addition to agricultural
manpower, given constant productivity of.
labour, reduces the number of food-consuming
population per one person employed in agriculture. This may result in diminishing the
capital intensity of the growth of agricultural
production in so far as capital intensity is a
function of the ratio of food-producing to foodconsuming population.
16. If, on the other hand, the structure of
population increase leads to a decline in the
proportion of food-producing population, this
may result in an increase of capital intensity of
the growth of agricultural production.
17. The prospects of increasing the agricultural product on the basis of population
· cr
al
·th t ·
tm t
f
m ease one, Wl ou mves en ' vary rom
country to country. In the developing countries,
where the reserves of untilled arable land are
very large, and in the countries where yields
are low because of deficient farming due to
1b
h
a our s ortage, it may be possible to increase
the agricultural product without investing too
much capital. But in the European countries,
where intensive agriculture is the rule, the
f ·
· th
·
·
prospec~ o mcreastng e ag~tcult_ural product
by relymg only on population mcrease are
·\ · rather limited.

B. The second variant
10. In the second variant, it is assumed that
the capital intensity of the growth of agricultural production changes with the changing
rate of population increase. Under this assumption, which seems more realistic than the
previous one, the problem may be examined in
its two aspects.
11. The interrelation between the rate of
population increase and the capital intensity of
the growth of agricultural production. What
is important here is perhaps not the volume,
but the age structure of population increase,
and also the distribution of this increase into
food-producing and food-consuming population
the latter covering non-farm population and
those dependents of farmers who do not work
on farms.
12. The larger the proportion of foodproducing population in the population increase,
the lower the capital intensity of the growth of
agricultural production can be. 5 As the proportion of food-producing population rises,
there is a growing possibility of increasing the
contribution of live labour and, hence, of
reducing the share of investment in producing
the additional farm products needed to feed the
the increased population.
a A high level of average food consumption does
not preclude under-nourishment of some population
groups, owing to the uneven distribution of food
among various groups of society.
4 This analysis completely disregards investment
outlays relating to the substitution of farm madlines
and equipment for labour. Such outlays have grown
very rapidly during the last two decades in the
developed countries of Western Europe and North
America.
:; In the developing countries, a. decline in the proportion of active farm population in total population
mcrease not only restricts development prospects in
agricultural production, but also adds to the food
demand in the country, since the per capita food consumption is higher for urban than for rural populatiou;:,_

\
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18. In the over-populated countries of Asia,
with their high ratio of agricultural population
to total population increase, it is quite possible
to use the increase in population for raising
agricultural production ; this can be done by
resorting to special methods, which are described below.
19. The interrelation between the rate of
agricultural production and capital intensity.
In the long run, it is possible to raise the rate
of agricultural production increase without
adding to capital intensity of agriculture,
provided that no labour substitution takes place.
20. As proved by the experience in many
countries, technological progress can successfully counteract the effect of the biological law
of diminishing returns from additional outlays
in agriculture. 6 If, however, the short-run problem is examined from the point of view of the
growing rate of population increase and the
rising rate of growth of agricultural production
related to it, it is dear that technological progress, over a period of time, is completely
independent of the rate of population increase.
Accordingly, each addition of growth of agricultural production related to the additional
increase in population must be considered in
the aspect of relatively unchanging techniques.
This means that the growth of agricultural
production required to meet the demand of the
increased population generally entails growing
capital outlays; in other words, it implies an
increase of the marginal and average capital
intensity of agricultural production.
21. It is safe to say that a growing rate of
population increase, since it adds to the food
demand in the country, requires an increase in
agricultural investment ; any additional increase
in the agricultural production can be obtained
by increased capital intensity.
22. Under certain conditions, however, a
rising rate of increase of active farm population
may counteract the capital intensity of the
growth of agricultural production and, hence,
may restrain the growing need of investment in
agriculture.
23. In an extreme case, it is conceivable that
in a developing country, if the increase in the
agricultural product is obtained without investment or with very little investment, the level of
6 The problem was discussed by Lenin, who wrote:
"Of course, 'additional investments of labour and
capital' may and do take place on a relatively small
scale even when the technique of production has remained at the same level. In such cases, the 'law
of diminishing returns' is applicable to a certain
degree, i.e., in the sense that the unchanged technique
of production imposes relatively very narrow limits
upon the investment of additional labour and capital".
N. Lenin, Writings, vol. 5 (Warsaw, 1950), p. 115.
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per capita food consumption will remain unchanged. In this case-probably extremely rare
in current times--essentially no additional investment would be needed because of population increase.
24. The volume of agricultural investment
is the resultant of the described factors, which
determine the relation between agricultural
investment and population increase.
25. In the developed countries, the relatively
high level of average food consumption and the
low rate of population increase are factors restraining the volume of necessary agricultural
investment. On the other hand, since there is
no increase in farm population, the capital
intensity of the growth of agricultural production in those countries is very high.
26. In the developing countries, the situation is reversed. The low level of average food
consumption and the high rate of population
create pressure for more investment in agriculture, while the increase in agricultural manpower tends to reduce capital intensity of the
growth of agricultural production.
27. Between these two extremes, there is a
whole range of intermediary situations which
may prevail in various countries at various
times.
28. Thus far, the problem of disguised unemployment in agriculture has not been considered. The existence of disguised unemployment in agriculture obviously reduces the
possibility of using the increase in population
for decreasing the capital intensity of growth of
agricultural production. 7
29. However, in considering the problem
one must bear in mind the uneven distribution
of manpower, its indivisibility and its immobility in small peasant farms. In small-scale
peasant farming, disguised unemployment may
exist in some regions, while, in others, the
agricultural production may prove flexible and
adjustable to the growing manpower. In the
latter case, the increase in farm population may
produce certain effects in reducing the capital
intensity of the growth of agricultural production.

JI.

ATTEMPTED ESTIMATION OF THE VOLUME
OF AGRICULTURAL INVESTMENT IN A DEVELOPING COUNTRY

30. Statistics for the last ten years reveal
that the average annual rate of population
7 Apart from this, when the increase in farm population is accompanied by an increase in disguised unemployment and agricultural incomes bear the burden
of feeding the unemployed, possibilities of financing
investment are further reduced.

378

WORLD POPULATION CONFERENCE,

increase in many developing countrt"es 1"s 2.5
per cent. Considering the low level of food
consumption in those countries, an additional
minimum increase of agricultural production
a!ming at a realistic improvement in consump~
twn standards, can be estimated at 2 per cent.
Hence, the minimum rate of growth of agricultural production in most developing countries should be at least 4.5 per cent. However
this is so much above the actual rate of growtl~
that. t!1e au~hor is inclined to .accept a more
reahst1c estimate of the mimmum rate of
growth of agricultural production, namely, 3.5
per cent per annum, or a 1 per cent increase
in annual consumption per capita.
31. The next step is to estimate the needed
volume of agricultural investment related to an
aver~ge annual. growth of agricultural product10n amountmg to 3.5-4.5 per cent. For this
purpo~e, the author has used the data on capital
mtenstty of the growth of agricultural production in Poland,s where a small-scale peasant
economy prevails and the level of agricultural
employment of thirty-two productive persons
p~r 100 hectares of .arable land has been only
shghtly reduced dunng the last eight years.
3 Th
2·
e ratio of capital intensity to the
growth of agricultural production in the last
eight years has been five zlotys per one zloty
of increase in the net product. 9
33. Next to be examined is the relation
between this volume of agricultural investment
and the volume of the net product in agriculture. To attain a 3.5 per cent growth of agricultural production, agricultural investment
would have to equal 22 per cent, and to attain
a 4.5 per cent increase-29 per cent of the net
agricultural product. This means that a 3.5 per
cent.= 4.5 per cent growth of agricultural productlOn places a heavy burden upon the agricultural income of a developing country. The
situation is further complicated in a country
proceeding to industrialization while agriculture has a large share in the national income.
(It is typical for the developing countries that
some 70 to 80 per cent of the national income
is produced by agriculture.) If agriculture has
a large share in the national income, then 10
to 15 per cent average annual increase in industrial output (a rate necessary for industrializ8 In Poland, the rate of growth of the final agricultural product in peasant farms exceeds the rate of
growth of the net product ; this entails large investment o~tlays in the sector manufacturing capital goods
for agriculture.
9 It is assumed that in the developing countries
where the outlays of factory-made capital goods ar~
low, the rate of growth of the final product is nearly
the same as the rate of growth of the net product.
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at1"on) cannot be finat1ced from no n-agncu
· ltural sources since the latter are very small.
34. Agricultural income thus bears the
burden of financing not only agricultural investment in industries producing goods for agriculture, but also most of the other industrial
investments as well, plus the total costs of the
cultural revolution in the country (development of education, medical care, etc).
35. In his Geography of Hunger Josue de
Castro quite rightly points out that each contine11;t still has vast areas of land which might
provtde food for the starving population.1o It
seems, however, that the major problem in
fighting hunger is not how to find land which
might l?rodt:ce food. It is, rather, the question
of findmg mvestment funds to cultivate the
land: T~e problem of freedom from hunger
cons1sts m the necessary means of investment
to eliminate food shortages. It is also the problem of selecting such production techniques
and such methods of raising the agricultural
products as would be best adapted to the balance of manpower and to the structure of
population increase in a given country. The
proper economic policy to be pursued in the
developing countries is to ensure the maximum
use of the increase in farm population to obtain
th~ . growt~ of agricultural production with
mtmmum mvestments.

III.

FINANCING OF AGRICULTURAL TNVESTMENT AND POPULATION GROWTH

. 36. The yroblem of. financing agricultural
mvestment m a developmg country with a low
level -of labour productivity in agriculture has
several aspects. Only two of them are dealt
with in this paper. They are as follows:
. (a) If t~e surplus p;oduced by agriculture
m a developmg country ts to be used to a maximum d.e~ree for investment purposes, any form
of drammg the agricultural income to cover
the needs in consumption of the possessing
classes must be radically eliminated;
. (b) The choice of proper investment form
1s also very important. Considering the burden
of agri~ultural investment on agricultural income, mvestment may be classified into two
categories :
(i) Monetary investment, i.e., investment
through the purchase of factory-made
capital goods;
(ii) Self-help investment, i.e., investment
executed mainly by non~mechanized
peasant labour providing the means of

----10 Josue de

Castro, The Geography of Hunger
(Boston, Little, Brown, 1952).
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production for agriculture (land-betterment projects, peasant housing, roadbuilding in agricultural regions, increase of livestock etc.) with an insignificant addition of factory-made capital
goods.
37. Each monetary investment in agriculture
reduces the current consumption, but opens
prospects of increased consumption in the
future or results in a cor
ding reduction
lp investment,
of industrial investments. Se
on the other hand, takes away nothing from
the consumption fund.
38. In the case of monetary investment, the
controversy between investment and consumption, and between agricultural and industrial
investment, is quite evident. It is all the more
pronounced when problems of foreign trade are
involved on a broad scale.
39. Self-help investment, on the other hand,
opens the way to utilization of the manpower
reserves and does not affect current consumption. An increase in self-help investment does
not cut down consumption in the initial period
and makes it possible to expand both consumption and investment at the same time.
40. Under a planned-economy system, a
developing country with large reserves of agricultural manpower can, under certain circumstances, attain a much higher rate of growth of
agricultural production than an industrialized
country which has no such reserves. This is
particularly true of those countries in which

379

irrigation projects, offering wide possibilities
for self-help, play an especially important role.
41. Manpower reserves, if used in self-help
investment, can be largely transformed from a
hampering factor into a factor stimulating agricultural growth. 11 In actual practice, of course,
the entire investment process cannot be covered
by self-help investment. Every increase in this
type of invest!llent requires a certain incre!l-se
in monetary mvestment. But the developmg
countries might attain a very high proportion
of self-help investment in total agricultural
investment and its increase.
42. It seems, therefore, that self-help investment is of extremely great importance for agricultural growth in the developing countries.
Such investment may include various projects
stimulating agricultural growth, for example,
forest clearing, tilling new lands without tractors, land reclamation and irrigation, and
creation of farm buildings from clay or bricks
fired on the spot. It is also self-help investment
when the cattle livestock is increased through
the use of non-commercialized fodder (hay,
pastures).
11 Ragnar Nurks~ considers the agricult!Jral overpopulation a potential source of accumulation of the
economic development; he writes, " ... One may say
that the disguised unemployment of the over-popu~ated
regions of the peasant economy presents an envmble
source of savings, which may be used for financing
economic developments" .. Ragnar Nurkse, Problems
of Capital Formation in Underdeveloped Countries
(Warsaw, 1962), p. 72.

The effect of population pressure and seasonal labour surplus on the pattern
and intensity of agriculture in Taiwan

S. C. HSIEH and T. H. LEE
l. There are two types of "farm labour
surplus", namely, long-term, or structural, and
seasonal. The structural farm labour surplus
occurs in a country where the land is limited,
there is over-popu1ation, and industry and
commerce are just developing. The seasonal
farm labour surplus, however, indicates a
leisurely labour force resulting from the
seasonal demand for labour in agricultural
production.
2. In a country with a developing economy
and low agricultural productivity, there exist
at the same time the two types of farm labour
surplus and, such being the case, the degree
and extent of making possible use of the labour
force are extremely low. Unless the farm organization and cropping system are greatly improved, the problem of farm labour surplus
can never be solved in an area under severe
population pressure. A possible way of utilizing
the labour force is to increase rural employment opportunities so as to enhance agricultural productivity. The intensive farming system
adopted in Japan and Taiwan serves as a good
example.
3. In the case of Taiwan, where the arable
land is restricted to 870,000 hectares, and the
farm labour force is approximately 1.8 million
with an annual increase rate of about 1.2 per
cent, it is extremely difficult to raise the farm
labour productivity to a higher level under the
present circumstances. In spite of the financial
support of the Government, the expandable
arable land is somehow limited. In the past half
century, there was some increase of arable land
in the first thirty years. For the last twenty
years, however, the acreage has remained at the
level of 870,000 hectares without any visible
change. On the other hand, the continuous
increase of agricultural population and labour
force has gradually lowered the ratio between
population and land. It seems utterly impossible
to raise the average labour productivity in Taiwan through the reduction of farm labour force
or the increase of arable land. In order to pro~
mote employment opportunities and to increase
agricultural production, the type of farming and

cropping system that can absorb a large capacity of labour input should be encouraged.
Under such a situation, the increase of land
productivity would likewise enhance the labour
return. Therefore, the gross labour return is
the direct result of intensive utilization of land
and labour, as well as of the improvement of
the type of farming and cropping system.
4. The farmers have adopted several cropping systems, which vary with the natural
conditions, the marketing system and the supply of farm labour force. Generally, there are
the multiple cropping system, the rotational
cropping system, the crop and livestock integrated farming system, and the crop and farm
products processing integrated system. This
paper is confined to a discussion of the relationship between the various intensive cropping
systems and the intensity of labour use. The
capacity of labour input of each crop and the
growing seasons are quite different, and various
crops can be integrated to form a cropping
system, in order to absorb the highest capacity
of labour input. The fertility of the soil, the
capacity of the labour input, as well as the gross
labour return, are the determining factors for
setting up the cropping systems. In Taiwan, the
farmers usually adopt two or three types of
cropping systems in combination on a farm.
The increase of the number of labour-intensive
cropping systems is reflected in the increase
of multiple-cropping indices, from 116 during
the period 1911-1915, to 132 in 1931-1935 and
180 in 1956-1960.
5. In the past fifty years, the arable land
in Taiwan has been increased by 26 per cent
while the agricultural population has accelerated its growth by 125 per cent and farm labour
force has increased by 50 per cent. With the
rapid increase of agricultural population, there
has followed the decline of the percentage of
the farm labour force in total agricultural population, from 50 per cent to 30 per cent, and the
decrease of the average cultivated area per agricultural population from 0.31 hectare to 0.18
hectare. Prior to 1935, the increase of cultivated land was made possible through the rapid
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expansion of newly reclaimed land. However,
since 1940, the population pressure has also
been increasing rapidly and the only possible
measure to meet the changing situation is to

make intensive use of the land, as well as to
multiply crop planting in a given area. The
changes made in the system of land utilization
are shown in figure I :

A. Paddy land
Jan. Feb. Mar

May June July Aug. Sept. Oct. Nov. Dec.

Initial period:
1910-1920

1st rice crop

2nd rice crop

Developing period:
1920-1940

1st rice crop

2nd rice crop
Winter
2nd rice crop

Later period:
1940-1960

Winter

Summer crop

B. Single-cropping paddy land
Jan. Feb. Mar. Apr. May June July

Initial period:
1910-1920

Sweet potato

Developing period:
1920-1940

Sweet potato

Later period:
1940-1960

Initial period:
1910-1920

I

Oct. Nov. Dec.

2nd rice paddy

I

~ice Jrop

2nd

Miscellan~ous
potato

-__,.........

e

crops

I

2nd rice crop

I

I

Feb. Mar. Apr.

M~

Sweet

June July Aug. Sept. Oct. Nov. Dec.

Sweet potato

Sweet potato

or other crops

or other crops

~eanu~

_I

Sweet potato

Pea~ut
I~

I

C. Dry land

I

Developing period:
1920-1940
Later period:
1940-1960

Aug.~.

Peanut

Miscellaneous
cropsj
~
gweet potato

Figure I
System of land utilization, Taiwan, 1910-1960

Peanut
Miscellane ous
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6. The labour input for each hectare of cultivated land has been increased from 195 days
in the period 1911-1915 to 220 days in 19311935, and further increased to 305 days in 19561%0. The seasonal distribution of labour has
become more even since the introduction of the
labour-intensive cropping system. The impact
of the intensive cropping system on seasonal
distribution of labour can be seen from a crosssection comparison made of the intensities of
labour in different areas.
7. Farmers in Taiwan have managed to
adopt the labour-intensive cropping system
with a view to absorbing more family labour
through the planting of various crops that
require different capacities of labour input.
Such a system does not incur any waste of
labour, but, rather, tends to increase simultaneously the average productivity of land and
labour. Under this system, the demand for
labour is high and the time for harvesting the
previous crop, as well as for planting the following crop, is extremely short. Sometimes the
farmers manage to plant the next crop between
the rows of the previous crop, in order to avoid
the concentration of labour demand in a given
short period of time and to provide more time
for the growth of the next crop.
8. Prerequisites to success of intensive
cropping system. The intensive cropping system must bring sufficient social and economic
benefits to justify its adoption. It should, first
of all, increase the farmer's income, for without this, farmers would be reluctant to accept
such a system. Therefore, an increase in the
productivity of the land-including improvements of crop varieties, culture practices and
cultivated land-and an increase in the demand
for farm products are prerequisites to the success of this system.
9. Improvement of crop varieties and culture practices. There is a shortage of vegetables in Taiwan in summer-time. If vegetables
could be planted in the months of May and
June without affecting the second rice crop, the
farmer's income would be increased. Technically, it is rather difficult to plant vegetables
during the months of May and June. However,
following the technical improvement of crop
varieties and the culture practices of interplanting of vegetables and other crops, the
farming system in central and southern Taiwan
has been changed from three crops to four
crops a year.
10. Improvement of cultivated land. The
improvement of cultivated land includes irrigation, drainage, soil improvement and other
investments. Its purpose is two-fold : first, in
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time of drought or inadequate water supply,
properly irrigated land can be planted with
one or two kinds of crops. Secondly, after the
improvement of cultivated land, the input of
fertilizer and labour is considerably increased,
and the farming is made more intensive and
thus can absorb more inputs in production.
11. Changing the pattern of demand for
farm products. The demand for farm products
includes both food consumption and the use of
such products for industrial and other purposes. Rice and sweet potato belong to the category of labour-extensive crops. If one wishes
to substitute vegetables, citrus fruits, tobacco
and rape-seed for grain crops, one must first
determine the market demand for such intensive
crops. Vegetables are a daily necessity in
Taiwan, and as such, the increase of population, as well as the large consumption of summer vegetables, have helped to stabilize the
farmer's profit by virtue of the introduction of
interplanted vegetables. Another winter crop,
tobacco, offers great profit because of the system adopted by the Taiwan Tobacco and Wine
Monopoly Bureau in purchasing the tobacco
leaves. Purchases are made through a signed
contract which gives an attractive price to the
farmers. In addition, it seems necessary that
the labour-intensive cropping system should be
further supported by the development of agricultural processing industries and the improvement of natural consumption.

12. Planning of labour-intensive cropping
system by linear programming approach. Iri
introducing the intensive cropping system, a
certain type of cropping system should be
planned in a given area to serve as blue print
for individual farm planning. If the scale of
operation and the pattern for operation of
farms in a given area are widely different from
each other, it may be appropriate to devise
several model cropping systems for adoption
by the farmers. The objective of the planning
should include the maximum farm income to
be derived from the family labour return, as
well as from the rental of self-owned land. The
means to attain this objective is to make full
use of the available crop area and farm labour
force within a given piece of land in order to
select the most profitable cropping system.
13. An example is taken from Lung Tung
Village of Lung Chin Township in central
Taiwan, in which the cultivated land is only
81.33 hectares with an average of 0.44 hectare
per family, of which 0.39 hectare is paddy land
and 0.05 hectare is dry land. On the average,
each family consists of 8.3 persons and has 3.1
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A.
Jan. Feb. 11/Iar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Before programming:
Paddy land:

1st rice crop

2nd rice crop

0.45 ha.

0.45 ha.

Wheat

Wheat

0.20 ha.

0.20 ha.

I

Rape-seed

t

Rape-seed

Vegetables

Vegetables
0.01 ha.

0.04:ha.

0.04 ha.

0.01! ha.
I

Sweet potato

Dry land:

Miscellaneous crops

Sweet potato

0.01 ta·

,.02

1

0.02 ha.1

0.45
Paddy land:

T
I
2nd rice crop

1st rice crop

After programming:

hi.

ha.

0.45 ha.

Cabbage

Musk melon

Cabbage

0.45he.

0.45 ha.

0.45 ha.

Dry land:

Fall-planted
sweet" potato

Peanut
0.02 ha.

0.02 ha.

Cabbage

Cabbage

0.02 ta.

0.02 ha.

B. Labour use
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

Labour supply (days):
Labour use:
Before programming:

70

70

70

70

70

1.2 27.8 22.0 11.6 14.3

70
1.3

70

70

70

20.4 13.5 9,6

After programming: 12.2 55.1 22.4 12.1 14.6 41.5 59.5 13.4

9.5

70

70

840

5.9 27.3 9.1

164

70

5,9 58.7 24.8 329.7

Figure II
Cropping system and labour use before and after programming
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persons in the labour force. The man-land ratio
is very high.
14. The base programme is to consider the
average cultivated land of each family, as well
as the average labour force of each family. It is
assumed that 0.5 hectare and three workers
constitute an average farm.
15. The most important crops that can be
planted in this village are as follows, by
season:
(a) First crop season (March-June): rice,
vegetables, water-melon, peanuts, tomato and
cucumber;
(b) Summer crop season (June-August):
musk melon, water-melon and vegetables ;
(c) Second crop season (August-November) : rice, sweet potato and vegetables ;
(d) Winter crop season (NovemberMarch): wheat, vegetables, rape-seed, peas
and flax.
16. The raising of livestock and poultry is
restricted by the shortage of feed crops, with
the result that each family only has, on the
average, 1.2 hogs, 6.2 chickens and 0.8 cattle.
In spite of this under-development of livestock
and poultry, there are some pieces of land devoted to the planting of sweet potato with a
view to supplying the necessary feed crop.
However, the raising of livestock and poultry
will not be considered in this programme.
17. The labour coefficient of crop planting
is the number of days required for planting
the crop in one hectare of land. The farm price
is an average of three years' price.
18. Resource lintitation. The standard cultivated area is 0.5 hectare, of which paddy land
is 0.45 hectare and dry land is 0.05 hectare.
Since the average number of hogs per family
is. one head, it is necessary that 0.03 hectare
of dry land should be planted with sweet
potato in order to meet the annual requirement
of 400 kilogrammes of sweet potato. In each
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of four crop seasons (first crop, summer crop,
second crop and winter crop), 0.45 hectare of
paddy land is cultivated. The cultivated area of
dry land is 0.02 hectare in each of three crop
seasons (first crop, second crop and winter
crop).
19. Labour limitation. Working twenty~five
days each month, the three workers in one
family can contribute seventy-five days of
labour. With five days being spent on hog
raising and sweet potato planting, the net available labour supply is seventy days. The Taiwan
Food Bureau extends loans to farmers for the
purchase of fertilizers, and no special and additional farm implements and other capital goods
are needed by the labour-intensive cropping
system.
20. Based on the revenue coefficients, technkal coefficients and resource limitation, a
simplex table of the first stage could be prepared and computation of the most profitable
cropping system could be worked out through
a linear programming solution.
21. The farmers spend 330 days in planting
the above-mentioned crops in an area of 0.47
hectare. If the required sixty days for annual
feed production in 0.03 hectare of dry land
and for livestock raising is added to the 330
days, it makes a total of 390 labour days.
There is a yearly increase of 166 days when
compared with the average labour of 224 days
per family before the implementation of the
intensive cropping system derived from linear
programming. The farmer's income has increased from 12,186 new Taiwan yuan (before
programming) to $NT 25,941 (after programming), an increase of $NT 13,755. The
ratio between man and land in Lung Tung
Village is very high and there is no effective
way for the labour-intensive cropping system to
make full use of the labour force. The shadow
price of labour as indicated in the linear programming solution is zero.

Food resources of the earth

K. M. MALIN
[Translated from Russian]
1. Some writers on population questions
contend that in the not-too-distant future, if
the present rate of population growth continues, there will not be enough room on earth
to accommodate the human race. Others hold
that the population of the earth is already too
great for the available resources and that even
the present population cannot be provided
with, for example, sufficient food. According
to United Nations estimates, the earth's population may be as large as 6,000-7,000 million
by the year 2000. This figure should be verified
in the light of the influence exerted on population growth by a number of factors (industrialization, the growth of the urban population, increased employment of women, raising
of the level of education, etc.). The earth's
population cannot, of course, be infinitely large
if only because the earth's size is finite. Furthermore, it is not possible to make projections
for some arbitrary future time on the basis of
the present rate of population growth. There
are other estimates which fix the earth's popu-

lation in the year 2000 at 4,600 million. However, that is a question which cannot be dealt
with in detail in this paper.
2. The question of potential food resources
has been extensively discussed in the world
Press and at United Nations conferences. The
data published in this connexion have been
based either on the analysis of agricultural
practices or on study of the resources of the
world's cultivated areas and of solar energy.
We shall, in addition, approach this important
problem in terms of the resources to be obtained from various chemical elements.
3. Table 1 below is based on a daily diet
providing 3,000 calories and 100 grammes of
protein, including 60 grammes of animal protein.
4. As the above table shows, the world food
deficit, as expressed in its grain equivalent, is
639 million tons, which amounts to approximately 613 million tons when corrected to
allow for marine products. The grain equivalent

Table 1
Deficit (-)
or surplus ( +)

Annual world

Grain

requirement

Product

Grain . . . . . . . . . . . . .
Meat
.. .... .. .. .
Milk . . . . . . . . . . . . . .
Potatoes . . . . . . . . . .
Sugar . . . . . . . . . . .
Vegetables
Fruit . . . . . . . . . . . . .
Eggs . . . . . . . . . . . . .
Vegetable oil.. .. . ..

(for populaAnnual per """of 3,100 AnnU41 worU
capitare- million) in production In milquiretnent millions of in millions lions of
in kg.
tons
of tons
tons

100
50
365
100
30
150
150
18
6

315
157
1,048
315
94.5
472.5
472.5
56.7
18.9

51411
62.9

+199

348.8

-699
+ 79
-43

394
51.6
120

120
13.7
25

-94

-352.5
-352.5
-43.7

+6

equiv-

alent

in
mil·
lions
of tons

+199
-376b
175 b
+20
-45b
-44b
551>
-1751>
l2b

+

-639
n Exclusive of 455 million tons of grain used for sowing and as fodder
for commercial livestock and draught animals.
b Taking account of the utilization of secondary grain production.
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of the annual per capita food allowance indicated
in the table amounts to 614 kilogrammes if

utilization of the assimilable portion of secondary grain production is taken into account.
5. It follows from what we have said that
agricultural production at the present level is
sufficient to provide a standard diet for no
more than 2,150 million people. If we assume
that the earth's population will in fact reach
6,000-7,000 million by the year 2000, then
annual food production will have to be in-
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creased by a factor of 3 to 3.5 in order to provide a standard diet for everyone.
6. Potential food resources calculated on the
basis of areas under cultivation and past agricultural experience. Even at the existing level
of average crop yields, expansion of the areas
under cultivation-partly with and partly without the need for capital investment (see table
2)-will make it possible to feed not only the
earth's present population but even the population anticipated by the year 2000.

Table 2
Arable land can be increased to the following totals
(in thousands of millions of hectares)
Total land area
of. earth, es·
c uding Ant·
ardica
,
(in thousands of
millions of
hectares)

13.6

Desert
areas~

unsnit·

Meadows
able land,
Arable
and Pas·
Forest
built-up
land
tureland
'areas
areas
(In thousands of millions of hectares, 1961·1962)

1.43

2.58

4.10

With esisting
methods of
cultivation
and no cap£.
tal investment

With capital
investment

With new
methods of
cultivation
and sub·
stantial
capital
investment

2.67

5.49

9.33

5.42

Food resources will also increase as a result of higher crop yields. As can
be seen from table 3 (which is based on figures for 1957), grain crop
yields vary widely from country to country.
Table 3
Yield in centners per hectare
Average for all
capitalist countrios

\\rheat .......... .
Rye ........... .
Barley ......... .
Maize .......... .
Oats .......... ..
Rice ........... .

10.7
11.1
12.9
18.7
12.4
18.4

High

42.7 (Denmark)
29.2 (Netherlands)
40.6 (Netherlands)
48.0 (Belgium)
33.3 (Denmark)
57.4 (Spain)

7. There is similar variation in the case
of other crops.
8. If the necessary action is taken, particularly irrigation measures in areas of insufficient
rainfall, crop yields in every pari: of the world
can be raised to ,the levels attained for the
various crops in the high-yield countries.
9. Our calculations show that, at these
levels, one hectare will yield sufficient food to
provide a standard diet for seven people. That
means that the world's present cultivated area
<:an be made to yield enough food to sustain
10,000 million people and that expansion of
the cultivated area to 9.33 million hectares
will ensure enough food for 65,300 million
people.

3.2
5.1
2.3
4.3
4.1
6.3

(Burma)
(Australia)
(Tunisia)
(Burma)
(Portugal)
(Puerto Rico)

10. However, the average yields attained
in the advanced countries do not in any sense
represent the practical limit of agricultural
achievement. In the Union of Soviet Socialist
Republics, for example, plots ranging in size
from 15 to 100 hectares have, in a number of
cases, yielded 100 or more centners of maize
per hectare. In some instances, plots of various
sizes have yielded considerably larger quantities
of potatoes, sugar beets, wheat and other crops
than the average for the advanced countries.
11. All these facts lead to the conclusion
that, if proper use is made of the available
scientific data and of modern technology, it will
be possible · to obtain average yields at least
twice as high as those now achieved in the
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various advanced countries. In that case, a cultivated area of 1,430 million hectares will provide sufficient food for 20,000 million people
and an area of 9,330 million hectares will yield
enough for 130,000 million.
12. Potential food resources calculated on
the basis of power resources. Each year,
5.5 ·1()2° calories of solar energy reach the
surface of the earth, i.e., an average of 1.08 ·1012
calories per square kilometre.
13. Let us proceed on the following assumptions: (a) the average duration of the vegetative period on earth is six months; (b) of the
total amount of solar energy to which crops
are exposed, SO per cent (the photosynthetically active part) is absorbed by plants ; (c) 30
per cent of the energy absorbed (in terms of
quanta) is utilized in the formation of organic
matter; (d) 25 per cent of this matter is consumed in the plants' breathing. It follows from
this that organic matter containing 6.05 ·1010
calories can be obtained from the average
square kilometre.
14. Let us make the following assumptions:
(a) the standard daily diet is equal, in terms
of units of energy, to 3,000 calories, of which
14 per cent is protein, 30 per cent is fat and
56 per cent is carbohydrates ; (b) 40 per cent
of the protein energy and 15 per cent of the
fat energy is derived from vegetable matter ;
(c) when livestock is given vitamin-enriched
fodder, the livestock products obtained have
a content of one calorie for every six assimilated in the fodder ; (d) the assimilated portion
of the energy contained in vegetable food or
fodder represents not less than 50 per cent of
the total energy retained by plants. We thus
find that, in order to provide one person with
a year's standard food allowance, plants must
retain 5.9 million calories of energy. That
means that solar energy can yield enough food
per square kilometre for 10,000 people (enough
per hectare for 100 people); thus, the earth's
present cultivated area can feed a population
of 143,000 million, while the potential cultivated
area can feed a population of 933,000 million.
15. When we consider that the seas and
oceans are exposed to approximately 2.4 times
as much solar energy as the earth's land areas
and that it is theoretically possible to modify
the nature of plants so that they will utilize
solar energy even more fully, it can be stated
that potential food resources, as calculated on
the basis of solar energy resources, are sufficient to sustain several million million people.
16. Of course, it should not be concluded
from the above that the earth will necessarily
have a population of let us say a million million.
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These figures merely serve to show the huge
food potential that exists in terms of solar
energy resources. ::VIoreover, it is known that
not only solar energy but any type of energy
which is transformed into light energy with
photosynthetically active waves can be used
for the production of food by biological means.
17. Potential food resources calculated on
the basis of the existing resources of the chemical elements contained in food components.
The main elements which enter into the organic structure of plants are carbon, oxygen,
hydrogen, nitrogen, phosphorus, sulphur and
magnesium. Other essential elements play an
important part in regulating plant metabolism.
These are, in particular, calcium, potassium and
iron. The mass of a plant calculated in terms
of dry substance is 90 per cent carbon, oxygen
and hydrogen. Such elements as nitrogen,
potassium, calcium, magnesium, sulphur and
phosphorus occur in quantities amounting to
a few per cent or tenths or hundredths of 1 per
cent, while such elements as boron, copper,
manganese, zinc, iodine, bromine and arsenic
occur in the dry mass of plants in thousandths,
ten-thousandths or even smaller parts of 1 per
cent. We know today that many of even those
elements which occur in thousandths or smaller
parts of 1 per cent are essential to plants, chiefly because they ensure normal metabolism.
18. For our purposes, all elements consumed by plants can be divided into two
groups, the first of which includes carbon,
oxygen, hydrogen and nitrogen while the
second includes all others.
19. The elements in the first group are
characterized by the fact that they enter (in an
elementary or combined state) into the following cycles : the element (or compounds of
the element) living matter from the atmosphere
or the hydrosphere, to which they return after
the dissolution of the organic matter (see
table 4).
20. It is clear from table 4 that it would
take more than 100,000 years for all the water
in the atmosphere and hydrosphere to be
exhausted even if it was used only once and if
the earth's population reach 1 million million.
Since the period during which water is fixed
by any organism is incomparably shorter than
that and water readily returns to the hydrosphere after the destruction of organic matter,
it can be stated that existing water resources
are sufficient to sustain 1 million million or
more people. This, of course, does not alter the
fact that mankind faces the necessity (and, as
time goes on, will increasingly face the necessity) of redistributing water resources on the
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Table 4
Elements and substances

Reserves in the atmosphere or hydrosphere (in tons) .................. .
Consumed in providing an annual food
allowance for one person (in kg.) ..
Required annually (in tons):
(a) For photosynthesis on the present
scale ......................... .
(b) In order to provide food through
photosynthesis :
For 5,000 million people ...... .
For 100,000 million people .... .
For 1 million million people ... .
Length of full exchange cycle of
atmosphere and hydrosphere (in
years):
(a) At the present rate of photosynthesis ..................... .
(b) Assuming that food is provided
through photosynthesis :
For 5,000 million people ...... .
For 100,000 million people .... .
For 1 million million people ... .

surface of the earth (particularly in view of the
water requirements for transpiration and for
industrial and everyday purposes).
21. Nitrogen, as we know, follows two
interrelated cycles in nature : elementary nitrogen, combined nitrogen, living matter. The
development of industrial methods of fixing
nitrogen and the availability of adequate energy
resources make it possible for man to obtain
any desired quantities of nitrogen from the
atmosphere in order to produce food. Hence,
it can be concluded, for the same reasons as in
the case of water, that the available reserves
of nitrogen are not a limiting factor in the
production of food.
22. The reserves of carbon in the atmosphere are considerably smaller than those of
nitrogen and water in the hydrosphere. Moreover, carbon dioxide is extracted from the
atmosphere not only in the formation of living
matter but also in the carbonization of calcareous materials (products resulting from the
weathering of rock). This is accompanied, however, by processes which replenish the reserves
of carbon dioxide in the atmosphere : volcanic
activity and the burning of products of past
photosynthesis.
23. According to existing information, the
carbon dioxide content of the air has increased

Ca,.bon

Nit,.ogen

Water

6.4-1011

4.0.1015

1.4-1018

600

24

900

1.71-1011

6.8-109

2.56-1011

3.0·109
6.0·1010
6.0·1011

0.12·109
2.4-109
2.4-1010

4.5·109
9.0·1010
9.0·1011

3.75

5.9·105

5.5·106

210
10.5
1.05

3.3·107
1.6-106
1.6-105

3.3·108
1.65·107
1.65·105

by 12 per cent since the industrial revolution
and it is expected to increase by an additionai
70-80 per cent in the next 100 years. Man is
in a position to utilize the reserves of carbon
(6.4·1015 tons) contained in the products of
past photosynthesis, the carbon contained in
carbonates ( 1.3 · 1016 tons), etc. It is clear from
all of this that there should not, in principle,
be any shortage of carbon for purposes of food
production. Mankind may, however, find it
necessary to regulate the carbon dioxide content
of the atmosphere and to use carbon dioxide
on a larger scale in agriculture, which, given
adequate energy resources, will also be feasible.
24. Of course, photosynthesis ensures
against any decrease in the oxygen resources of
the atmosphere. However, if man should burn
all the products of past photosynthesis without
making certain that current photosynthesis
continued at the necessary rate, the reserves of
free oxygen would prove insufficient. It may be
that at some point mankind will have to stop
burning coal, oil and other fuels and use them
exclusively for purposes of chemical synthesis
without oxidation with oxygen.
25. The production of mineral fertilizers
with nutrient elements of the second group
calls for the exploitation of concentrated
deposits of these elements which were formed
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thirdly, nutrients are carried away into the seas
and oceans. As a result, soil which has
previously been worked requires, for purposes
of further cultivation, the addition of fertilizers
containing various nutrients.
27. The production of an annual food
allowance for one person entails the removal
from the soil by plants of approximately 6 kg.
P 2 0 5 and 13 kg. K 2 0, but, because of this loss,
it is usually thought necessary to introduce
15 kg. P 2 0 5 and 22 kg. K 2 0 into the soil for
the purpose of providing this allowance.
28. If this nutrient requirement was met
solely through the use of mineral fertilizers, the
reserves of, for example, phosphorus and
potassium ore would be used up within the
periods indicated in the following table :

at a certain stage in the development of the
earth's crust. Unlike those in the first group,
the elements in question do not return to concentrated deposits following the dissolution of
organic matter. The natural formation of new
concentrated deposits of these elements is most
unlikely to occur, and, even if it should occur,
the process would require a geological span of
time.
26. Most soils are deficient in phosphorus
and potassium and sometimes in a number of
other elements in this group. These elements
do not follow the dosed cycle : soil living
matter, since first of all, many plant remains
do not return to the soil ; secondly, compounds
of a number of elements which cannot be assimilated by plants are formed in the soil ; and,

Table 5
ResertJts are sufficient for the following number of years
Ore
reserves

1010
tons

If the population of the earth
For 10,000 million people increases at the 1951·1960 rate

P205

1.0
11.9
TOTAL 12.9

Actual .....
Potential .

66

90

860

220

K 20
Actual ...
Potential
ToTAL

1.8
6.0
7.8

82

100

354

170

29. The present level of utilization of fertilizers is far below what is needed to cover the
loss of nutrients by the soil. In 1961, for example, 10 million tons of P 2 0 5 and 8.6 million
tons of K 2 0 were introduced into the world's
soil, whereas the approximate annual loss
through crops is 15 million tons of P 2 0 5 and
30 million tons of K 2 0. It is also believed that
the quantities of nutrients carried away into the
seas and oceans each year are several times as
great as those introduced into the soil by means
of fertilizers. Thus far, then, what man has
done with regard to these elements has merely
served to dissipate them to an ever greater
extent.
30. Of course, the ore reserves of plantnutrient elements may prove larger than they
now appear to be. The actual reserves of plant
nutrients can also be increased by raising the
crefficient of their extraction from ore, utilizing
low-grade ores and utilizing compounds of
phosphorus, potassium, etc., which are found
mixed in with other ores.

31. However, the reserves of the chemical
elements in the second group can be made truly
inexhaustible only by creating a full artificial
cycle for these elements. That can be done if a
process is developed for extracting them from
rock in which they occur in amounts which are
close to the average content of these elements
in the earth's crust. The complex processing
of such rock may prove to be quite feasible, in
which case any further dissipation of the
elements will be prevented.
32. The creation of a cycle for these
elements can be largely brought about by other
means as well. Thus, if only one tenth of the
ocean reserves of potassium ( 6.3 ·1014 tons)
is used, they will last for 560 years if the
earth's population continues to grow at the
1950-1960 rate. Potassium will not only be
extracted from sea water but also return to it
to some extent. In other words, a cycle will
be operating, although by no means a closed
one as yet.
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33. Something approaching an artificial
cycle of agronomic elements can be brought
about by means of measures designed to reduce
the loss of nutrients from the soil (such
measures as an intensified effort to prevent
soil erosion and the washing away of nutrients
and to speed the transformation of compounds
which cannot be assimilated by plants into
assimilable ones).
34. A much closer approach to the creation
of an artificial nutrient cycle can be achieved
through soilless agriculture (hydroponics) in
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conjunction with the processing of plant
remains and animal and human waste products
so as to bring about the re-entry of nutrients
into the plant-growing cycle. This process, in
which electricity obtained from any source can
be used, also helps to ease the problem of
finding sufficient land for cultivation.
35. However, the main solution to the
problem of creating a complete nutrient cycle
will be achieved by perfecting the chemical
synthesis of all food components. This will also
facilitate the nutrient cycle itself, as can be
clearly seen from the following table:

Table 6

Required in order to provide an annual food allowance for one person
with modern food production methods (kg.) ........................
Annual per capita requirement (kg.) ..

Carbon

Nitro-

600
140

33/25a

gen

6

PhosPhorus

Potassium

15j6a
1

22/13a
0.1

a The numerator indicates the quantity of nutrients introduced into the
soil and the denominator the quantity removed.

36. Needless to say, the production of food These combined efforts should be directed,
through chemical synthesis also completely first, towards the construction of large, multieliminates the problem of finding sufficient land storey automated enterprises for growing plants
by hydroponic methods with the fullest possible
for cultivation.
37. Chemists believe that theoretically it is cycle of plant nutrients and, secondly, towards
perfectly possible to produce, by industrial the chemical synthesis of all food components.
40. It is clear from what has been said above
means, food which is tasty, fully nutritious
that
the earth's natural resources are sufficient
and free of all the harmful substances which
are often found mixed in with natural food. The to provide food for a population of almost any
question is the extent to which such production conceivable size. Yet, roughly a third of the
will prove economical, but that is a matter for people on earth do not receive an adequate
diet even though food is often destroyed
detailed study.
because there is no market for it. This con38. Thus, in terms also of the reserves of tradiction is attributable to the fact that the
the chemical elements which go to make up greater part of the world is still dominated by
food components, man's ability to produce food a social system under which all production,
is virtually unlimited.
including food production, is designed to enrich
39. The problem of creating a closed cycle a minority rather than to provide the greatest
of nutrients in the production and consumption possible satisfaction of the people's need:s.
of food is, in our opinion, one of the basic When all production throughout the world is
problems facing mankind, and scientists of all carried on for the benefit of all people, hunger
countries should join efforts in attacking it. will disappear.

Population growth and the food problem in Latin America

Y. G.

MASHBITZ

[Translated from Russianl
1. Population and the consumption and
production of food are among the most important problems in every country. They are
directly connected with a highly complex combination of social, economic, natural and
historical factors.
2. Because colonial rule has left the developing countries of Asia, Africa and Latin
America backward, the high rates of natural
population growth in most of them aggravate
their social and economic problems and their
food supply difficulties. According to a Food
and Agriculture Organization publication,
"More than half the world's population is undernourished or malnourished. Hunger, poverty
and stagnation form a vicious circle. The situation is being aggravated by the acceleration
of population growth which is in the nature of
an explosion never before experienced in human
history." 1
·
3. According to the leading Brazilian
scientist and public figure J osu6 de Castro,
Latin America is one of the world's major
hunger areas, with two thirds of the population
suffering from malnutrition or an inadequate
diet. 2 According to calculations made by the
well-known French demographer A. Sauvy, the
standard of living in Latin America today is
lower than in \i\Testern Europe in the 1870's
and the average expectation of life in Latin
American countries is not more than fifty to
fifty-five years. 3
4. Since the beginning of the twentieth
century, Latin America has had the highest rate
of population growth of any major region of the
earth, its population reaching 218 million in
1962.
5. The population, which in 1900 had been
63 million, rose 57 per cent between 1900 and
1925 and nearly 65 per cent between 1925 and
1950 (the corresponding figures for Africa were
·1 Food and Agriculture Organization, Development
through Food. A Strategy for Surplus Utilization
(Rome, 1962), p. 1.
2 New Scientist (London, 2 July, 1964), p. 36.
3 Population Bulletin (Washington, May 1962),

p.

55.

22.5 and 35.4 per cent and for Asia without the
Soviet Union and Japan 18.2 and 35 per cent).
In the 1960's the rate of population growth in
Latin America has reached an average of about
3 per cent per year, which is considerably
higher than in other regions.
6. Latin America's share of the total world
population has been steadily rising. In 1900 it
was 4.1 per cent, in 1950 6.5 per cent, and it
will rise still further in the future.
7. The rapid growth of Latin America's
population is not due to immigration, but
mainly to the high rate of natural increase. In
1945-1960 the average birth-rate for the region
as a whole was 42-43 per thousand, while the
death rate declined from 17-19 to 13-15 per
thousand. By all appearances, the rate of population growth will remain high for the next
few .years. This is due in particular to the
young age structure of the population of the
region, where about 42 per cent of the inhabitants were under the age of fifteen in 1960.
The population of the cities, and particularly
the largest centres, is growing especially fast.
8. The relationship between the food supply
and the rate of population growth in Latin
America is unsatisfactory. Aacording to Food
and Agriculture Organization data, the average
population during the period 1958/59-1962/63
was 76 per cent higher than before the war,
whereas food production was only 70 per cent
higher. 4 The food output index (1952/531956/57
100) was. estimated at 124 in
1963/64 (the pre-war figure was 70). But the
per capita food output index before the war
was 104, whereas in 1963/64 it was 97. 5 Latin
America is the only region in the world where
less food is produced per capita than before
the war.
9. Since Latin America is a vast region
with a great variety of social, ecoQomic and
natural conditions, average figures for calorie

=

4 Food and Agriculture Organization, The State of
Food and Agriculture, 1963 (Rome, 1963), p. 18.
5 Food and Agriculture Organization, Monthly
Bulletin of Agricttltural Economics and Statistics,
No. 7-8 (Rome, 1964), p. 18.
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content and diet do not give an accurate picture
of the food situation in the different countries.
They do not take into account the extreme
differences in the standard of living and diet of
different groups of the population. According
to information provided by United Nations
experts, 50 per cent of the population of Latin
America get only 16 per cent of the total quantity of consumer goods and services. 6 The
regional averages include Argentina and
Uruguay, where stock-raising is well advanced
and the diet is much better than in any other
Latin American countries. ·
10. The calorie content of the daily ration
of an "average" Latin American is about 2,500
calories. This is higher than the figure for
Africa, but considerably lower than that for
the United States and Canada (up to 3,300
calories). There are wide variations in the per
capita calorie intake figures for different C()Untries. In Argentina and Uruguay, the daily
intake is about 3,100, in Bolivia, Ecuador and
Central American countries (except Cost Rica)
it is about 2,000, while in the vast area of
northeast Brazil it is less than 1,700, which is
among the lowest figures in the world.
·
11. The quality of the diet of the, great
majority of Latin Americans is even less satis·
factory. Its main feature is the lack of protein,
particularly rich protein of animal origin. In
the Latin American countries, except for
Argentina and Uruguay, the basis of the diet
is vegetable (about three quarters of the
average daily calorie intake). According to
Food and Agriculture
'zation data, 64
per cent of the average
y calorie intake is
accounted for by grain, roots and sugar (the
figure for Africa is 74 per cent and for North
America 40 per cent). 1 The great mass of
Latin Americans consume little of the particularly rich and essential animal products. In
Mexico, according to the 1960 census, nearly a
quarter of the population do not eat meat, milk,
eggs or fish. 8 In the mid-fifties, the proportion
of animal protein in the total protein •diet in
El Salvador was 8.1 per cent, in Guatemala
14.6 per cent, in the Dominican Republic 16.7
per cent and in Honduras, Peru and Mexic~
22 to 24 per cent. 11
6 United Nations, Boletft> Econ6mico de America
Latina, vol. VIII, No. 2 (United Nations publication,
Sales No.: 64.II.G.l), p. 172.
7 Food and Agriculture Organization, Population
and Food Supply (Rome, 1962), p. 26.
8 Revista de Estadistica, No. 8 (Mexico, 1963),
p. 89l.
o Food and Agriculture Organization, Report of the
Fourth Conference on Nutrition Problems in Latin
America (Rome, 1959), p. 66.
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12. A similar diet is generally characteristic
of most developing countries. "Projections
indicate that hunger will persist as a major
world problem at the end of the present
decade. . . . Malnutrition will be even more
difficult to eliminate. It is believed unlikely
that livestock production in low-income countries can keep pace with rising potential
demand, and the shortage of animal protein
will therefore continue." 10 According to Food
and Agriculture Organization's latest estimates,
per capita consumption of meat in the developing countries is 20 per cent of that in industrial countries, milk 14 per cent and eggs.
12 per cent.
13. A country's diet greatly affects its level
of economic development. In the United States
and Canada the main bulk of protein (about
100 g per capita a day on the average) is
provided by animal products. In the Latin
American countries (except Argentina and
Uruguay) per capita protein consumption is
between two fifths and two thirds of that in
the United States and Canada and animal
produce provides only about a third or less of
the protein consumed. 11 According to material
published by the Mexican Food Institute, in
the rural areas of Mexico, maize, the basic
product, accounts for 60 per cent of the daily
calorie intake. Because of this diet, the health
of 70 per cent of peasant children in Mexico
is unsatisfactory. 12 In Brazil vast stretches of
the Amazon basin and the North East, where
up to 80 per cent of the population have no
chance to eat meat and dairy products, are areas
of chronic hunger. The quality of the diet is
particularly unsatisfactory in the mountain
areas and tropical plains, where the great mass
of the 30 to 40 million Indians, the most unifortunate part of the Latin American popula'tion, are to be found.
14. In Latin America, therefore, the low
level of economic development means that the
great mass of the population has a diet which is
inadequate in calorie content and unsatisfactory
in quality. This "physiological poverty", as it
has been described by the well-known French
geographer Pierre George, has a pernicious
effect on the health of the masses., and particularly the young, who experience the un10 United Nations, Report on the World Social
Situation, 1963 (United Nations publication, Sales
No.: 63.IV.4), p. 41.
11 Calculated from data in United Nations, Compendium of Social Stati#ics: 1963 (United Nations
publication, Sales No.: 63.XVII.3), p. 165.
12 Panorama Economico Latinoamericana, No. 52
(Havana, 1962), pp. 7-12.
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pleasant effects of the general prevalence of
numerous diseases. 13
15. Rural Latin America, where up to three
fifths of the working population are employed
in agriculture, is characterized by the low level
of development of this important sector. It
provides only 20 per cent of the gross output
·of the region. In 1945-1957 the value of output
per worker in Latin America was $677 (at
1950 prices), the figure for agriculture being
only $325 and that for the non-agricultural
sectors $1,118 ($2,406 in the extractive industries). 14 In almost all Latin American countries agriculture is unable to meet the rapidly
growing demand for food (due partly to the
rapid growth of the urban population). In 19601963 agricultural imports into Latin America
were approximately twice as high as pre-war.
16. The backwardness of agriculture in the
Latin American countries is due to the narrowness of the domestic market which in turn is
due to the anti-national, outward-looking nature
of their agricultural and raw materials economies and their subordinate position in the
world capitalist economy. Agriculture in Latin
America is characterized by the predominance
of large estates owned by local land-owners and
foreign companies. The degree of concentration
of land ownership in this region is considerably greater than in Africa and Asia. Together
with these large estates, there is an exceptionally high degree of fragmentation of land
ownership and tenure, resulting in a vast number of small and very small holdings, which
suffer severely from their inadequate size. At
the beginning of the 1960's the agriculture of
Latin America comprised 7.5 million holdings,
of which 1.5 per cent had 65 per cent of the
agricultural land and 5.5 million had only 4
per cent. Of 32 million people employed in
agriculture, 30 million either had no land or
only the very smallest plot, 2 million were
classified as small holders and 100,000 had
almost two thirds of the agricultural land. 15
17. The preliminary data from the most
recent agricultural census in Peru (July 1961)
are very indicative. A small number of very
large estates, no more than 0.1 per cent of the
total, have nearly two thirds of the agricultural
land, while 35 per cent of all holdings, each less
13 P. George, Geographie de la consommation (Paris, 1963), pp. 11-13.
14 United Nations Educational, Scientific and Cultural Organization, Social Aspects of Economic De'l!elopment in Latin America, vol. 1 (United Nations
Educational, Scientific and Cultural Organization,
1963), p. 138.
15 United Nations, Bolet!n Economico de America
Latina, vol. VIII, No. 2 (United Nations publication,
Sales No.: 64.II.G.l), p. 181.
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than one hectare, have only 0.6 per cent of the
agricultural land. In holdings of more than
1,000 hectares, which account for over a third
of the total amount of cultivated land, pasture,
forests and unused land occupy nearly thirteen
times as much space as crops and plantations.
In Peru, as in other Latin American countries,
great stretches of land in the latifundia are not
used. The small and very small holdings cannot
develop commodity production on any considerable scale for lack of land. This not only aggravates the food problem, but holds back the
development of all sectors of the economy in
Latin American countries.
18. The anti-national pattern of land ownership and tenure and the tenacity with which
feudalism has survived are the reason for the
low technical level of agriculture in the Latin
American countries. Erosion, particularly in
mountainous areas and their foot-hills, has
taken on national disaster proportions, particularly because of the spread of the cut-and-burn
system of cultivation, the chopping-down of
forests, uninterrupted cultivation of the same
crops, sometimes over many centuries, inefficient use of pasture and primitive methods of
cultivation. Fertilizers are little used in the
Latin American countries. According to Food
and Agriculture Organization data, in 1961
there were no more than 386,000 tractors in
Latin America, or one fourteenth the number
in the United States and Canada. Yields of
maize, the chief crop in a number of countries
in the region, are on the average three to three
and a half times greater in the United States
and Canada.
19. Output per worker in agriculture (in
terms of grain) in Latin America fell from an
average of 403 kg. in 1934-1938 to 389 kg. in
1960/61 (the corresponding figures for North
America are 3,303 kg. and 9,909 kg.). 16
20. Latin America has vast areas of pastureland. Out of the region's total area of 2,054
million hectares, crops and plantations occupy
107 million hectares and pastureland 379
million hectares or three and a half times as
much (the corresponding figures for North
America are 227 million and 278 million
hectares). 17 The bulk of the pastureland, however, belongs to the latifundia. This is a great
hindrance to the development of stock-raising
and leads to a one-sided specialization in arable
farming in most Latin American countries.
Even in the most advanced stock-raising coun16 Lester B. Brown, Man, Land and Food (Washington, United States Department of Agriculture,
1963), p. 88.
17 Food and Agriculture Organization, Producti01t
Yearbook 1962 (Rome, 1963).
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try in the region, Uruguay, where as much as
90 per cent of the land is pasture, the number
of cattle has not risen since 1908. If stock-

raising were as productive in Uruguay as in
New Zealand, the country could have exported
seven times as much livestock products as it
did in 1959. 18 The average yield per head of
cattle in \iV estern Europe is seven times higher
than in Africa and four times higher than in
Latin America. 19 Stock-raising in Latin
America lags considerably behind crop growing.
Th~ livestock o~1tput index (1958 = 100),
wh1ch was 102 m 1950, went down to 86 in
1962, whereas the crop output index rose over
the same period from 91 to 101. 2o
21. In Latin America only 5 per cent o£ the
total agricultural land is cultivated (the figure
for the world as a whole and for the United
States is about 11 per cent.) Even in Argentina
and Uruguay, the figure is only 12 per cent (2
per cent in Brazil). Between 1951 and 1959,
the area of arable land per capita fell from 0.57
to 0.53 hectares.
22. In the literature on Latin America's
problems, it is often categorically asserted that
because of allegedly unfavourable topography,
soil and climate, only about 5 per cent of the
territory is suitable for agriculture. 21 In actual
fact the region has vast resources of land. In
South America, the population density is only
eight persons per square kilometre, which is
one third of the world figure and one fourteenth of the figure for South East Asia. But
nearly 40 per cent of the population of South
America live on 5 per cent of the land and huge
areas are almost unpopulated and undeveloped.
Huge undeveloped territories are also to be
found in Central America, Mexico and the
West Indies.
23. The Pampas, Chaco, the Amazon basin
and a number of other river basins offer considerable opportunities for agricultural development. The development of river basins in the
tropics is no easy. matter, but the experience
of Mexico, which has been carrying out a
"drive to the sea" ("tn.archa at mar") programme since 1947, with the aim of settling
the tropical plains, shows what great possibil18 United Nations, Conference on the Application
of Sciet~ce and Technology for the Benefit of the
Less Developed Areas, working paper No. 1582 C.1.2
and No. 92 C.5.3.
19 Food and Agriculture Organization, The State
of Food and Agriculture 1962 (Rome, 1962), p. 11.
20 United Nations, Boletin Estadistico de America
Latina, vol. I, No. 1 (United Nations publication,
Sales No.: 64.II.G.9), p. 109.
21 F. Benham, H. A. Holley, A Short Introduction
to the Economy of Latin America (London, New
York, Toronto, 1960), pp. 19-20.
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ities there are in this .fiel& The construction of
irrigation works is also ve'ry important and has
great prospects in Latin America. Only about
6 per cent of the cultivated land in the region
is irrigated (the figure for Asia is about 22
per cent and for Africa 11 per cent).
24. The development of sea fishing could
considerably improve the food situation in the
Latin American countries, which have a long
coastline along the Pacific and Atlantic
Ocean~. But Latin America still, as it were,
turns 1ts back on the sea. In 1962 about 1
million tons of fish were caught in South
America (excluding Peru), which is little more
than a seventh of the catch in Japan. The
emergence of Peru as one of the leading countries in the world sea-fishing industry has not
led to any appreciable improvement in the
countrv's food situation. Most of the catch
goes t~ factories for the production of fish flour
for export and only part is sold to the population of the towns in the coastal areas. In the
biggest Latin American countries, Brazil, Argentina and Mexico, the per capita consumption
of fish is only 2 or 3 kg. a year.
25. Can Latin America supply its rapidly
growing population with food? This question
is hotly disputed. According to experts' estimates, by the year 2000 the output of food in
Latin America (excluding Argentina and Uruguay), with only a minimal improvement in the
diet, will have to increase by nearly 240 per
cent over the 1958 level in order to meet the
growth in population. 22 In the journal of the
United States Population Reference Bureau,
a Malthusian recipe is given for solving the
highly complicated problems connected with
the high rate of population growth in Latin
America, namely that "either the death rate
must rise or the birth rate must be brought
down." 23 Progressive society in Latin America
rejects these pseudo-scientific recommendations.
It has been proved beyond doubt that even at
the present level of science and technology the
natural conditions in Latin America are such
that the region's entire demand for food and
agricultural raw materials could be fully met.
Brazilian scientists have calculated that even at
present Brazil and Argentina could feed 1,050
million people, or one third of the world's
population. 2*
22 Food and Agriculture Organization, Possibilities
of Increasing World Food Production (Rome, 1963),

p. 25.

23 Population Reference Bureau, Populatitm Bulletin
No. 5 (Washington, 1958), p. 5. .
'
.24 Boletin geogr6/ico, No.
154 (Brazil, 1960),
pp. 53-56.
.
.

DEMOGRAPHIC ASPECTS OF AGRICULTURAL DEVELOPMENT

26. The food problem in Latin America, like
other problems common to the whole region,
cannot be solved by partial measures of a
scientific and technological nature. Raul
Prebisch, the well-known United Nations
official and Argentinian economist, has said that
in Latin America economic changes cannot be
carried out effectively without fundamental
changes in the social structure and that the
present social structure in Latin America is a
serious obstacle to technical progress, and hence
to economic and social progress. 25
27. Of great interest to Latin America is
the way in which the food problem has been
solved in Cuba, a country where the revolution
inherited a backward single-crop economy.
Despite the serious difficulties created by the
United States blockade, the breaking of traditional economic ties, various natural disasters
25 Raul Prebisch, "Hacia una dinamica del desarrollo latino-americano", Politica No. 75 (Mexico,
1963)' pp. 1-11.

395

and lack of experience, the whole population
in Cuba has a regular diet. In daily calorie
intake, Cuba is second only to Argentina in
Latin America. Cubans are consuming more
and more meat, dairy , and fish products. The
establishment of a diversified agriculture,
thriving livestock industry and large-scale seafishing will make it possible within a few years
to provide the Cuban people with a full diet in
accordance with scientific standards, taking
into account also the physical conditions of
life in the tropics. The growth in the consumption of dairy products and the replacement of
part of the animal fats consumed by vegetable
fats represents a step forward in this connexion.
28. Latin America, like all. other regions of
the world, can solve its vital problems only if
there is peace, general and complete disarmament and effective international co-operation.
These matters affect all countries and peoples,
because the present and future of mankind
depend on them.

Urbanization, industrialization and food production in Brazil
CARLOS ALBERTO DE MEDINA
URBANIZATION

L According to the census of 1960, the population of Brazil was 70,967,185. When compared with the censuses of 1940 and 1950, this
figure shows that the annual growth rate of
the Brazilian population accelerated, increasing
from 2.4 per cent to 3.6 pet cent. Between 1950
and 1960, there was a population increase of
19,022,788.
2. The population growth, however, is
clearly differentiated when urban and rural
areas are confronted. vVhile the average geometric rate of population increment was 54
per cent in the urban areas, in the rural areas
it was 16 per cent. It must be added that the
urban population grew from 39 per cent during
the inter-censal period of 1940-1950 to the
above-mentioned rate of 54 per cent, while the
growth rate of the rural population during the
same period remained stable.
3. From 1950 to 1960, the urban population
was increased by 1.3,208,047, while the rural
population was increased by 5,814,741. Notwithstanding this fact, the rural population
prevails in the country, amounting to 54.92 per
cent of the total population. The urbanization
process, however, remains evident.
4. This process has been characterized by
an intense rural-urban migration. Unfortunately, this process was not taken into account
in collecting the data of 1960 and therefore only
some indications about it are available. The
Colonization and Immigration Department of
the State of Sao Paulo, the most important
State of the Union, and the only one with quite
accurate statistics, published the number of the
main population groups entering the state,
coming from all over the country, which, according to their records, totalled 1,204,749. In
a recent survey, owing to insufficient information obtained, the author stated that "a third
of the adult population of our selected cities
would be rural migrants". 1 Another survey
held in a particular area of the State of Sao
1

Bertram Hutchinson, "The migrant population of
America Latina, vol. II (1963),

urban Brazil",
pp. 41-72.

Paulo indicates that twenty-four municipalities,
out of a total of thirty-five, lost rural population
in the period 1950-1960. The same process
occurred in the State of Ceara in north-eastern
Brazil, where fifty municipalities, out of 142,
lost rural population. In this state 30 per cent
of the urban population in forty-five municipalities, out of the fifty-six surveyed, had lived
in the cities for less than ten years. This trend
is general in the country following an intense
growth of the metropolitan areas: Rio de
Janeiro, 39 per cent; Sao Paulo, 72 per cent;
Recife, 50 per cent; Belo Horizonte, 93 per
cent; and Salvador, 57 per cent. All of these
cities have more than 500,000 inhabitants, and
Rio de Janeiro and Sao Paulo have more than
3 million. A very significative case is that of
the State of Rio de Janeiro, which had 62 per
cent of its population living in the rural area
in 1940 and which, in 1960, had only 39 per
cent of its total population Jiving there.
5. An article comparing industrial and
agricultural centres in Brazil found a population increment of 63 per cent between 1950
and 1960 for the industrial ones and of 38
per cent for the agricultural ones.
INDUSTRIALIZATION

6. In 1907, there were in Brazil 3,250
industrial establishments employing 150,841
workers. During the First World War, 5,926
new establishments were installed in the country, bringing the total to 13,336 industrial units
with 275,512 employees. In 1963, there were
198,000 industries with a total of 2.3 million
workers. Brazil's industrial upswing came after
the Second World War, amounting to 109,661
industrial establishments in 1960 and to an
estimated total of 198,000 in 1963. Of this
number, 162,000 employed ten or fewer
workers. (The largest industrial establishments
represented only 1.6 per cent of the total.)
Thus, 98.4 per cent of the national industries
were small enterprises absorbing reduced handwork, such as small factories or workmanship
units scattered throughout the country. The
large industrial establishments were centralized
in the Guanabara-Sao Paulo-Minas Gerais
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triangle, where the automobile, steel and machine-tool industries, and part of the petroleum
industry were located.
7. According to the industrial census of
1960, 54.6 per cent of all industrial establishments (all of them in the urban area) were
located in four states: Sao Paulo, Minas Gerais,
Guanabara and Rio Grande do Sui. In addition,
91,443 industrial establishments, or 83.3 per
cent, were located in the southern and eastern
physiographic areas. Only Sao Paulo, Guanabara and Minas Gerais can be regarded as
areas of great industrialization. According to
a survey on the thirty leading industrial
municipalities of the country, only seven were
not located in those areas.
8. This industrial growth has led to benefits
for wider sections of the economy, through the
development of new highways which link
formerly isolated areas to the industrial and
commercial heart of the country.
9. Another author declares that "the data
on the most underde
d areas in Brazil,
where the urban popu
n continues to increase at a more accentuated rate than the total
population and where there was not any industrial development", shows that the industrialization of the country is not a reason by
itself to explain the process of intensive urbanization. 2 The data of the census of 1960, however, show that in the areas where industrial
development is strong, population growth is
also more outstanding.
AGRICULTURE

10. Although comprising 55 per cent of
the total population of Brazil, the agricultural
area of the country contributes only 28 per
cent to the national revenue. During ten years
(1950-1960), agriculture's contribution to the
national revenue was stable. In 1960, that contribution dropped to 25 per cent, if the data
are deflated. Comparing the agricultural production of 1961 with that of 1962 (taking for
granted that available statistics are accurate),
based on the quantities of the principal foodstuffs and raw materials produced, the situation
presented is very unsatisfactory. Excluding
coffee, which is a fundamental product for the
national economy (58 per cent of total exportation, 1957-1960), the production increment
averages 2.3 per cent, which is insufficient,
owing to the natural increase of the population
and a greater demand for food, as a result of
the individual's higher income.

z Waldemiro Bazzanella, "Industrializa<;ao e urbaniza<;ao no Brazil" ("Industrialization and urbanization
in Brazil"), America Latina, vol. I (1963), pp. 3-28.

11. The necessity of greater investments in
agriculture, in order to supply urban residents
properly with food and raw materials, has been
emphasized by governmental projects in recent
years.
12. Notwithstanding the fact that the main
agricultural products show a continuous increase, a decrease in production volume is
registered. Owing to deficient statistics, it is
very difficult to analyse the problem. According
to the available data, the chart for some essential products is given below :
Production increment (percentage)
Products

1960

1961

1963.

Corn
Rice .......
Beans . ' . ' ...
Potatoes ........

9.8
21.3

3.2
10.8
5.3
2.9

5.3
8.3
2.1
2.3

6.5
7.6

SouRcE: Brazil, Ministry of Agriculture, Production Statistics Service.
a Estimated.

13. This situation 1s caused by the low
agricultural productivity. Brazilian agriculture
has obsolete characteristics which lead to insufficient yields per hectare, as follows (in
kilogrammes): rice, 1,598; corn, 1,287; beans,
670; potatoes, 5,432; and manioc, 13,117. The
same situation prevails with regard to cattle
raising: 200 litres per annum, or 0.5 livestock
per hectare and 26 kilogrammes of meat per
person.
14. Brazilian agriculture presents a great
many problems, i.e., there is an insignificant use
of fertilizers and mechanical equipment. As
far as fertilizers are concerned, the utilization
per cultivated hectare is as follows:
N = 1.3;

P 20 5

3.9;

K2 0 = 2.6.

15. Compared with the apparent utilization,
the ideal use of fertilizers would be :
Consumption (thousands of tans)

Ideal
necessity
Apparent
utilization .....

N

P.o.

K,O

987

1,181

961

40

120

40

SouRCE: BNDE- Mercado Brasileiro de Ferti-

lizantes.

16. One of the reasons for the insufficient
use of fertilizers is the high price level. In the
last ten years (1953-1962), the price of agricultural products was increased by 685 per cent
and food by 662 per cent, against fertilizer
price increases of 1,011 per cent.
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17. As far as the scarcity of mechanical
equipment is concerned, there were 4,181
hectares of land per tractor in agricultural
areas; there were 469 hectares of crop land per
tractor. In 1960, there were 63,493 tractors,
-compared with a total of 3,319,151 agricultural
establishments.
18. The total hectares in farm land was
265.4 million and the total hectares in crops
was 29.7 million, i.e., only 11 per cent. However, between 1950 and 1960 there was a 56 per
eent increase in crop land, owing to new
settlements.
19. Thus, Brazilian agriculture is not producing adequate amounts and varieties of food
for the population. Many explanations have
been given, such as the one based on a study
of the National Economics Council, which
presents the Brazilian agricultural structure as
having the following characteristics:
(a) Predominance of very large agricultural properties ;
(b) Growing concentration of rural properties;
(c) Enormous proportion of farmers without land;
(d) Small parcel of cultivated areas;
(e) Harmful farming practices;
(f) Semi-feudal working conditions;
(g) Incipient mechanization, fertilization
and plague eradication;
(h) Insignificant per capita income ;
( i) Lack of security for the farm workers ;
(j) Stimulation for new investments nonexistent;
(k) High percentage of the economically
active population dedicated to agriculture;
(l) Total cultivated area very smail, compared with Brazilian territorial extension;
( nz) Poor sanitary conditions, resulting in
a high rate of infantile mortality and reduced
life expectancy ;
( n) Low educational index, with a high
percentage of analphabets in the rural area.
FINAL REMARKS

20. Under the circumstances prevailing in
Brazil, one may observe that, in its interrelation, the question tends to become aggravated.
The Brazilian growth rate demands a larger
volume of agricultural production. At the moment, "the various inquiries made throughout
the country and the observations made on food
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habits in the majority of the regions of Brazil,
show that part of the population obtains an
inadequate diet, but not so much from the
quantitative, as from the qualitative, view~
point". A specialized study that analysed the
actual diet of Brazilians found it very deficient
in fats, though carbohydrates are in great
surplus. 3 Proteins just about balance, although,
with the actual supply of food, there is a
significant lack of proteins from animal sources.
The more abundant supply of proteins from
vegetable sources, such as that from beans (a
staple food in Brazil), offsets the lack of animal
proteins. In all likehood, however, states the
author, the actual calories consumed per capita
did not exceed approximately 2,670 per day in
1960, an estimate which includes imported
foods (almost entirely wheat) at the daily rate
of 300 calories per capita, or about 10-11 per
cent of the total. The study presumes a high
maldistribution of the national income and of
food, which permits a small proportion of the
population with the highest incomes to purchase, consume or waste large amounts of food.
According to the author, a family of four to
five people with a salary equivalent to the legal
minimum in Rio de Janeiro, which spends 50
per cent of its income on food, would be supplied daily with an average of 1,200~1,500
calories. This is the situation of the second
most important city of the country, located in
the area where there is the highest per capita
income (equivalent to approximately 400
United States dollars). The city of Sao Paulo
is also in this area. These two Brazilian urban
centres have the best living standard. Their
death rates average 10.0 and 8.9 per 1,000,
respectively, while the over~all Brazilian rate
is 15.0. Their infant mortality rates are 67.7
and 60.0, respectively, while the national rate
was estimated at over 150 per 1,000 born alive
in 1961. The progressive urbanization of the
country is responsible for the raising of health
standards, mainly in those heavily populated
urban and industrial areas. An analysis of the
centres of demographic pressure, i.e., of cities
that, owing to their population, show a greater
demand for food and therefore receive priority
attention from the Government, indicates that
the inhabitants of the nine centres, corre~
sponding to 22.6 per cent of the total population
of Brazil, demand almost 25 per cent of the
food production, not only with regard to
quantity, but also to quality.
s Maria Leda Rodrigues de Almeida, "A produt;ao
de alimentos: tarefa para a agricultura brasi!eira"
("The production of food: tariff for the Brazilian
agriculture") - CIDA-CLAPS study, mimeograph
(1963).
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21. These urban-industrial centres serve as
an ~ttraction point for the rural areas, through
the Improvement of the ways of communication.
22. Two other factors contribute to intensity
this relation, as well as to aggravate the problem of food demand. The first is caused by the
process of replacing agriculture with cattle
raising, thus resolving the landowner's human
an~ economic problems by driving away the
restdents of hts property. By so doing, he
decreases their number and increases his
profits, which are better assured with cattle
raising. This phenomenon occurs throughout
the country and is responsible for the intensification of the rural-urban migration. The second
factor is the replacement of the worker by
improved machines.
23. Jointly, these two factors are responsible
for the acceleration of the urbanization process.
Data about the eradication of old and unproductive coffee plantations show that 46.6 per
cent of the total eradicated area in Brazil
( 237,032 hectares) was turned into pasturage.
Only 33.6 per cent was turned into land producing food-stuffs for the internal market.
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24. The process of urbanization thus brings
to the city all the problems of the decadent
areas of Brazil, aggravated by the fact that the
former rural workers need food at once in order
to survive in a country that in 1963 had an
inflation rate of about 80 per cent. Moreover,
those rural workers were not only consumers,
but also producers, receiving from their employers land for their utilization in planting
food. They also provided the hand labour which
the landowner used for the same kind of
cultivation. The Brazilian farmer is more
interested in the products that are suitable for
the international export market, putting aside
temporary plantations, such as food, because
the market is not stimulating for the producer. 4
25. If the industrialization process raises
the income of the workers, an intense urbanization makes difficult the distribution and consumption of food, owing to the constant price
increases and to its shortage in the market. The
problem thus becomes a question of politics.
4 The oligopolic characteristic of the market facilitates .the .control o~ th~ food production, imposing,
when tt wtshes, a pnce mcrease on the consumer and
a price decrease on the producer.

The population pressure and the development of new areas

E. N.

OMABOE

1. One of the most widely discussed demographic phenomena in recent years is the
tremendous annual increase in the world population. Quite naturally, projections based on
past trends have been made, and in many
quarters the resultant estimates have aroused
considerable anxiety as to the world's ability to
support these huge projected populations.
2. Available population statistics indicate,
for instance, a threefold increase in the world
population during the last 100 years. The
world's population-supporting capacity has been
made possible in the past by a number of
factors, including technological inventions, investments in the improvement of productive
equipment, increasing skills, use of natural
resources and the opening up and development
of new areas. Between 1950 and 1960 it is
estimated that the world population showed an
increase of about 470 million, a number which
is nearly double the total population of Africa
in 1960. It is estimated that the world population will total about 7,410 million in 2000
compared with 2,990 in 1960. Although this
increase will be experienced by all continents
the percentage contributions by the regions will
vary. Generally, the developed countries of
North America, Europe (including the Union
of Soviet Socialist Republics) and Oceania will
show lower population growth rates than the
developing countries of Asia, Africa and Latin
America. Whereas it is estimated that the
average decennial increase between 1960 and
2000 for the developed countries will be about
13 per cent, estimate for the developing countries is more than twice as high, 30 per cent.
It is in respect largely of the trends in population size in the poorer countries of the world
that great concern has been expressed in
various quarters.
3. In order to understand thoroughly the
trends in the world population and the implications of these with respect to the development
of new areas, it is appropriate not to confine
oneself to numbers alone, but to take into
account the qualitative changes which are
involved. The quantitative aspects are those
which are mentioned briefly above, namely, the
increase in the number of human beings during

specified periods. The· relationship between the
quantitative increases in the human population
and the opening up and development of new
areas is not very difficult to comprehend. This,
incidentally, is the aspect of the population
pressure that has been widely discussed. On
the other hand, the implications of the qualitative changes in the human population with
respect to the development of new areas have
received little treatment in the literature.
4. It is appropriate to explain first of all
what is meant by the qualitative aspects of popu1ation pressure. This could be explained by
changes in the standards of living of the popu1ation as measured simply by the real per
capita gross national product. This is a very
rough approximation indeed, because there are
a number of factors which enter into the
qualitative aspects of population, but which are
not directly reflected in changes in the gross
national product. An example will serve to
illustrate this point. Knowledge of, or awareness of, the availability or existence of opportunities for the ready marketing of a given crop
enhances the quality of a population, but this
knowledge, by itself, will not increase the
gross national product unless it is followed up
by production to take full advantage of the
existing favourable market conditions. It is
therefore dangerous to equate the quality of a
given population to the level of per capita
national income alone without taking into
account such important, but sometimes immeasurable, attributes of the population as
education, attitude of mind, human response,
etc., which may ultimately be reflected in the
gross national product in an indirect manner
only.
5. It is a we11-known fact that the large
increases in the world population have been
made possible partly by the opening up and
development of new areas. This phenomenon
is by no means of recent origin. The world
has seen the large-scale development of entire
continents in the past. Mention could be made
of the development of North America, Australia
and New Zealand. Within countries also, more
and more areas have been developed and
brought under cultivation and, as a result, the
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population-supporting capacity of the countries
has increased. The development of new areas
within "known" national boundaries is in many
respects as exciting as that of the development
of the "new world". In Ghana, for instance, it
is estimated that more than half of the existing
land under cultivation has been developed
within the last fifty years.
6. There is no doubt about the impact of
the increase in a country's population on the
development of new areas within it, although
this factor does not operate in isolation but in
combination with other economic, sociological
and even political factors. It is difficult to
isolate and evaluate the direct impact of increases in population on the development of
new areas. The system of land tenure existing
in the country is an important factor which may
combine with the quantitative population pressure to influence the development of new areas.
If the prevailing land-tenure system were unsatisfactory, a mere increase in the population
would not be immediately reflected in the
opening up of new areas. In the extreme case,
however, the population increase would result
in considerable social and political pressure on
the land tenure and ultimately lead to an
agrarian revolution, which would sweep aside
the land tenure and make possible the redistribution of land with a consequent opening up
of new areas. Where, however, the system of
land tenure was satisfactory, the increases in
population would be reflected in the cultivation
of more and more land, leading to the development of new areas. One example of what may
be described as a satisfactory land-tenure
system in this sense is that which existed in
large areas in Ghana prior to the commercialization of land. Large tracts of land were held
collectively and vested in the "stool" or "skin",
and all bona fide subjects of the stool could
obtain the use of the land by providing the chief
and elders with a small "drink". 1 With the
rising commercial value of land, the system has
been considerably modified and, in some cases,
subjects of the stool have to compete with
"outsiders" for stool land on strictly commercial terms. 2
1 "The Forests Ordinance regards as stool land all
lands which are at the disposal of any native community whilst the Local Government Ordinance defines stool lands as lands or interests in land which
are controlled by a person or body of persons for the
benefit of their subjects or by a tribal head or a
company captain for the benefit of tribal or company
subject", R. J. H. Pogucki, "The main principles of
rural land tenure", in Agriculture and Land Use in
Ghana (London, Oxford University Press), p. 181.
2 "In areas where there is a pressure on land
created by dense population, or where land is in
demand because of its potential value, rights are per-
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7. Available statistics in Ghana and other
West African countries are not sufficient to
permit an objective appraisal of the real impact
of the increasing populations on the development of new areas. It is, however, possible to
draw some general inferences from the available information. It is known that vast areas
have been brought under cultivation during the
last half-century and that during this same
period the populations of the countries and the
entire sub-region have increased considerably.
What is not known, however, is the extent to
which the development of these new areas has
been brought about by the population increases.
It is undoubtedly true that the population
growth has had some effect on the cultivation
of new areas.
8. In her study of the migrant cocoa farmers
of southern Ghana, Polly Hill accepts the
impact of the increases in the population of
Akwapim State as being one of the major
factors in the "migratory process" which led
to the opening up of the forest areas of Akim
Abuakwa. On this subject, she writes as
follows, "The population of Akwapim, one of
the healthiest districts of Ghana, was presumably increasing-though population statistics
are no guide. While there was in general no
shortage of agricultural land, the inhabitants of
some towns found it necessary to go further
afield and future land scarcity could have been
foreseen." 3
9. To illustrate the effect of the qualitative
aspects of the population pressure on the
development of new areas, the spread of the
cultivation of cocoa in Ghana is examined
below. The growth of the cocoa industry in
Ghana has been spectacular and illustrates quite
vividly what considerable pull the qualitative
aspects of population pressure can exert in the
cultivation of new areas. The cocoa industry is
also important because its cultivation has been
closely associated with the production of such
food crops as plantain, cocoyam, etc., which are
not cash crops, but which provide the greater
part of the population with its staple food
requirements.
10. Cocoa is believed to have been introduced into Ghana in 1879. The initial cocoa
plantings were made in the vicinity of Mammanently linked with defined parcels. On the other
hand, where an abundance of available land combined
with a scant population makes it easy to obtain land,
or where the productivity of the soil, or the imponderabilia of environment do not foster profitable
cultivation, rights consist rather of the power to use
any piece of land within an area", ibid., p. 180.
3 Polly Hill, The Gold Coast Cocoa Farmer: A
Preliminary Survey (London, Oxford University
Press, 1956).
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pong, Akwapim, and from this area cocoa
cultivation spread very rapidly, first, along the
Akwapim ridge ; and later in the eastern region, the western and Volta regions, and the
Brong-Ahafo region. The first plantings in
Ashanti, for instance, were believed to have
been made in 1901 in Ashanti Akim.
11. The point that is of interest to the
subject under discussion is the way in which
cocoa cultivation spread to these areas, thus
opening up the forest areas and helping in the
general economic and social development of
the country. The Akwapim farmers, who were
the first to be brought into direct contact with
cocoa cultivation, began to open up the forest
areas of Akwapim State until they found their
own state land inadequate to satisfy their aspirations, whereupon they began to "emigrate"
to other forest areas, notably, in Akim. They
did this through a system of group-land purchase by forming themselves into "companies"
and acquiring large tracts of forest areas in
other states for distribution among the members
forming these companies. Another system,
which is also similar to that of the Akwapims,
is the "hztza" system practised mainly by the
Krobos (Yilo Krobo). It is sometimes claimed
that the earlier migration by the Krobos into
what is now called Krobo State, for the cultivation of food and oil-palm, was based on the
huza system of group purchase of a tract of
land and that the Akwapims imitated the huza
system when they adopted the company
system. 4 The point that is of interest is that
the development of these areas, whether in
Ashanti and Akim for cocoa cultivation or in
Krobo for food and oil-palm cultivation, was
made possible largely through the migration of
farmers from areas where economic and social
factors were exerting pressure on the population.
12. Although the density of population was
a factor in the opening up of the new areas,
the qualitative aspects of population pressure
were by far the more important factors. The
introduction of cocoa, a new cash crop, with a
guaranteed favourable market, provided the
farmers with a strong incentive, which was
sufficient to induce the farmers to suffer a
number of hardships, abandon temporarily their
traditional practices within their tribes and
emigrate to take full advantage of the oppor4 Another system of group-land purchase which
existed was known as "family land". In this case the
buyers were all members of the same family. It is
said that the system of family land-purchase was
practised mostly in matrilineal societies, whereas
company land-purchase 'Was popular with patrilineal
societies.
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tunities offered by the new crop. Knowledge of
the opportunities offered by the new crop was
therefore very important in influencing the
farmers to migrate. Without this incentive, the
population would have grown without the
farmers emigrating to seek new areas. for
cultivation, for the available land in Akwapim
would have been sufficient to support an increasing population indulging in traditional
farming techniques based mainly on subsistence
production.
13. It is of considerable interest to note that
before the introduction of cocoa the Akwapim
farmers had been brought into contact with
a cash economy largely through the sale of
palm-oil and the purchase with the proceeds
therefrom of basic necessities of life. There was
therefore a major incentive for the Akwapim
farmers to spread out into forest zones belonging to other states.
14. To illustrate the full force of the operation of this incentive, one could contrast the
activities of the Akwapim farmers with the
Akims whose forest areas were "invaded" by
the Akwapim farmers. The Akims were also
farmers, but their chiefs were content at the
time to collect a few pounds from the Akwapim
chiefs as proceeds from the sale of valuable
forest lands, and the Akim farmers were also
satisfied for some time to limit their farming
activities to the production of food crops on
lands within walking distance of the towns. 5
15. The development of new areas is still
currently continuing. All the new cocoa areas
come into this category. Farmers leave their
normal places of living to open up the forest
areas in order to take full advantage of the
economic and social opportunities offered by
the cocoa industry. This migratory process
was helped in the past and is still being helped
by the development of transport and communication, the improvements in the marketing
and distributive systems, and direct and indirect
government services. These are all factors
which enter into the qualitative aspects of the
population pressure and help to make it a very
forceful element in the development of new
areas.
16. Thus far, the discussion has been
confined to the development of the virgin
forest areas of Ghana, mainly because that has
been the outstanding feature of the country's
agricultural expansion during the past fifty
5 "It used to be said (among the Akims) that lands
about three miles away from a town might be safely
sold without ~er of the inhabitants starving for
land", J. B. Danquah, Gold Coast: Akan Laws and
C1~stoms (London, Routledge, 1928), p. 213.
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years. However, there are other aspects of the
developmental process which must be mentioned because of the increasing importance
they are assuming. These are the development
and expansion of new townships and the
opening up of the previously largely ignored
savannah areas.
17. The primary impetus for both of these
phenomena has been the rapid population
growth in Ghana during the past fifty years.
African cities and towns, in general, hold a
relatively small segment of the total population,
and in this, Ghana is no exception, but all
the available evidence seems to indicate that
the proportion has been rising very rapidly
during the past few years. The reasons for this
are primarily economic. Most African Governments have not been satisfied with their traditional role of merely being suppliers of raw
materials to the advanced countries, and there
have been increasing attempts to diversify the
economy by establishing manufacturing indus,tries and developing mineral resources. The
needs of industrialization-such as availability
of raw materials, easy access to ports and
markets, labour, power, etc.-have resulted in
the growth of towns and cities at an increasingly rapid rate. In Ghana, for example, the
annual rate of growth for Accra and Kumasi
(the two cities of over 100,000 population) was
8 per cent between 1948 and 1960. The comparable figure for the period 1931 to 1948 was
5.2 per cent). Towns with a population of
10,000 and over had an annual rate of growth
of only 2.9 per cent between 1931 and 1948,
but between 1948 and 1960, the annual rate
of growth rose to 6.4 per cent.
18. It is not only industrialization which has
led to this rapid development of towns. Rather,
industrialization may be better described as the
"pulling" factor which causes the inflow of
migrants into the towns, but there are also
powerful "pushing" factors which send people
away from the agricultural or rural areas. Even
though it was stated above that the development of the forest areas is still going on, it is
obvious that there is a limit to this expansion
and in certain areas at least, the exhaustion
point is being approached; this means that new
areas must be sought for development. Moreover Ghanaian cocoa is no longer fetching the
high price which it formerly commanded on the
world market. The current low return the
average farmer gets for his investment means
that the principal motive for the development
of the cocoa areas is weakening, and more and
more farmers, especially the younger educated
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generation of farmers' sons, will turn to new
areas. This pressure on the young generation
to move out of the farming areas into new
areas is now evident, and there is a continuous
drift of people from the rural areas into the
towns and cities.
19. Obviously, this movement has some very
far-reaching implications which no Goverrunent
can ignore. There are bound to be acute sociaf
and economic problems, and the Goverrunent
will have to cope with some very serious.
administrative problems, i.e., the provision and,
maintenance of adequate services in such basic
areas as housing, medical facilities and employment.
20. Another aspect of the developmental;
process which must be briefly mentioned is the·
opening up of savannah areas in response tothe country's increasing agricultural requirements. The Ghanaian population is credited1
with a very high rate of increase and if the·
present rate continues, it may well double by·
1985 or 1990. How will this increasing pop~
ulation be settled and fed? It is now apparent
that the current agriculture of Ghana, which
still consists largely of subsistence farming, is.
inadequate to meet the food requirements.
While more and more people are leaving the
farms for the towns, methods of farming have·
not changed significantly. One way of meetingthis problem is to open up the flat savannah·
areas, which have so far been ignored because
the inadequacy of rainfall makes them largely
unsuitable for peasant settlement. On the other
hand, because of their relative flatness and the·
absence of large trees, they are much more
amenable to the use of such modern farming:
techniques as mechanization and irrigation.
21. The savannah areas are thus potentially
areas of great agricultural expansion, and the
possibilities in this field have been amply
demonstrated by the increasing number of state·
and co-operative farms which are springing UP'
all over the country. This type of development
undoubtedly requires considerable human and·
financial resources, and the limiting factor in
the development of these areas will be the
ability of the Government to provide the·
necessary resources.
22. Although examples have been drawn.
from only Ghana to illustrate the pull which
population pressure can exert on the develop-·
ment of new areas, the general line of argument
is applicable to many developing countries. To.
conclude, it may be said that under certain
conditions the population pressure could result.
in general economic development.

The future of the population and the food supply of India

V. G.

PANSE

and V. N.

AMBLE

1. With the second largest population in production of timber and other forest products,
the world ( 439 million in 1961), India faces and of livestock products like milk and wool.
the twin problems characteristic of developing Careful ground surveys need to be made to
countries, viz., a high rate of population growth allocate land for optimum use. With regard to
and a slow development of agriculture. A third bringing new areas under cultivation, this
problem peculiar to India is its large and un- paper is concerned only with the waste land
controlled bovine population. An attempt is listed above in (e), (h) and (i), which total
made in this paper to discuss briefly the pros- 41 million hectares. Grouping the 320 districts
pects for the human population and its nutrition into which the country is divided, into five main
in the foreseeable future, i.e., for a period of agro-dimatic regions, viz., Himalayan region,
fifty years from 1961 to 2011, as a result of northern plains, coastal region, peninsular
the interaction of these three factors. For region (black soil) and peninsular region (red
obvious economic reasons and a widely pre- soil), the authors have examined the normal
valent religious sentiment against meat, annual rainfall and the current extension of
especially beef, Indian agriculture must con- irrigation in the individual districts comprising
tinue to he crop-oriented. Milk is the only each region. It has thus been estimated that
source of animal protein essential for human out of the waste land available, 15 million
nutrition which is universally acceptable in the hectares can be brought under the plough,
country. Additions to this source will have to leaving up to 10 per cent of the waste land for
come from fish and from small animals-pigs other uses. A similar examination of the extent
and poultry, which can feed on crop residues. of double cropping in the various districts of
Any substantial increase in these sources is also each region has led to the estimation that the
a distant prospect.
area under double cropping could be increased
2. The land resources of India and their by 18 million hectares through the adoption
current uses are given below (in millions of of suitable measures. Assuming, generally
hectares) for the triennium around 1960/61: speaking, that the extension of cropped area
(a) total geographical area, 326 ; (b) forests, under these two categories is distributed among
56; (c) barren and unculturable land, 34; (d) the various crops in their current proportions,
land put to non-agricultural use, 14; (e) cultur- 17 million tons would be contributed to the
able waste land, 19; (f) permanent pastures production of food-grains, i.e., cereals and
and grazing, 14; (g) tree crops and groves, 6; pulses.
(h) old fallow, 11; (i) current fallow, 11; (j)
4. Water is an agricultural resource as
net area sown, 133; (k) gross area sown, 153; essential as land and India is fortunately well
and (!) area sown more than once, 20.
supplied with it through rainfall. Only 7 per
3. While the bulk of additional production cent of the districts have an annual rainfall of
in future must come through increased pro- less than 51 centimetres. About 20 per cent of
ductivity of land, there is some scope for ex- the districts have a rainfall between 51 and 76
panding the area under cultivation, partly by centimetres, while 42 per cent have a rainfall
breaking waste land and partly by cropping of 76 to 127 centimetres and the remaining 31
land more than once (double cropping). That per cent over 127 centimetres. Thus, rainfall is
this scope is real is seen from the experience of plentiful for nearly three fourths of the land
the first two Five-Year Plans (1951 to 1960), area. Today most o£ the rain, which comes
<luring which the greater portion of increased down in a comparatively short rainy season,
agricultural production resulted from the latter flows off to sea, causing, in its way, damaging
source than from increased productivity of land. floods in several areas. A most essential reNew land must not, however, be brought under quirement for increasing agricultural produccultivation indiscriminately, since along with tion in India, whether by extension of area
agricultural crops, there must also be increased under crops, by irrigation or by the use of

404

DEMOGRAPHIC ASPECTS OF AGRICULTURAL DEVELOPMENT

fertilizers, is to control this vast bulk of watersupply by suitable conservation measures, such
as dams across streams, contour terraces and
bunds, proper drainage, etc., and thus make it
available directly or indirectly for growing
crops in different seasons. A gross area of
only 32 million hectares was irrigated at the
end of the Second Five-Year Plan, but the
potential for irrigation is estimated at 76 million
hectares. Detailed surveys would undoubtedly
show that this potential could be raised and
the authors are assuming a potential of 81
million hectares gross, which they believe to he
conservative. When this potential is achieved,
one may expect an additional production of 21
million tons of food-grains, apart from the
proportionate increase in other crops. The
potential for contour bunding and terracing is
put down as 49 million hectares, out of which
only a little over 1 million hectares was covered
by the end of the second Plan. The additional
production of food-grains expected from this
programme, together with associated farming
practices, is about 7 million tons. Direct irrigation or indirect measures for conserving soil
moisture would not only give an increased crop
yield, but would also increase the efficiency of
fertilizer use. In fact, water-supply and the
use of fertilizers have to be treated as complementary measures. The widest possible use
of fertilizers is, in the author's view, the most
important single contributory factor for raising
the agricultural production in India. Data are
being collected on the responses of various
crops to fertilizers, with and without irrigation,
under actual farming conditions in a countrywide programme. With the help of the results
already available, it is possible to project with
some confidence the maximum increase in production that can be secured from nitrogen and
phosphate with the current agricultural practices. For food-grains, this figure is about 75
million tons, which is of the same order as the
actual production of these crops (80 million
tons) at the end of the Second Five-Year Plan.
Requirements of about 8 million tons of
nitrogen and 6.5 million tons of phosphorus
(P20 5 ) are calculated for all agricultural
crops. When crop varieties which are especially
responsive to fertilizers are developed, the
increase in production can be stepped up
further. Currently, however, maize is the only
crop for which such seed appears likely to
become available, and this has been taken into
account by adding about 2 million tons to
increased production. An important recent
introduction in Indian agriculture is the
chemical control of pests and diseases of crops.
This programme is in its infancy, but an
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increase in crop yield by 10 to 15 per cent from
this source is not an unrealistic estimate.
Chemical protection of crops will be accelerated
as the use of fertilizers increases, but the
expected gain in production from this source
has not been calculated, as it can be offset
against unavailability of an estimated 12.5 per
cent of food-grain production for human consumption through use as seed, cattle feed and
losses in storage, transport, etc. Thus, there
is a reasonable potential, as far as current technological knowledge goes in the context of
Indian conditions, of an additional availability
of 122 million tons of food-grains for human
consumption, over the corresponding figure at
the end of the Second Five-Year Plan, or a
total availability of 192 million tons. With improvement in agricultural technology, this
figure is likely to be raised further by some
margin. The authors believe that the necessary
effort for achieving this availability will be
made both through conscious planning and
through increasing pressure of population. Both
factors are already significant in contributing
to greater agricultural production.
5. On the question of population growth in
India, the authors agree generally with the
position taken by Coale and Hoover in regard to
the likely course of mortality and fertility rates
in developing countries with low income. 1 They
show that even under these conditions, mortality can decline relatively rapidly and at a
low cost, with the help of antibiotics, public
health services and sanitation. Fertility, however, takes longer, is more difficult to control
and is related to the standard of living. There
is consequently a considerable time lag between
the decline of mortality and fertility. With the
current low level of availability of public health
services, the extremely poor state of sanitation
in rural India (where the bulk of the population
resides), the incidence of malnutrition in an
appreciable fraction of the population and the
lower limit to mortality imposed by the subtropical conditions, it is difficult to imagine that
mortality rates as small as those prevalent in
western Europe or North America will be
attained in India during a foreseeable future.
Considering the prevalent mortality rate in
India of 19.4 and examining this figure in countries similarly situated, the authors believe that
a reduction in mortality rate to a level below
ten would be unrealistic and would rather place
it between eleven and twelve. With a high
infant mortality, the economic necessity of
bearing many children so that some may
1 A.]. Coale and E. M. Hoover, Population Growth
and Economic Development in Low-Income Countries
(Princeton, N.J., Princeton University Press, 1958).
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survive, and of having large families to provide
the much-needed manual labour for a peasant
agriculture has turned into a traditional belief
against any kind of birth control. For every
girl, the chief aim is to marry and raise a
family, and social prestige is attached to women
with several children. In this situation, much
sustained effort on the part of the public
authorities by way of propaganda, education
and action in the rural areas must be forthcoming before any sensible impact can be made
on the current fertility level. This activity is
now confined mainly to some urban areas and
has influenced only the educated urban population to some extent, but this population is
practically an insignificant fraction of the total
Indian population. Therefore, the authors of
this paper agree with Coale and Hoover that
there is no possibility of any downward change
in fertility for at least a couple of decades, i.e.,
up to 1981. The census results for 1961
strengthen this view, as the actual population
in 1961 surpassed all earlier projections, including that of Coale and Hoover. In the hope
1961

1966

Population (millions) .... 439
Growth rate (per cent) .. 1.98
Fertility ............... 195
Death rate ............. 19.4

490
2.20
195
19.1

1971

551
2.39
195
16.9

1965

that public action for family planning and other
contributory economic factors will develop
sufficiently to begin influencing fertility towards
the end of this period, it has been assumed that
from 1981 onwards, fertility will decline
linearly over the following thirty years to half
its current level. With these two assumptions
concerning mortality and fertility rates, the
Indian population has been projected over five
decades, beginning from 1961.
6. Details of these calculations will be
published elsewhere. Beginning with the Indian
life tables for 1951 to 1960 (based on the 1951
and 1961 censuses), an annual increase of 0.5
year in the expectation of life at birth was
assumed until this expectation reached about
fifty-five years. By utilizing United Nations
model life tables ( 1956) for interpolating agespecific mortality levels and corresponding
survival ratios, the expected quinquennial population was estimated. The projected values
for population and its more important features
are shown below :

1976

1981

1986

1991

1996

2001

2006

2011

625
2.55
195
15.3

713
2.67
187
13.8

811
2.62
171
12.4

910
2.33
154
12.2

1010
2.09
138
12.1

1107
1.85
122
12.0

1197
1.58
106
11.9

1275
1.28
98
11.8

In the course of fifty years, the population
would be nearly trebled. The growth rate of
population, high as it is already, will rise still
further to a peak value of 2.67 by 1981, in spite
of a steadily declining mortality, and will start
going down when fertility begins to decline.

7. According to the livestock census in 1961,
the total number of bovines in the country was
227 million, comprising 176 million cattle and
51 million buffaloes. Among the three categories of animals, viz., adult males, adult
females and young stock, cattle included the
largest number of adult males, viz., 73 million,
while among buffaloes, adult females formed
the largest number, 25 million. In the absence
of any kind of vital statistics for livestock,
as well as for any reliable long-term trend
in their numbers, it is e..xtremely difficult
to project with confidence the number of
bovines over five decades. However, this has
been done by taking into account the growth
rates of different categories of animals among
cattle and buffaloes between the latest two
quinquennial livestock censuses for 1956 and
1961. These two censuses were both accurately

done and had a nearly complete coverage. The
calculated growth rates ranged from 17.0 for
adult females to 22.4 for adult males among
cattle, and from 22.8 to 33.8 for these two categories of animals among buffaloes. If these
growth rates persisted in the future, the
livestock population in the year 2011 would be
766 million, comprising 552 million cattle and
214 million buffaloes. Taking into account all
animal feeds, crop residues, grains and other
concentrates, fodder and grazing that are
estimated to become available by that time, it
would appear impossible to feed this vast number of livestock at the current levels of feeding,
inadequate as they are, and the result would
be that the current per capita availability of
milk, about 120 grammes per day, would be
reduced to 86 grammes. The alternative of
growing sufficient fodder to maintain even the
current level of feeding for these numbers also
appears an impossible proposition, as it would
mean diverting a prohibitively large proportion
of irrigated land to fodder production. The
only feasible solution would be to control the
number of livestock in such a manner that they
are put to efficient use and can be fed
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adequately with available resources. Male livestock currently is used for draft in cultivation
and transport, and there is, on an average, one
pair of adult bovine males to every 3.4 hectares
of cultivated area in the country. According to
the numbers projected for the year 2011, there
would be a pair for every 1.1 hectare of the
cultivated area. Considered against the reasonable requirement of a pair of male animals for
4.05 hectares of land, the number of males in
the livestock population by 2011 would be
enormously in excess of the requirement. If a
pair were maintained for 4.05 hectares, the
number of adult males could be reduced from
248 million to 65 million in cattle and from 43
million to 11 million in buffaloes. The corresponding saving in livestock feed would enable
cows and buffaloes to produce enough milk to
make 240 grammes per capita available per day.
The modest nutritional standards aimed at for
the Indian population include an availability
of 200 grammes of milk per capita per day. The
necessity of maintaining a large number of male
livestock can be further reduced by gradually
introducing mechanization in Indian agriculture and, to the extent that mechanization made
progress, the available feed could be diverted to
the improvement of milk yield, thereby raising
the available quantity to a still higher level.
8. The food supply available for human
consumption at the end of the Second Fiveyear Plan was not adequate to meet the modest
nutritional requirements of the Indian population, as recommended by the Indian N utrition Advisory Committee. 2 For the population
of 439 million in 1961, the per capita availability was calculated at 2,033 calories and 51.8
grammes of protein per day, against a physiological requirement of 2,128 calories and 61
grammes of protein. 3 Allowing for wastage of
food and uneven distribution among the different economic groups of population, the retail
requirement was 2,370 calories and 67 grammes
of protein, according to Sukhatme. 4 The available supply thus represented a shortage of 14
per cent of calories and 22 per cent of protein.
In the course of fifty years it is estimated that
the population will increase 2.90 times, while
the available food supply can be raised 2.74
times, if the full potential of increased agricul:! V. N. Patwardhan, Dietary Allowances for lttdians, Calories and Proteins, Special Report Series
No. 35 (New Delhi, Indian Council of Medical Research, 1960).
3 V. G. Panse, "Food availability and requirement
for India", Bulletin of the International Institt4fe of
Statisttcs, 33rd session (Paris, 1961).
4 P. V. Sukhatme, "Food and nutrition situation in
India", Indian Journal of Agricultural Economics,
vol. 17, No. 2 (New Delhi, 1962).
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tural production, as it is currently seen, can
be realized. The population structure will also
alter, so that there would be a somewhat larger
proportion of adults as compared with 1961 ;
the nutritional needs of this population would
also be slightly greater. Thus, the gap between
availability and requirement of food would
widen further. The retail availability for the
population of 1,275 million in the year 2011
was calculated at 1956 calories and 50.4
grammes of protein per capita per day, which
would fall short of the retail requirement of
2,425 calories and 66 grammes of protein by
19 per cent and 23 per cent, respectively. A
particularly serious aspect of this deficiency is
that the supply of milk, which is an essential
source of protein, would be depleted to three
fourths of its current availability (which is
itself subnormal), if the cattle population
continued to grow unchecked. The Indian population thus faces the grim prospect of being
condemned to a permanent state of undernutrition and malnutrition, with the attendant
deterioration of labour productivity and of the
entire national economy.
9. To avert this catastrophe, vigorous action
must be taken along three broad lines. The first
and foremost is to increase agricultural production speedily with the help of programmes
concentrated basically on the extension of
irrigation and other moisture conservation
measures, the maximum use of fertilizer and
the provision of incentives to farmers to produce more. Such incentives would include
guaranteed prices for agricultural commodities,
reduced cost of fertilizers and other inputs, and
the elimination of share-cropping and other
harsh tenancy conditions. If the potential for
production of food-grains (and other items of
food) that have been visualized were to be fully
attained in the next twenty-five or thirty years,
the available food supply would provide a
modest standard of nutrition to the population
of 980 to 1,000 million that would exist at that
time. This would help to increase labour productivity in various fields, create a more hopeful
outlook on life in the population and make it
receptive to ideas and programmes for raising
the standard of living, including the limitation
of family size. If, on the other hand, hunger
were to persist and possibly to be aggravated,
all other programmes will be of no avail. The
second line of advance must be progressive
mechanization of all agricultural processes.
Male livestock, which is practically the only
source of power for agriculture today, forms
the largest proportion of the total bovine population and consumes a substantial proportion
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o£ the livestock feed. By first rationalizing the
numbers of male livestock required for agriculture and transport and then replacing them
~radually by mechanical and electrical power, a
large stock of livestock feed could be diverted
for conversion into milk, thereby significantly
increasing the availability of a vital ingredient
in the diet of the Indian population. Mechanization would have another equally important
effect. By replacing the large amount of manual
labour required for current agriculture by
machines, the incentive to raise Jarge families
to supply this labour would weaken and thus
help population control. The third line to be
adopted is direct propaganda and action for
control of population through family planning
in rural areas. The magnitude of this task
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needs to be comprehended, since family
planning will make an impact on population
growth only when the idea and the means
reach the vast rural population scattered in
more than half a million villages. Maternity
and child care must be the spearhead of this
programme, because only when women see that
the children they produce can be raised as
healthy individuals without the frequent risk
of their dying in infancy, will the urge for
procreating too many children cease. The
authors believe that action along these lines will
be accelerated and, with further advances in
technology and their application, it is not yet
too late to hope that the population of India
can look forward to a fuller and richer life in
the foreseeable future.

Population, land resources and agricultural growth

S. R. SEN
1. The relationship that exists between
population, land resources and agricultural
growth (which is a large contributor to economic growth, especially in developing countries) has been a subject of sharp controversy
ever since Giovanni Botero posed the problem
towards the end of the sixteenth century. Two
centuries later Malthus thought that he had
found a "scientific" answer to the problem.
Another century-and-a-half have passed since
then and it is now generally admitted that
Malthus was not so scientific after all. But the
end of the controversy is not yet in sight. While
there are still strong adherents of the view that
in the final analysis, the increase of population
in relation to land resources leads to diminishing returns and hence slows down agricultural growth, there are equally strong proponents of the opposite view that pressure of
population induces innovations and better and
more intensive use of land resources, thus
helping to promote agricultural growth.
2. The rate of economic growth (including
agricultural growth) depends on the rate of
development of the human as well as the material factors and this in its turn is largely
dependent on the rate of saving and investment
in the economy. Other things remaining the
same, if population grows at a fast rate, consumption increases correspondingly. Therefore,
saving and investment are adversely affected
and this tends to slow down economic growth.
This has happened in certain of the developing
areas of the world where the rate of growth of
population has been high and technological
progress slow. On the other hand, there have
been other developing areas with relatively
sparse and stagnant population, and ample land
resources where the rate of agricultural growth
(and of economic growth) has been very slow
because the manpower was not adequate, either
in number or in efficiency, to exploit appropriately the land resources available and
produce the saving needed. But there also
have been areas where the fact that the rate of
population growth was relatively high and the
density of population per hectare heavy
prompted the people to strive for a high rate of

economic growth. The challenge posed by
population pressure led them to exercise all
their ingenuity to develop the available land
and other resources. The spread of education
and the development of science and technology
helped the development of the human factor
by improving technical knowledge and skill and
by controlling disease. In particular, where the
higher rate of population growth was brought
about through a relatively lower death rate (as
compared with the birth rate), improved health
standards and a longer expectation of life
(especially for those who comprised the working force), it meant that a larger fraction of
the life span of the average individual could be
devoted to productive activity. Not only were
the workers healthier and therefore more
efficient, but also the investment made to build
them up yielded results over a longer period.
3. The development of science and technology also made it possible to step up considerably the productive potential of the limited
land resources available to mankind. In the
past, land had to provide both standing-room
and nutrients to plants. Now factories are
producing an increasing proportion of the
nutrients so that land is being called upon more
to provide standing-room for plants and less to
provide nutrients. This means that much higher
production. from a limited area of land is now
technically feasible. In the last century, population pressure was much less than what it
currently is and yet famine was quite common
in most of the countries. In spite of the large
increase in population, there is considerable
surplus of food today in America and Oceania,
while Europe is fast approaching a stage of
surplus in spite of its dense population. The
problem of food shortage is faced today
primarily by the developing countries, especially
those of the Far East and the Near East. The
difficulties posed by low productivity of land
and shortage of food seem to be faced more by
the developing countries which have failed to
respond adequately to the challenge of development, than by the developed countries where
the density of population is high. Although
there has been a sharp increase in population
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in recent years and there is today less than
half a hectare of cultivated land per capita in
the world, science and technology have already
made it possible to step up food production
from this limited area several times more than
what was considered feasible earlier. Boyd-Orr
estimates that an eight-fold increase in food
production is possible on the basis of existing
technical knowledge; Colin Clark's estimate is
even higher, viz., ten-fo1d. Science is opening
up new vistas every day and there are hopeful
predictions of further technological breakthroughs. However, if there is to be no serious
fear of food shortage for some time to come,
as a result of population growth, the developing
regions must apply currently known techniques
to achieve the level of productivity reached in
such countries as Japan through such applications. It is interesting to note that in Japan the
improvement in agricultural productivity has
been brought about more through improvement
of technology than through the increase in
inputs. Between 1880 and 1938, agricultural
production in Japan rose by 150 per cent while
inputs rose by only 30 per cent. This trend
has not only been maintained, but even improved upon in recent years.
4. The reason for the slow rate of agricultural growth (and for that matter of economic
growth), which is currently being faced by most
of the developing countries, is then to be sought
less in the high rate of growth of population or
in the limited availability of land resources, and
more in the fact that because of various constraints these countries have not been able to
make effective use of science and technology
for the development of their population, as well
as their land resources. These constraints apply
at different levels-family, village, district and
state-and are of various kinds--operational,
sociological, economic and political. The key to
development lies in identifying these constraints

at different levels and taking appropriate measures for removing or reducing them. The bulk
of the effort has no doubt to be at the local and
national levels, but international action can be
also of considerable help. At least until these
countries reach the so-called take-off stage,
international action for the transfer both of
technical knowledge and capital from the
developed to the developing countries and of
food-stuff from surplus to deficit areas, can
help in overcoming or reducing many of these
constraints.

5. Although, from a purely technological
standpoint, there may be considerable prospects
for agricultural development in most of the
developing countries and increasing efforts may
be made both at the national and at the international level for removing some of the constraints
referred to above and to step up the rate of
investment for the development of the human
as well as the material factors, there is likely
to be wide disparity in the rate of agricultural
growth and level of economic development in
different developing countries for a long time
to come. Even with the same population situation or land situation, or both, different areas
may achieve quite different rates of growth
under the same kind of development effort. And
where the development effort itself is of a
different kind, the disparity is likely to be
much greater. The possibility of widely disparate rates of growth and the serious stresses and
strains which may result therefrom require
special study by all those who are interested in
the problem of economic development.
6. Some of the problems posed above may
be illustrated from the experience of India with
which the author is familiar. The population
situation in the republic of India since the
beginning of this century may be seen from
table 1:

Table I. Total population and birth, death and growth rates, 19&1-1961
Estimated f'alu in tlu following decennium
Year

Population
(millions)

1901. . . . . . . .. . . . . .

'238.4

1911..............

252.1

1921..............
1931 .. ' . . . . . . . . . . .
1941..............
1951.........
1961..............

251.3
279.0
316.7
361.1
4J9.2

1965

Birth rate

Death rate

· CDmpound rate of
g'l'owth per annum
(percentage)

(per thousand) (per tho.uand}

52.4
48.1
50.8

46.2
43.1
40.4

46.8
47.2
40.4
33.5
30.0 .

20.9

0.52
(-) 0.03
1.05
1.28
1.32
1.98
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7. The rate of growth of population was
relatively low, the mortality rate relatively high
and the average expectation of life relatively
short until 1951, when India launched its
First Five-Year Plan for economic development. During the pre-plan period, the rate of
saving in India was of the order of 5 per cent
and the rate of increase in national income was
usually less than 1 per cent. Since the annual
growth of population during the period hap-

pened to be no smaller, pre-plan India had an
essentially stagnant economy, if not worse.
Before 1920, both population and agricultural
production were growing at a very slow rate,
as may be seen from table 2. During the next
thirty years, while population growth was
considerably accelerated, agricultural growth
tended to lag behind, largely because no special
effort was made to remove the constraints
which were inhibiting agricultural production.

Table 2. All-India annual compound rates of growth of agricultural
production and population, 1900/01 to 1960/61
(Percentage)

Period

1900/01
1920/21
1940/41
1950/51

to
to
to
to

1 ncrefUe in 1ncrefUe in
agricultural cultivated Increase in
area
productivity
production

1919/20 e. .......•
1939/40 a ........
1949/SOb ........ ( -)
1960/61 b ..•.....

0.53
0.20
0.97
3.52

0.29
0.24
0.66
1.18

0.24

(-) 0.44
(-) 1.63
2.34

Increase in
popr.Iation

0.25
0.83
1.32
1.98

a Data for undivided India.
b Data for the republic of India.

8. As a result, however, of the programme
of economic development which India initiated
in 1951, its net national income increased at a
compound rate of 3.56 per cent per annum and
agricultural production at a compound rate of
3.52 per cent per annum between 1950/51 and
1960/61. The consequent improvement in
health facilities and in standard of living led to
an annual growth of population by 1.98 per
cent during this decade, compared with 1.32
per cent in the previous decade. This sharp
increase in the growth of population no doubt
meant that the increase in per capita income
was less than it might otherwise have been.
Nevertheless, per capita income (at 1948/49
prices) went up from Rs.247.5 in 1950/51 to
Rs.293.7 in 1960/61, i.e., by an annual compound rate of 1.74 per cent. Instead of having a
stagnant economy, where the rate of economic
growth is about the same as that of population
growth, India has now reached a situation when
the former is nearly twice the latter. The rate
of growth of agricultural production is well
ahead of that of population. The daily foodgrains supply per capita has increased from
13.5 ounces in 1951 to 16.2 ounces in 1961.
The expectation of life at birth has gone up
from thirty-two to forty-one years and this
has been both a r:esult and a contributory
factor of economic growth. The rate of saving,
another indicator of economic growth, has gone
up from 5 per .cent in 1950/51 to 8 per cent
in 1960/61.

9. The plan of economic development in
India included a massive programme for
agricultural as well as industrial development.
The programme for agriculture comprised,
inter alia, irrigation, soil conservation, land
reclamation, increased use of improved seeds,
plant protection materials and chemical fertilizers, and a number of ancillary measures like
extension, education and research. The total
outlay on the agricultural and irrigation programmes amounted to about Rs.lO,OOO million
during the first two plans. As a result, during
the ten-year period ending 1961/62, agricultural production increased at a compound rate
of 2.94 per cent per annum at the all-India
level. The area under crops increased at the
rate of about 1.25 per cent per annum, while
agricultural productivity per hectare increased
at the rate of 1.67 per cent per annum.
10. Within this over-all picture, however,
there is considerable disparity· from area to
area, and this has taken place in spite of the
fact that the nature and magnitude of the
development effort, including the policies and
programmes, have been more br less similar
throughout the country.
11. The point may be illustrated by table 3,
which summarizes the experience of fourteen
major states of the country for which comparable data are readily available. At the two
e.xtremes are Rajasthan and Kerala. In
.Rajasthan, the pressure of population is the
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Table 3. Annual compound rates of growth of agricultural production, cultivated area, productivity
and population, 1952/53 to 1961/62
(Average 1952/53 to 1954/55

lncreue in
agricultural
production

Stat11

Increase i,.
cultivated
MltiJ

=100)

Increase in

productivlty

I nt'rtase in
;o;ulafion

Number of
persom f'tW
hectare of
cultivated
area

(1952/53)

(PercentQ{Je)

Andhra Pradesh ................
Assam • • • • * • • • • • • • • . . . . . . . . . .
Bihar ......... ...............
Gujarat• ........................
Kerala ..... . ........... ...
Madhya Pradesh .. ...........
Madras .......................
Maharashtra .......... .......
1-fysore ........................
Orissa .................... ....
Punjab ........................
Rajasthan .....................
Uttar Pradesh ..................
West Bengal a ..................
~

~

~

~

~

~

~

~

~

~

ALL INDIA

1.77
1.87
(-) 0.07
1.30
1.49
(-) 0.20
3.22
2.07
1.07
2.05 [2.56]
1.42 [2.30]
0.66 (0.27]
2.26
1.11
1.14
3.27
1.31
1.93
4.20
3.50
0.71
0.48
3.18
2.66
3.15
1.97
1.19
0.62
1.13
0.52
4.89
2.32
2.46
2.65
3.44
(-) 0.99
1.10
1.94
0.83
0.51 [1.971
0.85 [2.97]
0.17 [0.69]
2.94

1.25

1.67

1.49
3.27
2.04
2.56
2.24
2.53
1.05

2.3

2.18

1.8

1.97

1.9
2.3
2.2

2.15
2.40
2.58
1.67
3.01

4.1
4.1
1.8

7.9
1.8
4.7

1.4
3.9
3.3

2.09

a In the case of Gujarat and West Bengal, the first two years of the period under consideration were
somewhat abnormal. Leaving out these two years, the growth rates for the period 1954/55 to 1%1/62 are
given in brackets.

lowest; and in Kerala, it is the highest. In
both states, production has just been able to
keep pace with population. But in Rajasthan,
there has been an actual fall in productivity
and the increase in production is entirely due
to increase in area. In Kerala, the increase in
production is shared almost equally by increase
in area and increase in productivity. In Punjab,
where the rate of growth of agricultural
production is the highest, it is more than double
that of population. Here area and productivity
are almost equally responsible for the increase
in production. On the other hand, in Madras,
where the rate of growth of productivity is the
highest, the density of population is over double
that of Punjab and the rate of growth of pop~
ulation is less than half that of the latter; the
rate of growth of production is four times as
high as that of population. Although these two
states are at two extreme ends of the country
and have the highest rates of agricultural
growth, in one case the rate of growth of population is very high, while in the other the
density of population is very heavy. Yet both
have done well in their own ways under the
stimulus provided by the national plan of economic development. Mahara.shtra, Gujarat and
Madhya Pradesh have the same density of
population and yet, in the first, which is more
tndustrialized, the rate of ·growth of produc·

tivity has been substantially higher. In the three
states of Bihar, West Bengal and Assam, which
are in the Ganges--Brahmaputra basin and
for which region a four-fold increase in agricultural production was considered quite feasible
in a detailed study made by an expert team
appointed by the Food and Agriculture Organization, the rate of growth has been rather
low. Of these three states, the performance of
Bihar and West Bengal has been relatively
better than that of less-industrialized Assam,
in spite of the fact that the latter has many
modern, large-scale plantations. In Uttar
Pradesh, Andhra Pradesh and Orissa, which
are predominantly agricultural, growth of
agricultural production has been very slow.
12. The main point that emerges from this
rather superficial comparison of the relationship between population, land resources and
agricultural growth in different states of India
is that there is no unique relationship between
the three, even when the policies are the same
and the effort for development is more or less
uniform. In some cases, the land area may
appear to be sufficient; and yet, if it is subjected to severe physical and socio-economic
constraints, it may not easily respond to efforts
for development. In certain areas where land
area is very limited, if the situation is such that
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more input and better human skill could be
applied, it could yield much better results. The
main point here is to what extent the physical
and socio-economic constraints may be removed
and the productivity of soil improved through
the application of science and technology.
Similarly, the absolute number or density or
rate of growth of population may not, in itself,
influence production in the same way. Even
if the population pressure is small and the rate
of growth slow, if the people lack necessary
skill, education, tools and incentive, they may
not succeed in improving the rate of growth.
On the other hand, a population with high
density, as well as high rate of growth, may
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react to the challenge of development in a
positive manner, so as to make full use of the
results of science and technology, and wrest
substantially larger yields from the limited land
resource available to it. It is, therefore, important that the problems of each area should
be studied carefully and specific measures
taken to improve the quality of the land or the
quality of the workers, so that the rate of
growth could be optimized. No general pattern
of development can be prescribed for all areas
nor any general hypothesis formulated in regard
to whether population growth, in itself, is a
limiting or stimulating factor for agricultural
and economic growth.

Prospects of agricultural development in connexion with population growth

M. M.

SOKOLOV

[Translated from Russian 1
I

1. In mid-1962, the earth's population was
3,150 million, having increased by a million in
the course of a year. According to United Nations estimates, the total will be 5,000-7,000
million by the year 2000. Will agriculture on
earth be able to produce enough food for the
inhabitants of our planet?
2. Two opposing answers to this question
are offered in the literature on the subject. One
group of ideologists is made up of the neoMalthusians, who hold that the earth's population is increasing too rapidly and has already
reached a level at which it cannot feed itself.
This group includes such people as W. Vogt
and E. Pendell in the United States, C. Darwin
and C. Darlington in the United Kingdom, A.
Vogel in the Federal Republic of Germany,
and P. Reboud in France. The second group
consists of humanistic, progressive scientists
who are fighting to preserve and enrich life
on earth. It includes such :figures as J. D.
Bernal, L. Prasolov, D. Pryanishnikov, W.
Williams, F. Baade and J. de Castro.
3. After the Second World War and the
crushing of fascism, an intensified effort was
made in many countries to propagate Malthusianism. In the United States, the United
Kingdom, France, the Federal Republic of
Germany, Japan and elsewhere, there have
recently appeared a great many books and
articles which refer to the danger of population
growth and the crisis in vital resources. Not
only economists and philosophers but also
representatives of many of the natural sciences
are active in propagating Malthusianism.
4. All Malthusians pursue the same aim.
They are alike in acting as apologists for the
capitalist system and in attempting to show
that that particular social order is the most
viable one. They are all bent on proving that
there are chosen races which form a "creative
minority" in contrast to the grey majority. The
"creative minority," they believe, has been
summoned by fate to rule over the majority.
They openly take an arrogant, contemptuous

attitude towards the majority of the people who
produce all material values on earth.
5. All Malthusians accept the law of
diminishing soil fertility. They attribute the
world's food shortage to two fatal causes: the
law of diminishing fertility and the shortage
of land suitable for cultivation. Hence, they
contend, agricultural production cannot be
increased either by raising yields or by bringing
new land under cultivation. The Malthusians
did not, of course, discover the law of
diminishing soil fertility. It was :first formulated
in the eighteenth century by the physiocrat
Turgot and was later put to extensive use by
David Riccardo in his theory of differential
rent. Malthus seized upon the law and made
wide use of it as the basis for all the theories
he developed in defence of capitalism.
6. Progressive scientists have exposed the
anti-scientific nature of Malthusianism; they
have shown that there is no absolute law of
population and that the difficult position of
the working masses under capitalism is the
result of exploitation. Contemporary reactionary scientists and apologists for capitalism
are again attempting to revive Malthusianism
as a political theory and an ideological weapon
in the struggle against the working class. Classconscious workers :firmly repudiate Malthusianism. Far from perishing, the working
class is growing and becoming stronger ; it is
being drawn closer together and tempered by
battle. V. I. Lenin, the founder of the world's
first socialist State, wrote that class-conscious
workers will always wage a merciless struggle
against attempts to impose this reactionary,
cowardly theory on the most advanced, most
powerful contemporary social cla..••s-the class
which is most ready to initiate great changes.
7. Karl Marx, the brilliant thinker and
founder of scientific communism, gave a great
deal of attention to the problems of soil productivity. He pointed out that contemporary
advances in chemistry and their application in
agriculture invalidated the old notions about
soil fertility. Fertility was not a natural
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property of the soil, as was customarily thought,
but was wholly dependent on social relationships. Armed with modern technology, man
was increasingly taking a hand in the biological
processes of the soil ; by introducing larger and
larger quantities of mineral and organic fertilizers into the soil, he was increasing its
productivity and making it possible for soil
nutrients to be assimilated by plants to the
greatest possible extent.
8. Many prominent scientists currently
active in biology, agriculture and other fields in
various countries reject the anti-scientific
fabrications of the Malthusians and their misanthropic ideology. On the basis of estimates
of soil resources in various countries, L. I.
Prasolov, the noted Soviet soil scientist and
member of the Academy of Sciences, found that
a great deal of land was still unused. According
to his estimates, the total land area of the earth
is 149 million square kilometres. Of this total,
12.5 per cent comprises the most fertile plain
areas, 36.4 per cent intermediate plain areas
(forest and dry steppe areas), 11.8 per cent
mountain pastureland and forest areas, and 8
per cent desert areas, southern steppes and
tundras in which agricultural activity is possible. A total of 10,000 million hectares, or 70
per cent of the earth's land surface, is suitable
for agriculture. At present, only 1,000 million
hectares, or even somewhat less, is being used
for agriculture and horticulture.
9. In modern times, the brown forest land
of North America and Australia, the red soil
of Central and South America, and the black
and dark chestnut-colored soil of the Russian
and Ukrainian steppes, Siberia, Kazakhstan,
the United States, Canada and Argentina are
being brought under cultivation. This general
process of expansion and redistribution of
agriculture has been accompanied by the development of new crops and new forms of
agriculture which are the result of socio-economic change and technological progress. On
the basis of extensive practical studies, L. I.
Prasolov believes that the total area now under
cultivation can be increased sevenfold over an
extended period. This view is shared by two
Soviet soil scientists, A. Sokolovsky, a member
of the Academy of Sciences, and Professor V.
Kovda. Professor J. D. Bernal, whose book
World Without War contains a table showing
existing and potential land utilization on the
various continents, also believes that the cultivated area can be increased sevenfold over a
period of time.
10. Irrigation holds a huge potential for
the further expansion of agricultural produc-
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tion. At the present time, the earth's total
irrigated area amounts to slightly more than
100 million hectares, or 2.5 per cent of the total
desert and semi-desert area. An additional 113
million hectares of desert and 286 million hectares of chestnut-colored semi-desert can be
brought under crops through the use of irrigation. It is a well-known fact that the yields
obtained from irrigated land are several times
as large as those obtained from non-irrigated
land in the same area. Existing irrigated land
represents approximately 13 per cent of all land
under cultivation, but its total yield is 87 per
cent of that obtained from all non-irrigated
land. Irrigation of the non-irrigated areas would
increase the productive potential of world
agriculture by a factor of 6 to 6.5. Great gains
can also be made by draining swamps and
jungles, which are used for agricultural purposes to a very limited extent.
11. Expansion of the area under cultivation
is not the only means of increasing agricultural
production. In most countries, this is accomplished mainly by raising crop yields.
Boundless opportunities exist for agriculture
in this regard. The highest grain yields have
been achieved in Denmark and the Netherlands,
where the average yield over a period of years
has been between 35 and 45 centners per
hectare. The long-term yield for wheat in the
United Kingdom and the Federal Republic of
Germany is 34 centners per hectare, while an
average of between 21 and 23 centners for
raw cotton is achieved in the Union of Soviet
Socialist Republics. These high yields are
obtained through the use of large quantities
of mineral fertilizers. Egypt, southern Italy and
Japan have recorded the highest rice yields,
amounting to approximately SO centners per
hectare; the best Italian farms produce as much
as 80 centners per hectare. Farmers in the
United States corn belt average 35 centners of
maize per hectare; outstanding farms achieve
yields of between 60 and 80 centners, and
record maize crops in the United States have
gone as high as 120. Leading Soviet maizegrowers have achieved very high yields; in
1959, E. Dolinyuk averaged 223 centners of
maize per hectare in an area of 105 hectares.
An unprecedentedly high rice yield, amounting
to 225 centners per hectare in some areas, was
achieved in the People's Republic of China in
1958. High crop yields depend primarily on
the general level of agriculture, on improved
utilization of land and on proper rotation of
crops. If these requirements are met, yields can
be doubled or tripled over a period of years.
That means that under proper conditions mankind will be able in the future to raise agricul-
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tural production to levels roughly twenty times
as high as those now achieved. That is the reply
of world science to the neo-Malthusians' dark
prophecies of approaching disaster for mankind.
12. However, agriculture is not the only
means by which man's food resources can be
increased. The sea is a valuable and inexhaustible source, and only a tiny portion of what it
has to offer is now being taken from it. If all
these sources are exploited, it will be possible
to solve the problem of feeding all the peoples
of the world and sustaining not only the earth's
present population but a far larger one.
II
13. During the past decade (1954-1963), the
population of the Union of Soviet Socialist
Republics rose by 35 million, representing an
average annual increase of 3.5 million. As at
1 January 1964, the country's population was
226 mi1lion; it will reach approximately 250
million by the end of 1970 and 280 million by
the end of 1980.
14. Between 1954 and 1962, while the population was increasing by a factor of 1.2 (by
17 per cent), total agricultural production in
the Union of Soviet Socialist Republics rose
by a factor of 1.6 (by 61 per cent), with crop
output increasing by a factor of more than 1.5
(by 56 per cent) and the output of livestock
products by a factor of almost 1.7 (by 67 per
cent). With a view to fully meeting the population's requirements for agricultural products,
the general long-range plan for devel · the
Sonational economy of the Union of
cialist Republics called for increasing total
agricultural production by a factor of approximately 3.5 over the next twenty years (the
period 1960-1980).
15. Fulfilment of the tasks set for agriculture during the next twenty years will call for
tremendous efforts by the entire Soviet people,
particularly since agriculture in the Union of
Soviet Socialist Republics is carried on under
complex, difficult natural and climatic conditions which at the present time must still be
taken into consideration. The Soviet Union
is, for example, situated in more northerly
latitudes than the United States, and some 40
per cent of its territory is within the permafrost area. A large part of the land under cultivation is in areas with a low average annual
temperature. Less than 10 per cent of agricultural land in the Union of Soviet Socialist
Republics, as compared with more than half of
such land in the United States, is situated in
areas with an average annual temperature of
more than 10 degrees centigrade. Because of
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the long winter, the period of vegetation of
agricultural crops is shorter in most of the
Union of Soviet Socialist Republics than it is
in the United States. The autumn and spring
frosts which occur throughout our country limit
the period of vegetation and the duration of
spring sowing and autumn harvest operations.
Nearly one fifth of all land under cultivation in
the Union of Soviet Socialist Republics is
situated in areas in which the frost-free period
lasts less than 120 days. Soviet agricultural
production suffers substantial losses as a result
of frequent droughts; most of the main agricultural areas of the United States are unaffected
by droughts. Nearly 40 per cent of our agricultural land has an annual precipitation of no
more than 400 millimetres, whereas only an
insignificant percentage of all agricultural land
in the United States is situated in areas with
this level of precipitation. Only 1 per cent of
Soviet agricultural land, as compared with
more than half of such land in the United
States, is in areas with an annual precipitation
of more than 700 millimetres. The main grain
areas of the Union of Soviet Socialist Republics, especially the southern part of the
Ukrainian Soviet Socialist Republic, the Volga
region, western Siberia and the Kazakh Soviet
Socialist Republic, are subject to frequent
droughts. On the other hand, throughout most
of the extensive older areas of the United
States in the north and south-which, according to the 1954 census figures, account for
80 per cent of all marketable agricultural production-droughts are unknown. The cold
V~tinters experienced throughout most of the
Union of Soviet Socialist Republics create
problems in animal-breeding. Except in some
southern areas, livestock cannot be left in the
open during the winter. In the United States,
the mild climate simplifies the problem of taking
care of livestock in wintertime, and a good
deal of pastureland can be used the year round.
16. Of course, advances in science and
technology make it increasingly possible to
influence natural processes so as to increase
agricultural production. However, overcoming
these adverse natural and climatic conditions
calls for a tremendous added outlay of labour
and money.
17. In many parts of the Union of Soviet
Socialist Republics, climatic factors sometimes
manifest themselves in combinations which are
difficult to deal with. In 1963, for example,
weather conditions were unusually bad. The
winter of 1962-1963 was an extremely cold one
in the Union of Soviet Socialist Republics and
many European countries. In many parts of
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the Union of Soviet Socialist Republics, there
were severe prolonged frosts during which the
earth was not covered by snow. As a result,
large areas sown to winter crops, particularly
wheat, suffered total or partial crop failures
and had to be resown to spring crops. Moreover, the summer of 1963 proved to be a hot,
dry one, particularly during the period of plant
vegetation and of the ripening of grain crops.
The unfavourable weather conditions extended
over a huge expanse of the European part of
the Union of Soviet Socialist Republics and

sections of Siberia and the Kazakh Soviet
Socialist Republic. As a result, the 1963 harvest
was below normal, especially in grain crops. At
the same time, record harvests of cotton and
other crops were achieved in parts of Central
Asia and other southern areas where irrigation
farming was practised.
18. The following table shows the present
level of production of grain crops and of the
principal livestock products as well as the
volume of production planned for the next
twenty years (1960-1980):

Table 1. Production of grain and of the principal livestock products
Total (in millions of tons)

Grain crops ............. .......
Meat (carcass weight) ............
Milk ........ ' .............. . . .
Eggs (figures for total production
stand for thousands of millions ;
per capita figures are the actual
number) ......................

Per ca[>ita average (in kilogrammes)

1962

1970

1980

1962

1970

1980

148.2
9.5
63.9

230-260
20-25
115-135

290-310
30-32
170-180

669
43
289

933-1,055
82-101
466-548

1,040-1,110
109-115
611-648

30.1

68

110-116

136

278

396-417

The implementation of this programme for
increasing agricultural production during the
next twenty years will call for a further expansion of productive resources in agriculture
through the use of intensified methods, the
comprehensive application of chemical processes
and mechanization as well as a sharp rise in
crop yields and animal-breeding productivity.
19. At the present time, the main task
facing the Soviet economy is to concentrate
resources and efforts on the creation of a highly
developed chemical industry so that it will be
possible during the next seven years ( 1964-

1970) to achieve a sharp increase in the production of mineral fertilizers, chemical plantprotection agents and other chemical products
for use in plant-growing and animal-breeding.
The extensive use of mineral fertilizers opens
the way to expanded agricultural production,
higher crop yields and increased soil productivity.
The following table shows the output of
mineral fertilizers and chemical plant-protection
agents provided for under the plan adopted in
the Union of Soviet Socialist Republics for
the next seven years (1964-1970):

Table 2

All mineral fertilizers
(standard types in
millions of tons) ...
Nitrogenous fertilizers ...........
Chemical plant-protection agents and pesticides (figures stand
for thousands of tons
of the active ingredient) ... ' ........

1963

1964

1965

1970

I ncretue for
lt.eriod
1 63-1970
(per cent)

19.9

25.5

35.0

80.0

300

8.6

10.2

15.0

30.2

250

79

126

450

610

63
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The production of mineral fertilizers is expected to reach 150-170 million tons by 1980.
More than 42,000 million roubles is to be spent
on development of the chemical industry and
the comprehensive chemification of agriculture
during the seven-year period (1964-1970) ; of
this total, approximately 10,500 million roubles
is to be invested in the chemification of
agriculture.
20. The Union of Soviet Socialist Republics
lags far behind the Western countries in the
production of mineral fertilizers and chemical
plant-production agents. It is planned to eliminate this gaP. by the end of the next sevenyear period (i.e., by 1970). Side by side with
the increasing application of technology in
agriculture, the production of mineral fertilizers is becoming a decisive factor in continued
agricultural growth21. Mineral fertilizers have heretofore been
used primarily for industrial crops (e.g.,
cotton) ; only on some individual farms and in
certain parts of the country have they been
used in limited quantities for grain crops. By
1970, roughly half of all mineral fertilizers
produced ( 30-35 million tons) will be
earmarked for grain crops. It will be used most
extensively on farms in the main grainproducing areas (the southern part of the
Ukrainian Soviet Socialist Republic, sections
of the northern Caucases, the central black
earth regions and the Virgin Lands Territory),
where it can be employed to the greatest
advantage. Gross grain output in the Union of
Soviet Socialist Republics rose from 82.5
million tons in 1953 to 148.2 million tons in
1962, for an increase of 80 per cent. This
was accomplished both by expanding the area
under grain crops (through the opening up of
virgin lands) and by raising crop yields. It is
planned to increase gross grain output to 230260 million tons by 1970 by raising crop yields.
The use of mineral fertilizers will be combined
with the widest possible utilization of all types
of local fertilizers, especially manure.
22. In addition, an extension programme for
the development of irrigation farming is being
prepared at present with a view to increasing
the production of grain, cotton and other
agricultural products on irrigated land. In
1962, the Union of Soviet Socialist Republics
had a total of 9.5 million hectares of irrigated
land. According to preliminary estimates, an
additional 2.8 million hectares can be brought
under irrigation in the next few years in the
Central Asian republics, Kazakhstan, the
Russian Soviet Federative Socialist Republic
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and the Ukrainian Soviet Socialist Republic.
By using part of the irrigated land for grain
cultivation, it will be possible to achieve an
annual increase of some 35 million tons (2,000
million poods) in the production of grain crops,
especially rk.e, winter wheat and maize. This
will permit the creation of a reserve stock so
that a certain quantity of grain will always be
available, regardless of nature's whims. Implementation of the grain production programme is considered to be of the utmost importance, since grain production is the essential
requirement for the further development of
animal-breeding and for attainment of the production goals for livestock products.
23. Action of this kind to increase agricultural production is made easier by the fact that
in the Union of Soviet Socialist Republics this
production is concentrated in large socialist
agricultural enterprises-state and collective
farms. History has shown that the position of
small peasant farms is a hopeless one, and they
are doomed to disappear. In France and the
Federal Republic of Germany, the liquidation
of these small farms is encouraged by the
State.
24. The development of socialist agricultural
production in the Union of Soviet Socialist
Republics is governed by a unified state plan.
Means are available for improving the utilization of land, technology and manpower, which
are concentrated in large agricultural enterprises. Objective conditions have been created
for the scientific organization of agricultural
production not only on each individual farm
but on a nationwide scale. Socialist agriculture
in the Union of Soviet Socialist Republics
makes use of modern technology, a vast army
of specialists and an extensive network of
scientific research institutions, experimental
stations and laboratories. Each passing year
witnesses an increase in the number of
advanced state and collective farms which attain
a high level of quality in their work, and the
experience of these farms in organizing production is passed on to the rest of the country's
state and collective farms.
25. In the next twenty years (1960-1980),
by making extensive use of mineral and
organic fertilizers and chemical plant-protection
agents and by raising over-all agricultural
standards, the Union of Soviet Socialist Republics will be able to increase total agricultural
production by 250 per cent and that of the
principal agricultural products by 100-300 per
cent, while population growth during the same
period will amount to 30 per cent.

Forecasts of nutritional requirements and the expected levels of demand
for food

P. V.

SUKHATME

1. The expected course of population growth
over the remainder of this century suggests
extremely large increases in food supplies even
to maintain current consumption levels over
the world as a whole. According to the United
Nations medium projections, world population
is expected to increase by 19 per cent from
1960 to 1970, and by 45 and 115 per cent,
respectively, by 1980 and 2000. Applied to the
current average world diet, these increases in
population would call for corresponding increases in food production.
2. In a purely academic sense, these food
supplies might be considered adequate if food
were distributed according to need-the global
average calorie requirement is roughly equal
to the average supply, and the present global
protein supply is sixty-eight grams per capita
per day and that of animal protein, twenty
grams which must be considered reasonable by
any standard. Distribution has, however,
always been a major factor, with the gulf between developing and developed countries
widening. In fact, findings of the Food and
Agriculture Organization (FAO) show that up
to one half of the world population, residing
mostly in the developing countries, is underor mal-nourished, while over-nutrition is an
accepted fact in the developed countries where
surpluses are accumulating. There seems no
shortcut remedy to the situation. The only
effective solution is to improve the purchasing
power of the peoples in the developing
countries.
3. Bearing in mind the immediate need to
increase the average per capita food supply in
the regions now suffering from hunger and
malnutrition, food-supply targets have been
formulated by FAO as a spur to action and in
order that nations may have a measure of the
task confronting them. These are shown on a
regional basis in table 1. They are described as
short-tem1, medium-term and long-term targets. They are not sufficient in themselves to
overcome the problems of hunger and malnutrition, which, in addition, require appropriate
measures to improve the distribution of food

and W.
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and education in nutritional requirements. The
short-term target aims at eliminating undernutrition and at meeting some of the most
urgent problems of malnutrition among vulnerable groups of the population. The mediumand long-term targets aim at a progressive
elimination of malnutrition, so that by the end
of the century only an insignificant proportion
of the population will be affected. The longterm target also reflects the additional needs
arising from improvements in health and
physique which are likely to take place with
the attainment of the medium-term target. The
short-term target is expected to be achieved
by 1970; the medium-term target goes one step
further in what must be a continuous effort to
achieve improvement in health and physique
through better nutrition, looking as far ahead
as 1980. The long-term target does not provide
any final answer to the problem of hunger and
malnutrition, but it gives some idea of the
scope for improvement in diet as the problems
of poverty and scarcity become less acute; it
is relevant for planning purposes, looking as
far ahead as the year 2000.
4. In formulating these targets, the technique of linear programming has been applied
in translating nutritional targets (for calories
and nutrients) in terms of foods, and care
has been taken to· ensure feasibility from the
technical, as well as the economic and nutritional, points of view. On a per capita level, the
recommended increases under the short-term
target are 17 per cent for the over-all value of
food supplies and 36 per cent in animal products in the developing countries. Under the
medium-term target, increases of 32 per cent
in the over-all value of per capita food supplies
and 78 per cent in animal food supplies are
suggested, the corresponding figures for the
long-term target being 49 and 120 per cent.
5. If consumption levels in the developed
countries were to decrease to the level implied
under nutritional requirements, the targets for
the developing countries would imply relatively
modest increases in the global per capita food
supply, on the basis of the existing population.
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Table 1. Per capita quantities of major food groups available and required under nutritional targets, together with the calorie and protein levels
(retail level)
(Grammes per day)

Near Bast
F Hd supplies

Required

Avail-

Item

able

Shortterm
target

Mediumtargef

term

Long·
term
target

429
147

384
147

A vall-

abk

Required

368
147

446

401

46

46

33
92
307

41

44

47
426

47

60

34

8

....... " .......... * .............

407

Starchy roots ......................

147

Sugar

25
55
170
23

25

29

73

82

192
30

256

3

4

42
6

13
55

19

27

73

9

12

Total ealories ...................... 2,080

2,290

48
8

57
10

15

20

14

100
100

117
134

138
195

163

100
100

Cereals

"' ..

.~

~

~

............

~

..........

~#~·~

...

~

Pulses and nuts ....................
Vegetables and fruits ...............
Meat
Eggs

Fish
Milk

... ..................... .. .......
...... ........ ........ .....
.... ..... .................
....... .....................
~

~

~

~

~

~

~

~

~

~

~

~

Fats and oils .......................
Vegetable proteins (g/day) ..........
Animal proteins (g/day) ............
Over-all index :
Total food .......................
Animal food ..................... ·.

countries)
Food suf>plies

Avail·

Required

Avail·
able

Slwrl·
term
target

Long·
term
target

330
394
32

330

64

330
473
29

37
215
40
4

44

at.le

Required

283
185

301
161

323

215

35
44
215

56

72

~:;.:1

6

8

0

8

10

12

260

96

143

203

23

22

23

2,480

19
2,360

2,420

2,460

44

60

50

49

426

6

53
10

70
10

55
322
93
15

37

6

8

9

13

119

137

216

307

216

15
2,300

18

20

25

2,400
58

2,480

2,490

22
2,460

62

57

262

Fooll suptlies

(esci. River Plate

92
55
322

56

Africa

Latin America

For BtUI (incl. China (Mainland))
PHd su;piie8

20

43
19

25

11

15

20

117
147

100
100

113
130

100

113

127

100

141

186

1:"'4

'"d

0

'"d

c::
~
~

0

z

(l

z>:!:!0
tl1
g;
z
~

\0
0'\
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The depressing effect of the increasing concentration of the world's population in the
developing countries on the global per capita
food supply, in relation to requirements, would
also become more modest. But it is extremely
difficult to envisage a net fall in the per capita
food supply in the developed countries. Assuming then that the level does not rise, overall increases in per capita food needs for the
world as a whole work out at 8, 16 and 24
per cent, respectively, under the three targets;
and 12, 25 and 39 per cent, respectively, in per
capita animal food supplies.
6. Tables 2a and 2b show the total increases
in regional food supplies suggested by 1970,
1980 and 2000, calculated on the basis of the
suggested increases in per capita food supplies
and the expected increase in the population.
For the developing countries as a whole, these
figures imply that to remove hunger and to
attempt a modest improvement in the quality
of diet to meet progressively the needs of the
vulnerable groups, the total food supplies will
have to be increased by 43 per cent by 1970,
103 per cent by 1980 and 261 per cent by 2000.

The corresponding increases for the animal
food supplies are 66, 174 and 432 per cent.
These are minimum increases calling for such
special distribution measures as school feeding
programmes. In actual fact, however, the usual
economic factors may largely continue to
determine the distribution of available supplies,
and this would call for much larger supplies
of food than those set out under the targets.
With this in mind, F AO has reached the
conclusion that world food supplies will need
to be doubled by 1980 and trebled by the turn
of the century, in order to provide a reasonably
adequate level of nutrition to the peoples of
the world.
7. If the increase in national incomes of the
developing countries is to be anything like the
rate of 5 per cent compound per annum suggested in the current United Nations Development Decade, the demand created for food will
be extremely large. Income elasticities for the
various food groups which are considered
typical of the various regions have been
estimated by FAO. These show a general tendency to decline as the general level of income

Table 2a. Index of needs in total and animal food supplies for the developing regions,
for the developing countries and for the world as a whole

(1960 = 100)
Total food

Animal food

Region

1970

1980

2000

1970

1980

2000

Far East ..............................
Near East ............................
Latin America a .......................
Africa ................................
Developing countries ...................
World ......... ······ ······ ..........

143
146
145
133
143
129

210
185
195
163
202
168

386
295
345
272
361
267

163
184
169
166
166
133

296
232
225
203
274
181

621
370
396
398
532
299

a Excluding the River Plate countries.

Table 2b. Index of needs in supplies of major food groups for the developing countries and for the
world as a whole

(1960 = 100)
Developing countries

World

Food group

1970

1980

2000

1970

1980

2000

Cereals ...............................
Starchy roots ......... ········ ........
Sugar ................................
Pulses and nuts ........................
Vegetables and fruits ...................
Meat ................. ······ ..........
Eggs .................................
Fish .................................
Milk and milk products .................
Fats and oils (incl. butter) .............

127
117
115
153
132
168
171
173
163
153

146
142
163
213
202
265
270
·290
280
219

223
223
281
365
363
535
545
624
482
382

123
117
114

139
138
148
193
171
178
170
135
177
171

202
204
228
312
275
299
269
447
271
264

144

124
134
129
156
130
130
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improves. Bearing these tendencies in mind
(which are more or less marked for different
kinds of food), and assuming a sustained
growth of Gross National Product of around
5 per cent compound per annum, the expected
Ievcls of food consumption in the various
regions, based on income and population

1965

growth, are projected for 1970 and 1980
in tables 3a and 3b. Suitable downward
adjustments are made to the total consumer
expenditure for 1970 in countries in which
the overall income growth and the percentage
of investment are now short of the level at
which such a growth is considered possible.

Table 8a. Projected level of demand for total and animal food at
constant priees (at the farm level) by 19'10 and 1980, for the developing
regions. for the developing countries and for the world as a whole
(1960= 100)
Total food
Region

Animal food

197(}

198()

1970

198(}

Far East . .. . . .. . . . . . . . . .

149

Near East and Africa... .
Latin America a . . . . . . . . . .
Developing countries. . . . . .
World .. ...... .. . .. . .. .

144
145

223
210

167
160
149
163
139

271
252

147
134

213
219
179

225

260
190

a Excluding River Plate countries.
Tahle 3b. Projected level of demand for major food groups for the

developing countries and for the world as a whole
(1960= 100)
Developed ~au..tries

Food group

Cereals ...... ' .. ' .......
Starchy roots .. ' ' ........
Sugar ....... ' ' ..........
Pulses and nuts ...........
Vegetables and fruits ......
Meat ................ , ...
Eggs ............. ' ... ' ..
Fish ........ ' ...........
Milk and milk products. , .
Fats and oil (incl. butter).

World

19711

1980

1910

1980

135

188
164

126

164

126

119

144

157

244

140
129
140

196
171

131

148
164
175
155
167
155

8. It may be seen that sustained economic
growth Qver the next two decades would lead to
increases in food demand that might well overtake the nutritional targets. Where they are
considerably above the nutritional targets, the
forecasts of demand at constant prices may be
regarded as flexible to some extent without
prejudice to the general rate of economic
growth. A substantial rise in food prices in
relation to other prices could adjust demand
towards supply. There is, however, a limit to
this downward flexibility because of the
undesirability of excessive rises in the relative
price of food at the farm.
9. It should he noted that the balance of
composition among the various food groups is
quite different between the nutritional targets
.a~~. the demand projections; sugar, fats and

176
221
263
292
238

271
240

144

196
202

141

196

143
136

205

134

185
180

cereals tend to rise more sharply under the
demand projections. Economic and nutritional
policies will he required to adjust demand in
accordance with nutritional considerations.
10. The total demand for food at the farm
level should rise somewhat faster than the
increases suggested, since differentials in the
quality of food-stuffs within food groups do
not enter explicitly into calculating the totals
in table 3b. The demand for the marketing
services associated with food products is
expected to rise even more substantially, partly
because of the more exacting nature of demand
as incomes rise and the decline in self-sufficiency among farmers, but mainly (in the
developing countries) as a result of urbanization and the associated shift in the occupational structure of the population that is ~xpected.
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11. In estimating future food needs and
demand, in the foregoing sections only the increase in the size of the population has been
taken into account, as changes in the rural/
urban and age/sex structure are known to have
a relatively small effect on over-all needs and
demand. Rapid urbanization, which is to be
expected for many of the developing countries,
will, however, lead to a very large increase in
the quantity of food marketed, the increase
being several times greater than that in the
total food supplies. This may present critical
problems with regard to the transportation,
processing and marketing of food supplies, even
if the total food supply increases in line with
total demand. Urbanization is also likely to
affect relative food prices, as the prices in
urban areas are expected to increase, owing to
increased marketing costs. At the same time,
there is a change in the consumption pattern
away from staple foods; consumption other
than food may become relatively more important. This might well depress food-demand
projections by a few per cent in the developing
areas. In the absence of detailed information,
it is, however, difficult to estimate by exactly
how much. The effect on individual food groups
may be even greater.
12. Regarding changes in the age/sex
structure of the population, the effect on the
total calorie requirement, in the context of
the existing population trends, can generally
be expected to be less than 10 per cent and the
effect on total protein requirement still smaller.
The effect of the age/sex structure on demand
for food may be somewhat more steeply graded
in practice, partly owing to concentration of
earning power within the family, partly to
inadequate nutritional education and partly to
taboos against using certain kinds of food. The
effect on over-all consumption can reasonably
be expected to be small, but it may be of
interest for some food groups, as quantitative
information becomes available. Without this
information it is practically impossible to tell
even the direction of expected effects on the
average consumption level in developing countries.
13. There is little doubt that the potential
for expanding food output to the extent implied
under the targets set out in this paper exists.
To look at the physical potential alone is,
however, to ignore the economic, technological
and institutional wherewithal required to realize
the potential. The increases in food production
called for in the developing countries are very
large and will demand a drastic change in the
techniques, major intensification and reor-
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ganization of agriculture. No generally accepted
answer has thus far been provided to the
question, "What are the prospects for increasing food output?". In order to provide some
broad conclusions at the regional level, the
authors have made plausibility assumptions
about the effect of technical progress on crop
and livestock yields, the effect of the rising
population on the intensity of cultivation
(which in turn affects yields) and the possibility of increasing production through the
development of new land resources.
14. As regards technical progress, the advantage seems to lie mainly with the densely
settled areas, which generally offer more
favourable conditions for the application of
many of the new techniques suitable for increasing production. It may not be unreasonable to expect a simple annual rate of increase
in production of 1.75 per cent in the densely
populated areas of the Far East through the
application of improved techniques on the
existing agricultural land. Relatively smaller
increases may be expected in the less densely
populated areas. The authors have assumed
rates of 1.25 per cent in the Near East, 1
per cent in Latin America and 0.75 per cent in
Africa.
15. More problematical is the assessment of
the likely effect of rising population on food
production in areas where a large proportion
of the population lives on and by the land. With
rising populations, in these circumstances, even
with no increase in cultivated area and no
technical progress, production tends to increase
with the natural evolution of a more intensive
use of available agricultural resources, resulting in increasing yields. There is clearly more
room for this intensification without technical
progress in the emptier regions of Latin
America and Africa than in the Far East,
where land resources are already being used
more intensively, or in the Near East, where
the lack of water is a severely limiting factor.
From the limited information available, it has
been assumed that there are "elasticities" of
0.7 for Africa and Latin America, and 0.3 for
the Far East and Near East, for the proportionate effect of rising population on production. The effects of technical progress and
rising population on production are not independent. The joint effect of the two is also
taken into account in these calculations.
16. As regards the third factor, the scope
for extending the agricultural land is naturally
largest in the least densely populated areas.
It should be possible to achieve simple annual
rates of increase in production as a result of
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developing new land resources of 1.5 per cent
in Africa and Latin America, against. only 0.25
per cent in the Far East and the Near East.
17. For the developed regions, the authors
have assumed in their calculations straight
rates of increase on the basis of past trends.
18. On the basis of the assumptions noted
above, production in the developed countries
will rise by 65 per cent by 1980 and thus
exceed food needs which, on the basis of
trends in population and income, will not rise
by more than 25 per cent. For the developing
countries, taken as a group, the reverse picture
obtains. With considerable effort, production
might increase 70 per cent by 1980, though
food needs-so defined as to take into account
population increase and modest quantitative and
qualitative improvements in diets-will have
risen by around 100 per cent. These broad
figures conceal a wide variety of conditions.
Thus, in the Far East, where the heart of the
world food problem lies, and in the Near East,
production will fail to meet needs. Production
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and needs are expected to be more or less
the same in Africa, and there is an expected
excess of production over need in Latin
America. On a world-wide level, production
will be more or less equal to needs. If food
deficiencies and surpluses are to be levelled out,
food trade (or aid) from the developed to the
developing countries should amount to some 10
per cent of the world food production in 1980,
compared with the current rate of less than
5 per cent.
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Historical evidence concerning the effect of population pressure
and growth on technical progress in agriculture

E.
I.

DE VRIES

THE BEGINNINGS OF AGRICULTURE

1. There has always been a very close relationship between the productivity of land and
the density of population. In the hunting period
densities were exceedingly low. According to
Grahame Clark, neolithic Britain had a population of 20,000 (twelve square kilometres per
capita) and in the Middle Bronze Age double
that number. 1 Colin Clark states that most
of these were in England, where they had less
than five square kilometres of hunting ground
per capita and really had to begin to think
about agriculture. 2
Shifting cultivation
2. It seems that, regardless of distance from
the equator, the main form of agriculture was
"shifting cultivation", the slash-and-burn
method. The (stone) axe and fire were the
main agricultural tools. The system invariably
requires short periods of cultivation, interrupted by long periods of fallow.
3. In Indonesia (mainly Borneo and New
Guinea), it was found that this method could
sustain densities of forty persons per square
kilometre. 3 Where densities of population
become too large, regressive ecological conditions set in and movements of people over
larger distances become necessary. Generally,
not all land is involved in a cyclical utilization,
and one should distinguish between populationdensity and occupation-density, for example,
the number of people per square kilometre of
land included in the rotation. As in earlier
times, fishing added to agriculture can sustain
a much greater density of population, but good
fishing grounds close to settlements are relatively scarce. This would, in small pockets,
increase the occupation greatly. Colin Clark
1 Grahame Clark, Archeology and Society, 2nd ed.
(London, 1947) as cited in Colin Clark and M. Haswell, The Economics of Sub.sistance Agriculture
(London and New York, 1964), p. 25.
2 Clark and Haswell, op. cit.
a J. A. van Beukering, Het Ladangvraagstuk, Een
Bedrijfs-en Sociaal Ecm>omisch Probleem, Mededeelingen van het Department van Economische Zaken
in Nederlandsch-Indie, No. 9 (1947).

enumerates many cases of measurements of
"occupation-density", of yields per hectare,
per man-year or per man-hour. 4
4. Of course, wide variations are found,
depending upon local conditions. However, on
the basis of observations, annual production
(and consumption) in kilogramme grain
equivalents per capita varies least of all. It
ranges from 250-300 kilogrammes per capita,
the biological requirements for man to survive
on a sustained basis.
5. The assumption of 250 kilogrammes
seems to be quite reasonable. 5 Based upon a
family of five, and a productivity of 1,000-1,500
kilogrammes per hectare, one family needs
about one hectare of harvested cereals as its
nutritioual basis. It then depends upon the
length of the cycle and how great the "occupation-density" can be without disturbing the
ecological equilibrium. Colin Clark on the basis
of a private communication by Pierre Gourou,
estimates that in the whole of "Black Africa",
the amount of land cultivated is about one
thirtieth of the potential cultivable land. 6 This
then would mean that one family needs about
thirty hectares of cultivable land, for example,
an occupation-density of six hectares per
person or seventeen per square kilometre. It
should be kept in mind that large parts of the
main continents are beyond the occupational
cycle.

II.

LN'TRODUCTION OF NEW METHODS I'N AGRICULTURE

6. Productivity of land is a function of soil
and climate, but also of the technical level of
agriculture. In the pre-scientific period (for
example, the conscious search for improvements
through the application of biological and technical sciences), the possibilities of changes in
technology were scarce. It would be wrong to
Clark and Haswell, op. cit., pp. 37-47.
This assumes some additional food from "gathering in the field", as well as production from small
gardens.
6 Clark and Haswell, op. cit., p. 46.
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underestimate the impact of these changes,
however.
7. The first one, the transition from
gathering to harvesting, for example, from
collecting products of nature to products of
culture, was revolutionary. It is a fascinating
subject of further research in the prehistory of
man, but somewhat beyond the scope of this
conference and certain1y beyond the scope of
this paper. These remarks on shifting cultivation relate to a period of local adaptation over
some thousands of years,
Irrigation

8. Irrigation was a second revolutionary
step, which, of course, came after shifting
cultivation. Irrigation, generally speaking,
marks the transition into permanent cultivation. It adds water as a main agricultural
implement to fire and, in the long run (but
very late), replaces the fire. Even in densely
populated Java, at the moment, straw is burnt
on the sawahs before ploughing. Irrigation
greatly increases the carrying capacity of the
land. Maintaining the primary base of one
hectare of harvested cereals per family, occupation-density would rise to 500 people per
square kilometre.
9. It should be noted that, generally
speaking, irrigation is possible on1y on a small
fraction of the territory of a nation or area and
that, therefore, population density would remain
at a low figure. The figure given above also
disregards the likelihood of higher yields per
hectare and the (limited) possibility of double
cropping. Taking into account these factors, a
full hectare of irrigated land leaves a margin
above "subsistence-level". The traditional unit
of cultivation then may well be reduced, e.g.,
on Java, in the Hindu period, the unit (Bahu,
meaning cultivation-family unit) was 0.7
hectare. I£ one assumes doubling yields through
irrigation, a payment of tithes or taxes of 20
per cent would still leave the family slighdy
better off than shifting cultivation. But if the
levies became too oppressive an escape into
dry-land shifting cultivation of rice would
remain an effective line of defence of the
cultivator. Until very recently, this was shown
dearly on Java, through the establishment of
new villages in the hills or in newly reclaimed
forests.
10. Administrative or political pressure
often operates with an explosion of evasion;
population pressure would have the same
impact on peasants' income, but this would be
more of a creeping nature. On Java, it often
means opening up dry fields on the mountain-
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side, while retaining the home base in the
village.

New cultivated plants-domestic animals
11. It should be noted that population
pressure-by inducing people to use marginal
land in a new sense of margin under the
impact of the new technique-can cause the
reintroduction of older techniques. Some of the
most spectacular of these shifts are linked with
the introduction of another element-new
cultivated plants and domestic animals. Next
to irrigation, this has been the most revolutionary factor in improving agriculture. The
interchange between the eastern and western
hemispheres since 1500 A.D. constitutes the
greatest revolution in agriculture in historic
times. Maize, the potato, cassava and the
peanut have saved Europe, Asia and Africa
from starvation. \Vithout wheat, sheep, cattle
and horses, the western hemisphere could not
have been developed at all. Coffee and cocoa
were exchanged across the South Atlantic.
12. If, after 1650, a noticeable increase in
population occurred, new crops and the accompanying intercontinental trade were its
main source. The application of science (notably medical science), in the author's opinion,
came later.
13. In the Danube basin, the rural population doubled in a very short time after the
introduction of maize. In south China, the
sweet potato, in combination with maize, had
a similar effect. Without the potato, Europe
would have been a dramatically over-populated
country, as shown by the famine in Ireland.
Similarly the Indians of North America could
not have put up any resistance against the
settlers without the horse and cattle, brought
by the Europeans. And Africa responded immediately to the introduction of cassava, in
1861, by a missionary who was attempting to
stave off famine in Rhodesia.
14. The conclusion may be that population
increase has responded to a variety of innovations in agricultural techniques.

III.

EFFECT

OF POPULATION
AGRICULTURE

PRESSURE

ON

15. However, the organizers of this conference ask the most difficult question of the
inverse relationship. To what extent has population pressure forced or induced people,
groups or nations to change the pattern of
their agriculture? This is a challenging question
which has, so far, no conclusive answer. Much
basic research, country by country, would be
needed and might be very worth while. In this
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paper, only a few answers to the challenge of
population pressure are indicated.
16. On the island of Java, population pressure became felt after 1880 as an aftermath of
crippling loss of income from cash crops
(diseases in sugar cane and coffee, elimination
of indigo by synthetics and low prices of rice).
The Government answered with the palliative
of reduced taxes on labour. Then the peasant
answered by a dramatic increase in double
cropping (polowid jo) on irrigated rice fields
in the dry season, which in turn, caused the
Government of Indonesia to make irrigation
more dependable, around the seasons. Corn,
peanuts, cassava and, at a later date, soya
beans became the most important "second
crops". Soon (there is little indication of the
precise sequence) these same crops also reduced
the area under dry or highland rice and, in
that respect, were even more successful than
on irrigated land, where rice remains the only
crop in the rainy season.
17. In the plains of western Java, where
both the dry season and irrigation are less
dependable, one-crop one-season rice has persisted. Atempts to introduce polowidjo were
frustrated by roaming water buffaloes. Currently, however, under the pressure of population, the introduction, between two rice
crops, of soya beans, followed by maize, is
aimed at as a governmental policy.
18. In a sense, wherever improvement of
irrigation or drainage becomes considered
necessary and profitable, the demand can be
seen as being induced by population pressure.
Heavy investments (also if mainly in labour)
are rational only in view of rapidly expanding
demand. If demand is not rapidly expanding
smaller improvements will be more profitable.
19. It remains to be decided whether a
change in demand directly influences agricultural practice. In a theoretical concept of subsistence agriculture, this would seem logical,
but it may well be that the indirect influence
through (relative) price levels operates much
more effectively. The book by Slicher van Bath,
although not written with this agro-economic
focus, illustrates amply the thesis that throughout the Middle Ages, in most of Europe,
relative prices had a profound effect on agricultural methods, choice of crops, etc. 1
20. Population pressure through natural increase of slackening of pressure, as a result of
epidemics or war, repeatedly caused shifts from
crops to pasture, from cereals to vineyards

and vice versa. It is the reversibility of these
processes which is most astounding. The real
income of the non-farmer seems to have been
even more affected by the adaptation of cropping patterns to price levels than the real income of the farmer (largely determined by
physical outputs of agriculture). Thus, there
are clearly distinguishable periods of agricultural decline and prosperity. The former results
in deserted land and villages, the latter in wellbuilt farm-houses and precious metals flowing
to the villages (largely for conspicuous costume
decoration). In the remarkable volume by
Slicher van Bath, evidence is given repeatedly
of the effect of less population, as epidemics or
wars operate on short terms. The reverse effect
of population increase works more slowly and
seems often to have been overshadowed by
events operating on price levels through
marketing forces (improved transportation). In
contrast to other historical works, Slicher van
Bath begins his analysis from demographicsocio-economic forces and fits, as a result, the
political-socio-economic changes into his pattern.
21. In many historical studies of Europe,
power structures are the point of departure.
The interrelations with demographic-socio-economic forces then are often blurred. As an
illustration, rather than as a generalization, one
may mention the outstanding Shorter Cambridge Medieval History, where the index does
not contain the words "agriculture" or "population", but where it is stated, "In like
manner-the new (Anglo-Saxon) colonistsbegan the felling of the vast primeval forests
for fresh settlements, where Roman clearances
had but feebly preceded them. The process was
to continue for centuries as the population
grew, and to change the face of Britain". 8 This
may mean shifting cultivation in earlier periods
(but even then the forests would not be
primreval); it certainly means that in the early
Feudal period the heavier (Saxon) plough
enabled people to cultivate longer strips of
heavier soil. These fields yielded more easily
a surplus for sale (or taxation) and contributed
to the commercialization of agriculture. But it
should be kept in mind that during the Roman
period, Britain was already exporting grain for
the garrisons along the Rhine, via the Lowlands.
22. With regard to Europe in general,
Slicher van Bath states that during the period
under consideration, the possibilities of ex-

1 B. N. Slicher van Bath, De agrarische geschiedenis van West Europa (1500-1850) (Utrecht/Ant·
werpen, 1960).

M C. W. Previte-Orton, The Shorter Cambridge
Medieval History, vol. I (Cambridge, 1953), pp. 171-

172.
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panding the area were very limited and the
relation between numbers of consumers and
agriculture was precarious. 9 Small changes in
the number of people could upset the balance
and a shorta<Ye of food, drink and clothing was
the result-f:rmers are a well-known historical
phenomenon-but an even worse effect came
from chronic malnutrition. If this became the
case the poor shifted from expensive towards
chea'p food away from animal protein and fats
towards ~heaper starch products. . Righ~y,
Slicher van Bath draws a companson wtth
many developing countries in curre~t times.
Perhaps significantly, he attributes tmprovements in the first place to the development of
trade and industry, hence to improved marketing outlets and sale of products as a way
out for stagnant over-populated rural areas. It
seems that in medireval Europe the technological improvements i!l agriculture wer: achie-yed
through the circUltous way of mcreasmg
demand from the non-agricultural population
leading to increase in prices for f~d an~ fibr~.
These prices activated farmers mto dtvers;fication, intensification and land reclamation
(including the construction of polders). Population increase in the rural areas alone
ll

Slicher van Bath, op. cit., p. 17.
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would luwe induced malnutrition and apathy.
23. It might be noted that the wholesale
inexpensive importation of grain (from the
Baltic then from the Black Sea, then from
Nortl; America and, finally, from Argentina)
into the main consumption centres of western
Europe brought about a reversal o£ agriculture
into a stagnant, backward industry.
24. The question arises, whether it may be
expected that increase in rural population per
se will induce farmers to intensify and produce
more. Apart from the pure subsistence agriculture (and most peasants are at least in a
transitory stage), the author cannot be confident. It may well be that a reduction of fallow,
over-grazing and erosi~n. wil! set in, leading. to
a reduction of productlVtty mto a Malthus1an
equilibrium in poverty and misery. It may well
be that promotion of the sale of products (not
for taxation, tithes or rent) for feeding the
non-agricultural population is a better road
towards technical and economic improvement.
Population pressure, then, operating through
urbanization and industrialization, would have
a beneficial effect on agricultural techniqueswithout the development of the non-agricultural
sector it would work to the detriment of
agriculture.

The e:flect of population pressure and seasonal labour surplus
on the pattern and intensity of agriculture

T.
How

YAJIMA

THE PATTERN WAS DETERMINED

1. It is almost taken for granted that the
population pressure in Japan has made the population density become so high in the rural
areas and, accordingly, the individual farm
become so tiny. It is believed also that rice was
chosen as the main crop in compliance with the
population pressure, as well as with the
monsoon-type climate, because rice can be
cultivated with very high labour intensity in
that climate.

2. This is true to some extent, but it is also
true that the tiny farm itself is a cause of
over-population and it, with the one-sided rice
cultivation, is a cause of seasonal labour surplus
in the farm. It is affirmed by the statistical
survey that the smaller the farm size is, the
higher the rate of natural increase of population, as well as the birth rate, and that the
area where the percentage of very small farms
is predominantly high in proportion to other
sizes shows more rural exodus than other
areas. 1
3. Generally speaking, the population increase takes place mainly in the rural area,
while the rate of increase of farm income
cannot keep pace with that of population.
1 T. Yajima, Farm-ers' Health and Agricultural
Labour-Power in the Paddy-field Farming, Hokkaido
University Bulletin (1954).

Therefore, increased population is absorbed by
non-agricultural sectors. In other words, the
non-agricultural industries are supported by the
population discharged from the farming area.
4. In Japan, the development of industry
began about a century ago with light industries
like cotton and silk fibre and textile manufacture. With the development of this industry,
the population, mostly female, who were
discharged from the farm, have been indispensable. In that way, the small farm with a onesided single enterprise was necessary.
5. The basic agricultural policy also has
been to keep and maintain such small family
farms as much as possible and to produce as
many food crops, especially rice, per hectare
as possible. Thus, agriculture was shaped and
promoted by the Government rather than hy
the farmers' own initiative. The government
subsidy plays an important role for this
purpose.
6. On the other hand, that the farm is of
a tiny size is a traditional remnant from the
feudal age. It is by no means a creation of the
capitalistic economy, which only took advantage
of this legacy. In regard to the population
pressure from outside upon agriculture, it must
have been reduced as economic development, as
a whole, progressed.
7. However, the industrial structure has
remarkably changed, especially since the Second
World War, as shown in the following table:

Table 1. Gross value of industrial products
1930

Textile

..... .....
............
'

(thousand
million yen)

1956

(million yen)

(percentage)

2,174

36.6

1,420

16.8

(perce11tage)

501

8.4

1,666

19.7

Machine ..

695

11.7

1,540

18.2

Chemicals

902

15.2

1,560

18.4

5,937

100.0

8,474

100.0

Metal

ToTAL
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8. The weight has shifted from the light
industries to the heavy and chemical industries,
which do not depend so much on a part-time
surplus labour force released from the farm as
the former did. Furthermore, the problem does
not lie only in the quantity of labour-power in
demand, but also in its quality. They do not
need so much unskilled labour as before. They
are short of necessary labour supply, but the
labour demand does not agree with the labour
supply released from the farm because of the
difference of labour quality demanded and
supplied.
9. Most economists, in their current theories
of economic development, do not consider it
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either necessary or fitting for industry, after it
has reached an advanced stage, to live on cheap
labour, immobilized by land property.
THE DECREASE OJ!' FARMING POPULATION AND
ITS BACKGROUND

10. It is a well-h'n.own fact that the average
and marginal productivity of labour is much
lower in agriculture than in industry. It is also
true that the difference in productivity and
efficiency between industry and agriculture is
greater in Japan than in other highly developed
countries. For example, note the difference in
daily wages:

Table 2. Ditference in average daily wages
(Yen)

Mining ........ ' , ..
Industry ....... ' ' ' .
Commerce ..... '.'.
Agriculture:
Male ..... ' '
Female

1957

1958

1959

196(}

1961

1,024
806

1,073
863
862

1,141
935

797

1,043
799
802

1,258
1,041
970

327
261

343
273

351
288

382

926

466
385

314

· 11. This phenomenon should be interpreted as that, in Japan,
the population pressure is much stronger in agriculture than industry, while mobility of agricultural resources, including family
labour-power, is greatly limited, and that the capital formation in
agriculture is much less and slower in tempo than in nonagricultural sectors, as shown in the following table:
Table 3. Capltal formation
(Thousand million yen)
1951

1958

Capital formation in agri.. culture .....................
201
.·Total. capital formation ..... 2,731

12. However, the population engaged in
farming began to decrease in these years at the
annual rate of 3 per cent. This should be called
a new trend in Japanese agriculture, because
Japan has never experienced such a de(:rease of
farming population in the past. It is expected
that this population ·decrease should have an
important influence upon the future pattern of
agriculture in Japan.
13. The de(:rease of farming population is,
of course, primarily caused by the rapid economic growth in non~agriculturru sectors, but
it is also because of the changed character of
the farming family itself. As is well known,

19$9

.196(}

1M1

1962

204

226

3,523

279
4,720

345

2,800

6,240

349
6,354

Japanese agriculture consists of family farms
based on intensive work done by family members. Such a family farm is, so to speak, covered
with a semi-permeable membrane through
which out-flow of family members is not easy.
The stronger the family tie is, the more difficult
it becomes to release a family member, as an
individual, from the farm. Such a situation has
been found to be more or less prevalent among
the family farms in Japan. However, once the
family tie slackens, the permeability of labourpower through the family farm barrier becomes
apparent. It is true. that a traditional institution
like the family system is not easy to break and
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slow to be dissolved, but such a dissolution has
begun.
14. It must be admitted that the background
of this social change is not so simple, but the
following points should be considered essential,
in so far as the family farm is concerned. First,
it must be pointed out that the constitutional
law and the civil law, both basically revised
after the Second \Vorld \Var, no longer accept
the family as a judicial unit and, thus, the
superiority of the family over a family member
was denied. In addition, education, based on
the new educational basic law following the
same line, has brought up the young generation
to be more individuality minded.
15. Secondly, the division of labour in the
farm among the family members has been
gradually formed as the agricultural technology
has advanced. In that way, the basic or essential
family worker began to be set up as separated
from the assisting family worker or help-hand.
The farm family now consists of three different
groups-basic workers, assisting help-hands,
and dependants-more clearly than in the past.
At the same time, seasonal dilution of labour
among family members is becoming more and
more difficult.
16. The basic fan1ily workers are more
stable than the assisting ones in population
movement, while the latter have higher mobility
and permeate more easily through the institutional membrane. 2
17. On the other hand, the farm land law
helps to hold the basic family worker on the
farm, because the farmer is the only one who
is entitled to maintain and purchase the farm
land, according to the law. Therefore, once he
loses the farmer's status, he loses it permanently. This is one of the reasons why the
number of farms does not decrease as greatly as
the farming population. The former is decreasing at an annual rate of less than 1 per
cent, while the latter is decreasing at the rate
of 3 per cent.
18. Thirdly, the impact from outside must

he pointed out. While the impact is not strong,
over-saturation of labour-power occurs inside
the farm. However, as economic development,
as a whole, proceeds, such an impact becomes
strong. Farmers are increasingly obliged to
depend on the market, for instance. Once
2

Basic
family
workers
(1,0()0)

February 1960. . . . . . . . . . . . . . . . 11,687
December 1961. . . . . . . . . . . . . . . 11,126
December 1962................ 11,251

Assisting
family
workers
(1,000)

5,856
5,555
5,290

shaken, they can no longer hold the oversaturation status.
19. Finally, it must be mentioned that compulsory education was extended from six to
nine years after the Second \Vorld War and
almost 100 per cent of the people complete
elementary and junior high school. The population entering senior high school has also
increased tremendously in number since the
war. This is a general tendency both in urban
and in rural areas.
20. It is also a well-known fact that the
longer the education period is, the farther and
wider. one's moving distance and area becomes. 3
An educated son or daughter of the farmer has
more chances to earn higher wages in other
businesses than does a less-educated one. For
the former, the difference of marginal productivity in and out of the farm is greater than
for the latter.
21. The population pressure will increase
almost in proportion to the number of part-time
assisting family workers and the length of their
education period, set other things being equal.
This relationship may be summarized as
follows:
P

=

rE ·A

=

Where P
population pressure; E
length
of education; A
number of family members
assisting in farm work
AN

=

EXPECTED PATTERN OF AGRICULTURE

22. The farmers are currently confronted
with the problem of how to adjust the traditional type of farming to the new circumstances.
The seasonal surplus labour should be minimized as far as possible through an appropriate
combination of farm enterprises. In this context, the dairy enterprise, especially winter
dairying, shall be recommended.
23. One may consider an average farm with

2.5 working units

of family members in
Tokachi, Hokkaido, which is a representative
up-land crop area in Japan. The major crop
in this area is currently beans, which occupy
about 50 per cent of the total acreage under
cultivation. Here an average farm has about
ten hectares of cultivated land. Having such a
farm in mind, the following simplex table was
set up:
. 3 See, for example, Paul Henry Landis, Rural Life
m Process, 2nd ed. (New York, .McGraw-Hill, 1948),
p. 194.
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Table <I
Net income per 10 ares and head ........... .

7,528

6,945

p1

p•

(l>eans)

(potatoes)

1
3.2
4.7
6.3
2.9
5.9

Land ........................... '······· ..... .
May (675) ................................... .
June (675)... . . . . . . . . . . . . . . . . . . . . . . . .
. ... .
July (675) .................. ' ................ .
September (607.5)... .. .. .. . ................. .
October (540) ............................... .

It should be noted that 2.5 labour units with a
ten-hour workday and twenty-seven working
days per month makes 675 hours, and that the
labour hours in September and October are
shortened to nine and eight, respectively, in

5,928

11,448

p,

Ps

( sugar·beels)

1
10.3
1.0
5.8
17.0

(wheat)

1
0.9

1
17.5
16.6
1.6
22.0

13.0
13.0

52,344
p6

(milk cows)

6.8
27.0
38.4
26.2
53.2
17.1

consideration of shorter daytime in these
months.
24. The results of the linear programming
with variable total acreage are shown in the
following table :

Table 5
Step

Beans ......
Potatoes ' .. ' .. ' ...
Sugar-beets
24.55
Wheat . ' ..... ' ..
Milk cows ... ' .....
Total acreage ............
24.6
Marginal income .... ....
Productivity of land ..
11,448
Net income .............. 280,996

This table shows that beans and milk cows
make the best combination for a 12.13 hectare
farm which promises 922,030 yen in net income
with a better distribution of labour.

4

5

36.03

69.34

2

j

17.15

4.48
17.27

7.76

9.51
81.8

9.34
85.3

106.1

7.64
121.3

7,214
694,285

6,862
717,780

5,851
839,700

5,413
922,030

1

9.16

25. However, now that an increased yield
is in good prospect through improved technology, the net income per ten ares and head
can be set with safety as follows for the near
future:

Table 6. Simplex table (with variable total acreage)
Net income per 10 ares
and head .......... 10,526
Pt

(beans)

Land

...............

May (675) ..........
June (675) ..........
July (675) ...........
September (607.5) ...
October (540) .......

1
3.2
4.7
6.3
2.9
5.9

9,597

13,572

Po
Ps
(potatoes) (sugar-beets)

1
10.3
1.0
5.8
17.0

1
17.5
16.6
1.6
2.0
22.0

8,440
P.

(wheat)

1
0.9
13.0
13.0
0.5

53,974
p5

(milk

CO'WS)

5.2
24.5
29.3
23.1
41.7
17.1

26. The linear programming with the simplex table shown
above leads to the following results:
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Table 7
Step
l

Beans .. .. . ' .... ' ........... '
Potatoes .......................
Sugar-beets ' ........... '. ' .....
Wheat ..... ' ...................
Milk cows ................... '.
Total acreage ..................
Marginal income ' ...... ' ' .. . . . .
Productivity of land ............
Net income ............... ' .. '.

2

3

61.75
24.55

13.73

24.55

86.06

10.28
115.17

13,572
333,130

9,819
937,210

9,183
1,204,470

13.91

In this case, one may expect 1,204,470 yen in net income from
beans and milk cows on 11.5 hectares, with much less seasonal
labour surplus.
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interrelation between population
trends and agricultural methods

EsTER BosERUP

Role of peasant-workers in economic deve•
lopment under conditions of population
pressure
I. K:RASOVEC
Peasant~workers. (also called workers-peasants, senu-proletanans, part-time farmers) are
fa~ng people ":'hose holdings are too small,
owtng to populatton pressure and lack of land
an~ who supplement their farm income by
taktng local non-agricultural jobs at low wages.
They were an almost negligible proportion of
the rural population at the time of classical
industrialization, tending to disappear in the
~igh stag~ of development. Today, however,
~n dev~lopt~g countries, they are substantially
mcreastng m number and proportion (from
one fourth to one half and more of total
agricultural holdings).
H;avin~ been t~e poor_est segment of the populatton. m prev10u~ times, they are today
wealthier than margmal farmers and unskilled
factory workers (owing to shorter working
days, modern transport and farm mechanization), and constitute a considerable accelerati?g factor in economic development by
makmg possible greater national savings in
soc;ial. investments (housing, etc.), thus,
reltevmg the pressure on the food market and
by increasing effective demand on cons~mer
goods of higher elasticity. This is even more
the case when they are better protected against
excessive exploitation and their agricultural
production is encouraged. Their alleged weaker
productivity, both in agriculture and urban
industries, is outweighed by the above advantages.
This paper refers to the cases of Yugoslavia
and Poland, and makes reference to some
suggestions on how the contribution of this
stratum could be greatly increased if their
development and activity were planned, guided
and encouraged. Some reference is also made
to conditions of pressure of the population in
towns and to the abundant supply of land in
rural areas (as in the countries of Africa, south
of the Sahara). The role of the peasantworkers is, however, considered a temporary
one which exists only during the take-off st.'lge,
and for some time after, until a higher stage of
economic development is reached.
STANE

When population growth increases the ratio
of population to land, it becomes necessary to
shorten the recovery periods for the land, i.e.,
to l~t one crop follow. more closely upon the
prevtc:us o?e on any gtven plot of land. Such
mtenstficatton of land use must result in a
deterioration of the soil unless the shortening
of recovery periods is offset by additional
agricultural operations designed to protect the
land and preserve its fertility. Therefore a
cul!ivator family in a densely populated reglon,
which must ~se the land intensively (for instance, by takmg more than one crop from the
same plots each year), must spend far more
hours per year in agricultural work than a
cul~ivator family in a sparsely populated region,
w~tch .can m.ake use of. long fallow periods.
Wtth mcreasmg popu!atton density, there is
thus a tendency not to mcreasing underemploym~nt in agriculture, but to a fuller employment,
\~tth vol;mtary underemployment gradually
dtsapv;anng and seasonal underemployment
becommg much reduced, if not eliminated
completely.
Since the extensive systems of agriculture
are so easy and leisurely, the cultivators are
likely to continue to use them in communities
with. sparse and s.tagnant population. Such commuruttes are unhkely to develop economically,
because the need for very large fallow areas
forces the cultivator families to live in smali
widely scattered groups.
'
The change of fallow system that must
occur under the pressure of population growth
has far-reaching repercussions on the way of
life of the rural population because land tenure
social organization and many other factors ar~
interconnected with the system of land use.
Moreover, some of the changes caused by the
shortening of fallow affect death rates and birth
rates, and t?ere is thus a two-way connexion
between agncultural methods and demographic
trends.
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Interrelationships
among
population
trends, land avallabilities and food
supplies
RALPH

\V.

PHILUPS

The nature of the interrelationships among
land available for food production, population
numbers and food supplies depends upon many
factors, as they interact in any local or national
situation.
Land is limited; the amount available per
capita is being rapidly reduced as population
increases. In 1960 there were 1.2 acres of
arable land per capita in the world. Keeping
the amount of arable land constant, there were
1.92 acres per capita in 1920; in 2000, the
amount will be 0.6, assuming the United Nations medium projection of population is correct. Even if all the some 3,000 million acres
of potentially arable land could conceivably be
brought under cultivation by 2000, the amount
per capita would be less than in 1960; the
amounts of grass and forest lands would be
substantially less.
Per capita calorie supplies vary from 3,510
per day in New Zealand to 1,800 in the
Philippines; total protein from 112 grammes in
New Zealand to 42 in Ceylon and the Philippines; animal protein from 77 grammes in New
Zealand to 6 in India. Even to maintain the
current unsatisfactory dietary levels, the Food
and Agricultural Organization estimates that
world food production must be increased by
123 per cent in 2000; if there is to be reasonable improvement, food production must be
increased by 174 per cent. In countries where
population is rising most rapidly, and to reach
a more modest dietary target, an increase of
293 per cent would be required, involving
increases of 130 per cent in cereals, 275 per
cent in pulses and 485 per cent in animal
products.
In view of the many technical, economic and
organizational problems to be overcome if such

increases are to be achieved, national leaders
must recognize the nature and magnitude of
the task, and initiate much more substantial
action than is now taking place, in order to
develop agricultural resources and to bring
agriculture into its essential place in economic
development.

The influence of population trend in the
plans of developing countries
N. K.

SARKAR

An aspect of population movement that has
been paid relatively less attention in the development plans of developing countries is the
rural to urban migration. As industrialization
progresses, this type of population movement
gathers momentum and creates significant differential in the rural and urban population
growth rates. The areas where the impact of
these differential growth rates are felt most
acutely are food supply, housing and employment. Among these three, the food shortage
in the urban areas has the most explosive
consequences. The urban food-supply mechanism is put under a severe strain as consequence of such developments.
The economic plans generally have not taken
note of the possibility of a supply gap in food
for the urban areas. It is possible, however, to
obtain a rough estimate, under certain simplifying assumptions, of the growth rates in
the demand for food of the urban and rural
sectors, as implied in the various growth targets
of the plans. These estimates suggest that in a
number of countries a serious shortfall in urban
food supply may appear if the plan targets, as
set forth in their plans, are indeed successfully
implemented. If this inconsistency is to be
avoided, what is called for is either a reconsideration of the plan targets or policy measures
aimed at increasing the urban food supply and
achieving a more rational distribution.
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