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Preface

The Population Bulletin of the United Nations presents brief articles relating to
population which, by their nature, do not require separate publication. Material for the
Bulletin is selected in the light of the interests and needs of Governments, international
organizations, research institutions and individuals engaged in social and economic
research, as well as the public interested in population.

The first seven issues of the Population Bulletin were prepared by the Population
Division of the Department of Economic and Social Affairs of the United Nations
Secretariat between 1951 and 1963. The Bulletin has now been reinstated as a United
Nations publication in accordance with the endorsement and recommendation of the
Population Commission at its eighteenth session, and, as in the past, it will be prepared
by the Population Division.

It is expected that most of the articles to be published in future issues of the
Bulletin will be prepared by the United Nations Secretariat in pursuance of the
programme of work recommended by the Economic and Social Council and the
Population Commission. Studies by consultants and reports of meetings organized by
the United Nations, or excerpts from such studies and reports, may also be included. In
addition, contributions will be solicited from the specialized agencies of the United
Nations, the secretariats of the regional commissions and scholars.
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EXPLANATORY NOTES

The following symbols have been used in the tables throughout the report:
Three dots (. . .) indicate that data are not available or are not separately reported
A dash (—) indicates that the amount is nil or negligible
A blank in a table indicates that the item is not applicable
A minus sign (—) indicates a deficit or decrease, except as indicated
A full stop (.) is used to indicate decimals
A slash (/) indicates a crop year or financial year, e.g., 1970/71
Use of a hyphen () between dates representing years, €.g., 1971-1973, signifies the full period involved,
including the beginning and end years.
Reference to “tons” indicates metric tons, and to “dollars” ($) United States dollars unless otherwise
stated.
Details and percentages in tables do not necessarily add to totals, because of rounding,

vi




THE RELATIONSHIP BETWEEN DEMOGRAPHIC AND SOCIO-ECONOMIC
FACTORS IN THE CONTEXT OF DEVELOPMENT

Marcel Y. Fabri*
Part One

INTRODUCTION

The following is a report of a quantitative study of the
relationship between population and socio-economic fac-
tors which aims to identify and characterize this re-
lationship in the context of development.

During the past decade, this issue has become one of the
major preoccupations of those who are responsible for
devising programmes to raise economic levels and im-
prove social conditions in developing countries. It is thus
not surprising that governmental and non-governmental
bodies have repeatedly expressed concern regarding the
need for a better understanding of these inter-
relationships. The importance of the problem was
further emphasized at the World Population Conference,
at Bucharest, where the debate on issues of population
policies emerged between countries at different stages of
development. It may be suggested that the controversy
mainly arose from gaps in scientific knowledge concern-
ing the reciprocal effects of population factors and
development and that it principally affects countries
undergoing a process of development.

At the level of development policy, an improved
understanding of the phenomenon should help to miti-
gate the classical opposition between development stra-
tegies oriented to population limitation and those
oriented to the growth of socio-economic factors. In
general, a sound understanding of the mechanisms of the
interplay of population and development is a necessary
prerequisite to intervention.

However, research in the area has thus far been rather
disappointing. In the past decade, a considerable number
of reliable demographic development studies have at-
tempted to infer the existence of such a relationship. In
general, though, the investigations have led to con-
tradictory conclusions or to no conclusions at all.! Most

* Population Division of the Department of Economic and Social
Affairs, United Nations Secretariat.

! Cf. Richard Easterlin, “Effects of population growth in the economic
development of developing countries”™, Annals of the American Academy
of Political and Social Science, vol. 369 (January 1967) pp. 98-108; Simon
Kuznets, “Demographic aspects of modern economic grwoth™. United
Nations World Population Conference, September 1965; “Population
and economic growth”, Proceedings of the American Philosophical
Society, vol. 111, No. 3 (1967), pp. 170-193; Anthony P. Thirwall, “A
cross section study of population growth and the growth of output and
per capita income in a production function framework”™, Manchester
School, vol. 40 (December 1972), pp. 339-356;, M. Stockwell, “Some

cross-sectional studies showed little evidence of a sus-
tained relationship between population’ growth and
growth of per capita product. Whether negative or
positive, the correlations tend to be very weak.

It is of interest to assess briefly how these studies
resemble or differ from one another methodologically. In
this way, it will be possible to formulate a new approach to
the problem, which benefits from past attempts and
perhaps reconciles previous divergent results.

One possible cause for difference in conclusions is the
diversity of sources from which data were selected.
However, it is highly unlikely that sources in discordance
could be held responsible for contradictory results. Differ-
ences observed between data sources tend to be of orders
of magnitude; on the whole, they preserve internal
consistency, and allow comparison between distributions
from various sources.

A common feature of the investigations is their de-
pendence on a comparison of population with some form
of per capita product. The latter is taken as the indicator of
development, despite the limitations of any single index in
depicting the whole of economic development. Besides,
one may question the validity of results drawn from
comparisons between a very limited number of factors,
taken out of their context. As Easterlin himself has
observed, “the true relationship may be obscured in a
simple two-variable comparison™.?

Moreover, the comparison is usually between rates of
growth of population and measures of economic develop-
ment which might mask the real impact of the factors on
each other. Because of their complexity, the use of growth
rates compounds the problem of analysing their con-
tingent relationship.

Another common feature of research in this area is the
broad difference between samples of countries included in
the analysis. This is clearly what Easterlin suggested in
commenting that “indeed, it may well be that no single
generalization is appropriate for countries differing as
widely in growth rates, densities and income levels as do
those areas”.> The sampling composition may very well be

observations on the relationship between population growth and
economic development during the 1960°s™, Rural Sociology, vol. 37
(December 1972), pp. 628-632; J. C. Chesnais et A. Sauvy, “‘Progrés
économique et accroissement de la population, une expérience com-
mentée”, Population, vol. 28 (juillet—octobre 1973), pp. 843-857.

2 R. Easterlin, op.cit., p. 98.

3 R. Easterlin, op.cit., p. 107.




one of the major reasons why so many studies have
yielded contradictory results.

One should also add that these studies were not
designed as a direct contribution to the field of operation
but mainly with the purpose of clarifying a theoretical
point. Possible applications were thus a remote by-
product, mostly foreign to the initial purpose of this
endeavour.

There are alternative ways in which the relationship of
population to social and economic development can be
analysed; one that appears quite effective is presented here
in some detail.

An important innovation is that policy relevance has
been a major and explicit concern in the research design. If
some action guideline is to be derived for either planning
or for project implementation, it must rely on a better
understanding of how demography and development are
linked, of what are the significant relationships between
them, and of which are the key variables involved in the
process. For example, one may wish to influence dem-
ographic factors in order to improve the socio-
economic conditions of populations. However, any such
policy is justifiable only to the extent that, through a direct
link, a given input will produce the expected output. When,
on the contrary, results become erratic and induce unanti-
cipated events, there is a serious risk of loss of time and
financial resources. Here, the assumption is that demo-
graphic and socio-economic factors do not interact in
isolation but instead as part of a network of relations. In
such an approach, the basic concept of structure can be
viewed as the pattern of factors in their mutual re-
lationship. This approach requires consideration of a
much larger number of variables than was typical of
previous studies. In general, it appears to better fit the
experience of a country in the process of development.

Another departure from previous practice concerns the
way in which growth is treated here. This study is based on
observations of various structural states at points in time.
Proceedings through a series of static assessments pro-
vides a better estimation of global change than would
analysis of growth rates. The latter approach tends to
focus mostly on the evolution of individual factors. As a
ratio involving only the initial and final terms of a time
interval, the growth rate imparts a spurious dynamism to
the analysis in the sense that it suggests implict projections
into the future. Finally, examination of complex growth
rates does not readily lend itself to the detection of
relationships.*

4 A more realistic approach would be to assume that relationships
between variables are not instantaneous but instead take place after a
certain delay. This time span would also vary according to interrelating
factors. However, any methodology based on this hypothesis requires,
first of all, a theoretical model of the lag distribution among variables
involved and such a model is not available given the present state of
knowledge. In the absence of any such model, lags would have to be
determined arbitrarily and that would provide no advantage over the
assumption of simultaneously interacting variables. These remarks do
not however preclude the possibility of building such a model, if reliable
time series were available. It is likely that a stochastic model could be
derived from the analysis of cross-lagged correlations between paired
variables, in conjunction with a tentative model based on simultaneous
relations.

Finally, a basic and not unreasonable hypothesis is that,
with respect to a diversity of contexts, countries are at
various stages of development, without inferring the
existence of a unilateral process from one stage to the next.
There may be alterations of structures, according to time
and place, so that there is no unique pattern to be found
for all countries or periods. If this is so, it would be
justifiable, first, to attempt to group countries in accord-
ance with their structural affinities and, secondly, to
investigate within these more homogeneous sets of
countries the specific networks of relationship between
factors, relative to a given period of time. To the extent
that these structural differences can be discovered, in-
terventions into any aspect of the relationship between
population and development can be made more specific
and therefore more effective.

The report on this research is divided into two parts: the
first, which appears in this issue of the Population
Bulletin, consists of an identification, through an objective
classification, of groups of countries with structural
affinities. The classification is based on a summary measure
of the demographic and socio-economic structure of a
country, constructed from a set of specific variables. In
addition, countries have been ranked according to parti-
cular demographic, economic and “modernization” sub-
structures.

The second part, which will be presented in a sub-
sequent issue of the Population Bulletin, focuses on the
identification and analysis within the groups of countries
of the structure and direction of the relationships between
demographic and socio-economic factors.

METHODOLOGY

The methodology employed consists of two distinct
parts. One delineates a framework for the study and the
other adapts procedures of analysis to the objectives of the
research in consistency with the defined framework.

Framework of the study

An explicit conceptual framework is necessary for an
effective analysis; this in turn calls for a full set of
definitions. In this case, a basic conceptualization is given
to socio-economic development. Other definitions and
interpretations will follow by implication.

Considering its formal aspect, Sheldon White remarks
that “[development] arises wherever and whenever we
find an organization that retains its integrity as an
organization—that is called by the same name and persists
in the same function—even as it undergoes modifi-
cation”.® At this level of conceptualization, development is
viewed as a continuous process of structural change
which involves some essential permanency even while it is
taking place through time.

When taken through its successive alterations, the
structure is identified as a system. A system is thus an

5 Sheldon H. White, “Developmental psychology and Vico’s concept
of universal history”, Social Research, vol. 43, No. 4 (1976), p. 663.




entity, while development is the process of its internal
transformation. When the process of structural change is
disrupted in such a way that a new system emerges, this
break in development is viewed as a “mutation”. Change
in a structure takes place when there are quantitative
or qualitative variations in its components which modify
the pattern of their relationships.

This definition obtains for all types of evolving struc-
tures, including socio-economic structures.

There is, however, no general agreement about this
definition with regard to the specific case of economic
development. Most economists, for whom the final objec-
tive is the creation of wealth and its distribution disregard
the distinction between economic development and econ-
omic growth.® The concept of generalized growth of
socio-economic factors, as opposed to structural change,
has tended to prevail in United Nations strategies for
development, despite an emerging new orientation which
emphasizes social well-being.

This study centres upon structures and the evolution of
structures. As an additional feature, socio-economic de-
velopment, whether directed or not, is regarded as a
process of structural improvement. The socio-economic
development is therefore characterized by its con-
sequences.

A formal definition of development is necessary for the
selection of analytic procedures; it is also necessary in
order to identify the essential set of variables and their
appropriate indices.

A condition of international comparison is that it be
based on a universal category. It may be that socio-
economic development is characteristic of any culture in
space and time. However, socio-economic development is
postulated here to be essentially an occidental phenom-
enon, which has no intrinsic equivalent in past and
present civilizations outside of the Western world. Since
each culture creates its own categories, it follows that
socio-economic factors were originally specific to the
group of industrialized countries. In the course of histori-

¢ Economists generally regard economic development and/or econ-
omic growth, either explicitly or implicitly, as a rise in product per capita.
Cf. Easterlin, “Population growth and economic development” in The
Annals (January 1967), who considers economic development as a part of
the general phenomenon of “modernization”; Kuznets, “Demographic
aspects of modern economic growth”, loc.cit.; and Modern Economic
Growth (New Haven, Yale University Press, 1966), for whom “the high
rate of aggregate growth was accompanied by marked and rapid
structural shifts” (p. 6). The structure referred to is of an institutional
nature, related to the concept of development formulated by Schumpeter
in The Theory of Economic Development (New York, Oxford University
Press, 1934), who defines it as “the carrying out of new combinations—
new goods, new methods of production, opening of new markets, . . .
carrying of new organization” (p. 66). Others draw a distinction between
underdeveloped “economies of development” and “economies of
growth”. The difference, however, appears to be one of setting and not of
process. See, for example, O. Hirshman, The Strategy of Economic
Development (New Haven, Yale University Press, 1958); “Obstacle to
development: a classification and a quasi-vanishing act”, Economic
Development and Cultural Change (July 1965); and Joan Robinson,
Freedom and Necessity (London, Allen and Unwin, 1970).

Even C. Furtado, in Development and Underdevelopment (Berkeley
and Los Angeles, University of California Press, 1964), who refers
explicitly to development as a structural process, tends to rejoin
Schumpeter and Kuznets’ view in noting (p. 61) what “the development
process involves either new combinations of existing factors at a given
technical level or the introduction of technical innovations”.

cal experience socio-economic categories have been
grafted, with various degrees of local recognition, on to
diversified cultural backgrounds. They have thus come to
represent what various cultures have in common with the
West. Elements of the socio-economic system that typifies
the developed countries have come to permeate the
developing countries as well. In the developing countries

they coexist with elements of a traditional system (or an
already transitional version of it). Whatever the nature of
the society, these elements are assumed to perform the
same function in terms of development as in their original
context. Of course, it may be expected that some of these
structures will be poorly articulated, depending on the
place and time. Nevertheless, from a broad international
perspective the socio-economic system of the developed
countries represents a single category which is assumed to
have world-wide validity and to follow the same patterns
as in industrialized countries. Therefore, the performance
of the socio-economic system is seen as an indication of
how various countries are coping with development.

Countries may be compared with reference to their
differences or similarities. Emphasis on comparative
differences leads to a qualitative analysis; a quantitative
approach requires that the terms of a comparison be the
same. In the case of the research discussed here, the need
for objective procedures within the defined framework
justifies the choice of a quantitative approach. It will
become evident that the use of a single category of
variables satisfies the conditions set for both a compara-
tive and a quantitative approach.

A basic working hypothesis is that a set of demographic
factors, having a common structural basis all over the
world, may be similarly related to socio-economic de-
velopment.

This hypothesis justifies and helps identify appropriate
variables for the analysis. For practical reasons, chiefly
time constraints, many of the indicators chosen are similar
to those used in other research in this area. It is commonly
acknowledged that inaccurate data necessarily lead to
indecisive results, whatever the level of statistical sophisti-
cation. Nevertheless, although there is undeniable lack of
accuracy in most of the available data, this should not
undermine the over-all validity of the results. Use of
indicators, instead of direct measures, denotes a different
approach to the formulation of the problem. The in-
dicator should be taken literally as a quantified indication
about a phenomenon, the order of magnitude of which is
of little meaning when considered in isolation. However, it
can provide valuable information when considered in the
context of a system of many variables, which together
characterize a society as a whole. In addition, this study,
like most of those based on indicators, is primarily
concerned with relations and therefore with relative
orders of magnitude for comparison rather than with the
assessment of levels as such. Furthermore, by increasing
both the number of countries and the number of in-
dicators, the risk arising from use of one country or a few
deficient data is reduced.

Finally, instead of selecting a sample from the universe
of countries, the procedure has been reversed: countries
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were eliminated from this universe according to various
criteria. This step was necessitated by some practical
considerations. One was the need to base the analysis on
countries for which measures for all indices were avail-
able. Another major consideration was the wish to avoid
introducing anomalies arising from countries with highly
atypical conditions. Under the circumstances, criteria
used to delete countries are: (a) circumstances which
prevent any kind of assessment; (b) large windfall profits
or losses, which have affected a country’s economic
performance but which cannot be related in a meaningful
way to its economic development infrastructure (e.g.
windfall profits of oil countries); and (¢) markedly atypi-
cal development, as in Puerto Rico. The total number of
countries which could be considered by the study is 99, of
which 74 are usually considered developing and 25
developed countries.” All 99 are market economies. The
dichotomy is maintained throughout for analytical pur-
poses and is confirmed by the results.

A set of 43 variables is used. They are grouped in three
broad categories?ﬁ'T refer to demographic characteristics;
B to economic ones; and 13 others to what may be
labelled the socio-modernization substructure. Three
years have been selected for examination, 1960, 1965 and
1970, so that change can be investigated over an entire
decade.®

Operational methods

(a) The I-distance method, developed by B. Ivanovic
for the United Nations Conference on Trade and De-
velopment®, has been selected as the most adequate
among the various taxonomic schemes available. Its
application permits classification of countries according
to their structure as measured by the set of indicators.

In practice, the distances are viewed as the difference
between the respective indicators relative to each country
and their minimal value, taken as the origin of the
classification. In order to render their dispersion uniform,
the differences are standardized. The sum of these differ-
ences is taken as the discrimination effect between coun-
tries and, given a corrective procedure to eliminate re-
dundant information, synthesizes a structure of indicators
which denotes level of development. Formal notation for
a given country is the following:

43\ k=l
D= Y= U-rp 1201
i=1 Oi j=1
The first term on the right shows the difference for a
given variable (X;) in a given country (I) from the
minimum value for the variable observed in any country
(X#). The sum is over-all 43 indicators (i = 1, 2, . . . 43).

The second term shows the procedure for the elim-
ination of redundant information. The concept may be
demonstrated in the following diagrams in which the

7 The partition is arbitrary but generally agreed upon.

8 For the list of countries, see table 1. The list of variables is given as
annex L.

9 Probléme de I'identification des pays les moins avancés parmi les
pays en voie de développement”, United Nations Conference on Trade
and Development, Research Division, Research memorandum No. 41,
(Geneva, November 1970).
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amount of information in a variable is presented by an
area.

Whenever indicators are added in a sequential process,
the following cases relative to two variables may arise:

Case I. The two variables are completely independent
and each one accounts for its original information input.

Case II: Instead, one may find that the information
provided by a new variable is already strictly included in
the contribution made by the first one. In other words, the
two variables are so closely correlated that by knowing
just one of them it is possible to completely determine the
other. This means that the new variable does not bring any
new information and is, therefore, redundant.

Case III: The more general case, however, is one of
partial co-determination of the variables, where only part
of the information supplied by the new indicator is
already contained in the first one. Under the circum-
stances, there is genuine new information in the second
variable.

Duplication of information is denoted through the
simple correlation between two variables, so that if only
the genuine contribution is to be retained, the new
indicator has to be multiplied by the complement of the
correlation, i.e. (1 —r).

When more than two indicators are introduced sequen-
tially in the system, one must take into account the
operations already performed. Any new indicator could
be related with the net amount of information already
obtained (Case IV). In this case, partial correlation
coefficients account for the multiple inclusion of infor-
mation by denoting the association between two vari-
ables, given that which has already been taken into
consideration.!® The process follows its course until any

10 The second term of the relation comes as
i-1
( —Tji, 12 ~j—1) =(l=r)(I=ry) .. (L=Ticgi12...i-2)
j=1
All the indicators were given the same direction, so that the partial
correlation coefficients cannot be negative:

("ji~1z~~j—1)_>—_0~




new variable fails to contribute additional information to
the system. The system being described by the variables it
includes is then considered to be a “closed” system. It
follows that the structure may be fully described with only
a few variables, which condense the information of the
whole set of variables. This is so in the investigation
presented here, for example, in the case of the demo-
graphic structure in which all the information of the 16
indicators is entirely included in eight variables.

The procedure implies an order of intake of the
variables. It is determined through an iterative process of
trial and error, on the base of the highest degree of
dependency between a variable and the level of develop-
ment, as figured by the I-distance itself. The procedure
starts with any sort of order to compute a tentative I-
distance. Variables are then reordered following the level
of their correlation with the provisional index. This is then
recomputed accordingly. It is therefore through suc-
cessive approximations that the final order is obtained.

The final product is a single indicator for each country,
accounting for its level of development, through the
synthesis of a set of indicators. This allows, therefore, a
simple classification of the countries along a single
dimension.

Through the application of the I-distance method, it is
possible to generate a method to measure clustering.
Instead of considering the distance from each country to a
minimal value of origin, the procedure introduces sequen-
tially a shift in origin, so that each country becomes
alternately the origin. It is then possible to compute the
distances between countries, which measures their mutual
affinity, on an interval scale. Clusters can be built up by
stages by widening the range in which countries are
associated with each other, either one by one, or by having
single countries uniting with previously formed groups or
by merger of groups. The whole process can then be
viewed as a progressive clustering of countries, along
widening distances, which can be visually expressed as a
tree-diagram. This is illustrated in figure I, where the
distance hierarchy is shown along a scale at the top of the
graph, and the corresponding distances between countries
or groups of countries are represented by thick lines,
joining two or more countries.

REsuLTS

The results presented here concern the classification
and partition of countries obtained through the appli-
cation of the I-distance method. The study on causal
analysis is currently under progress.

The classification

Tables 1 and 2 present the classification of developing
and developed countries respectively. For each reference
year (1960, 1965 and 1970) the tables consist of country
lists which have been ranked according to four types of
structures: demographic structure (B), economic structure
(C), “modernization” structure (D) and finally the struc-
ture that is based on all three sets of specific factors (A).
(See annex I for the definition of variables.)

These classifications require substantial qualification.
They rely on observed distances between factors, with no
possibility of identifying all the causes which underlie the
ranking. Actually, different causes may produce similar
effects and lead to misinterpretation. For example, Chad
and Ivory Coast occupy neighbouring positions in the
ranking based on demographic factors. This will seem
surprising to those who know that Ivory Coast has
developed at a more rapid pace than did Chad during the
1960s. In this instance it seems that fertility factors have
determined the respective ranks assigned to these count-
ries. Ivory Coast’s gross reproduction rate is 3.05, which is
stmilar to most tropical African countries. In contrast, the
reported level of fertility in Chad is the lowest in black
Africa (GRR = 2.60) and is more akin to countries at
more advanced levels of development. This, however, does
not appear to reflect the incidence of family planning
programmes or any upsurge in economic development
which might both have influenced fertility trends. Fertility
is relatively low in Chad because poor morbidity con-
ditions limit the number of live births. Thus, what
superficially appears as progress in terms of relative
ranking is in fact an additional obstacle to development.

Similarly, mortality must be considered cautiously, so
that ambiguous conclusions are avoided. For instance, no
general conclusion about socio-economic attainment
could be derived from the observation that mortality
levels are low. A mortality decline by no means suffices to
reflect the general development of a country, because it
often results from external factors, rather than from
improved socio-economic conditions. For many develop-
ing countries, much of the early decline of mortality has
been due to intensive and unilateral interventions of
public health services, particularly to anti-malarial cam-
paigns.

When examining classifications according to specific
criteria, namely demographic (B), economic (C) and
modernization (D), one would expect to find a similar
ranking pattern in all three hierarchies. A position taken
by a given country in the general classification (A) should
correspond to equivalent rankings in the particular classi-
fications, if there exists a strong association between the
three groups of factors. However, this is not the case. An
internal discrepancy between structural rankings relative
to single countries is emphatically illustrated by Sri
Lanka, which in 1960 takes the fourth position with
respect to demographic factors but ranks thirty-seventh
for economic structure. This pattern is broadly sustained
from one year to another. Similar discrepancies are also
shared by Algeria, Mexico and Burma.

Single observations, however, may be thought to reflect
exceptional conditions, which on the whole would not
affect a general pattern of association between the three
substructures envisaged here. This is actually not the case,
as is evident when possible interstructural connections are
investigated across all countries, using Kendall’s rank
correlation between classification B and C, Band D or C
and D. The resulting coefficients for 1960 and 1970 are
presented in table 3.




TABLE 1. DEVELOPING COUNTRIES: CLASSIFICATION BY RANK, 1960, 1965 anD 1970

(A—All factors, B—Demographic factors, C—Economic factors, D—Modernization Sactors)

1960 1965 1970
Countries A B C D A B C D A B C D
Jamaica. ... ... 1 1 2 6 1 1 1 i 5 6 2 13
Panama............................ 2 2 3 2 2 2 2 9 2 4 1 7
Chile ... 3 5 4 4 3 6 4 5 1 1 9 4
GUYANA . ... .. 4 3 6 20 5 7 7 14 9 9 6 25
SriLanka ..............oiiie 5 4 37 21 8 3 39 19 11 5 45 24
Brazil. ... 6 8 9 1 7 8 16 2 8 10 11 1
Lebanon ...........coovviiiiiinninn. 7 9 1 3 9 10 3 3 7 11 3 2
CostaRica ..........oovivnnnnnnennn 8 7 7 14 4 4 6 13 6 7 5 9
Mauritius ......oooii 9 6 13 15 6 S 9 21 3 2 20 17
MEXICO « oot ie e 10 10 5 5 10 9 5 4 12 14 4 3
Colombia ............ ... ..ot 11 12 12 9 11 11 15 15 13 13 18 15
Paraguay...........coiiiiiiniiaann. 12 11 32 16 13 13 30 8 15 15 38 5
Republic of Korea . ................... 13 13 36 17 12 12 35 10 4 3 12 10
Philippines ............. ..ot 14 14 33 22 20 20 28 6 25 31 35 6
Turkey. ... .15 16 27 8 17 18 26 12 18 19 29 12
Malaysia ...t 16 17 20 19 16 15 18 18 17 16 17 21
Ecuador..........vvviiiiiniinnannnnn, 17 15 29 31 14 14 29 27 23 20 27 20
EEYPt. « cvieee i 18 19 34 7 18 19 32 7 14 12 33 8
Dominican Republic .................. 19 18 10 35 19 17 20 22 26 33 19 23
Syrian Arab Republic ................. 20 20 17 11 21 21 24 17 21 23 22 14
PerU. .ottt 21 22 25 10 15 16 11 11 16 17 23 11
TUniSIA ..o 22 21 23 28 24 24 21 36 19 18 14 33
Nicaragua ............coieueeinen.n. 23 23 18 30 29 32 8 20 34 41 15 18
Algeria .......... i 24 31 8 13 28 26 23 45 30 37 10 38
Jordan........... ...l 25 29 14 12 26 29 13 16 24 26 24 16
Gabon.............oiiiiiiii 26 24 19 55 33 35 14 30 10 8 7 26
ElSalvador.................... ... 27 25 22 12 22 22 12 24 28 28 31 31
0 X [ 28 28 15 23 23 23 19 23 20 22 16 27
Guatemala .......................... 29 26 11 40 25 25 10 35 29 29 28 41
Bolivia. ... 30 27 29 47 31 30 37 26 27 27 37 19
Iran. ... 31 33 16 29 27 27 17 28 2 25 8 22
MOTOCCO . . v v oo 32 34 30 18 30 28 34 33 36 36 36 37
Thailand ............. ... ..ot 33 30 46 34 32 31 42 31 38 39 40 28
Haiti ... 34 32 48 61 37 33 49 63 32 21 62 69
CONZO .. ove v 35 38 21 52 36 39 25 46 31 32 26 39
Indonesia ............cooiiiiiiiii.n. 36 35 63 51 39 37 66 49 42 35 68 50
India ...t 37 37 52 27 35 38 51 25 35 30 60 35
Senegal ....... ... 38 39 24 26 51 56 33 43 51 53 42 45
Burma..........ccoiiiiiiia 39 36 59 59 38 36 61 37 33 24 63 46
Honduras .................c.oovo.t. 40 42 28 48 34 34 27 40 41 45 21 36
Uganda...........coooviiiiiiiaiaan. 41 40 60 37 43 41 56 44 44 44 54 40
Sudan . ... 42 41 50 46 42 40 52 56 50 46 58 53
United Republic of Cameroon .......... 43 43 40 4 46 47 41 47 39 38 41 48
Liberia..........ccooiiiiiininns 44 45 35 39 44 45 38 50 37 34 25 51
Zambia . ... 45 47 26 24 40 43 22 29 44 50 13 32
Mauritania . ........o.oiii 46 44 43 60 45 44 47 65 40 40 32 60
KENya .. o'ovvieeiiiiie e 47 46 45 25 41 42 45 32 55 62 43 29
Gambia...........cooviiiiiiiiiii 48 49 47 43 56 57 46 42 43 42 39 30
Somalia.........cooiiiiiiiiiiiiia.., 49 48 54 68 48 46 50 69 54 54 46 68
ZAIre ... e 50 50 42 65 47 48 43 64 46 47 34 62
Sierra Leone......................... 51 52 41 57 50 50 40 53 49 48 48 56
Afghanistan ................... .. ... 52 51 62 56 49 49 44 61 53 51 64 65
Madagascar ........ ... 53 54 44 45 54 52 48 48 57 57 55 43
Chad .........co i 54 53 66 38 57 51 63 55 47 43 50 54
Ivory Coast. ..o 55 56 38 36 52 59 31 41 48 52 30 42
Pakistan ............ccoiiiiiiiiiins 56 55 56 41 55 53 53 34 62 63 59 44
Central African Empire................ 57 60 49 58 61 62 55 57 52 49 57 57
Ghana.........ccooviiiiiiiiiiiias 58 63 31 50 53 58 36 38 56 61 44 34
Nigeria .......ooviiiiiii i 59 61 57 33 59 60 58 39 58 60 52 47
Burundi.............cooiiiiiiiil 60 57 65 69 63 63 65 66 60 55 69 59
Ethiopia ........ccoovioiii i, 61 59 70 63 62 61 69 68 63 58 67 67
United Republic of Tanzania ........... 62 58 68 70 60 55 67 70 66 64 53 70
Malawi ............o i 63 62 67 67 65 65 60 52 65 66 49 49
NIgEr . oot e e i 64 64 58 42 58 54 62 58 61 59 61 63
GUINEA . ... ooveei e 65 65 51 66 66 66 54 62 59 56 56 64
TORO v v e e 66 66 53 53 64 64 57 51 64 65 47 52
Benin.........cooiiiiiiii 67 67 61 54 67 67 59 54 69 70 51 58
Mali. ..o 68 68 64 49 68 69 64 60 70 69 66 61
Upper Volta .. ....................... 69 69 69 64 70 70 68 67 67 67 65 66
Ruanda............. ... .ot 70 70 55 62 69 68 70 59 68 68 70 55




TABLE 2. DEVELOPED COUNTRIES: CLASSIFICATION BY RANK, 1960 AND 1970

A—All factors, B—Demographic factors, C—Economic factors, D—Modernization factors)

1960 1970

Countries
4 B c D 4 B c D
United States of America ................ 1 9 1 1 1 2 1 1
United Kingdom ....................... 2 1 3 10 4 3 12 13
Sweden................. ... 3 8 4 2 2 4 3 2
Canada............................... 4 18 2 3 3 15 2 3
Switzerland................ ... ... .. ..., 5 7 6 5 7 11 9 5
Denmark.............................. 6 4 13 6 9 14 11 6
Germany, Federal Republic of............ 7 5 S 14 5 7 4 10
Australia.............................. 8 12 7 7 6 8 10 7
Norway............... ..., 9 6 14 9 12 17 8 14
Belgium............................... 10 14 9 11 14 20 6 16
New Zealand .......................... 11 23 12 4 10 19 13 4
France................................ 12 10 11 16 11 10 5 18
Netherlands ........................... 13 3 15 15 8 6 14 12
Iceland ............................... 14 26 8 8 20 25 17 8
Austria ........... . 15 13 17 17 22 22 18 19
Luxembourg........................... 16 25 10 13 18 27 7 11
HongKong ........................... 17 2 19 29 13 1 22 25
Italy. ... ... 18 11 21 21 19 9 19 21
Israel................. ... ... . ........ 19 16 18 19 15 13 15 17
Finland............................... 20 24 16 12 21 24 16 15
Uruguay ... 21 17 23 22 27 26 28 26
Argentina ............................. 22 19 24 23 24 21 23 22
Singapore ............... ... ... .. 23 22 20 24 17 5 21 23
Japan....... ... ... 24 20 26 18 16 12 20 9
Greece. ..o vvie i i 25 15 27 25 25 16 27 24
Spain............ .. i, 26 21 28 27 26 18 25 27
Ireland. ................ ...l 27 27 22 20 23 23 24 20
Cyprus .......oooiiiiin i, 28 29 25 26 28 28 29 29
Portugal .............................. 29 28 29 28 29 29 26 28

TABLE 3. CROSS RANK CORRELATION BETWEEN CLASSIFICATIONS
RELATIVE TO SPECIFIC SUBSTRUCTURES, 1960-1970

1960 .. ... BC 5867 BD .5743 CD .5536

1970 .. ... BC  .5346 BD .5776 CD .5495

These correlations are high enough to be significant,
according to a null hypothesis test. However, their level is
unexpectedly low, considering that a national structure is
the result of the three component structures. This in-
dicates a high degree of internal variation among the
various groups of factors in a single country structure.
Moreover, the partial rank correlation coefficient, result-
ing from the association between classification B and C,
when D is held constant, is notably lower than the
corresponding rank correlations provided in table 3. The
coefficients, which thus account for the elimination of
variation effects by D upon the relation between B and C,
are found to be equal to 0.3942 in 1960 and to 0.3185 in
1970. Unfortunately, the sampling distribution of the
partial correlation is not yet known and therefore no test
of significance is now possible. In any event, the low value
of these indices casts serious doubts on the existence of a
definite relationship between population and economic
factors under a structural purview.

The various classifications do not rely on the whole set
of 43 indicators but only on the 26 indicators which
proved to be sufficient to close the system. This minimum
set of indicators remains identical for each reference year
and for both developing and developed countries, and
thereby demonstrates a qualitative stability of the struc-
tures through the decade. Table 4 shows the variables of
the respective systems, according to the importance of the
information they contribute to the same system.

While the qualitative content of structures is kept
unchanged, the internal hierarchy of factors is not pre-
served throughout the period. Mortality indicators are
dominant discriminatory variables for any year and both
groups of countries, with the exception of the developing
countries in 1970. By 1970 natality factors become more
closely correlated than any others with the composite I-
distance. This information conforms to what is known
about the sharp decline in mortality during the 1950s and
part of the 1960s. By 1970, however, while gains on
mortality were slowing down, a downtrend in fertility
levels began to appear. A few rates started to decline and
some others stabilized; fertility patterns became more
peculiar to a country. Natality emerged as the main
discriminatory factor among countries.

The partition

Partitions are derived from the classification process,
following the procedure outlined previously.




TABLE 4. MINIMUM SET OF INDICATORS USED FOR THE CLASSIFICATION OF COUNTRIES

Order of intake:

Developing Developed
countries countries
1960 1965 1970 1960 1970
Demographic factors
Life expectancy at birth. ............ .o 2 2 4 1 1
Crudedeathrate. . .........coviiiiiiiniiiianns 1 1 3 2 2
Proportion of urban population ... 3 3 5 3 5
Crude birthrate . ... ...oviiiii e 4 4 1 4 4
AVErage at MArTIage . . . .o\ v vvveennttnnr e 5 6 7 5 3
Gross reproduction TAte. . . ..o v tnvrneone ot 6 S 2 6 6
ARE SLIUCLUTE. . . oot ov et eie e oo ee e 8 8 6 7 7
ACIVILY TALE ..ot 7 7 8 8 8
Economic factors
Private consumption/capital formation..................... 1 1 3 1 2
GDPlabour force. . . ..o oot s 2 3 2 2 1
Capital formation/labour force .............. .. ..ot 6 2 1 4 3
Energy consumption/capital formation. .................... 4 4 4 5 4
Government expenditures . .......... ..o 3 5 5 3 5
Agricultural production . ... 5 6 6 6 6
Industrial production . ........... ..o 7 7 7 8 7
Import (part GDP). ...t 8 8 8 7 8
Export per labour force. ... 9 9 9 9 9
Social policy and modernization factors
Telephones per capit@. ...t 1 3 3 1 1
NEWSPIINLS Per Capitd. . ........ouirenue et ons 2 2 2 2 2
School enrolment, primary ............cooeiiiiiiiiia. 7 7 8 3 4
Physicians per inhabitant........ ... ... oo 3 1 1 4 3
Radio percapita..............ccoiiiiiiiieiiieinnn, 4 4 7 S 7
Calories per capita . ........... i S 6 6 6 6
School enrolment, secondary............coveiiiiiiiiann 6 5 4 8 9
Protein per capita . . .......ooiviiiiiii 9 9 9 7 8
Professionals in labour force . . ............ ... ..o 8 8 S 9 5

Figure 1 is constructed as a tree-shaped diagram to
show in detail the progressive clustering of countries by
structural affinity. How close one country is to another
depends on their interdistance, as measured against the
interval scale. This scale ranges from a theoretical 0
distance between countries to an upper limit where the
largest distances observed between countries or groups of
countries fall within the interval. This largest distance
includes all other distances and all the countrizs are
therefore viewed as one single group.

This scale reflects a progressive clustering through
declining homogeneity among the groups of countries. At
the lower range, when two countries exhibit a short
distance between them, they tend to be very similar. As we
move along the interval, larger distances between coun-
tries are admitted and more countries are allowed to
cluster, leading to groups which are less and less homo-
geneous.

Thus, countries which are not distant from each other
by more than a given limit of the scale are to be considered
as one or several clusters, depending on their position in
the ranking. Actually, distances are expressed as a per-
centage of the interval. Any transversal cut determines, at
a given distance level, a partition of countries.

The partitioning process has been applied only to
developing countries on the demographic, economic and
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modernisation dimensions, in addition to the over-all
structure, for each year of reference. Twelve chart dia-
grams are generated but only one is presented here for
illustration.

Discussion is restricted to a few selected features that
are reflected mostly in comparisons between partitions
within each substructure and in time. Attention will be
focused first on distances as expressed in absolute value.
One reason for doing so is that the total interval
represented by the scale varies from one group of factors
to the other and from one period to the other. This can be
observed in table 5, which shows the extent to which the

TABLE 5. DISTANCE INTERVALS BETWEEN LOWER AND UPPER LIMITS OF
MERGER, FOR EACH TYPE OF STRUCTURE, IN 1960 AND 1970.

Lower Upper
Structure Period limit limit Interval Trend

Demographic. .. .. 1960 0.136 7.944 7.808

1970 0.190 7.849 7.659 -
Economic........ 1960 0.124 9.372 9.248

1970 0.162 8.186 8.024 -
Modernization. . .. 1960 0.135 11.080 10.945

1970 0.247 12.279 12.032 +
Over-all.......... 1960 0.192 9.717 9.525

1970 0.386 9.984 9.958 -




Figure I. Partition according to demographic structure, 1970
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lower and upper limits of the total interval depend on the
structure and time considered.

A general observation drawn from the tree-shaped
graphs is that the necessary distance for two countries to
cluster tends to increase from 1960 to 1970. In other
words, the more developed the countries, the larger their
interdistance. This suggests that development, as it takes
place, makes these countries more singular. It emphasizes
their peculiarities through a more intricate inter-
relationship of their elements. Countries like Argentina
and Uruguay, though they are closer to each other than to
any other country, nevertheless cluster at a high distance
level. This association is maintained throughout the
decade, although distance between increases. At the lower
distance level, where most of the African countries are
found, clustering thresholds are also higher in 1970 than
in 1960. But, while the affinities of countries in the upper
range of the scale are rather stable, associations in the
lower one are more changeable. There are numerous shifts
among pairs of African countries between 1960 and 1970.

As may be seen, the lower limit assumes increasing value
between 1960 and 1970, while the upper limit declines for
the demographic and economic structures but not for the
modernization structure. As a result, interval contraction
appears from one year to the next for two structures, while
the range becomes larger for modernization. The increase
of the lower limit from 1960 to 1970 emphasizes the
growing singularity of the least developed countries, while
the reduction of the interval denotes that the clustering
process is also achieved at lower levels, which implies a
larger concentration among countries.

This trend towards concentration of the grouping, ie.,
towards a higher homogeneity of countries, requires
additional and more direct confirmation. To this end,
both the distance levels and the number of corresponding
groups are expressed in relative value. The concentration
of the various clusters is then investigated. This is done for
1960 and 1970 at various given distance levels up to 0.50.
(For at higher levels, groups are increasingly large and
their homogeneity decreases rapidly.) The “entropy” that
is used here to characterize and compare the intensity of
concentration among groups of countries is a common
measure of disorder within a distribution (see annex II). It
ranges from the value 0, for complete concentration of
countries in one single group, to 1, when all the countries

are equally distributed among strata. Though this index
will be referred to as a “concentration index”, it actually
measures the degree of equipartition of countries between
strata, i.e., the reverse of concentration.

Table 6 shows that at any distance level in 1960, and at
most of them in 1970, the countries are more evenly
distributed among groups according to demographic
characteristics than according to other types of structures.
In 1970 the group distributions undergo a process of
higher concentration. This in turn implies that the size of
some of the groups has become larger. In general, though,
groups of countries depending on demographic structures
are smaller and more numerous but, given the smaller
interval, slightly closer to each other than groups based on
other types of structures.

Since the concentration process has to take place within
a given range, starting from a theoretically possible
complete dispersion of individual countries to a theoreti-
cally possible clustering into one group only, the problem
becomes one of identifying the level or the area of levels
where higher concentration occurs. In slightly different
terms the answer concerns the pace of the concentration
process. Because population factors induce a more scat-
tered distribution of clusters than do other factors,
concentration takes place at a later stage in the grouping
process. The least developed countries are more differen-
tiated according to demographic criteria than to others.
By contrast, concentration resting with economic struc-
ture tends to occur at an earlier stage, a tendency which is
even more notable by the end of the period. As a
consequence, there is a clear and early partition through
countries which are not very different from one another,
and an increasing minority of more developed countries
cluster beyond the level 0.50 in 1970.

When the concentration indices are averaged, it is
observed that their mean practically corresponds at level
0.25, for all types of structures. This level has therefore
been chosen as a reference level to study how various
distributions of countries among groups would eventually
match with a geo-cultural partition of the same countries.
Table 7 shows the distribution of countries among groups
at level 0.25, in 1960 and 1970, for each type of structure.

While the group composition changes by varying
degrees among structures and over time, it is clear that the
concentration process, which takes place between 1960

TABLE 6. EQUIPARTITION OF COUNTRIES AT VARIOUS DISTANCE LEVELS, FOR EACH TYPE OF STRUCTURE, IN
1960 AND 1970

1960 1970
Distance Over-all Demographic  Economic  Modernization  Over-all Demographi E Moder

level Structure structure Structure Structure Structure Structure Structure Structure
0.05........ 0.997 0.983 0.969 0.963 0.990 0.980 0.953 0.964
0.10........ 0.934 0.947 0.894 0.899 0.936 0.928 0.884 0.836
0.15........ 0.889 0.932 0.794 0.751 0.854 0.905 0.734 0.814
0.20........ 0.855 0.902 0.803 0.713 0.819 0.845 0.716 0.776
025........ 0.807 0.832 0.750 0.552 0.741 0.725 0.699 0.667
030........ 0.729 0.827 0.614 0.627 0.702 0.715 0.777 0.563
035........ 0.552 0.520 0.452 0.396 0.605 0.622 0.567 0.304
Mean ...... 0.823 0.849 0.753 0.700 0.806 0.817 0.761 0.703
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TABLE 7. DISTRIBUTION OF COUNTRIES AMONG GROUPS AT LEVEL 0.25
IN 1960 AND 1970 FOR EACH TYPE OF STRUCTURE

1960 1970

Number of

the group A B C D A B C D
| 8 24 25 37 31 35 41 47
2. 8 14 15 20 4 5 8 18
I 16 14 21 6 10 15 9 2
4.......... 7 7 8 4 12 2 8 2
N 5 3 2 5 2 2 2 3
6., 5 7 2 6 3
T 3 2 4 4
8. ... 2 3 2
9 i, 9 2 2
Number of . .

countries. . 72 72 71 72 70 73 71 72

and 1970, results in an increase in the number of least
developed countries, even if, as a whole, they have
progressed slightly during the interval.

It may be that if there is a weak connexion between
population and economic structures, this would be re-
flected by a closed correspondence between the demo-
graphic structures and some regions defined in terms
of geo-cultural affinities. In accordance, the map of the
developing countries of the world has been divided into
the conventional five major regions that are thought of as
being geographical or cultural entities.!?

In order to compare simultaneously the grouping
relative to each structure to this geo-cultural pattern an
index has been designed. When there is complete coincid-
ence between group and region, the index value is 0 and
when there is no paired correspondence between group
and region, the value of this index reaches a maximum of 1
(see annex II).

There are clear indications that the distribution based
on demographic structure corresponds more closely to a
geo-cultural partition of the countries than does either the
economic or the modernization structure. This coincid-
ence is emphasized throughout the decade, as changes in
concentration correspond to geo-cultural regions. The
economic distribution of countries departs to a greater
degree from the geo-cultural model over the decade.

The two processes diverge in time. These results are,
however, not surprising, since the demographic process
appears to depend to a greater extent than the economy or
modernization on geo-cultural factors. On the contrary,
higher values of the dissociation index suggest that socio-

! Geo-cultural partition of the countries into five regions:

First region. All African countries, with the exception of the Magh-
rebian countries and Egypt, but including Mauritius and Madagascar, in
all 32 countries. ]

Second region. Most of the Islamic countries gathered into one
continuous region, including Morocco, Algeria, Tumsu§, Egypt, Jordgn,
Syria, Arab Republic, Lebanon, Irag, Iran and Turkey, i.e., 10 countries.

Third region. South America, including Colombia, Ecuado_r, Peru,
Bolivia, Paraguay, Chile, Argentina, Uruguay, Brazil, Guyana, i.e., also
10 countries. ) )

Fourth region. Central America and a few Caribbean countries,
including Panama, Costa Rica, Nicaragua, Honduras, El Salvador,
Guatemala, plus Mexico. ]

Fifth region. The rest of Asia, with 12 countries.
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economic development, instead of being regionally
geared, would be more subordinated to national con-
ditions, possibly to national political orientations.

CONCLUSIONS

Taken at face value, the most significant proposition to
emerge from the preceding analysis have been the in-
dications of a weak relationship between demographic
and economic structures, a tendency for the demographic
structure to coincide with a geo-cultural partition and also
an increasing downward concentration of countries
within the least developing group.

TABLE 8. INDEX OF DISSOCIATION BETWEEN DISTRIBUTION AND A GIVEN

PARTITION
Over-all structure................ 1960 0483 1970 0426
Demographic structure........... 1960 0486 1970  0.469
Economic structure .............. 1960  0.591 1970  0.602
Modernization structure. . ........ 1960 0521 1970  0.539

Results in table 8 must, however, be qualified. When
faced with a decreasing value of the dissociation index
during the decade, one comes to view this evolution as
resulting more from the growing concentration of the
least developed countries than from any general trend of
dependency on geo-cultural factors. In other words, what
is being reflected here could be a prevalence of these
factors but at a lower level of development. Similarly, the
lower correspondence shown between economic distri-
butions and the geo-cultural partition of countries would
then express the weight of the heaviest group. In line with
this hypothesis, the influence of socio-economic factors in
least developed countries would be very weak. In sum,
these qualifications suggest a unique pattern for this latter
group of countries, which should be considered and
studied for their own characteristics. In an extended
perspective, this view underlines the necessity of in-
vestigating relationships between factors within groups of
countries that are homogeneous.

Annex I
INDICATOR LISTINGS

A. Demographic indicators

Population size

Age structure index

Sex ratio for the complete population

Average household size

Life expectancy at birth

Crude birth rate

Crude death rate

Gross reproduction rate

Average age at first marriage (female population)
Unmarried population over age 45

Population density

Net migration ratio

Urban population 100000 + per total population
Number of towns 100000 + per 100000 km? estimated area
Urban growth less rural growth

Global activity rate




B. Economic indicators

Gross domestic product per labour force, in producer’s value, at constant
price

Government final consumption expenditures per capita

Private final consumption expenditures per capita

Gross fixed capital formation per consumption unit

Gross fixed capital formation per consumption unit

Export-import ratio

Export per gross fixed capital formation

Import per labour force

Proportion of imports in gross domestic product

Agricultural production in gross domestic product

Food export per unit of total export

Food import per unit of total import

Industrial production in gross domestic product

Energy consumption, kg of coal equivalent, per capita

C. Modernization indicators

Number of physicians per 10 000 inhabitants

Number of nurses per physician

Calorie consumption, per capita, per day

Protein consumption, per capita, per day

Proportion of education expenditures within the government total
expenditures

Proportion of health expenditures within the government total expendi-
tures

Total motor vehicles in use per 1 000 inhabitants

Number of radio receivers per 1 000 inhabitants

Newsprint consumption per capita

Number of telephones in use per capita

School enrolment ratio at first level

School enrolment ratio at second level

Number of third level graduates per labour force

Annex Il
NOTE ON THE INDICES OF CONCENTRATION
1. Whenever there are two independent sets of events, X and Y, with
respectively n and m issues, it can be said that the indetermination of the

two events occurring simultaneously (X Y) depends on n and m. Thus,
their indetermination is a function (f) of nm:

S(nm) = f(n)+ f(m)

The type of function which fulfils the general conditions set by this kind
of problem is the logarithmic function, i.e..

(@) f(nm) = f(n) + f(m)

by f()=20
(¢) f(ny>fim)if n>m
hence:

log(nm) = log(n) + log(m)

When the occurrence of the event is certain, there is no indetermination
and

pX;)=p =1

On the other hand, when any occurrence of X,(i = 1, .. ., m)is equally
1
probable, then p(X;) = p; = = and the degree of indetermination is

maximum.

The expected information of a distribution, generally referred to as the
entropy, can therefore be regarded as an adequate measure of disorder.
The entropy will be set equal to the sum of the product of each
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indetermination relative to the probabilities and their weights. It stands
then as a weighted average of the information content:

hid 1
H(Y)= Z yilg—

i=1 i
The objective is to measure the concentration of partition groups at
various distance levels. The arguments presented above suggest that the
entropy is an appropriate inverse concentration measure: the higher the
entropy, the lower the degree of concentration.

When the concentration is maximum, there is a complete certainty;
y; = p; = 1 and H(Y,) = 0. Since there is a minimum certainty when all

1
m probabilities are even and equal to —, the maximum value of H(Y,) is
m

Igm. 1f it is wished that the index vary between 0 and 1, it suffices to
express it relative to its maximum value by dividing the entropy by Ilgm.

2. The other objective is to test a repartition of countries into several
distributions for its degree of concentration as against a given distri-
bution of the same countries. The problem relates to conditional
distributions.

More specifically, the problem of appraising how far the computed
groups’ distribution is from a geo-cultural repartition of the countries
comes to one of measuring the actual concentration of the partition
groups within each stratum of the given distribution.

By contrast with the general case exposed in the previous paragraph,
the problem will be stated in terms of a two-dimensional distribution.
Thus, given n geo-cultural groups (X, . . ., X,) to which are compared m
partition groups (Y, ... X,), f;; is the probability that a country
belongs simultaneously to X ;and to Y, f; that it belongs to Y;,and f; to
X,

The three sets of values add up to 1 and are non-negative:

i=12...,m

Sh=Y =% ¥ -t

i=1 i=1 i=1j=1

j=12...,n

The adequate measure results in a joint entropy, which combines the
information on the concentration of a set of m partition groups
distributed with n geo-cultural groups. It is written as follows:

m n ﬁf

H(YX)= ! !
(=2 2 il "

On expanding the index:

HYX) =Y ¥ f.-,»lg%+ DY ﬁjlg% @

m fx n fj
=Y filg- lg 3
i=Zlf gﬁ,+,§,f 9, &)

Each term is the expected information value of f;. given f;;and f; given f;;,
showing how far the f;; are, respectively, either from f;. or f;.

Another way of splitting the index is as follows: when each term of (2)
has been respectively multiplied and divided by f. and f

-
el ry iyt
R AL

Then, the ratio f; ;/ f;. is the conditional probability ofa country to be part
of X; when it is given that it belongs to ¥, with the probability ;. The
definition is the same for f;;/f; with the groups reverted.

For a fixed X ;and Y, varying from 1 to m, the entropy of the resulting
distribution is:

HYX) =5 £ ¥ %0 @

i=1 ji=1Ji

1%,

This is the conditional entropy of the partition groups for a given geo-
cultural group. When weighted by the f; it comes to the second term of
the expression (4).

Zﬁjlg& j=1...,n

i=1




Terms are symmetrical to one another.

It is easy to see that the first term of (4) is equal to 0 when there is only
one element in each line, i.e., in each partition group. Concentration in
Y, is then maximum. By contrast, it yields a maximum equal to ign, when

1
ﬁj=;xﬁ.

The same holds for the second term, with one element in each column
1

and a maximum for f;; = — x f ;.
m

When f;; = f.*f;, which is the case of stochastic independence between

13

both distributions, the expression (4) reduces to:

m n 1 n m 1
HYX)= Y f L filg—+ 2 f; X ﬁ.lgf—

i=1 j=1 jooj=1 Q=1 .

or

n 1 m 1
= g A
iglfl gfj+i§lﬁ gﬁ-

The index then comes to the sum of the respective entropies of each
marginal distribution.




CHOICE OF POLICY MEASURES TO AFFECT FERTILITY:
A COMPUTER MICRO-SIMULATION STUDY

Shunichi Inoue*

PURPOSE AND METHOD OF THE STUDY

According to the United Nations “Third Population
Inquiry among Governments on Population Policies in
the Context of Development”, conducted in 1976, 40
countries had policies designed to reduce the rate of
natural increase.! The total population of those countries
is estimated at around 2.2 billion in 1977, which is 56 per
cent of the world total population and 78 per cent of the
total population of the less developed regions. Since none
of these countries intends to increase mortality rates to
achieve such a goal, the aim of their policies can safely be
interpreted as a reduction of fertility rates. In other words,
the majority of the people in the less developed regions,
whose fertility still remains very high, appear to be living
under government policies to reduce fertility levels in
some manner. The percentage is clearly large enough to
affect significantly the world prospects of future fertility
and population growth, if those policies should be carried
out effectively.

Under these circumstances, it would be inappropriate
to underestimate or ignore the possible impacts of
Governments’ policies upon future fertility trends, es-
pecially when preparing comprehensive demographic
projections for the countries of the world at the United
Nations Secretariat. A quantitative evaluation of the
impact of population policies on fertility is admittedly a
very difficult task and requires assumptions about the
extent and tempo of population policy implementation.
Nevertheless, such an exercise may help provide not only
an improved assessment of future population prospects
for individual countries but also an opportunity to
reappraise the goals of population policies and the ways
and means by which policies could be implemented.

To date, studies on this subject have been primarily
limited to the evaluation of family planning programmes
sponsored by Governments and other public in-
stitutions.? Such studies usually try to estimate the

* Population Division of the Department of Economic and Social
Affairs, United Nations Secretariat. This article is an interim report on
an ongoing project.

! “Concise report of monitoring of population policies, report of the
Secretary-General” (E/CN.9/324, 19 October 1976), paper presented to
tll'éeﬂPopulation Commission at its nineteenth session, 10-21 January

2 C. Chandrasekaran, D. V. R. Murty and K. Srinivasan, “Some
problems in determining the number of acceptors needed in a family
planning programme to achieve a specific reduction in the birth rate”,
Population Studies, vol. 25, No. 2 (July 1971), pp. 303-308; Robert G.
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number of programme acceptors and their continuation
rate to assess the extent of fertility reduction attributable
to the programme. Although these studies have their own
aims and merits, they tend to limit their attention to
relatively narrow technical fields in comparison with a full
range of possible population policies. Their limitation is
clear since contraception may be practised outside the
government programmes, especially when some tradi-
tional and indigenous contraceptive methods are widely
used. More importantly, however, the determinants of
fertility change and concomitantly the choice of policy
measures extend beyond the customary coverage of family
planning. Theoretically, it may be argued that a compre-
hensive fertility policy must be formulated considering all
aspects of fertility determining processes. There are many
difficulties in such broad policy formulation not only
because of the large number of factors that must be taken
into consideration but also because of the complexity of
the interrelationships among these factors, as well as
between them and the resulting fertility changes. Con-
ceptually, however, it seems possible and even promising
to sift out some major elements which are operating as a
set of conduits to channel the consequences of both socio-
economic changes and governmental programmes and
activities on to fertility. These intermediate elements or
intermediate variables may include age at marriage,
desired family size, contraceptive practice rate, use-
effectiveness of the contraceptive methods, induced abor-
tion, infant mortality rate etc.® In a sense these elements
may be regarded as the measures to implement population
policies because policies can only be effectuated by
working through these conduits.

A stratification can be made among variables affecting
fertility. In the first tier is the process in which non-
demographic factors, such as social and economic changes
as well as government policies affect the intermediate

Potter and S. L. N. Rao, “Future family planning impact: method and
data requirements”. Economic Bulletin for Asia and the Far East, vol. 24,
No. 1 (June 1973), pp. 74-82; John A. Ross, “Acceptor targets”, in C.
Chandrasekaran and Albert 1. Hermalin, eds., Measuring the Effect of
Family Planning Programs on Fertility (Dolhain, Belgium, 1975), pp.
55-91; C. Chandrasekaran, “Acceptor data”, in ibid. pp. 17-53; Econ-
omic and Social Commission for Asia and the Pacific. Report of the
Multinational Study in Methodologies for Setting Family Planning
Targets in the ESCAP region, Asian Population Studies Series No. 31
(NST/ESCAP/14, 1976).

3 Intermediate variables are meant here to cover a wider dimension
than the one originally defined by Davis and Blake. See Kingsley Davis
and Judith Blake, “Social structure and fertility: an analytic framework”,
glcimgggc Development and Cultural Change, vol. 4, No. 3 (1956), pp.




variables in one way or another; in the second, is the
process in which these intermediate variables determine
fertility rates in accordance with well-structured bio-
demographic processes. The second stage of fertility
determination is relatively better known to the researcher
yet complicated enough to require intensive treatment.
Simulation studies, like the one presented in this paper,
are quite suitable to elucidate questions related to this
second stage. It is hoped that an understanding of this
second stage of fertility determination will eventually help
clarify the studies about its first stage and will make it
easier to draft a set of comprehensive population policies
that are properly aimed at a certain policy goal.

This study thus intends to construct and use a sim-
ulation model of human reproduction in order to examine
various possibilities for fertility changes in developing
countries under several assumptions regarding the choice
of population policy measures. As will be discussed in the
next section, the type of model that has been adopted in
this study is a micro-simulation model of fertility with bio-
demographic components. The input variables to the
model represent the “intermediate” variables mentioned
above and thus can be regarded as population policy
measures. The same model can also be used in searching
for a set or a package of policy measures which are
practicable and yet would warrant the achievement of the
policy goal. In addition, the model could provide fertility
assumptions for population projections by assuming
future trends of those input variables with, or without,
Governments’ interventions.

In a micro simulation of this type, a large number of
women’s reproductive life histories will be simulated
under given assumptions and then various fertility indices
will be computed from the results. In this procedure, there
are two contradictory demands regarding the data re-
quirements. On the one hand, the model requires a large
number of biological and demographic variables as input
data. On the other hand, the input variables must be
simple and obtainable with relative ease in order to apply
the model to developing countries where such data are
scarce in most cases. The solution for this dilemma that
has been adopted here is to prepare alternative sets of
estimates for various probability distributions of demo-
graphic and biological events, from which suitable
estimates can be derived by simplified input variables. In
addition, the model needs a dynamic feature, that is, the
capacity to simulate fertility rates over a certain period of
time allowing for changes in the assumptions about the
input variables. This dynamic feature will make it possible
to illustrate more realistically the effects of population
policies on fertility rates for a specified time interval.

In order to accomplish the purpose of the study stated
above, the following objectives have been set forth:

1. To construct a computer simulation model of fer-
tility with bio-demographic components which is suitable
for policy evaluation and fertility projections.

2. To prepare estimates of probability distributions
concerning age at marriage, permanent sterility by age,
infant deaths by months of age, use-effectiveness of
contraceptive methods and foetal mortality rates by age of
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a woman in order to facilitate the use of the model under a
variety of conditions, especially in cases of insufficient
data.

3. To test the validity and robustness of the model by
applying it to a non-contraceptive population, i.e., one
exhibiting natural fertility. The Hutterites have been
chosen for this purpose.

4, To test the validity and robustness of the model by
applying it to a contraceptive population, in particular,
Japan.

5. To study the population policy in a selected develop-
ing country (Pakistan) and estimate the relevant input
variables. Based on this assessment and using the model,
to simulate fertility rates of the same country with existing
population policies in a concrete time dimension.

6. To simulate fertility changes in a concrete time
dimension with alternative sets of the input variables
which may be viewed as alternative assumptions on policy
measures for the same country.

7. To incorporate the simulation results with popu-
lation projections for the developing country selected.

This paper is a preliminary report of a simulation study,
the purpose and characteristics of which are described
above. This introductory section will be followed by a
brief description of the features of the model, and also by
the results of the validity test for simulations with
reference to the Hutterite and Japanese fertility rates. The
major application of the model is made for Pakistan and
will consist of four topics: (a) a simulation at the current
age-specific fertility rates, (b) an assessment of the
effects of various assumptions for each of the policy
measures or the input variables, (c) time-specific sim-
ulations for future fertility trends with plausible alter-
native sets of assumptions on the policy measures. The last
section of the paper will present the results of population
projections for Pakistan, including several simulation
results which may be useful for formulating projections
for the developing countries. A technical description of
the model used and other related matters will be presented
in the appendices to the paper.

MAIN FEATURES OF THE MODEL USED

The model which has been developed for this study is a
micro-simulation model of fertility with bio-demographic
components. The model is designed to produce age-
specific fertility rates and other fertility indices, such as a
parity distribution of women and the length of birth
intervals, which are to be utilized for many purposes
including the United Nations population projections.
The input variables to the model are simplified so that an
application of the model to developing countries becomes
feasible. The input variables, or more properly the
intermediate variables between fertility and socio-
economic and cultural determinants, can also be seen as
the population policy measures so that the model may be
used for the evaluation of effects on fertility of those
policy measures. An additional feature of the present
model is its power to make a dynamic simulation. This
feature can produce fertility trends over a period of 35




years with changing assumptions and is expected to be
useful for projection purposes and also to clarify the time
dimension of the policy effects.

The model is called a micro model because it generates a
large number of individual women’s reproductive life
histories in a computer on a stochastic basis. In this
particular model, a maximum of 1000 women’s repro-
ductive histories can be simulated and the results will be
summarized in various fertility measures. The model is
also called bio-demographic because it contains in its
framework both biometric elements, such as fecunda-
bility, intra-uterine mortality and sterility, as well as
demographic elements, such as age, marital status, parity,
desired number of children, contraception and sterili-
zation.*

More specifically, the present model regards a repro-
ductive life of a woman as follows: the reproductive life
span, which may be defined as the married, fecund period
within the limit of time span from 15 to 20 years of age, is
composed of one or more reproductive cycles. Each
reproductive cycle is further composed of three periods: a
period of contraception delay, a period of gestation and a
period of post-partum infecundity. The last reproductive
cycle of a woman is usually interrupted by the termination
of her reproductive life span at some point in the period of
conception delay or the period of post-partum in-
fecundity.

In the present model, the period of conception delay is
determined by a monthly probability of conception which
is assumed to vary with a woman’s age. In the absence of
contraception, the probability would be equal to fecunda-
bility; with the contraceptive practice, the probability
becomes residual fecundability. The period of gestation
that follows a conception is considerably different de-
pending on the result of the conception: a live birth, a
foetal death (including still birth) or an induced abortion.
The period of post-partum infecundity or the idle period
depends not only on the results of the conception but also,
in the case of a live birth, on the length of survival of the
child and the custom of breast-feeding. After this idle
period, the next reproductive cycle will begin with the
resumption of susceptibility. The reproductive cycles will
be repeated until the woman reaches the end of her
reproductive life span as defined in the above paragraph.

Family planning practice will be introduced into the
model when a couple wants to limit the family size or to
keep a proper interval between child births. The readiness
for family planning for stopping purposes will occur only
after the number of surviving children reaches the desired
number, the difference between the two being called here
the number of excess children. Given the readiness for
stopping or spacing, however, a woman may or may not
practice contraception, depending on the given con-
traceptive practice rate. When contraception is practiced,
fecundability will be reduced to residual fecundability to
the extent to be derived from the extended use-

4 See Menken’s classification of simulation models. Jane Menken,
“Simulation studies”, in C. Chandrasekaran and Albert 1. Hermalin,
eds., Measuring the Effect of Family Planning Programmes on Fertility
(Liége, 1975), pp. 351-379.

effectiveness of the method chosen. If a conception takes
place too soon relative to the desired spacing or in spite of
the stopping preference, the conception could be ended by
an induced abortion, depending on the given induced
abortion rate (see fig. I).

Since the micro-simulation model is a numerical model,
it does not require extensive mathematical treatments of
the subject but instead uses extensively a technique of
stochastic random determination by a computer, such as
the Monte Carlo method. In other words, the occurrence
and timing of many events in the simulation will be
regulated by computer-generated random numbers in
accordance with given probability schedules. For exam-
ple, the timing of a conception will be determined in the
model by a monthly probability of conception as follows:
in the first month after the first marriage or the re-
sumption of susceptibility, a random number R,
(0 < R, < 1) will be generated by a computer and com-
pared with the probability of conception, say 0.2,and if R,
is equal or less than 0.2, it is decided that a conception
takes place in the first month but if R, is greater than 0.2,
the conception delay goes to the second month. For the
second month, a newly generated random number R, will
be compared with 0.2, if the probability remains the same,
and the process continues until R, < 0.2 is found in the n"
month. Obviously, n could be different for each con-
ception and for each woman but if aggregated, the
frequency distribution of the conception delay will have a
mean value of five months, and a standard deviation of
about 4.4 months. On the contrary, if a model is
deterministic instead of stochastic, the conception delay
would be constant at five months for all women in the
above instance.

In spite of the apparent complexity, the micro-
simulation model with bio-demographic components has
some advantages for a study such as this due to its
potential capacity to manipulate as many input variables
and as much complexity of the model structure as are
necessary without producing disturbing interactions
among the variables and without requiring excessive
computer capacity.® Some of the macro-simulation
models of fertility reportedly have a limit of precision due
to the computer capacity.® On the other hand, the micro-
simulation models with only demographic components,
such as POPSIM,” seem to have problems with input

5 Albert Jacuard, “La Reproduction humaine en régime malthusien”,
Population, Vol. 22 (septembre—octobre 1967), pp. 897-920; K. Venkat-
acharya, “Some implications of susceptibility-and its application in
fertility evaluation models™, Sankhya, Series B, vol. 31 (June 1970), pp.
41-54; Ingvar Holmberg, “Fecundity, Fertility and Family Planning,
Application of Demographic Micromodels”, Demographic Institute Re-
port 10 (Goteborg, University of Goteborg, 1970); Mindel C. Sheps and
Jane Menken, ““A model for studying birth rates given time dependent
changes in reproductive parameters”, Biometrics, vol. 27, No. 2 (June
1971), pp. 325-343.

6 Robert G. Potter and James M. Sakoda, “A computer model of
family building based on expected values”, Demography, vol. 3, No. 2
(1966), pp. 450—461.

7 D. G. Horvitz, F. G. Giesbrecht, B. V. Shah and P. A. Lachenbruch,
“POPSIM, a demographic microsimulation model”, Carolina Popu-
lation Center Monograph 12 (Chapel Hill, University of North
Carolina, 1971), pp. 45-63. Also, United States of America, National
Center for Health Statistics, User’s manual for POPSIM, United States
of America, Department of Health, Education and Welfare, Publication
No. (HSM) 73—1216 (Rockville, Maryland, 1973).




Figure L. . Block diagram on the scheme of the simulation model
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variables. The latter model depends on a specific fertility
rate, such as age-marital status-parity-contraception fer-
tility rates, to determine the age of pregnancy for an
individual woman in the simulation. But it is another big
project by itself to estimate such specific fertility rates.

In order to simulate a reproductive history of a woman
by the present model, the following 14 input variables
have been selected with a criterion that they can be
obtained relatively easily for most developing countries.
As mentioned previously, these variables are in a sense the
intermediate variables linking the purely demographic
reproductive processes to the social, economic and other
external factors which would ultimately affect fertility. As
such, the input variables to the model can also be viewed
as the population policy measures.

List of input variables
A. Nuptiality

1. Singulate mean age at marriage (years)
2. Proportion of women never-married at age 50
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. Variable directly connected to the input variables

3. Proportion of women at ages 20, 35 and 50 who
are in post-marital states either by divorce or
death of husband

B. Health and lactation

4. Expectation of life at birth (years)

5. Level of sterility (high, medium or low level)

6. Average length of breast-feeding (months)

C. Motivation for family planning

7. Proportion of couples who have a desired family
size

8. Average number of desired children

9. Desired birth interval
(a) From marriage to the first birth; and
(b) Intervals between births.

D. Practice of family planning

10. Contraceptive practice rate for stopping or

spacing purposes

11. Induced abortion rate for stopping or spacing

purposes

12. Sterilization rate among eligible couples

13. Relative level of contraceptive use-effectiveness

(high, medium and low levels)




14. Distribution of contraceptors by methods
(a) IUD, (b) orals, (c) condom, (d) withdrawal,
(e) thythm, (f) diaphragm, (g) abstinence,
(h) douche, and (i) other.

The simplification of the input variables without sac-
rificing too much precision of the simulation may be
illustrated by looking into the treatment of the woman’s
age at marriage. The age at marriage is usually determined
in a micro-simulation model on the basis of a monthly
probability of marriage. This requires a series of such
probabilities which are not easy to obtain due to lack of
data in many developing countries. It may not be so
practical to depend on these, because of the amount of
work needed to estimate such a schedule. In the present
model the only required input variable is the singulate
mean age at marriage for women in the population, which
can be computed from a population census relatively
easily.® The built-in program will then translate it into
a probability distribution required to determine an in-
dividual woman’s age at marriage (see annex I). Similar
devices have been provided regarding the distribution of
women by desired number of children to be derived from
a mean number of desired children and also regarding the
surviving period of new-born babies to be obtained from
the expectation of life at birth for the population. Other
parameters, such as percentage of sterile couples by age
and the use-effectiveness of each contraceptive method,
have also been pre-estimated separately for high, medium
and low levels and stored in the computer program.
Therefore, a single call number is required to pick up one
of the ready-made estimates which best fits the population
in question.

Another feature of the present model, the dynamic
mode of simulation, has been developed to facilitate the
study of the timing of fertility change over a period of up
to 35 years. There are two modes of simulation to choose
in the present model, the dynamic mode and the static
mode. If one chooses the dynamic mode, the computer
will simulate fertility rates for 13 successive cohorts
separated from each other by five-year intervals, each of
which is equipped with different input assumptions. Some
assumptions are specific to each cohort and others are
specific to each period. For example, the mean age at
marriage is a constant for a cohort but may vary from one
cohort to the next. On the other hand, the contraceptive
practice rate is a constant for a period of five years across
several cohorts that go through the period with different
ages. After simulating fertility rates for the 13 cohorts, the
model will automatically rearrange those cohort fertility
rates by five-year age groups into the successive period
rates. There will then be seven complete quinquennial
period rates to cover a 35-year period.

One of the drawbacks of the bio-demographic model is
believed to be the difficulties in obtaining biometric
parameters. And this problem may have been responsible
for the delay of wider applications of the bio-demographic

8 John Hajnal, “Age at marriage and proportions marrying”, Popu-
lation Studies, vol. 7, No. 2 (November 1953), pp. 11--136.
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model in fertility studies for developing countries. How-
ever, owing to the recent progress of research in this field,
we now have access to a body of reasonably good
estimates for the biometric parameters needed in this type
of model,® and most of them appear to be applicable, with
some modifications, to developing countries. In order to
make the model readily usable for developing countries,
most of the needed parameters have been estimated and
stored in the computer memory. For example, the pro-
portion of permanently sterile couples by the age of wife,
which is needed to delimit the married, fecund life span of
a couple, has been estimated on the basis of published
historical data for three levels of sterility rates by age,
namely, high, medium and low levels. Thus, one must
simply specify the general level of sterility from three
alternative sets of estimates. If the level of sterility is
difficult to determine, simulations using these alternative
estimates would likely indicate which one of the estimates
is most suitable to the population. Foetal mortality rates
by age of mother received similar treatment.

The technical description of the model will be presented
in annex I to this paper. Nevertheless, it is appropriate to
discuss a few basic problems attached to the model in
order to improve understanding of the nature of the
simulations that will be made in the study. They are as
follows:

Fecundability

Most of the biometric variables, including fecunda-
bility, are difficult to estimate with certainty. The strategy
chosen was first to obtain a plausible range of estimates
for biometric variables, then to test them with the present
model to see whether they can produce the fertility rates of
the Hutterite women. Fecundability, intra-uterine mor-
tality rate, and length of post-partum infecundity were
decided upon when a set of those variables could simulate
fertility rates which best resemble those of the Hutterites.
For example, studies show that estimates of the effective
fecundability vary ranging from 0.16 to 0.25'° yet an
actual childbirth to a non-contraceptive woman would be
decided not only by fecundability but also by intra-uterine
mortality rate among others. Therefore, in the process of
formulating the simulation model, the first step taken was
to estimate an intra-uterine mortality rate which was

° Henry Leridon, “Biostatistics of human reproduction”, in Chandra-
sekaran and Hermalin, op. cit.,, pp. 93-131.

10 J, Henripin, ‘La Population canadienne au début du XVIII siécle”,
P.U.F. (Paris, 1954); P. Vincent, “Recherches sur la fécondité biolo-
gique”, LN.E.D.-P.U.F., (Paris, 1961); W. H. James, “Estimates of
fecundability”, Population Studies, vol. 17, No. 1 (July 1963), pp. 57—
65; L. Henry, “Mortalité intra-utérine et féecondabilité,” Population, vol.
19, No. 5, pp. 899—940; R. G. Potter and M. P. Parker, *‘Predicting the
time required to conceive”, Population Studies, vol. 18 (July 1964), pp.
99-116; S. N. Singh, ‘“Low estimates of fecundability”, Paper presented
at the London Conference, International Population Union; Mindel
Sheps and Jane Menken, ““On estimating the risk of conception from
censored data”, in T. N. E. Greville, ed., Population Dynamics (New
York, 1972), pp. 167—200; C. M. Suchindran and P. A. Lachenbruch,
“Estimates of fecundability from a truncated distribution of conception
times”, Demography, vol. 12, No. 2 (May 1975), pp. 291-301; J.
Bongaarts, “A method for the estimation of fecundability”,
Demography, vol. 12, No. 4 (November 1975), pp. 645-660.




obtained from Leridon’s study cited above. Then, a series
of simulations were made by giving various values to
fecundability to find out the right value to yield a closest fit
to the Hutterite rates. This happens to be the case where
fecundability was assumed to be a function of the age of a
woman, starting from 0.01 at age 15 to reach the
maximum level of 0.28 around age 24-28, then declining
to 0.10 in the late 40s.

Owing to lack of sufficient information needed to make
further elaboration, it is assumed that most of the
biometric variables, including fecundability and intra-
uterine mortality rate, which were found to be adequate
for the Hutterite women are applicable to other popu-
lations as well. In fact, the same fecundability schedule
was used in this study in simulating fertility rates for the
Japanese and Pakistani women in order to obtain a
reasonable approximation of the respective observations.

Effects of mortality on fertility

The model assumes that the general mortality level
expressed in the West Model Life Tables in the Coale-
Demeny Regional Model Life Tables!! would determine
the length of survival of each live-born child on the basis
of the schedules of 1., that is, the number of survivors at
age x out of an original cohort of 100 000. Child survival is
then related to reproductive behaviour in two ways. First,
it is assumed to determine the number of surviving
children which, in comparison with the desired number of
children, would activate the motivation for contraception
to stop another unwanted pregnancy. Secondly, the length
of child survival is assumed to affect the length of breast-
feeding and to influence the length of the post-partum
infecund period.

Breast-feeding and post-partum infecundity

It has been noted in many studies that there is a certain
relationship between the length of breast-feeding and the
length of post-partum infecundity. Based on a study by
Leridon,!? it is assumed in this study that the relation can
be expressed in the following formula, in which PPI
denotes the months of post-partum infecundity and BF
the months of breast-feeding. If a child dies before the
normal breast-feeding period, BF will, of course, be
shortened proportionally:

PPI = BF x0.5+2.0.

Contraception, sterilization and induced abortion

It is a basic assumption in the present model that
contraception, sterilization and/or induced abortion will
take place only when there is a motivation for it. The
motivation could be either the desire to limit the size of a
family (a stopping purpose) or to keep a proper spacing
between births (a spacing purpose). For example, in many
survey data, the practice rate is given as a ratio of

11 Ansley J. Coale and Paul Demeny, Regional Model Life Tables and
Stable Populations (Princeton, New Jersey, Princeton University Press,
1966).

12 eridon, op. cit.
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contraceptive users to the total women interviewed. But
single sterile and/or pregnant women can be excluded
from the computation because they have no reason to
practise contraception. By the same token, the argument
may be put forward for excluding from the denominator
of the practice rate those who have no contraceptive
motives at all. Therefore, a refined contraceptive practice
rate for the present model may be defined as the specific
practice rate for the fecund, married women who have a
motivation towards contraception.

The reason for using this refined rate instead of the
conventional rate is not only that such a rate would better
reflect the levels of knowledge of the attitude towards
contraception and the availability of its means in the
society but also that the effect of change in a desired family
size and the diffusion of contraception practice among
those who need them can be analysed separately by the
simulation. Although such a refined practice rate has not
been used very often, it can be computed from some
survey data like the report of the World Fertility Survey in
several countries. More specifically, a contraceptive prac-
tice rate among those who are married and fecund and do
not want any more children may be used as the practice
rate for the stopping purpose, and the observed rate
among those who still want additional children as the
practice rate for a spacing purpose.

Sampling errors in the results

Fertility rates that will be obtained from a micro-
simulation are in a sense sample means and subject to a
probabilistic error because they are computed on the basis
of events which are determined by several probabilities.
How large is the range of this error? How many “runs” are
needed to obtain a desired precision of the results? These
are the questions of some importance for a micro-
simulation study like this one. Of many fertility indices
that could be simulated by the present model, an attempt
has been made to estimate the standard error of total
fertility rate. The total fertility rate for a cohort is equal to
the average completed family size. In other words, it can
be deemed as the sample mean of individual completed
family sizes. From a set of simulation for the current
Pakistan fertility rates with 13 000 runs, the mean and the
standard deviation of completed family size were com-

puted as follows: X = 7.10 and s, = 3.18. From these
statistics, the following table of standard deviation of
sample mean and the 95 per cent confidence interval of the
mean estimate are prepared. As may be seen, if 1 000 runs
are made for a cohort, its maximum error with a 95 per
cent confidence level is 0.2 or 3.1 per cent of the mean.
With the mean value of 7.1, the 95 per cent confidence
interval becomes 7.1 + 0.2 or between 6.9 and 7.3.

Standard

Number deviation of 95 per cent
of S“"'pli means . confidence
runs [ 1960 interval

100............ 0.320 0.627 6.5-7.7
300 ............ 0.184 0.361 6.7-1.5
500 ............ 0.142 0.278 6.8-7.4
1000........... 0.101 0.198 6.9-1.3
5000 ........... 0.045 0.088 7.0-7.2




VALIDITY OF THE SIMULATION RESULTS

Before the model is put into use for an evaluative study
of population policy measures and subsequent population
projections, the validity of the simulation results have to
be tested so that any conclusion that may be drawn from
the simulation can be accepted with reasonable con-
fidence. In the following validity tests, Hutterite fertility in
the United States and post-war Japanese fertility are used
as bench-marks partly because of the availability of
reliable data and’ partly because they represent non-
contraceptive and contraceptive populations, respectively.
The basic method of the test is (a) to estimate all the input
variables from published data as precisely as possible,
(b) to apply those estimates to the model and (c) to
compare the simulated fertility rates with the actual
observed ones. In the course of simulating the Hutterite
fertility, a study may be extended to examine the possible
range of natural fertility rate under various conditions,
since the Hutterite fertility is one of many possibilities. In
the case of Japanese fertility, the dynamic feature of the
model will be examined in particular by attempting to
simulate the fertility transition in Japan during the post-
war period, from the late 1940s to the early 1960s.

The Hutterites

The Hutterites are an ethnic group living in several
north-western states of the United States of America and
neighbouring provinces of Canada. They are known to
have the highest fertility ever recorded accurately in
human history. Reasonably good data are available for
estimating the input variables to the model. The singulate
mean age at marriage, the proportion of never-married
women at age 50 and the proportion of women at various
ages whose marriages have been dissolved can be esti-
mated on the basis of information given in the Eaton and
Mayer study.'® The level of sterility is assumed to be
“low” because their sterility rates by age resemble closely
the European model (low) in our set of estimates accord-
ing to the same study. Mortality conditions of the
population are believed to be slightly better than those of
the general population of the United States of America
but a little poorer than those of the South Dakota
population. Thus, the expectation of life at birth for both
sexes around 1940 was estimated at 60 years. Regarding
breast-feeding, Tietze reports that it is the general practice
among the Hutterites, and “at the age of six months,
however, most infants appear to be at least partially
weaned and breast-feeding beyond the first year of life is
very uncommon”.!* From those observations, the average
duration of breast-feeding is estimated at eight months.
For other input variables, no couple is assumed to have a
desire to limit their family size, nor to prefer to maintain a
certain birth interval. Contraceptive practice and induced
abortions are not assumed to be present.

13 joseph W. Eaton and Albert J. Mayer, “The social biology of very
high fertility among the Hutterites, the demography of a unique
population”, Human Biology, A Record of Research, vol. 25, No. 3
(September 1953), pp. 206-264.

14 Christopher Tietze, “Reproductive span and rate of reproduction
among Hutterite women”, Fertility and Sterility, vol. 8 (1957), pp. 89-97.
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Three types of fertility indices for the Hutterites, that is,
age-specific fertility rates, distribution of women by age
and parity and birth intervals, are compared with the
simulated results in the following tables 1, 2 and 3. With
respect to the total fertility rate, the result of the
simulation, namely, 8.68, happens to be identical with the
observed rate. This agreement is, however, not totally
surprising because, as already discussed in the previous
chapter, some of the biometric parameters, such as
fecundability, were deliberately adjusted so that the
simulation results became closer to the Hutterite fertility.
There are a few discrepancies in the pattern of age-specific
fertility rates but they do not seem to be very important in
the light of much wider variations in the observed
Hutterite fertility rates themselves for three different
periods: 19261930, 19361940 and 1946-1950 (see table
1).

TaBLE 1. COMPARISON OF THE OBSERVED AND SIMULATED TOTAL
FERTILITY RATES, AGE-SPECIFIC FERTILITY RATES AND CRUDE BIRTH
RATES OF THE HUTTERITES

Observed® Difference
in 1926—1950 Simulated ((2)=(1))
Age group (1) (2) (3)
15-19 ... o 14.0 17.0 3.0
20-24 ... 252.7 271.0 18.3
25-29 o 4219 423.3 1.4
30-34 ... 416.7 4133 -34
3539 L. 376.7 359.3 —-17.4
4044 ... 216.7 210.3 —6.4
4549 ... 377 40.7 3.0
Total fertility rate. .. ..... 8.68 8.68 0
Crude birth rate® . ....... 49.2 48.7 -0.5

a Average of the three periods: 1920—1930, 19361940, 19461950
from J. W. Eaton and A. J. Mayer, “The social biology of very high
fertility among the Hutterites, the demography of a unique population”,
Human Biology, A Record of Research, vol. 25, No. 3 (September 1953),
p. 227.

b Computed from the observed and simulated age-specific fertility
rates and the sex-age composition of the Hutterite population in 1950.

The average parity of women over 45 seems to have
small differences: the observed 8.97 versus the simulated
8.89. However, differences in this “completed” family size
as well as in the distribution of ever-married women by
parity should not be taken too seriously, because (a) the
actual observation is based on a relatively small sample of
340 women, while the simulation is based on 1000
women, and (b) the actual observation includes women
from ages 45 to 85, thus probably being subject to effects
of differential mortality and omission of dead children,
while the simulation results refer only to those aged 4549
(see table 2). The similarity and dissimilarity in birth
intervals should also be viewed carefully because of the
relatively small observations from the Hutterites, num-
bering 1040 observed intervals. Incidentally, the birth
intervals mentioned here exclude the intervals between
marriage and first birth, which are appreciably shorter
than the intervals between births (see table 3). In sum, the
simulation results may be found to be reasonably close to
the actual observations. We conclude that there is no
indication that the model is unsuitable for simulating
fertility rates for a non-contraceptive population.




TABLE 2. COMPARISON OF THE OBSERVED AND SIMULATED DIS-
TRIBUTION OF EVER-MARRIED WOMEN OF AGE 45 AND ABOVE BY PARITY
FOR THE HUTTERITES

Perceniage distribution

Observed” Simulated for Difference

1950 ages 45—49 ((2)—(1))
Parity (1) (2) (3)
L1 2.9 53 2.4
1.2 1.9 0.7
2 2.6 1.6 -1.0
3 29 24 -05
4. 29 4.3 1.4
S 4.1 2.7 -14
6. 5.9 4.3 -1.6
T 7.6 7.7 0.1
8 9.1 7.9 -1.2
9 12.4 10.6 —1.8
10+ ....oiinnn 48.3 51.4 31

Average parity...... 8.97 8.89 —0.08

a Distribution of 340 women aged 45-85. J. W. Eaton and A. J.
Mayer, “The social biology of very high fertility among the Hutterites,
the demography of a unique population”, Human Biology, A Record of
Research, vol. 25, No. 3 (September 1953), p. 235.

TaBLE 3. COMPARISON OF THE OBSERVED AND SIMULATED
BIRTH INTERVALS FOR THE HUTTERITES

(Months)
Age of Observed®
mother® (excluding last intervals) Simulated
Under25.................. 22.8 23.0
25-29 o 249 22.5
30-34 ... 25.1 233
35andover................ 25.7 25.5

Source: C. Tietze, “Reproductive span and rate of reproduction
among Hutterite women™, Fertility and Sterility, vol. 8 (1957), p. 95,
table 5.

Notes:

a Mother’s age refers to the beginning of intervals in Tietze’s
observation but it refers to the ages at the end of intervals in the
simulation.

bNumber of intervals from which the above average lengths are
derived: 1040 in the observation and 7790 in the simulation.

Now let us examine what the simulation by the present
model can tell us about the possible range of the natural
fertility which presumably varies considerably with re-
spect to level and age pattern. Partly for the sake of testing
the model and partly for the sake of curiosity to know why
and how natural fertility can vary, several simulations
were conducted by giving different but plausible values to
the following input variables: age at marriage, expectation
of life at birth, duration of breast-feeding and level of
sterility.

Here the standard simulation was that of the Hutterites
and for each variant simulation one input variable was
replaced by a new value while keeping all other input
variables unchanged at the Hutterite levels. In the first
variant, for example, the mean age at marriage of 22.6
years for the Hutterites was replaced by 18.0 years to
represent an early marriage pattern. In the second variant,
the same input variable was given a new value of 27.0
years, which represents a late marriage pattern, and so
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forth. At the bottom of table 4, however, there appear two
variants in which all four input variables, except for the
sterility level, are different from those of the Hutterites.
Here the input variables which gave higher or lower
fertility rates in the preceding variants are put together
respectively to simulate the highest and the lowest fertility
rates within the given range of the input variables.

TABLE 4. SIMULATED VARIATION IN NATURAL FERTILITY BY CHANGING
EACH VARIABLE WHILE KEEPING THE REMAINING CONSTANT AT THE
HUTTERITE LEVELS

Civne d et Similatod

total crude
Variants of simulation Sertility rate birth rate?
Standard (The Hutterites)b . .. ...... 8.7 48.7
Variant

1. With mean age of marriage = 18.0 10.0 59.7
2. With mean age of marriage = 27.0 6.8 348

3. With  duration of  breast-
feeding =2 months. ........... 9.8 54.6

4. With  duration of  breast-
feeding = 12 months........... 8.2 454

5. With  duration of  breast-
feeding = 18 months. .......... 7.3 41.1

6. With expectation of life at
birth=46years .............. 8.9 49.6

7. With expectation of life at
birth="72years .............. 8.5 47.6
8. With sterility level = medium . .. 8.1 45.6
9. With sterility level = high ...... 7.3 42.7

10. Highest possible fertility to be sim-

ulated from the combination of the

above control variables ........ 11.2 66.7
11. Lowest possible fertility to be sim-

ulated from the combination of the

above control variables ........ 4.5 242

2Crude birth rates are computed from simulated age-specific fertility
rates and the observed age-sex composition of the Hutterites in 1950.

bThe levels of the variables for the Hutterites are: mean age of
marriage: 22.6 years old; breast-feeding period: 8 months; expectation of
life at birth: 66 years; and sterility level: low.

According to the simulation presented in table 4, the
possible range of variation in the natural fertility rate
seems to be quite wide. Crude birth rates so calculated are
66.7 per 1000 for the highest possible fertility com-
bination and 24.2 per 1 000 for the lowest combination.
Total fertility rates are 11.2 for the highest and 4.5 for the
lowest. Levels of natural fertility observed by Henry,!®
that is, between 10.9 and 6.2 in total fertility rate, are
found well within the simulated range from the highest
and lowest fertility combinations. The relative importance
of the variables contributing to this hypothetical variation
in the simulated natural fertility are the age at marriage,
the duration of breast-feeding, the level of sterility and the
level of infant mortality rate in descending order of
importance. Of these, the difference in mean age at
marriage between 18 and 27 years, other things remaining
unchanged, could explain almost 45 per cent of the above-
mentioned maximum variation. The contribution of other
factors are about 35 per cent by the variation in the length

13 Louis Henry, “Some data on natural fertility”, Eugenics Quarterly,
vol. 8, No. 2 (1961), pp. 81-91.




of breast-feeding period, about 15 per cent by the
variation in the sterility level, and about 5 per cent by the
variation in the infant mortality rate. The validity of these
conclusions depends, among other factors, upon the
accuracy of assessment of the high and low sterility rates,
as well as the adequacy of formulation of the relationship
between the breast-feeding period and the post-partum
infecundity, which were briefly mentioned in the section
above on main features of the model used. In these
findings, one might also wonder why the variation in the
level of mortality has relatively little influence upon
fertility. It may be understandable, however, since we are
dealing with uncontrolled fertility where infant mortality
could possibly influence fertility level only through its
effects on the length of post-partum infecundity.
Implications of these findings to the current demo-
graphic situations of less developed countries seem to
be of some importance. If the basic assumptions of the
present simulation model are correct, the existing signi-
ficant fertility differentials among the less developed
countries where family planning is practically absent are
not a statistical artifact but may largely be a reflection of
health conditions and social customs. And if one wishes to
reduce fertility levels in those countries without seeking
solutions in family planning, the most important measure
appears to be marriage regulation of one kind or another.
Also, the duration of breast-feeding plays a very impor-
tant role. On the other hand, improvement of health
conditions may have mixed effects. Improvement in an
infant mortality rate has an effect of reducing fertility
levels but if it is accompanied by a reduction of sterility
level among parents, the two effects may offset each other.
However, any further conclusions should not be drawn
until the case of Pakistan is studied in the sections below.

Japanese fertility

According to various estimates, the crude birth rate in
Japan had probably been fluctuating around 35 per 1 000
from the fourth quarter of the nineteenth century through
1920. Then, a slow decline followed and the crude birth
rate reached around 30 in the early 1940s. After the post-
war baby boom during 1947-1949 when the crude birth
rate climbed again to 34 per 1000, a spectacular decline
occurred, and the same rate fell below 18 in 1957 and after.
In this section, an attempt is made to simulate the
Japanese fertility trends after the war because it seems to
be useful for further testing the validity of the present
model in two respects. First, this is a population which
widely uses contraception and induced abortion so that
the model can be tested for the fertility regulation
mechanism. Secondly, it provides an opportunity to test
the dynamic features of the model because of the recent
fertility transition discussed above. Besides, there are
reasonably good data that make a simulation feasible.
However, it should be noted that an effort to simulate
Japanese fertility for the post-war transition period is
quite challenging because of the fact that the normal
transition process, whatever it may have been, was
obviously disturbed by the war and by the post-war baby
boom that followed. Also, the age pattern of Japanese

fertility rates is known to be rather unique. It has a strong
concentration in the age group 25-29; about 49 per cent of
all births in 1970, for example, were born to mothers in
this age group. It is interesting to recognise through
simulation what kinds of factors are contributing to this
unique pattern,

The control variables for the simulation were estimated
as follows: the quinquennial population censuses have
provided the basis for estimating the singulate mean age at
marriage, the proportion of women never-married at age
50 and the proportion of women whose marriages have
been dissolved at ages 20, 35 or 50. The expectation of life
at birth for each period is available from the official
sources. The report of the World Fertility Survey of Japan
conducted in 19741 has provided the basis for estimating
the average number of desired children, contraceptive
practice rates and contraceptive methods used. The
duration of breast-feeding, recently about four months,
was estimated from miscellaneous sources. Average length
of desired birth intervals is estimated as 24 months for the
first child and 18 months for successive child births for
reasons that will be discussed below. The induced abor-
tion rate for the stopping purpose, that is, a ratio of
induced abortion to unwanted live births is rather arbit-
rarily assessed as 90 per cent after 1948, when induced
abortion was legalized.

The results of simulations are presented in tables 5 and
6. In terms of trends in total fertility rate, the post-war

TABLE 5. COMPARISON OF THE OBSERVED AND THE SIMULATED
FERTILITY TRENDS, JAPAN, 19501975

Total fertility rate Crude birth rate

Period Observed®  Simulated Ob.\‘erveda Simulated
19451949, .. .. ......... 4.40° 475 33.6b 375
19501954 .. ........... 3.04 293 23.7 2238
1955—1959. .. ........... 2.15 2.10 18.1 17.6
1960—1964. ............. 2.08 207 17.2 18.0
1965—1969. ............. 2.03 2.13 17.8 19.0

2 Japan, Ministry of Health and Welfare, Japan Vital Statistics,
various years.
b 1947-1949 only.

TABLE 6. COMPARISON OF THE OBSERVED AND THE SIMULATED AGE
PATTERNS OF FERTILITY RATES, JAPAN

19501954 1960—1964

Age group Observed  Simulated ~ Observed  Simulated
15-19 ..ol 9.3 1.3 38 1.3
20-24 ... 133.3 145.0 110.1 121.8
25-29 206.3 227.5 193.1 212.5
30-34 ... 146.9 121.0 83.5 59.3
35-39 ... 78.4 65.0 21.7 14.3
40-44 ... 24.1 24.0 42 5.5
4549 ... 14 1.3 0.3 0.3
Total fertility rate........ 3.04 297 2.08 2.07
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16 Japan, Ministry of Health and Welfare, Statistics and Information
Division, Sekai Shussan-ryoku Chosa Hokoku, Report of the World
Fertility Survey, Japan, 1974 (Tokyo, 1976).




baby boom and subsequent fertility decline are repro-
duced by the simulation with moderate approximation.
According to the simulation results, total fertility rate
dropped from 4.8 in 1945-1950 to 2.1 in 19601965, which
may be compared with the drop in total fertility rate of 4.4
(1947-1949) to 2.1 in the vital statistics recorded for the
same period. If the simulation and vital statistics data are
compared with each other with respect to crude birth rate,
similar approximation may also be found. Regarding the
shape of age-specific fertility rates, after some trial and
error which will be described shortly, we could simulate a
series of age-specific fertility rates which are more or less
comparable to the actual observations. Two typical cases
are presented in table 6.

If the simulation results on Japanese fertility are judged
to be acceptable, it may be useful to reflect once again
upon the input variables that brought about such results.
Three factors may be pointed out as having caused the
rapid decline of fertility in the simulation. They are better
access to more effective contraceptive methods and the
introduction of legal abortion. The contraceptive practice
rate, which was estimated at about 70 per cent for the pre-
war period and rose to 95 per cent in recent periods, also
helped the fertility decline. In the pre-war periods, es-
pecially since around 1935, birth control had been re-
garded by the Government as a dangerous movement to
be suppressed. Thus, contraception was not encouraged
and contraceptive methods that were available were
condoms of inferior quality and such non-instrumental
methods as abstinence or withdrawal. But after the end of
the war in 1945, the public attitude towards birth control
was completely reversed and better-made condoms also
became available. In addition, other modern con-
traceptive methods, including rhythm, IUD, diaphragm
and jelly, became available for wide use. Induced abortion,
which was legalized in 1948, was also responsible for the
reduction of fertility. For example, the induced abortion
ratio to 100 live births was 101 in 19501955, decreasing to
45in 1970-1975, according to the simulation; whereas the
reported induced abortion ratios were 68 in 1955and 28 in
1972 according to official sources. Interestingly, however,
such fertility reduction was simulated with only a slight
decrease in the desired family size over the entire period of
observation. This result seems to suggest that a very rapid
fertility reduction could occur in a relatively short period
of time if the desired family size had already been small
and the means for achieving it had become available to the
population.

Incidentally, the simulation seems to support the theory
that the post-war baby boom was largely caused by the
delay in age at marriage during the war period and the
postponement of child-bearing to the immediate post-war
period.

Regarding the age pattern of Japanese fertility in recent
years, its heavy concentration in the age group 25-29 was
simulated only after some modification was made regard-
ing the age of marriage. As will be described in annex I, a
usual procedure is to select a model nuptiality pattern
which corresponds to the given mean age of marriage. The
model nuptiality patterns which had been obtained from
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many actual nuptiality patterns are of two-parameter
models. As will be discussed in annex I, such simplicity was
preferred in this study over more sophisticated three-
parameter models in order to achieve wider applications.
But owing to the popularity of higher education and pre-
marital work experiences among Japanese girls, marriage
in this country is heavily concentrated around the mean
age of marriage and seems to have caused a significant
deviation from the model pattern. In order to solve this
special problem, a method was improvised to deform the
standard marriage frequency distribution into a more
concentrated distribution around the mean. It was after
this modification that age-specific fertility rates, as pre-
sented in table 6 for the period 1960-1964, were obtained.
In this exercise, two additional input variables about the
desired birth interval, that is, two years between the
marriage and the first childbirth and one and a half years
between successive intervals between births, also
contributed to produce the Japanese age pattern of
fertility rates.

From the two simulations for the Hutterite and Jap-
anese fertility discussed above, it may be concluded that, if
the input variables can be estimated reasonably well, the
simulation results would be approximated to the actual
fertility fairly well. This is true for both contraceptive and
non-contraceptive populations. Similar tests could be
made concerning other populations with good data in the
future. However, these tests were made through simulat-
ing recorded fertility in the past. Here, the main problem
was how to estimate the input variables from the available
data rather than the possible changes of those variables in
the future. Our next and main task is simulation for the
future for which input variables must be projected. Here,
factors which will affect the future input variables include
Governments’ population policies in addition to other
socio-economic development. These are the subject of
study in the following sections.

APPLICATION OF THE MODEL IN EVALUATING
ALTERNATIVE POLICY MEASURES FOR PAKISTAN

Pakistan was selected for the case study of evaluating
the effects of policy measures by means of micro sim-
ulation for two reasons: its definite, if not quantitatively
defined, population policy and more importantly, the
availability of crucial information from the recent Paki-
stan Fertility Survey (World Fertility Survey of Pakistan).
In this section, findings in the following four areas will be
presented: (a) simulation of the current fertility rates for
Pakistan; (b) evaluation of the -effects of changing the
value of individual input variables; (c) perspectives on
fertility change with alternative assumptions of the chang-
ing input variables; and (d) alternative sets of the input
variables to achieve a certain fertility reduction.

Simulation of current fertility rates for Pakistan
The Pakistan Fertility Survey (PFS) of 1975, which was

conducted in conjunction with the World Fertility Survey,
has provided an estimate of the current fertility level for




Pakistan, as well as other related information needed for
the simulation. The survey yielded,among other things, an
estimate of crude birth rate of 40.5 per 1000 for
1974-1975; an estimate of total fertility rate of 6.3;and the
age-specific fertility rates of a broad peaked type with the
highest specific rate of 314 per 1000 for the age group
25-29. These estimates are more or less in agreement with
the previous estimates obtained from the Population
Growth Estimation (PGE) in 1963—1965 and from the
Population Growth Survey (PGS) in 1968—1972. Accept-
ing the methodological differences among those surveys,
the PFS report concludes that the similarities of the
fertility estimates from different sources are “not in-
dicative of any significant change in the fertility level over
the period 1963-1975”.17

The Pakistan Fertility Survey contains data on nup-
tiality, fecundity, preference of number and sex of child-
ren, knowledge and use of contraception, breast-feeding
etc., which are essential to run simulations by our model.
For example, PFS identifies the percentage of women who
are currently using contraceptive methods. Among those
who do not want to have more children, 17.1 per cent use
some efficient method, 4.1 per cent, inefficient methods;
while among those who want to have more children, 2.9
per cent use some efficient method and 0.5 per cent
inefficient methods presumably for the spacing purpose.
Although the percentage of contraception users is gen-
erally quite low, it may be said that uses for stopping
purposes are six times as frequent as uses for spacing
purposes. Another interesting finding of the survey is that
the average length of breast-feeding is 16-17 months
among women whose last closed interval exceeds 32
months and whose child survived at least 24 months. The
length of breast-feeding seems to be quite stable at 16-17
months according to the survey, except those whose age at
first marriage is exceptionally high and those whose
education level is secondary and higher. The ideal number
of children desired by the currently married women is 4.2
on the average and does not vary significantly by age. The
smallest ideal number of children was 4.0 among those in
the age group 20-24; the largest was 4.3 among those
4044,

A computer simulation of fertility for Pakistzn was
performed in our model on the assumption that the
expectation of life at birth and the contraceptive practice
rate had been slowly increasing prior to 1975, due to the
increasing health and family planning activities in Paki-
stan, but with other factors, such as age at marriage,
desired family size, breast-feeding practice etc., not having
changed significantly. The demographic indicators of the
dynamic simulation are compared with those of PFS in
table 7 below. The simulated fertility level for 1970-1975
happens to be higher than the level obtained from PF'S for
1975 but slightly lower than the United Nations estimate
for 1970-1975. The simulation yields a total fertility rate
of 7.1, whereas the same rate was 6.3 by PFS and 7.2 by the
United Nations. In terms of crude birth rate, three

17 pakistan, Population Planning Council, World Fertility Survey,
Pakistan Fertility Survey, First Report (Lahore, 1976).
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COMPARISON OF THE OBSERVED AND THE SIMULATED
FERTILITY RATES: PAKISTAN, AROUND 1975

TABLE 7.

Pakistan United Nations
Fertility Survey, estimate, Simulated,
1975 1970-1975 1970-1975

(1) (2) (3)

Age-specific fertility rates

Age groups
1519l 104 170 113
2024, ...l 266 348 362
25-29. i 314 346 349
30-34. ... 264 281 297
35-39. e 204 188 197
40-44................ 93 91 102
45-49. .. ..ol 8 19 9
Total fertility rate. . ...... 6.3 7.2 7.1
Gross reproduction rate. . . 31 35 35
Crude birthrate......... 40.5 47.6 46.5

corresponding estimates are 47, 41 and 48, respectively.

The results of the simulation are subject to errors to the
extent that our assessment of the input variable errs.
Especially if our estimate of the expectation of life at birth
of 49.8 years for 1970-1975 was too optimistic, the
simulated fertility rate could have underestimated the
actual rate because, as will be seen very shortly, an
improved mortality condition has the effect of reducing
the total fertility rate. Incidentally, the PFS report admits
that “the actual rate . . . is considered to be higher than
those rates. For example, the Planning Commission
estimates that the current CBR in Pakistan is about
4345718

Evaluation of the effects of changing the value of
individual input variables

The current high fertility level in Pakistan appears to
be, according to the simulation, the consequence of joint
effects of young age at marriage of women (16.6 years on
the average), a large desired family size (an average of 4.2
children desired), a relatively long period of breast-feeding
(16.2 months) and low contraceptive practice rate (21 per
cent among those who have already acquired their desired
family size) and others. If one wishes to reduce the fertility
rate, as the Government of Pakistan does, what kind of
strategy must be adopted to achieve it? Is the effort to
promote the contraceptive practice enough to bring down
the fertility level to a desired one? Would an improvement
of contraceptive use-effectiveness help to achieve the same
end? Or do other variables, such as age at marriage or
desired family size, have to be modified to get satisfactory
results? As a first step in answering all these questions, an
attempt has been made in this section to evaluate the
effects of changes of the individual input variables one by
one, while other variables are kept unchanged at the
current values for Pakistan. Table 8, below, shows the
results of such simulation.

One caution is due here. The simulated fertility rates in
table 8 show the cohort rates which would ultimately be

18 pakistan, Ministry of Labour, Manpower, Health and Population
Planning, Pakistan Population Planning Programme, A Profile, 1976.




TABLE 8. SIMULATIONS OF VARIATIONS OF FERTILITY RATES WITH THE
STATIC MODE, WHERE A SINGLE INPUT VARIABLE IS REPLACED BY A NEW
ONE WHILE OTHER VARIABLES IN PAKISTAN ARE UNCHANGED AT
CURRENT LEVELS

Assumed new level of each control Total Crude
variable with () indicating Sertility birth
current level rate rate
Current fertility in Pakistan® ................ 7.1 47
Variant
Mean age at marriage (16.6 years)
1. = 200years .....ccovvvvvneeenn.... 6.5 41
2. = 230years ...ttt 5.8 35
Expectation of life at birth (49.8 years)
J.=60years..............oi, 6.7 45
4 = T0years...........oiiiiiiiiiannn 6.5 44
Level of sterility (medium)
S.=high............. il 6.4 43
6. = low.... ..o 72 47
Breast-feeding (16.2 months)
7.=6months........................ 7.2 48
8 = 30months....................... 6.0 40
Percentage of couples who want to limit family
size (90 per cent)
9. = 98percent ............. ... 6.8 45
Desired number of children (4.2 children)
10. = 30children...................... 6.1 41
11. = 20children...................... 59 40
Desired birth interval (18 months)
12. = 24months....................... 6.8 45
Contraceptive practice rate for stopping purposes
(21 per cent)
13, = SOpercent ...................... 6.4 43
14, = TO0percent ............ccvvunnn.. 6.0 41
15. = 9Spercent ...................... 5.8 40
Contraceptive practice rate for spacing purposes
(4 per cent)
16. = 20percent ...................... 6.8 44
17. = 60percent ...................... 6.3 41
18. = 80percent ...................... 6.0 39
Level of contraceptive use-effectiveness (low)
19. = medium................ ... ..... 6.9 46
20 = high........ ... ... il 6.5 4
Rate of sterilization among those who have
achieved the desired family size (0 per cent)
21. = 3percent ... 7.1 46
22, = 6percent .........oiiiiiiiiann, 7.0 46
Rate of induced abortion among those who have
achieved the desired family size (0 per cent)
23, = Spercent .............. . ..., 7.0 46
24. = 10percent ................unn. 7.0 46
25. = 30percent .............. ..., 6.7 45
2See table 7.

attained if the given input variables are kept constant for
the period of one generation. They are the results of the
“static mode” of the simulation. The question of the time
perspective for fertility change with successively changing
input variables will be discussed in the next section.

Apparently, the promotion of contraceptive practice
alone can produce some fertility reduction. An increase of
the contraceptive practice rate for stopping purposes from
a current level of 21 per cent to 50 per cent, 70 per cent and
95 per cent, would decrease the total fertility rate from 7.1
to 6.4, 6.0 and 5.8, respectively (variant 13-15). In terms of
crude birth rate, the reductions would be from 47 to 43, 41
and 40, respectively. A promotion of contraception for
spacing purposes seems to produce a similar but slightly
less satisfactory result (variant 16-18). Given the current
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low practice rate for contraception, an improvement of
use-effectiveness could hardly improve the situation (vari-
ants 19, 20). Voluntary sterilization and induced abortions
may not change the situation very much, partly because
the current cultural and political situation does not seem
to allow a big spread of such means and partly because of
people’s preference for a large family (variants 21-25).

On the other hand, changes in the demographic vari-
ables alone cannot reduce fertility very much either. The
single most effective measures are an increase of age at
marriage and an increase in the length of the breast-
feeding period. An increase of the mean age at marriage
from 16.6 to 23.0 would bring the total fertility down from
7.1 to 5.8 and the crude birth rate down from 47 to 35
(variants 1, 2); a lengthening of breast-feeding from 16.2
months to 30 months would lead to a total fertility value
of 6.0 and a crude birth rate of 40 (variants 7, 8). However,
the reduction of desired family size from 4.2 to 2 children
would only result in a reduction of the total fertility rate to
5.9 and of the crude birth rate to 40, apparently due to the
prevailing low contraceptive practice (variants 10, 11).

The assumption of single variable change is unrealistic
because many variables are likely to change together.
Therefore, simulations have been made by changing two
or more input variables together. Some of the results are
shown in table 9. It is most likely that contraception for
stopping purposes and that for spacing purposes will
change simultaneously and a combination of practice rate
of 95 per cent for stopping and 80 per cent for spacing
could bring down the total fertility rate to 4.8 and the
crude birth rate to 34 (variants A-C). An improvement of
contraceptive use-effectiveness seems to reduce them
further but only slightly (variant D-F). Further fertility
reductions can also be achieved by raising the mean age of
marriage for women (variants G—I). These are significant
reductions of the current rates but may not be satisfactory
as a permanent level of fertility for this country of over 70
million population. A real fertility reduction can be
achieved, according to our simulation, only when a high
rate of contraceptive practice is combined with a re-
duction of desired family size (variants J—L). This con-
dition for fertility reduction may seem to be too ambitious
but it must be remembered that, in this last variant, neither
sterilization nor induced abortion is assumed at all. When
we consider all the factors, a more realistic picture may
emerge, as indicated in the next section.

Time perspectives of fertility change

The purpose of this section is to examine through
simulations the time perspectives of future fertility re-
duction in Pakistan if a particular set of population policy
measures is chosen and if the time-table for their
implementation is given. In this exercise the policy
measures adopted need not be limited to one scenario,
instead several alternative scenarios will be provided for
the simulations. Under the population planning pro-
gramme for the fifth five-year plan of 1975-1980, pop-
ulation policies are incorporated with socio-economic
development programmes, such as rural development
programmes, health programmes and school education at




TABLE 9. SIMULATED VARIATIONS OF FERTILITY RATE WITH THE STATIC MODE. WHERE SEVERAL INPUT
VARIABLES ARE REPLACED BY NEW ONES WHILE OTHER VARIABLES ARE KEPT UNCHANGED AT THE CURRENT

PAKISTAN LEVELS

Assumptions
Total

Practice Practice Level of Desired Mean age fer- Crude

rate for rate for use-effective- Jamily at tility birth

Variant stopping spacing ness size marriage rate rate

Pakistan *
(current)....... 12 2 low 42 16.6 7.1 47
Variants New contraceptive practice rate
Aol 50 20 low 42 16.6 6.0 41
B............. 70 60 low 4.2 16.6 5.2 36
Coooooiiiil, 95 80 low 4.2 16.6 48 34
Improved use-effectiveness added

Do............ 50 20 medium 4.2 16.6 5.5 38
E............. 70 60 medium 42 16.6 5.1 36
| 95 80 high 42 16.6 44 31

Increased mean age at marriage added
Go....ool i 50 20 medium 42 20.0 5.3 35
H............. 70 60 medium 4.2 20.0 49 33
95 80 high 4.2 20.0 44 30
Reduced desired number of children added
Joo 50 20 medium 3.5 20.0 48 32
Koo 70 60 medium 2.5 20.0 3.7 26
L............. 95 80 high 2.0 20.0 2.7 20
2 See table 7.

primary and secondary levels, supplemented by more
comprehensive surveys and reporting systems, and backed
up by researches on the promotion of small family norm
and delayed marriage and by wider consideration of the
relationship between population change and develop-
ment. All these programmes are directed to a common
goal of reducing the nation’s currently high birth-rate,
which is now considered hazardous for the socio-
economic development of the country, although there
appears to be no numerically defined fertility goal as such.

The population policies programmed in the past were
not very successful and did not accomplish the intended
fertility change. In spite of the apparent intensity attached
to the current programmes, the real achievement is yet to
be seen. However, owing to the active population pro-
grammes as well as the programmes for socio-economic
development, it would be proper to expect that some of
the key input variables of fertility determination in our
model would be affected at least modestly. Thus, in the
first scenario for the simulation, a moderate increase in the
contraceptive practice rate in the future is assumed. Other
input variables, such as age at marriage, desired family
size, or sterilization, will be kept unchanged in the first
variant of the dynamic simulation, because these factors
are still at the preliminary stage of study according to the
government report.

More specifically, our first assumptions were as follows:
the current contraceptive practice rate of 21 per cent
among those who do not want any more children would
increase to 45 per cent by the end of this century and the
contraceptive practice rate for spacing purposes would
also increase from the current level of about 4 per cent to
20 per cent during the same period.
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In view of the acute problems arising from the rapid
population increase in Pakistan, it is possible and even
likely that the Government may decide upon more
accelerated population programmes in the future. There-
fore, the second scenario for the simulation would be that
of an accelerated population programme. In this scenario
it is assumed that the contraceptive practice rate for the
stopping purpose will increase much more rapidly after
1980, reaching 60 per cent by the end of the century.
Contraceptive practice rates for spacing will also increase
more rapidly in this scenario, reaching 40 per cent in
1995-2000. Although major emphasis is placed on the
promotion of a family planning programme in this
version of assumptions, a gradual reduction of desired
family size is also assumed. In this variant the assumed
change is from the currently desired number of 4.2 to 3.4
by the end of the century.

The third scenario on the other hand assumes a more
rapid increase of family planning and a moderate change
in the social norms. Here, the contraceptive practice
rate for stopping will reach 95 per cent and the desired
number of children will decline to 2.5 by the end of the
century.

The fourth and final variant of the dynamic simulation
has been made with assumptions that family planning
progress will be much more accelerated and the change in
social norms on the desired family size and others will be
more rapid. Specifically, it was assumed that the practice
rate for the stopping purpose will reach 95 per cent and
the desired number of children will become 2.0 by the end
of this century. All the assumptions used in the four
variants of the dynamic simulations are presented in table
10.




TABLE 10. ASSUMPTIONS USED IN THE FOUR VARIANTS OF THE SIMULATIONS OF FERTILITY FOR PAKISTAN

A ions used for sel

4

d cohorts or periods

Base
period Variant |

Variant 2 Variant 3 Variant 4

1970-1975 19851990 1995-2000 19851990 1995-2000 1985—1990 19952000 19851995 1995-2000

A. Input variables specific to each cohort

1. Mean age at marriage .. ..... 16.6 16.6 16.6
2. Desired number of
children................... 42 42 4.2

B. Input variables specific to each period
3. Expectation of life

at birth (years) ............. 49.8 57.3 61.9
4. Practice rate for

stopping (percentage)....... 21 35 45
5. Practice rate for

spacing (percentage)......... 4 15 20
6. Level of use-

effectiveness. . ............. low low low
7 Sterilization

rate (percentage). ............ 0 0 1
8 Abortion rate

for stopping (percentage)..... 0 0 0
9. Abortion rate for

spacing (percentage)........ 0 0 0

18.0 20.0 19.0 22,0 20.0 24.0
38 34 3.0 25 255 2.0
57.3 61.9 57.3 61.9 57.3 61.9
45 65 55 85 65 95
20 30 25 40 30 50
low medium  medium high high high
1 2 2 4 3 4
0 2 2 5 4 10
0 1 1 3 2 6

Summary of assumptions

Input variables Input variables
in Group A in Group B
Variant 1............... No change Slow change
Variant 2............... Slow change Moderate change
Variant 3............... Moderate change  Rapid change
Variant4. .............. Rapid change Very rapid change

The four variants of the dynamic simulation, which
presumably correspond to four scenarios for the future
development of population policies, show clear differ-
ences in the future course of fertility change (table 11). The
current total fertility rate of 7.1 would decrease to 5.5, 4.1,
2.7and 2.1 by the beginning of the next century according

TABLE 11. SIMULATED FERTILITY TRENDS PRODUCED BY
FOUR VARIANTS OF THE SIMULATIONS FOR PAKISTAN

Variant Variant Variant Variant
Period 1 2 3 4

Total fertility rate

1970-1975. . ... ...l 7.1 7.1 7.1 7.1
19751980, ................ 6.7 6.7 6.7 6.7
1980-1985. . ............... 6.4 6.2 6.0 5.7
1985-1990. ................ 6.2 5.7 5.2 4.4
1990—1995. . ... .. ......... 6.0 5.1 43 3.3
1995-2000. ... ............. 5.7 44 34 2.6
2000-2005................. 5.5 4.1 2.7 2.1
Crude birth rate
19701975, .. ...l 47 47 47 47
1975-1980. . ............... 45 44 44 44
19801985, . ... ............ 43 41 40 38
1985—1990. . ............... 42 38 35 30
19901995, ................ 40 34 29 23
1995-2000. ................ 39 30 23 18
2000-2005. ... ... ....... 38 28 19 14

to the four variants, respectively. The current crude birth
rate of 47 per 1 000 would also decrease to 38, 28, 19 and
14 according to the four variants respectively during the
same period of time. Incidentally, crude birth rates given
in table 11 are standardized for sex and age composition
by using the 1970 population composition of Pakistan as
the standard. As the table indicates, the relative reduction
in the fertility rate in the coming 25 years would be 15 per
cent by the first variant, roughly 35 per cent in the second
variant, in which somewhat accelerated family planning
and a slow change in the social norms are assumed, and
over 50 per cent in the third variant, in which more
accelerated family planning combined with a moderate
change in social norms are assumed. With the fourth
variant, in which extreme progress in family planning and
rapid change in social norms are assumed, an expected
fertility reduction in a quarter of a century would be as
much as 65 per cent. These differences are clearly signi-
ficant.

Dynamic simulations with a given goal

How can the dynamic simulation help to select a set of
policy targets when a certain goal for fertility reduction in
a specific time period is given? In the absence of detailed
information, this question may be restated as follows: If
the most plausible course of fertility change in the near
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future is believed to be variant 2 in the dynamic sim-
ulations and if the Government wishes to achieve a faster
fertility reduction comparable to variant 3 but with
different policy measures, then what are the possible
substitutes?

Instead of trying to increase the contraceptive practice
rate or to increase the mean age at marriage, a selection is
made of three different policy measures, namely, enforce-
ment of a legal minimum age at marriage, significant
improvement in the use-effectiveness of contraceptive
methods employed and adoption of induced abortions
and sterilizations on a voluntary basis as a policy tool. As
shown in table 12, three dynamic simulations with such
assumptions failed to achieve the desired fertility re-
duction. It is only when these three policy measures,
together with the reduction in the desired family size to
the level assumed in variant 3, are invoked simultaneously
that the results are satisfactory. In other words, a set of
four policy measures is one of the substitutes for those
assumed in variant 3 in the previous section. Therefore,
policy makers have now an option to choose one out of
two alternative policy packages. The problem would then
be to evaluate which policy package is more practical,
plausible, economical and politically feasible. The final
decision on the choice of policy implementation will be
made after considering these factors. Of course, many
other policy packages could achieve the same magnitude
of fertility reduction.

POPULATION PROJECTIONS ACCORDING TO
ALTERNATIVE POPULATION POLICIES

This study originated during the preparation of the
United Nations population projections as assessed in
1973 when a need was felt to incorporate population
policy factors into projections. In this chapter, we will
examine the possible ways of making population pro-
jections by using the results of fertility simulations.
Comparisons will be made between the previous pro-
jections prepared by the United Nations and various
variants of the projected population trends.

In the United Nations population projections prepared
in 1973 assumptions about the future were made sep-
arately for fertility, mortality and migration.’® In the
following new projections for Pakistan, mortality and
migration assumptions will be kept unchanged from those
of the United Nations in order to make comparisons
easier. In place of the fertility assumptions, use will be
made of the results of four variants of dynamic sim-
ulations on age-specific fertility rates which were de-
scribed in the preceding chapter. Three variants of fertility
assumptions, namely the moderate family planning vari-
ant, the accelerated family planning variant and the family
planning combined with small-family norm and delay

19 World Population Prospects as Assessed in 1973, Population
Studies No. 60 (United Nations publication, Sales No. E.76.XI11.4).

TABLE 12. SIMULATED FERTILITY TRENDS WITH ALTERNATIVE SET OF ASSUMPTIONS ABOUT MINIMUM AGE AT
MARRIAGE, IMPROVED USE-EFFECTIVENESS OF CONTRACEPTIVE METHODS, INDUCED ABORTION AND

STERILIZATION FOR PAKISTAN

Variant 1.

Minimum age

Variant 111 Variant 1V.
Combination of
1, 2 and 3, plus

desired number

Variant 1.

Improved use- Abortion and

Period at marriage effecti sterili of children
Total fertility rate
19701975 .. ... ... .. 7.1 7.1 7.1 7.1
19751980 . .................. 6.7 6.7 6.7 6.2
19801985 ................... 6.2 6.3 6.3 5.5
19851990 ................... 5.7 5.4 5.5 4.9
19901995 . ... 5.3 4.8 49 43
1995-2000 ................... 4.8 44 4.0 34
20002005 ...l 43 4.0 4.1 29
Crude birth rate
19701975 .. ... ..l 47 47 47 47
19751980 ................... 44 44 44 39
19801985 ... 41 41 40 36
19851990 ................... 38 36 37 33
1990—-1995 .......... ... ... 34 32 33 29
1995-2000 ............... ... 31 30 30 24
20002005 ...l 28 27 28 20
Minimum Level Induced Sterilization Desired
Assumptions age at of use- abortion rate rate number of
used marriage effectiveness ( percentage) { percentage) children
1970—1975 ... ... none medium 0 0 42
19851990 . ...t 19.0 high 20 2 3.0
1995-2000 ................... 19.0 high 35 10 2.5
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marriage variant seem to be somewhat comparable to the
high, medium and low variants of the United Nations
1973 projections. The fourth may be labelled as an extra-
low variant in comparison. However, possible projection
assumptions have not necessarily been confined to these
four family planning variants. In fact, four variants of
simulations were made from more or less arbitrary
assumptions on the input variables. Questions may
therefore arise about the criteria by which projection
assumptions may be formulated.

In the case of Pakistan, simulated fertility trends seem
to give a wider variation in future fertility assumptions
than the United Nations three variants. For example, the
total fertility rate expected to be achieved by the end of
this century ranged between 2.6 and 5.7 according to the
simulations, whereas the range was between 4.1 and 4.9
according to the United Nations projections as assessed in
1973 (table 13). This would probably mean that the
possible range of future fertility change is much wider
than is generally considered. This conjecture may be con-
firmed if one sees that the above simulations have been

made by assuming changes in the limited number of input
variables and the results could vary even more widely if all
the possible values of the input variables are tried out.
Moreover, there also seems to be a notable variety in the
alternative paths to the final level of fertility within the
observed period. For example, variant 2 in the simulated
fertility has about the same total fertility rate for 1995
2000 as the medium variant of the United Nations
projections but the decline in fertility is apparently much
more rapid in the simulations than in the United Nations
projections.

Pakistan’s population of 60 million in 1970 would grow
to 159 million or 128 million by the end of this century
according to variants 1 and 4 based on the simulations.
The possible range of variation in 2000 will be 31 million.
The annual growth rate of population will stay at 3 per
cent or more according to variant 1, slightly decreasing
from 3 per cent to 2.7 per cent according to variant 2,
decreasing more rapidly to 1.9 per cent according to
variant 3 and dropping to 1.6 according to variant 4 (table
14).

TABLE 13. COMPARISON OF NEW FERTILITY ASSUMPTIONS ON TOTAL FERTILITY RATE WITH THOSE OF THE
UNITED NATIONS AS ASSESSED IN 1973, PAKISTAN, 19702000

New assumptions

United Nations assumptions

Variant Variant Variant Variant High Medium Low
Period 1 2 3 4

1970-1975 ...... 7.1 7.1 7.1 7.1 7.2 7.2 7.1
19751980 . ..... 6.7 6.7 6.7 6.7 7.2 7.0 6.7
19801985 ...... 6.4 6.2 6.4 6.4 6.8 6.6 6.2
19851990 ...... 6.2 57 5.2 6.2 6.3 6.0 5.5
1990-1995 ...... 6.0 5.1 43 33 5.7 5.2 49
1995-2000 . ..... 5.7 44 34 2.6 49 4.5 4.1

TABLE 14. COMPARISON OF TOTAL POPULATION TRENDS BY NEW ASSUMPTIONS WITH PREVIOUS UNITED
NATIONS, ASSUMPTIONS, PAKISTAN, 1970-2000

Projections based on the results of simulations

United Nations projections

1 2 3 4 High Medium Low
Year (millions)
1970 ... 60 60 60 60 60 60 60
1975 oo 70 70 70 70 71 71 70
1980 ... 82 82 81 82 84 83 82
1985 ... 96 96 94 94 100 97 95
1990 ... 114 113 108 107 117 113 108
1995 oo 135 130 121 118 136 130 123
2000 ... 159 149 133 128 157 147 137
Annual rate of increase
Period (percentage)

1970—1975 ...l 3.0 3.0 3.0 3.0 3.1 3.1 3.0
19751980 .................... 3.1 32 3.0 3.2 34 32 3.0
19801985 ....... ...l 3.2 3.2 29 29 34 32 29
19851990 . ........ ..ol 33 3.1 2.7 24 33 3.0 2.7
1990—1995 ...l 33 3.0 23 1.9 3.0 2.7 2.5
1995-2000 . ...l 33 2.9 1.9 1.6 2.8 25 22




CONCLUSION

The possibility of applying a computer micro-
simulation model to the evaluation of population policy
measures and concomitantly to the population pro-
jections has been explored. With respect to the substantive
findings, one of the most important conclusions may be
found in the simulation results which clearly indicate the
limited potential of family planning programmes in the
effort to reduce fertility levels. If a family planning
programme consists in the promotion of contraception,
sterilization and/or induced abortion on a voluntary
basis, it may not be able to bring a fertility level down
sufficiently in a country such as Pakistan where most
people prefer a large family. As was shown in table 9, an
improvement of the contraceptive practice rate from the
current level of 21 per cent up to 95 per cent among those
who are eligible to use contraception, for example, could
decrease the current total fertility rate in Pakistan of 7.1 to
4.8, and the crude birth-rate of 47 to 34. The reduction is
about 30 per cent but may still be too low to moderate the
unfavourable effects of rapid population increase on the
social and economic development of the country.

The simulation results indicate that, if people in a
society with high fertility goals use contraceptive methods
only when they are motivated to do so,a family planning
programme must be combined with some measures aimed
at reducing desired family size. It has also been shown that
the desire among couples to keep a proper interval
between successive births must be another important
target of policy measures. In addition to these behavioural
factors, women’s age at marriage appears to be a crucial
social factor which is quite effective in achieving a fertility
reduction, if used as a policy measure.

As discussed above, child mortality and adult sterility,
both subject to change with the improvement of health
conditions in a country, have opposite effects of some
importance on fertility change. Breast-feeding also seems
to make a substantial contribution as a factor affecting
fertility. All these points in addition to those mentioned in
the previous paragraphs suggest that an effective pop-
ulation policy must consist of a well-balanced package of
all relevant measures. Choice of such measures should be
made partly upon a consideration of their feasibility and
partly upon their relative effectiveness. In a variety of
situations, a simulation model similar to the present one
could be useful for such a task of designing a most
effective policy package aimed at influencing fertility
prospects. :

Regarding the technical aspects of the present study, it
may be agreed that a micro-simulation model with bio-
demographic components such as the present one can be
useful to simulate fertility rates under a variety of
conditions, especially where data are limited. The use of
the model for developing nations has thus become
possible by the selection of rather simple input variables
and by their conversion into probability distributions.
Because of this process of conversion, the model appears
to be capable of reproducing fine characteristics of fertility
rates of various kinds in spite of simplistic input variables.
Even when all input variables could not be estimated from
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reliable data, a few trials at substituting alternative
estimates for the few input variables could bring about
acceptable levels and patterns of fertility.

Moreover, the micro-simulation model with a dynamic
feature as developed in this study can simulate a time
series of fertility changes under changing conditions. This
dynamic feature makes it possible to simulate not only
past but also future fertility trends by assuming future
input variables expected as a result of implementation of
population policies or socio-economic development in
general. It is this characteristic of the model that is useful
for the evaluation of policy impact on fertility. If we can
estimate future trends of the input variables with and
without certain policies, then the difference in the sim-
ulated fertility rates demonstrate the expected policy
effects. It has been shown in this study that such
simulations are useful in two ways: first, in making an
appraisal of the current population programmes and,
secondly, in formulating more effective and more approp-
riate policy packages.

If the simulated future fertility trends are used in
population projections, it would be possible to give more
substantial meaning to the assumptions under which
projections are made. In place of the traditional high,
medium and low variants, we could have, for example, no
policy variant, policy A variant, and policy B variant etc.
Although simulation may not improve the predictability
of the future population change very much, it should be
useful at least for planning for development.

It may generally be agreed that the simulation model
can add a new approach to the study of fertility and
population policies. But application of the model to a few
populations seems to suggest a need for further refine-
ment in three respects. The first is the closer evaluation of
specific policy programmes in the selected countries. The
study so far has been done for Pakistan by assuming
probable combinations of the input variables as the result
of alternative policies. But evaluation may need to be done
more systematically, taking into consideration every
possible policy measure such as sterilization, more effec-
tive contraceptive methods, breast-feeding practice, birth
intervals and so on. After these individual evaluations, it
would become possible to delineate the most effective
combination of policy measures under the given con-
ditions. This line of research can ultimately be expanded
to facilitate policy goal setting, such as a reduction of
fertility rate to the replacement level within a certain
period of time and so on. The model could provide a
number of ways to accomplish such a target.

Another aspect of needed research is the study of trends
and differentials of some input variables in the context of
development. Desired number of children, for example,
would be primarily a function of social and economic
development. How it will change in the presence or
absence of population policies is the topic of research
needed to improve the preparation of the input variables
for the simulation. And this line of study will make it
possible to link the present scheme of fertility micro-
simulation with a macro model containing socio-
economic and demographic variables.




Finally, the application of the simulation results to
population projections requires more preparatory works.
Obviously, it is not feasible to obtain detailed information
about population policy implementation for a large
‘number of countries. Probably what is needed for apply-
ing the simulation model is a simplification of alternative
policy scenarios in order that several typical future
courses of fertility can be prepared for projections.

Annex I
TECHNICAL NOTES

The major features of the model have already been discussed in the
report. The following are explanations of the details of the model
structure.

AGE AT MARRIAGE

The age at marriage for individual women, excluding those who never
marry, will be decided on the basis of the input variable “singulate mean
age at marriage” (SMAM) with the aid of model nuptiality tables which
have been prepared specifically for this study. The model nuptiality
tables consist of 23 sets of nuptiality schedules each of which shows a
schedule of cumulative relative distribution of ever-married women by
age. Each of these schedules corresponds to a singulate mean age at
marriage which extends from 16.0 to 27.0 years of age, with half-year
intervals (see example in annex II, table 15). An interpolation from two
adjacent model nuptiality schedules will be made if the given input
variable falls between the two levels in the model schedules. After a
nuptiality schedule is established for the cohort of women, the age at
marriage for individual women will be decided by the Monte Carlo
method.

The model nuptiality tables were prepared in the following way. First,
data were collected from nearly 100 countries about the proportion of
women who are ever-married, by five-year age groups. After scrutinizing
apparently erroneous data, the singulate mean age at first marriage
(SMAM) and the proportion of women never-married at age 50 were
computed for each set of data. Each set of data was then standardized so
that the proportion never-married at age 50 became zero. The standar-
dized data were then grouped by the level of singulate mean age of
marriage, from which the average age-specific proportions of ever-
married women was computed for every level. Then the proportions by
single year of age were computed from the grouped estimates through an
interpolation by Sprague formulae. The final results were obtained after
minor adjustments at the lower and upper ends of the distribution. A
further interpolation of the model schedule into months of age is done by
the computer using a conventional linear interpolation method.

This method, as briefly discussed here and also in the section on main
features of the model used, has an advantage for this study over the more
conventional methods of using a nuptiality life table function providing
marriage probabilities by age. One limitation of the conventional
method is that there is seldom a nuptiality life table readily available for
developing countries and constructing it each time would be tedious and
laborious. Moreover, if the conventional method is used, a large
number of random numbers (R) must be generated in order to be
compared with monthly probabilities of marriage (p), month after
month until R < pis found. This is more expensive in terms of computer
time because it is necessary to repeat the procedure to a maximum of 420
times to cover a woman'’s reproductive life span from 15 to 50 years of
age. On the other hand, the advantage of the proposed method is that it
requires only a single random number to select the age of marriage for a
woman, a considerable saving of computer time.

The model nuptiality schedules outlined above are what may be called
a one-parameter model and concomitantly less flexible than the two-
parameter model similar to the model nuptiality table proposed by
Ansley Coale.? In spite of its theoretical superiority, the Coale model

2 Ansley J. Coale, “Age pattern of marriage”, Population Studies, vol.
25, No. 2 (July 1971), pp. 193-214.
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seems to pose two practical problems. First, the quality of nuptiality data
obtained from less developed countries often fails to match the level of
precision the Coale model requires. Secondly, the nature of the three
parameters used in the Coale model may not be very practical for the
purpose of this study in which the parameters are to be used as policy
measures. For example, it would be much more sensible for a policy
planner to say that the mean age at marriage has to be increased from 16
to 18 years of age than to suggest changes in certain parameter, a and k,
which are more difficult to translate into policy terms.

EXTENT OF MARRIAGE DISRUPTION

A marriage may be dissolved by divorce, separation or death of a
spouse. In the present model these events are treated in a simplistic way
because accurate data are difficult to obtain, especially from less
developed countries, and the choice of a method on this matter does not
seem to affect the results of simulation very much. When the pattern of
change in the percentage of women at each age group whose marriages
were dissolved and who had not remarried was analysed, it was found
that the percentage often starts increasing very rapidly after age 35 in
many countries. On the basis of this observation, it is assumed in the
present model that the percentage of those in post-marital states
increases linearly from 15 to 35 years and from 35 to 50 years of age
separately. The post-marital percentages for these pivotal ages will be
estimated easily from censuses. The computer then will automatically
compute the schedule of percentages of those whose marriages were
dissolved by single months of age for the cohort. The age of marriage
dissolution for individual women will then be decided by the Monte
Carlo method.

In this simulation model a remarriage is implicitly allowed for, since
marital disruption estimates refer to those who are currently disrupted,
i.e., to those who had not remarried. In this sense we are modelling *“net”
disruptions rather than “gross” ones.

NEVER-MARRIED WOMEN

When the model nuptiality table is used to decide the individual age of
marriage, an allowance should be made for women who will never marry
before age 50. This allowance is made in the present model by the use of
aninput variable, “Proportion of women never-married at age 50”. If, for
example, 5 per cent of women do not marry, the nuptiality schedule will
be deflated by that much. A woman will be treated as never-married, in
this instance, if a random number to decide the age at marriage happens
to be between 0.95 and 1.00.

PERMANENT STERILITY

In the present model, all women, except for those who never become
fecund, are assumed to be fecund at age 15, although in reality some
women may yet acquire fecundity after age 15. This treatment was
chosen for the sake of simplicity. The possible deviation of the
assumption from reality can only be small, since the assumed fecunda-
bility functions give very low probability of conception in ages
immediately following 15.

Several studies show that the proportion of sterile couples by age of
women considerably differs from one population to another. For
example, Louis Henry compares a low sterility among European
populations with a higher one among the rural population in pre-war
Japan.® Christopher Tietze also reported on the low sterility level among
the Hutterites, which may be compared with moderately higher levels of
sterility among Australian couples reported by John C. Caldwell, et al.*
Considering these sterility differentials among populations, three model
schedules of proportion of sterile couples by age of women, each of
which represents the high, medium or low sterility level of population,
have been assembled for use in this study (annex 11, table 16).

b Henry, loc. cit. pp. 81-89.

¢ Tietze, loc. cit.

d John C. Caldwell, Christabel Yound, Hellen Ware, Donald Lavis and
Ahn-Thu Davis, “Australia: knowledge, attitudes and practice of family
planning in Melbourne, 1971", Studies in Family Planning, vol. 4, No. 3
(March 1973), pp. 49-59.




One of the input variables, “levels of sterility”, will be used to select
one of the three model schedules which appears to be most suitable to the
population under investigation. Oncea model sterility schedule is chosen
for the cohort of women in question, the computer programme will
assign each woman an age at which she becomes permanently sterile by
the Monte Carlo method.

REPRODUCTIVE LIFE SPAN

The reproductive life span in the present model begins with marriage
and ends with marriage dissolution or loss of fecundity, whichever comes
first. The reproductive life span would be zero if no marriage takes place
or if permanent sterility comes before a marriage takes place.

Although fecundity or infecundity is related to both husband and wife,
it is expressed as a woman’s attribute in the model. For example, when
the husband becomes infecund, the wife is treated as becoming infecund.
Therefore, the model schedule of sterility is given only according to the
age of wife. Temporary sterility due to conception and post-partum
amenorrhoea is not considered as termination of fecund status according
to the above definition. That is, sterility that accounts for delimitation of
the reproductive life span is the only permanent sterility.

The reproductive life span of each woman in the simulation can be
decided as follows. If A, B and C represent the starting age of marriage,
marriage dissolution and permanent sterility respectively, then

(1) fA =B,
2) IfAz2C,
B3 IfFA<B=C,
4) IfA <C <B,

No reproductive life span;
No reproductive life span;
Reproductive life span: A to B;
Reproductive life span: A to C.

FOETAL MORTALITY RATE

Intra-uterine mortality rates are very difficult to estimate correctly.
Leridon reviewed several relevant studies and concluded that an over-all
intra-uterine mortality rate would be as large as 20-25 per cent of total
conceptions. Based on the study by French and Bierman, he also gave his
estimates of intra-uterine mortality rates by the age of women. However,
when Leridon’s estimates were used in our model, it appeared that the
age differentials in the intra-uterine mortality rates were too large to
produce satisfactory simulation results for the Hutterites. To avoid this
difficulty, a new set of intra-uterine mortality rates by the age of women
was prepared based on the original estimates by age of French and
Bierman but keeping Leridon’s estimate for the over-ali rate unchanged
(annex II, table 17). In the simulation new estimates were further
interpolated by the Karup-King formula into single years of age.

DESIRED FAMILY SIZE

When contraception is practised, actual probability of conception will
be reduced to a fraction of the original fecundability. In the present
model, contraception is introduced only when there are some motiva-
tions for it, namely, limitation of family size and spacing of childbirths.
The motivation to limit family size is introduced when the expected
number of surviving children reaches or exceeds the desired number.
Therefore, the desired number of children for individual couples plays a
critical role.

The average desired family size varies considerably from one pop-
ulation to another and from one generation to the next. At the same time,
the desired family size also varies among individual couples within a
population. Therefore, it is necessary in the simulation to give the
average number of children desired in the population and the cor-
responding distribution of couples by the desired number. On the basis
of the latter, a desired family size can be assigned to individual couples by
the Monte Carlo method. Although the average number of desired
children could be obtained from a KAP-type survey, it is very difficult to
obtain information on the frequency distribution for it. Because of this
difficulty a Beta distribution is used in the present model.
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Regarding the desired family size, it must be mentioned here that there
is sometimes quite a substantial proportion of couples who leave their
preference to God or otherwise fail to express a numerical target. Then,
the average number of desired children is presumably computed by
excluding them from the calculation. Although it is not clear whether
these couples are just not interested in thinking about it or indeed prefer
a large family size, the end results indicate a lack of concern for
contraception. Therefore, in the simulation model a distinction is made
between those who want to limit family size and those who do not.
Selected desired numbers are assigned only to the former groups
designated by an input variable, “proportion of couples who have a
desired family size”. And those who did not fall in to this group are
treated as having no motivation for contraception for limitation of their
children, although they may have a motivation for spacing of children.

SURVIVING AND EXCESS NUMBER OF CHILDREN

The survival of a new-born baby has two implications in the model. In
one way, infant death will affect length of lactation and hence post-
partum infecundity. In another, survival of the infant is a key element in
conjunction with the number of children which would motivate a couple
to stop further childbearing. The survival of children is determined in
our simulation model in the following way.

“The life span of each child born alive is estimated individually
according to the life table function of 1,. In the first place, a proper
schedule of 1, will be selected or interpolated from the model life tables.
For this purpose, the West models of the Princeton regional model life
tables are used. The input variable on “expectation of life at birth” will be
used for the selection and interpolation of the survival ratio schedule.
Secondly, whether the baby survives beyond 12 months is decided by
comparing 1, value with a random number. If he or she happens to
survive one year or more, the same random number will be used again
against the series of |, values to determine how long he or she can survive.
On the other hand, if the child is found to live less than one year, the
simulation moves to the next step using the table of the model
distribution of infant deaths by survival months (annex 11, table 19).

It is known that the patterns of monthly survival of infants within a
year after birth are different for high and low mortality populations.
Infant deaths are presumably heavily concentrated in the early months in
a low mortality population. However, since there are only a few reliable
data on the survival of infants by months and no model life table
provides monthly survival rates of infants, three model schedules of
infant mortality by months have been prepared, representing re-
spectively a high, medium and low mortality condition (annex II, table
19). Data used for the preparation of the model schedules were taken
from Mauritius (1962-1966) to represent the high mortality condition
and Sweden (1962-1966) to represent the low mortality condition,
respectively. The model schedule to represent the medium mortality
condition was obtained by taking the average of the two schedules
mentioned above. The computer then selects the high mortality model if
the expectation of life at birth is less than 50 years, the medium model if
50 years or more but less than 65 years, and the low mortality model if 65
years or more. Another random number was used to determine how
many months the child is going to survive according to the selected
model schedule of infant mortality by months.

The longevity of each child is then converted into the mother’s age at
the time of his or her death. Thus it becomes possible to count the
number of surviving children when their mother reaches 50. The “excess”
number of children is defined as the difference between the desired
number of children and the expected number of children surviving by
this age of the mother.

SPACING OF CHILDBEARING

Another type of motivation towards contraception or induced
abortion which is incorporated in the simulation model is the desire for
spacing of births. The input variable on “desired birth intervals” will give
two kinds of desired birth intervals:(a) from marriage to first birth, and
(b) interbirth interval. However, the possible variation in the desired
birth intervals among individual couples is not included in the model
because of the complete lack of data on the subject. Incidentally, the
distinction between the marriage-to-first-birth and the interbirth in-
tervals has been found significant in shaping the age pattern of fertility.




CONTRACEPTIVE METHODS AND THEIR USE-EFFECTIVENESS

It is known that a couple often uses different contraceptive methods at
different times in their reproductive life span. It is not so rare to find a
couple who uses plural contraceptive methods simuitaneously or
interchangeably. But for the sake of simplicity, it is assumed in this
simulation study that a couple uses a single method of contraception
throughout their reproductive life span. The selection of a method by
each couple is made by a random number on the basis of the input
variable on “frequency distribution of contraceptors by methods”. The
methods are grouped in the following 10 items (1) IUD, (2) orals,
(3) condom, (4) withdrawal, (5) rhythm, (6) diaphragm and jelly,
(7) abstinence, (8) douche and (9) other.

Once contraception is practised, fecundability would be reduced by as
much as the chosen method is effective. In this connexion, there are two
questions which call for some attention, namely a question concerning
the choice of measurement of use-effectiveness and another concerning
the relationship between use-effectiveness and residual fecundability.
With regard to the measurement of contraceptive effectiveness, the
method used here is extended use-effectiveness. Choice was made as the
measurement most suitable to the present model primarily because only
one method should be chosen by a woman in the model even though the
couple may stop using or change the method. The second reason for
preferring the extended use-effectiveness to the simple use-effectiveness
is that the residual fecundability implied from the extended use-
effectiveness has been found relatively stable over various durations of
use. As illustrated in the table below, the implied residual fecundability
from data on the use of the pill in the Philippines is almost constant at
0.02 for the duration of use for 6, 12, 18 or 24 months.c On the other
hand, the simple use-effectiveness implies a residual fecundability which
varies considerably as the duration of use increases.

COMPARISON OF SIMPLE AND EXTENDED USE-EFFECTIVENESS OF PILL AS
EXPRESSED BY CUMULATIVE FAILURE RATE AND IMPLIED RESIDUAL
FECUNDABILITY, PHILIPPINES, 1972

Failure rate Implied residual fecundability
Months Simple use-  Extended use- Simple use-  Extended use-
of use effecti effecti effecti effectil
6. 20 12.3 0.0033 0.022
| 2 3.2 223 0.0027 0.021
18....ooonn. 3.7 30.2 0.0021 0.020
24............ 4.1 36.4 0.0017 0.019

Extended use-effectiveness for specific methods would vary depending
on skill, continuation and shift of method. It is probably safe to assume,
for example, that extended use-effectiveness is higher for the highly
educated population than for the less educated population. For this
reason, the extended use-effectiveness has been estimated for three levels
of effectiveness (table 20). And an input variable, “Level of extended use-
effectiveness of contraceptive method”, can designate a proper set of
estimations. Once the selection is made, the computer programme will
automatically convert the extended use-effectiveness into a residual
fecundability.

RESIDUAL FECUNDABILITY

When the extended use-cffectiveness which is expressed by the
cumulative failure rate after 12 months of use is given, the residual
fecundability, or the implied monthly probability of conception with the
use of the method, will be computed as follows:

1f a residual fecundability per month is given as p, the failure rate e (12
months) may be equal to

e=1-(1-p)'?
¢ John E. Laing, “Differentials in contraceptive use effectiveness in the

Philippines”, Studies in Family Planning, vol. 5, No. 10 (October 1975),
pp. 302-315.
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That is,

p=1-"2/1-e¢

If f stands for the fecundability, the ratio of the residual fecundability to
fecundability will be

R="C=0T=eys

Since an extended use-effectiveness often refers to women at the prime
ages, the ratio of a residual fecundability to a fecundability, R, may be
equal to:

R=(1-2/1-¢)/0.28

The residual fecundability, ff(a), which may also change with age will be
given as:

ffla)=fla) xR

INDUCED ABORTION RATE AND THE RESULT OF CONCEPTION

Theinput variable “induced abortion rate” refers to either an abortion
rate for the stopping purpose or for the spacing purpose. The first is a
ratio of induced abortions to live births with the purpose of avoiding an
unwanted birth because of the excessive number of surviving children,
while the second is the same ratio with the purpose of avoiding a birth
after too short an interval. In any case, the induced abortion rate is given
as a ratio of such abortions against live births. On the other hand, foetal
death, another possible outcome of unsuccessful pregnancies, is given as
a ratio of foetal deaths against total pregnancies. Thus, the probability of
a conception to end in a live birth (PB), a foetal death including still birth
(PF) and an induced abortion (PA) is computed in the present model by

PB=(1-PF)+=(1+a)
PF=m
PA=axPB

where m refers to a foetal mortality rate and a to an induced abortion
rate.

POST-PARTUM INFECUNDITY

The period of temporary infecundity would vary largely depending on
the result of a pregnancy. Two months of such temporary infecundity are
assumed in the present model for a foetal death and for an induced
abortion. In the case of a live birth, however, the length of temporary
infecundity would be longer and vary according to the survival of the
child and the practice of lactation. On the basis of Leridon’s observationf
the following formula to estimate the length of post-partum infecundity
(v) from a given length of breast-feeding (x) has been obtained. In the
formula, x will be replaced by the longevity of an infant if the latter
happens to be of shorter duration than the breast-feeding period.

y=20+05xx

DYNAMIC MODE AND STATIC MODE

In the dynamic mode, the input variables may be classified into two
groups. The first group of input variables are specific to each cohort and
will remain unchanged as long as simulation continues for the same
cohort of women. The second group of input variables is changeable
every five years as the age of cohort increases. For example, a
contraceptive practice rate C, is applicable to women aged 15 to 19in the
same cohort, another practice rate C, will be applicable to the same
cohort of women when they become 20 to 24 years old and so on. For the
next cohort of women who are five years younger than the first group the

fLeridon, op. cit.




applicable practice rate will be C, rather than C, when the second group
of women are 15 to 19 years old. Their practice rate in ages 20 to 24 will
be Cs. As can be seen in the illustration, the second group of input
variables are period-specific irrespective of the different cohorts. The list
of input variables that are included in each group is as follows:
Group 1

Input variables specific to cohorts

1. Singulate mean age of marriage

2. Proportion of women never-married at age 50

3. Proportion of women at age 20, 35 and 50 who are in post-

marital states

4. Level of sterility

5. Average length of breast-feeding

6. Proportion of couples who have a desired family size

7. Average number of children desired

8. Desired birth intervals

Group 2

Input variables specific to periods

1. Expectation of life at birth
. Contraceptive practice rate
. Induced abortion rate
. Sterilization rate
Leve! of contraceptive use-effectiveness
. Distribution of contraceptor by methods

AL b W

Annex II

TABLE 15. SELECTED MODEL SCHEDULES OF PROPORTION OF WOMEN
EVER-MARRIED BY SINGLE YEARS OF AGE FOR VARIOUS LEVELS OF
SINGULATE MEAN AGE OF MARRIAGE?

Age 180 18.5
15 e 0.29550 0.20810
16 it 0.42380 0.34870
17 e 0.53810 0.47410
18 e e 0.63830 0.58450
19 o e 0.72430 0.67960
.+ 0.79640 0.75980
b L 0.85480 0.82520
by 0.90020 0.87660
b S 0.93350 0.91510
. S 0.95650 0.94220
25 e 0.97100 0.96000
26 i 0.97900 0.97060
b A 0.98310 0.97670
28 e 0.98530 0.98040
P 0.98710 0.98330
30 . e 0.98940 0.98660
3 0.99200 0.98990
7 0.99370 0.99220
T 0.99480 0.99370
K7 S P 0.99570 0.99490
kL PR 0.99640 0.99600
36 e 0.99710 0.99700
K7 A P 0.99750 0.99760
38 e 0.99790 0.99800
30 e 0.99820 0.99840
G 0.99850 0.99870
5 R 0.99880 0.99890
42 e 0.99910 0.99920
. T 0.99940 0.99940
. 0.99960 0.99960
A5 e 0.99980 0.99980
A6 .t e 1.00000 0.99990
L 1.00000 1.00000
S 1.00000 1.00000
49 e 1.00000 1.00000

TABLE 16. THREE MODEL SCHEDULES OF PROPORTIONS OF WOMEN WHO

ARE PERMANENTLY STERILE BY AGE FOR THE HIGH, MEDIUM AND LOW
LEVELS OF STERILITY

Age of wife Low Medium High
15,0 0.0250 0.0500 0.0500
16, ..o vviviii i 0.0252 0.0518 0.0509
17 0.0258 0.0537 0.0518
18, . 0.0268 0.0557 0.0534
19, 0.0282 0.0578 0.0559
20, .. 0.0300 0.0600 0.0600
21 e 0.0342 0.0623 0.0653
22 e 0.0397 0.0649 0.0714
23 e 0.0461 0.0679 0.0790
24, 0.0530 0.0726 0.0883
2 0.0600 0.0800 0.1000
26, . e 0.0670 0.0905 0.1140
27 s 0.0743 0.1034 0.1300
28, e 0.0821 0.1182 0.1480
29, e 0.0906 0.1339 0.1680
30, ... e 0.1000 0.1500 0.1900
.3 0.1093 0.1661 0.2138
3 e 0.1182 0.1831 0.2395
X TS PPN 0.1286 0.2002 0.2673
K 7 PP 0.1419 0.2200 0.2974
35 0.1600 0.2400 0.3300
36, .. e 0.1788 0.2600 0.3634
7 0.1972 0.2800 0.3975
38 e 0.2212 0.3040 0.4349
39, e 0.2568 0.3350 0.4782
40. ... e 0.3100 0.3700 0.5300
41....... s 0.3908 0.4573 0.5974
42, e 0.4954 0.5738 0.6787
43, 0.6155 0.6998 0.7633
4. . ... 0.7151 0.8151 0.8600
45, s 0.8000 0.9000 0.9500
46. ... e 0.8733 0.9500 0.9850
. 0.9255 0.9750 0.9950
48. 0.9620 0.9900 0.99%0
49, 0.9850 0.9980 0.9995
50, . 1.0000 1.0000 1.0000

Notes; The high, medium and low models correspond to the sterility
estimates for Japan (rural), Australia and Europe. See Japan (rural):
Louis Henry, “‘Some data on natural fertility”, Eugenics Quarterly, vol.
8, No. 2 (1961) 81-91; Australia: Caldwell, Young, . . ., “Australia:
knowledge, attitudes, and practice of family planning in Melbourne,
19717, Studies in Family Planning, vol. 4 No. 3 (March 1974), pp. 49—
59: Europe: Henry, loc. cit.

Percentage of sterile women at age 45 are estimated on the basis of the
data for the Hutterite women of the same age by Tietze. See
Christopher Tietze, ‘‘Reproductive s and rate of reproduction
317nong Hutterite women”, Fertility and Sterility, vol. 8 (1957), pp. 89—

Interpolations were made by the Karup-King formula with moderate
adjustments near the youngest and oldest ages.

TABLE 17. THREE ESTIMATES OF FOETAL MORTALITY
RATES BY AGE OF WOMEN

" French and New

Age groups Bierman Leridon® ‘estimate

1519 ...l 118 186 235
20-24 ... 122 193 239
25-29 e 135 214 250
30-34 ... 160 253 272
3539 .. 200 316 306
4044 ( ...l

45-49 } 270 426 367
AVErage. .........ooonnn 150 237 237

a The model schedules are prepared for every 0.5 year of the mean age
of marriage starting from age 16 and ending at 27. The figures shown
here are only examples for the mean ages of marriage at 18.0 and 18.5
years.

2 Estimates presented in Henry Leridon, “Biostatistics of human
reproduction”, in Chandrasekaran and Hermalin, eds., Measuring the
Effects of Family Planning Programs on Fertility, (Dolhain, Belgium,
1975), pp. 93-131.




TABLE 18. RELATIVE FREQUENCY DISTRIBUTION OF WOMEN BY THE DESIRED NUMBER OF CHILDREN,
COMPUTED BY THE USE OF A BETA FUNCTION

Mean number of children desired

Observed® distribution,

Number of Japan, mean number of
children desired 2.0 2.5 3.0 4.0 5.0 6.0 children desired

0. 0.026 0.006 0.002 0.000 0.000 0.000 0.035
Lo 0.255 0.116 0.048 0.012 0.006 0.005 0.076
2. 0.448 0.385 0.252 0.083 0.035 0.021 0.444
3 0.228 0.361 0.399 0.037 0.107 0.056 0.336
4. 0.040 0.117 0.238 0.329 0.207 0.110
S 0.002 0.013 0.056 0.238 0.265 0.171
6. 0.000 0.000 0.005 0.087 0.226 0.214
T 0.000 0.000 0.000 0.014 0.119 0.211 0.103
8. 0.000 0.000 0.000 0.001 0.032 0.149
9 0.000 0.000 0.000 0.000 0.003 0.058

| L1 0.000 0.000 0.000 0.000 0.000 0.004

2 SOURCE: Japan, Ministry of Health and Welfare, Report of the Sixth National Fertility Survey in 1972
(Tokyo, 1973), vol. 1, p. 107.

TABLE 19. MODEL DISTRIBUTIONS (CUMULATIVE) OF

INFANT DEATHS BY SURVIVAL MONTHS

TABLE 20. EXTENDED USE-EFFECTIVENESS OF CONTRACEPTIVE METHODS

ACCORDING TO HIGH, MEDIUM AND LOW EFFECTIVENESS LEVELS

Survival months Model 1 Model 2 Model 3
0 . 0.50232 - 0.39020 0.27808 Levels of use-effectiveness
0.57300 0.51214 0.45128
2 e 0.63490 0.60270 0.57049 Contraceptive methods High Medium Low
K 0.68828 0.67848 0.66788
4 0.73349 0.73393 0.73436 LIUD..........ooiiiin i 5 10 15
N 0.77724 0.78445 0.79165 220rals ...........iiinl 5 13 30
6 .. 0.82354 0.83341 0.84327 3.Condom................... 5 15 20
T 0.86376 0.87437 0.88498 4 Rhythm ................... 20 30 45
8 0.90434 0.91339 0.92243 5. Jelly, diaphragm ............ 5 20 35
L 0.94382 0.94838 0.95294 6. Withdrawal ................ N 20 40
10t 0.97502 0.97740 0.97977 7. Abstinence................. 0 5 10
| 1.00000 1.00000 1.00000 8 Douche ................... 20 30 40
9. Other..................... 20 40 60

SOURCE: Demographic Yearbook, 1967 (United Nations publication,
Sales No. E. 68. XIIL.1), table 15. Model 1: Sweden 1962-1966; Model

2: average of Sweden and Mauritius: Model 3: Sweden 1962-1966.
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Note: Figures indicate failure rates per 100 women in 12 months

after start of usage.




ASSISTANCE TO FERTILITY REGULATION PROJECTS WITHIN
THE UNITED NATIONS SYSTEM

Ranjan K. Som*

INTRODUCTION

The World Population Plan of Action recommended
that monitoring of population trends and policies dis-
cussed in the Plan should be undertaken continuously asa
specialized activity of the United Nations and reviewed
annually by the appropriate bodies of the United Nations
system, beginning in 1977.! Following the discussions at
the eleventh and special sessions of the Administrative
Co-ordination Committee’s Sub-Committee on Popu-
lation, the present review of the monitoring of technical
assistance on fertility regulation within the United Na-
tions system is being undertaken by the Population Div-
ision af the United Nations Secretariat.?

Reference should be made in this connexion to the
studies prepared by the United Nations Fund for Pop-
ulation Activities (UNFPA) on levels and trends of the
volume of international population assistance provided
by Governments, intergovernmental organizations (in-
cluding the United Nations and its agencies) and non-
governmental organizations.’

Within the United Nations system, the major funding
bodies on fertility regulation projects are the United
Nations Fund for Population Activities and the World
Bank; the major executing agencies are the United
Nations, United Nations Children’s Fund, UNFPA,
International Labour Organisation, Food and Agricul-
tural Organization of the United Nations, United Nations
Educational, Scientific and Cultural Organization, and
the World Health Organization.*

* Population Division of the Department of Economic and Social
Affairs, United Nations Secretariat. Grateful acknowledgements are due
to the United Nations Fund for Population Activities and the World
Bank for supplying data and commenting on the draft.

1 Report of the United Nations World Population Conference, 1974
(United Nations publication, Sales No. E.75.XIIL.3), para. 107.

2 Report of the eleventh session of the ACC Sub-Committee on
Population, Geneva, 16-18 June 1975.

3“Role of international assistance in the population fields”, World
Population Conference, 1974 (E/CONF.60/CBP/24); “International
population assistance: before and after Bucharest”, UNFPA/United
Nations Interregional Consultative Group of Experts of the World
Population Plan of Action, Geneva, 1975 (UNFPA/WPPA/11); H.
Gille, “Recent trends in international population assistance”, Fourth
Bellagio Conference on Population, 6-9 June 1977.

4 The World Health Organization, through its Expanded Programme
of Research, Development and Research Training in Human Repro-
duction, co-ordinates a world-wide effort for the assessment of the
safety, effectiveness and efficacy of current fertility regulating methods,
their improvement and the development of new methods and their
provision in different service settings. A major component of the
programme is the strengthening of national capabilities to carry out such
research. However, more often than not, the activities connected with
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This paper summarizes information on the amount of
technical assistance on fertility regulation projects pro-
vided by organizations in the United Nations system,
noting the emerging trends in the categories and geo-
graphical allocation of assistance. The paper is divided into
five parts. Sections following the introduction deal suc-
cessively with data base; assistance to population and
fertility regulation projects; World Bank projects; and
concluding remarks. A summary is provided at the end.

The technical assistance projects on fertility regulation
have been classified into major population sectors. These
indicate broadly the areas of activity of the different
agencies, although the executing agencies themselves have
not been identified in regard to groups of project cat-
egories. The present review has been mainly concerned
with the two aspects of assistance on fertility regulation:
the major population sectors (such as, service delivery
system and fertility regulation techniques, described later
on) and the level of operation—global, interregional,
regional and country. The dimension of time has been
included in order to observe the time trend in these.

In discussing the assistance to population projects, one
may first note the functions of the two major funding
organizations in the United Nations system. The primary
purpose of the United Nations Fund for Population
Activities is to provide assistance to population activities
in the developing countries. Its projects are normally
executed through organizations in the United Nations
system within their respective fields of competence. The
Fund has not only been instrumental in stimulating and
expanding the over-all capability of the United Nations
system in population in response to the needs of these
countries but has also, to some extent, assisted organ-
izations playing a similar role outside that system. Ul-
timately, responsibility for execution of projects will be
with recipient Governments, and the Fund is increasingly
giving assistance directly to countries.

The decision in 1968 for the World Bank and its soft-
loan affiliate, the International Development Association
(IDA), to enter the field of population assistance was
based on the conviction that rapid population growthisa
major barrier to the economic and social progress of many
developing countries. The Bank uses a three-step pro-
gramme which begins with an assessment of the impli-

this programme do not conform, at lgast in the short and medium term,
to the strict definition of assistance to family planning programmes and
their management adopted here, and therefore are not considered here.




cations of population growth on development as part of
the Bank’s periodic economic reviews; it then undertakes,
on request, sectoral analyses; finally, it provides financial
assistance to specific projects on conventional Bank terms
or, to especially weak economies, on highly subsidized
soft-loan terms (no interest, 50-year repayment period).

DATA BASE

Information on projects funded by UNFPA was avail-
able in the form of computer printouts. These indicated
the amount of assistance by each major population sector
to projects grouped under different levels of operation,
including country, regional, global or interregional, for
the period before 1972, and for each of the years 1972
through 1976 (that for 1976 being the planned amount,
others being actual). Information on the projects executed
by the agencies was also available for work plan categories
but not their breakdown by the geographical level of
operation, that is, by each country for country projects, by
each region for regional projects etc.

For the World Bank, the distribution of the total
amount approved for each of the country projects accord-
ing to functional categories such as management, train-
ing, delivery of services, information, education, com-
munication and motivation, and research and evaluation
was available. Bank loans and IDA credits are available to
the borrowers for withdrawal from the date a loan or
credit becomes effective until the closing date, which is
normally fixed at about one year after project completion.
The borrower can withdraw loan proceeds as and when
the need arises and there is no annual allocation. Because
of the differences in the types of data available, the
assistance of the Bank is being treated separately from
that of UNFPA.

ASSISTANCE TO POPULATION AND FERTILITY REGULATION
PROJECTS

The assistance to fertility regulation projects detailed in
this section relates to those funded by UNFPA and
executed either singly or jointly by the United Nations
and its specialized and operating agencies or, less com-
monly, by bodies outside the United Nations system.

Definition of population and fertility regulation projects

The assistance to fertility regulation projects detailed in
this section should, of course, be considered in the context
of the total assistance to all population projects. While it is
difficult to have a clear-cut and generally agreed upon
definition of the term “population activities”, a standard
classification of population activities has been evolved by
organizations within the United Nations system that
includes the following categories: basic data collection,
population dynamics, formulation and evaluation of
population policies and programmes, implementation of
policies, family planning programmes, communication
and education, programmes not elsewhere classified, such
as the status of women, and multisector activities.
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Within this standard classification for population acti-
vities, projects on fertility regulation were defined by us to
include the following: family planning programmes—
delivery system, programme management and fertility
regulation techniques; communication for family plan-
ning motivation; out-of-school programme for family
planning; and programme development for family plan-
ning. Delivery systems of family planning programmes
comprise both those that were community based and
those that were not, the latter category including maternal
and child health systems, integrated maternal, child health
and family planning system or independent family plan-
ning systems. Fertility regulation techniques include
research and training on aspects of fertility regulation
such as biomedical and epidemiological, development,
production and delivery of fertility regulating methods.
Programme management includes the administration,
management and evaluation of family planning pro-
grammes. Under the item “out-of-school programmes for
family planning” were included only projects solely or
explicitly concerned with family planning, such as family
planning education for workers and youth. Other out-of-
school programmes which might have important com-
ponents on family planning are not included, since it was
not possible to separate out their share. The estimated
amount on fertility regulation projects would therefore be
somewhat of an underestimate. Programme development
included costs associated with field staff, infrastructure,
capacities at United Nations agencies, as well as special-
ized and operating agencies of the United Nations
system, and overhead. Because these costs are incurred for
all projects, the pro-rated share was estimated as equal to
the share of assistance to projects concerned with fertility
regulation, as defined here.

Although a standard classification of population acti-
vities has been adopted recently by the United Nations
organizations,® the previous classification has been ad-
hered to as data were available in this form. The classifi-
cation may include some overlap of the sectors but not
double counting.

At the level of operation are country projects as well as
regional, interregional and global projects. Regional
projects are designed either to provide assistance to a
group of countries within a given region in a given field of
activity or to provide a better informational base and
technical support for such assistance, through the conduct
of research for improving knowledge of specific aspects of
the regional situation. Interregional projects have the
same aims as those of regional projects except that they
deal in specific groups of countries in more than one
region or in all regions. Global projects are those whose
benefits are potentially applicable to countries, regions or
groups of countries or regions but which are not specifi-
cally limited to any of these from their inception.

5 “Key to the standard classification of population activities”, ACC
Sub-Committee on Population, Geneva, 20-24 May 1977
(POP/SC/WP/91),and report of the thirteenth session of the ACC Sub-
Committee on Population, Geneva, 20-24 May 1977.




Number of countries with fertility regulation projects

Assistance to fertility regulation projects was provided
during the period up to 1976 to a major proportion of the
developing countries in the world. They total 68, compris-
ing 24 in Asia and the Pacific, 20 in Latin America, 5 in
Northern Africa, 12 in Africa (other than Northern) and 7
in Western Asia.

In addition, of course, there are regional, interregional
and global projects executed by bodies in the United
Nations system.

Amount of assistance to fertility regulation projects

Since projects vary in dimension and form of assistance,
a more meaningful measure than their number would be
the inputs of assistance. The inputs in amount have been
analysed in this review.

Total assistance to fertility regulation projects

The total assistance to fertility regulation and all
population projects up to 1972 and for each of the years
1972 through 1976 is shown in table 1 in the annex and
figure I. From $4.6 million before 1972, the assistance to
fertility regulation projects increased to $43.2 million in
1976, an increase of 842 per cent; at the same time, the
assistance to all population projects, including those on
fertility regulation, increased from $9.8 million before
1972 to $81.1 million in 1976, an increase of 727 per cent.

Figure I. Assistance to projects relating to fertility regulation and all
population projects, funded by UNFPA, and percentage of assistance to
fertility regulation projects
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The percentage amount of assistance to fertility reg-
ulation projects, out of all population projects, varied
from 38 per cent in 1973 to 53 per cent in 1975 and 1976;
for the total period it was 49 per cent, accounting for $126
million out of the total assistance expenditures of $258
million. The relative decline in 1973 was associated with
the relative increase in activities for the World Population
Year and population censuses.

The proportion of assistance to fertility regulation as
part of the total assistance to all population projects—
country, regional, interregional and global—in the dif-
ferent regions has been shown in table 2 in the annex and
figure II; the absolute amounts are given in tables 6.A-6.H

Figure Il. Assistance to fertility regulation projects as percentage of
total assistance to all population projects at each operational level
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in the annex and are also shown in figure III. Considering
the country and regional projects together, fertility reg-
ulation projects accounted for the high 74 and 81 per
cent of total population assistance in Asia and the Pacific
and Northern Africa, respectively; the lowest proportion,
16 per cent, was in Africa. For all the regions taken
together, fertility regulation projects constituted 57 per
cent of assistance to all population projects. The pro-
portional assistance to fertility regulation was naturally
much higher, 70 per cent, for the country projects as
compared to the regional projects, which was 25 per cent.
Of the total assistance to all interregional projects on
population, those on fertility regulation averaged 30 per
cent, the figure showing a slight decline after the level of 39
per cent in 1972 and 31 per cent in 1973 and 1974. Of the
global projects on population, those on fertility regulation
accounted for 21 per cent of the assistance reaching a high
of 44 per cent in 1975, owing mainly to stockpiling of
contraceptives.

Assistance to country, regional interregional
and global projects

The pattern of allocation of the assistance to country,
regional, interregional and global projects on fertility
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Figure 11l Assistance to fertility regulation and population projects, up to 1976
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regulation is shown in table 3 in the annex in amounts and
in table 4 in the annex in percentages (see also fig. IV). Of
the total amount of assistance in fertility regulation,

Figure IV. Percentage allocation of assistance to fertility regulation
projects into different operational levels
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interregional projects had accounted for over 22 per cent
up to 1973; the proportion has shown a declining trend
from 13 per cent in 1974 to 5 per cent in 1976. Global
projects had comprised 1 per cent or less of the total
assistance in fertility regulation up to 1974, increased to 10
per cent in 1975 (due to increased contraceptive stockpil-
ing), but was down to 3 per cent in 1976. Since, in practice,
the distinction between interregional and global projects
may not always be very clear, it may be useful to consider
them together in the present context. Interregional and
global projects on fertility regulation had, together,
accounted for 22-25 per cent up to 1973, the proportion
declining to 7 per cent in 1976; the total amount also
declined between 1975 and 1976. For the whole period,
interregional projects accounted for 10 per cent and
global projects 4 per cent, together 14 per cent of the total
assistance to fertility regulation.

Country projects on fertility regulation have shown a
consistent increase over the years in all the regions taken
together, from 60 per cent before 1972 to 87 per cent in
1976; the average for the whole period was 77 per cent. On
the other hand, regional projects have declined from 18
per cent before 1972 to 6 per cent in 1976, and there has
also been a decline in the absolute amount in 1976 from
that in 1975. The average for the whole period was 9 per
cent.

Again, the regional patterns vary markedly. The coun-
try projects in Asia and the Pacific have moved within a
relatively narrow range of 42 to 47 per cent, except before




1972, when these accounted for 36 per cent. The most
marked increase in country projects, in both relative and
absolute terms, has been in Latin America; these increased
from less than 1 per cent before 1972 to 24 per centin 1976
(from $43,000 to $10.4 million). For the whole period, the
average proportion ranged from 2-3 per cent in Western
Asia and Africa to 18 per cent in Latin America and 43 per
cent in Asia and the Pacific.

For the regional projects, the general decline is shared
by Asia, the Pacific and the Northern Africa regions. The
most marked increase was, until 1975, in the Latin
American region. The average for the period was 4.5 per
cent in Asia and the Pacific, 2.5 per cent in Latin America
and less than 1 per cent in the other regions.

Taking the country and regional projects on fertility
regulation together, the total amount in Asia and the
Pacific had increased from $2.3 million before 1972 to
$20.2 million in 1976, but the percentage share declined
from 50 per cent to 47 per cent; in Latin America, these
projects increased from $124,000 to $10.9 million (from 3
per cent up to 21 per cent). In Northern Africa, there were
dipsin 1973and 1975, and the 1976 proportion was 10 per
cent. Africa and Western Asia continued to have fairly low
shares of fertility regulation projects with increases in
1976 to 5 per cent each. For the whole period, the average
was less than 0.5 per cent in Europe, 3—4 per cent in
Western Asia and Africa, 10 per cent in Northern Africa,
21 per cent in Latin America and 48 per cent in Asia and
the Pacific. )

The per capita assistance in population and fertility
regulation in developing countries is shown in table 5 in
the annex. This is a crude measure of the regional
distribution of funds being devoted to these needs for
it does not take into account the investments of the
countries themselves or the assistance by other organ-
izations, either bilateral or multilateral. However, the
situation noted earlier continues.® As compared to the
average of 3 cents per head of assistance in all country and
regional population projects in the developing countries
in 1976, the highest figures of 5 to 6 cents were shown in
Latin America, Northern Africa and Western Asia; the
figure was 4 cents in Africa and 2 cents in Asia and the
Pacific. On fertility regulation projects, against the aver-
age of 2 cents per head in country and regional projects,
the highest figure of 4.5 cents obtained in North Africa; it
was 3.33 cents in Latin America; 2.5 cents in West Asia; 1.5
cents in Asia and the Pacific; and eight tenths of a cent in
Africa. For the whole period, assistance in country and
regional population projects in the regions averaged 9.5
cents per head; the figure had ranged from 6.5 cents per
head in Asia and the Pacific to 16.5 cents in Latin America.
For the fertility regulation projects for the same period,
assistance per capita averaged 5.5 cents per head, ranging
from 2 cents in Africa, 5 cents in Asia and the Pacific,to 8
cents in Latin America and 12 cents in Northern Africa.
The range was wider for assistance per head on fertility
regulation (1:6.5) in the different regions than that on all
population projects (1:2.5), no doubt reflecting the dif-

6 “Role of international assistance . . .”, para. 48 and foot-note 16.
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ferent regional needs as perceived by the countries and
regions themselves. It has yet to be investigated to what
extent these figures of per capita assistance on fertility
regulation and all population projects have direct or
inverse relationship with the investments by the govern-
ments of the regions themselves.

It may be noted in this connexion that the total annual
cost for all population activities has been estimated at
$1.50 per capita or $2 900 million for the developing world
as a whole, of which the provision of family planning and
maternal and child health services accounts for 84 cents
per capita. The total population assistance from all
international sources, including those from Governments,
United Nations and other international organizations, as
well as non-governmental organizations, has been esti-
mated at $300 million or 15 cents per capitain 1975, that s,
10 per cent of the requirement.” The assistance provided
by UNFPA was less than 4 cents per capita, or about one
fourth of the total assistance available and one fourteenth
of that required. On fertility regulation, the UNFPA
assistance was 2 cents per capita, about one twentieth of
that required.

Assistance by major population sectors

The allocation of the total amount of assistance in
fertility regulation projects into the different major popu-
lation sectors adopted is given in table 6 of the annex in
amounts and in table 7 in the annex in percentages (see
also fig. V). One notes first that family planning delivery
systems account, expectedly, for the major share, about
two thirds up to 1974 and three fourths in 1975 and 1976,
averaging 71 per cent. Management of family planning
programmes accounted for 7 to 12 per cent of the total
assistance in fertility regulation, averaging 8 per cent, and
fertility regulation techniques from 2 to 8 per cent,
averaging 3 per cent. Altogether, these three components
of family planning constituted from 79 to 86 per cent of
the total amount on fertility regulation, with an average of
82 per cent. Communication for family planning moti-
vation accounted for 7 to 12 per cent of the total amount,
with an average of 10 per cent and an increasing absolute
share. Out-of-school programmes concerned with family
planning now account for about 2 per cent of the
assistance to fertility regulation. Finally, programme
development for family planning has shown a slight
relative decline, from 11 per cent total assistance in
fertility regulation before 1972 to 5.5 per cent in 1976,
although there has been no decline in the absolute
amount.

Assistance by major population sectors: the different
regions

The allocation of assistance in projects relating to
fertility regulation according to the work plan categories
in the different regions and on the basis of interregional
and global projects on fertility regulation is shown in

7 H. Gille, op. cit., pp. 13-14.




Figure V. Allocation of assistance to fertility regulation projects classified by

major population sectors
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tables 6 and 7 in the annex. For all the regions taken
together, and combining country and regional projects,
the major share, between 70 and 80 per cent of the
assistance on fertility regulation, is spent on family
planning delivery services. The assistance to programme
management ranged from 5 to 10 per cent of the total
amount, while the assistance to fertility regulation tech-
niques had accounted for a small proportion, with a
maximum of 5 per cent, of the total. Of the other three
components of fertility regulation projects, com-
munication for family planning motivation accounted for
8 to 13 per cent of the assistance on fertility regulation,
out-of-school programme for family planning from 1to2
per cent and programme development from 3.5 to 5 per
cent.

This average pattern is followed in Asia and the Pacific
region. In Latin America, family planning delivery sys-
tems accounted for over four fifths of the amount of
assistance to fertility regulation, except before 1972and in
1974; programme management was generally 5 to 10 per
cent, except before 1972 and in 1974 when it was 24-28 per
cent; and no, or insignificant, assistance was reported for
the development or assessment of fertility regulation
techniques in the region. In Northern Africa, delivery
systems had accounted for 43 per cent in 1972 and 85 per
cent or more before 1972 and in 1975 and 1976. In Africa,
delivery systems accounted for 70 to 86 per cent of the
total assistance in fertility regulation; the next significant
component was communication for family planning
motivation, which was 22 per cent in 1974

WORLD BANK-SUPPORTED PROJECTS

The Bank/IDA lending to population projects is shown
in tables 8 and 9 of the annex according to functional
categories. Beginning with loans to one country (Jamaica)
in 1970 and two countries (Trinidad and Tobago, and
Tunisia) in 1971, loans have now been extended to a total
of 12 countries (India and Indonesia in 1972, Iran and
Malaysia in 1973, Egypt and Kenya in 1974, Bangladesh
and the Philippines in 1975, the Dominican Republic and
Jamaica, a new loan, in 1976).

The loans are used to finance “hardware” items such as
building, vehicles, furniture and equipment, as well as
“software” items, including training, demographic re-
search, and evaluation, management and technical assist-
ance. Contingencies are added to accommodate cost
escalation or unforeseen needs to permit projects to be
successfully completed; the contingency funds are dis-
bursed for activities within the specified functional cat-
egories or reallocated to project components.

By the end of 1976, the Bank had committed a total
of $134.5 million to 13 projects. In seven of these—
Bangladesh, India, Indonesia, Jamaica (1970), Kenya,
Malaysia, and the Philippines—additional external donor
Governments or organizations have been involved in co-
financing arrangements.

Except in Indonesia and Bangladesh, delivery of ser-
vices was the major single component of the loans. For all
the countries taken together, service delivery accounted
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for 42 per cent of the total amount of loans. After the
“contingency” category (25 per cent), training took the
next large share: for all the countries taken together, it
accounted for 20 per cent of the total amount of loans,
ranging from a low of 6 per cent or less in Jamaica,
Malaysia and Tunisia to 41 per cent in Bangladesh.
However, without additional information on the amount
of assistance from other external sources and the allo-
cations by the countries themselves, such a categorization
would provide only a partial picture and would not
indicate the importance that the Bank, IDA and the
countries themselves place on the different functional
categories.

For the countries for which information was available,
the advisory services provided ranged from 1 man-year in
Egypt to 68 man-years in Indonesia. In between were
Kenya (4 man-years), the Philippines (5 man-years),
Jamaica (minimum of 17 man-years) and Malaysia (min-
imum of 26.5 man-years). Again, this does not give a
complete picture, for in India and a few other countries
the bulk of advisory and research services was being
provided from internal resources.

CONCLUDING OBSERVATIONS

The present review has focused on the growth and
present volume of assistance in fertility regulation pro-
jects in the United Nations system. There are other
important aspects of assistance, such as the adequacy of
technical assistance in terms of current and future needs,
the terms on which it is given, the problems of making it
effective and the difficulties of co-ordinating multiple
sources of assistance. Some of these aspects have been
covered in the reviews prepared by UNFPA, to which
reference has already been made.

Within the framework of the present review can be
observed the remarkable increase in assistance to fertility
regulation projects by organizations in the United
Nations system. The different components of such assis-
tance, whether on family planning delivery systems,
programme management, fertility regulation techniques,
communication for family planning motivation, out-of-
school programme for family planning, programme de-
velopment or training, research and evaluation, have also
been noted. The distribution of technical assistance on
fertility regulation projects to the different country and
regional projects has shown emerging trends, notably the
relative decline of the importance of interregional projects
and the relative increase in the importance of global
projects and of country and regional projects in Latin
America.

Lack of data and limitations of those that were
available did not permit all of the desired analysis. An
important missing element was the number of expert
man-months spent on different types of assistance—
family planning delivery system, programme management
etc. Another limitation was the non-availability of the
data in standardized, comparable form. Given an im-
provement in the data situation, a future review could go
into more specific details and a deeper analysis.




At the same time, a framework could be developed for
monitoring, including interpretation and analysis, of
technical assistance in fertility regulation within the
United Nations system. Such a framework could also
bring in other components of the total inputs in fertility
regulation projects—additional external assistance from
intergovernmental, governmental and non-governmental
organizations—and also the inputs from within the
countries themselves, from both the governmental and the
non-governmental sectors. Information on the total in-
puts, in terms of both financial expenditure and man-
months, along with information on social, economic, and
demographic factors in the countries, could provide the
basis for a better assessment than at present of the effects
of both programme and non-programme factors on
fertility regulation at national levels.

SUMMARY

This paper reviews the monitoring of financial assis-
tance to fertility regulation projects within the United
Nations system, financed by UNFPA and the World
Bank. Assistance provided to country projects, as well as
regional, interregional and global projects up to and
including 1976 have been analysed. Up to 1976, 68
developing countries had been receiving or had received
assistance in fertility regulation projects.

As defined here, fertility regulation projects comprise :
family planning delivery systems, programme manage-
ment and fertility regulation techniques; communication
for family planning motivation; out-of-school pro-
gramme for family planning; and programme develop-
ment for family planning.

Taking the projects funded by UNFPA and executed
by the United Nations, its agencies and other organ-
izations, the total assistance to fertility regulation projects
increased from $4.6 million before 1972 to $43.2 million in
1976, an increase of over 840 per cent. In proportion to the
assistance to all population projects, fertility regulation
averaged 49 per cent for the period and was 53 per cent in
1976.

Of the total amount of assistance in fertility regulation,
inter-regional projects declined from 22 per cent before
1972 to 5 per cent in 1976, averaging 10 per cent for the
period: and global projects averaged 4 per cent.

For all the regions taken together, country projects on
fertility regulation have shown a consistent increase over
the years, from six tenths (60 per cent) before 1972 to
almost nine tenths (87 per cent) in 1976, averaging three
fourths (76 per cent) for the period. On the other hand,
regional projects have declined from 18 per cent before
1972 to 5 per cent in 1976, and there has also been a decline
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in the absolute amount in 1976 from that in 1975; the
average for the period was 9 per cent.

As between the regions, the country projects in Asia and
the Pacific have, except before 1972, moved within a
relatively narrow range of 42 to 47 per cent, averaging 43
per cent. The most marked increase in country projects, in
both relative and absolute terms, has been in Latin
America, from 2 per cent before 1972 to 24 per cent in 1976
(from $43 000 to $10.4 million), averaging 18 per cent. For
the regional projects, the general decline was shared by the
Asia and Pacific region and the Northern Africa region.

Per capitaassistance in fertility regulation for the whole
period averaged 5.5 cents per head in the developing
countries, ranging from 12 cents in Northern Africa and
8.5 cents in Latin America to S cents in Asia and the Pacific
and 2 cents in Africa. The range was wider for assistance
per head on fertility regulation (1:6.5) in the different
regions as compared to that on all population projects
(1:2.5), no doubt reflecting the different regional needs as
perceived by the countries and regions themselves.

Family planning delivery systems accounted for the
major share of the assistance in fertility regulation, about
two thirds up to 1974 and four fifths in 1975 and 1976,
averaging 71 per cent. Management of such programmes
accounted for 8 per cent and fertility regulation tech-
niques, 3 per cent. Communication for family planning
motivation accounted for 10 per cent, out-of-school
programmes 1 per cent and programme development 7
per cent.

The World Bank/IDA lending was made to 12 count-
ries by the end of 1976, committing a total of $134.5
million. The loans financed “hardware” items such as
building, vehicles, furniture and equipment, as well as
“software”, including training, demographic research and
evaluation, management and other technical assistance.
Service delivery accounted for the single major share of
the total amount of loans, averaging 42 per cent.

Lack of data and limitations of those available did not
permit all the desired analysis in the present review. An
important missing element was information on the expert
man-months spent on different types of assistance—
family planning delivery systems, programme manage-
ment etc. Another limitation was the non-availability of
the data in standardized, comparable form. Given an
improvement in the data situation, a future review could
go into more specific details and a deeper analysis and
could also deal with other aspects of assistance, such as the
adequacy of technical assistance in terms of current and
future needs, the terms on which it is given, the problems
of making it effective and the difficulties of co-ordinating
multiple sources of assistance.




Annex

TABLE |. TOTAL ASSISTANCE TO PROJECTS RELATING TO FERTILITY REGULATION AND TO ALL POPULATION PROJECTS, FUNDED BY UNITED NATIONS
FUND FOR POPULATION ACTIVITIES: COUNTRY, REGIONAL, INTERNATIONAL AND GLOBAL PROJECTS COMBINED

Pre-1972 1972 1973 1974 1975 1976 Total
Fertility regulation projects (thousands of dollars). ... .. 4588.7 8051.4 110938 235872 35460.1  43220.1 126 001.3
All population projects (thousands of dollars) ......... 98154 166859 291542 541385 670252 811580 2579772
Fertility regulation projects (percentage) .............. 46.8 48.3 38.0 43.6 529 53.5 438.8
Index of amount on fertility regulation projects (pre-
1972 =100). . ottt e 100 175 242 514 773 942 2746
Index of amount on all population projects (pre-
1972 =100). . .ottt iii e 100 170 297 552 683 827 2628

Source: Computer printouts, United Nations Fund for Population Activities.

TABLE 2. ASSISTANCE TO FERTILITY REGULATION PROJECTS AS PERCENTAGE OF TOTAL ASSISTANCE
TO ALL POPULATION PROJECTS

Pre-1972 1972 1973 1974 1975 1976 Total
Country projects? in:
Asiaand the Pacific............ .. ... ... 88.5 90.8 83.3 81.5 86.8 82.7 84.3
Latin AMETiCa. . ..o oo vviee et iiiiee e 13.7 25.8 46.7 60.7 74.4 70.8 66.9
Northern Africa..........c.coviiiiiiiiiinnnnnns 99.2 99.0 56.3 81.1 85.8 75.3 80.3
Africa (other than Northern) ..................... 61.1 34.6 17.9 8.6 18.4 21.2 18.8
WESEEIT ASIA .. vvvveve et 39.7 26.3 20.5 33.8 328 50.7 39.7
Al COUNtIY ProJECES « . v v vvvvvvee e ee v 73.6 76.4 61.7 63.9 68.9 66.9 70.0
Regional projects? in:
Asiaand the Pacific................. ..o 51.1 459 348 273 319 33.8 34.6
Latin AMErica. . ....ooveeiiiinaaaiia s 21.4 3.5 11.3 30.3 25.6 13.5 21.0
Northern Africa . .......oviiiiiiiiia e 100 100 100 100 100 100 100
Africa (other than Northern) ..................... 8.4 29 5.0 9.7 14.6 11.4 99
WeEStern ASIA .. oot eiie e - 40 45 27.5 379 27.2 24.8
BUIOPE. .« o v et i - 36.1 45.6 34.6 61.2 48.0 46.2
Al regional Projects. .. ......oovvvviiiniiiiiin 33.1 23.7 209 25.5 26.8 21.9 24.6
Country and regional projects in:
Asia and the Pacific...................... .. ... 73.3 76.8 69.2 68.2 71.4 7€.8 74.3
Latin AMETiCa. . ... .vvnniiiiiniiiinenes 17.9 13.6 319 50.3 59.3 59.0 53.3
Northern Africa ........ ... ..., 99.3 99.0 58.2 81.4 86.0 75.7 80.8
Africa (othet than Northern) ..................... 234 337 11.7 9.0 17.2 18.8 15.8
WeESLEIN ASIA .. .vvv ettt 339 15.3 15.0 31.5 339 45.8 35.9
BUIOPE. . .ottt s - 36.1 44.5 324 58.0 47.0 44.7
All country and regional projects.................... 60.4 55.9 475 53.2 59.1 59.5 56.8
Interregional projects® . ......... ... ..o 279 393 30.7 30.7 24.6 27.2 29.7
Global Projects. .. .....covvrviiueniee s 0.6 8.2 2.7 3.9 43.6 18.0 212
Al PrOJEctS . . ..o vve e it an e 46.8 48.3 38.0 43.6 52.9 53.3 48.8
Source: Computer printouts, United Nations Fund for Population a All regional infrastructure, some previously included in inter-
Activities regional projects, being assigned to the regions.
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TABLE 3. ASSISTANCE TO FERTILITY REGULATION PROJECTS: AMOUNT
(Thousands of dollars)

Pre-1972 1972 1973 1974 1975 1976 Total
Country projects? in:
Asia and the Pacific. . .................. 1631.0 3545.7 5169.6 9786.3 14 965.8 19 128.1 54 226.5
Latin AMerica .. ..oovvvenernnvrnnennns 431 175.3 927.7 4 408.0 7 283.5 10 376.4 23214.0
Northern Africa. . .......... ...t 860.9 946.1 542.3 2652.8 2303.0 4299.9 11 605.0
Africa (other than Northern) ............ 154.9 242.4 294.6 324.6 1130.4 1876.4 4023.3
WesStern ASIa . ..o vieeeiiiiiiaa e 66.6 73.2 134.8 390.9 861.6 19233 34504
TOTAL: COUNTRY PROJECTS®  2756.5 49827 7069.0 17 562.6 26 544.3 37 604.1 96 519.2
Regional projects®® in:
Asia and the Pacific. ................... 647.3 808.0 881.3 1 059.6 1138.1 1 084.5 5618.8
Latin AMerica . ...oovveevnunvennannns 81.4 28.4 160.5 1143.4 11225 509.0 3045.2
Northern Africa........... ... ... .. 39.1 57.9 448 53.5 49.6 101.6 346.5
Africa (other than Northern) ............ 51.6 32.1 77.1 197.8 394.3 314.7 1067.6
Western Asia . ... .oooveeee i - 10.8 15.5 186.9 289.7 272.7 775.6
BUIOPE vt vt i - 49.6 95.2 59.6 137.9 166.3 508.6
TOTAL: REGIONAL PROJECTS? 819.4 986.8 1275.0 2 700.8 31321 2448.8 11 362.9
Country and regional projects?® in:
Asia and the Pacific. . .................. 22783 413537 6 050.9 10 845.9 16 103.9 20212.6 598453
Latin AMErica . ......cvvvvnnnvnnnennns 124.5 203.7 1088.2 5551.4 8 406.0 10 885.4 26259.2
Northern Africa. . .......... ... 900.0 1 004.0 587.1 2706.3 2352.6 4 401.5 11951.5
Africa (other than Northern) ............ 206.5 274.5 372.3 522.4 1524.7 2 191.1 5091.5
Western Asia .. .......oivniiinnrainnn 66.6 84.0 150.3 577.8 1151.3 2196.0 4226.0
EUTOPE - . v eoeeie it e — 49.6 95.2 59.6 137.9 166.3 508.6
TOTAL: COUNTRY AND REGIONAL PROJECTS* 3 575.9 5969.5 8 344.0 20263.4 29 676.4 40 052.9 107 882.1
Interregional projects®®. .................. 10114 2008.5 2670.7 3086.8 2010.1 2024.5 12 812.0
Global projects®. . .........oovviiiiin. 1.4 73.4 79.1 237.0 3773.6 1142.7 5367.2
All projects® . . ...t 4 588.7 8051.4 11093.8 23 587.2 35460.1 43220.1 126 001.3
Source: Computer printouts, United Nations Fund for Population ® All regional infrastructure, some previously included in inter-
Activities. regional projects, being assigned to the regions.

¢ Relating to fertility regulation.
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TaBLE 4. ASSISTANCE TO FERTILITY REGULATION PROJECTS: PERCENTAGE

Pre-1972 1972 1973 1974 1975 1976 Total
Country projects?® in:
Asiaand the Pacific. . .....covovevnr s 35.5 44.0 46.6 41.5 422 443 43.0
Latin AMETICa. . .« v v vvvervrnevosneaeeenarannses 0.9 2.2 8.4 18.7 20.5 24.0 18.4
Northern AfFiCa . . oovvvvorrereeraremare e e 18.8 118 49 11.2 6.5 10.0 9.2
Africa (other than Northern) ........c....ooeeeenes 3.4 3.0 2.7 1.4 32 43 32
WeSLEIN ASIA. . oo ve v evrannnorne e 1.4 0.9 1.2 1.7 24 44 2.7
TOTAL: COUNTRY PROJECTS®  60.1 61.9 63.7 74.5 749 87.0 76.6
Regional projects® ® in:
Asiaand the Pacific . ......oovmnnnnnn e 14.1 104 79 4.5 32 2.5 4.5
Latin AMEiCA. . .o v v evnnvrenenoesonaneresnsness 1.8 0.4 1.4 48 32 1.2 24
Northern Affica . ....oovvvrenacereaninerenneens 0.8 0.7 0.4 0.2 0.1 02 0.3
Africa (other than Northern) ..............ovenen 1.1 0.4 0.7 0.8 1.1 0.7 0.8
D . V. - T - 0.1 0.1 0.8 0.8 0.6 0.6
BUFOPE. «  + v v e eveann s eeenmnn s asne e - 0.6 0.9 0.2 0.4 0.4 0.4
TOTAL: REGIONAL PROJECTS® 17.9 12.3 115 11.4 8.8 5.1 9.0
Country and regional projects® in:
Asia and the Pacific. . ... cvvvevnirerrninennn 49.6 54.1 54.5 46.0 45.4 46.8 47.5
Latin AMEIICA. « v vevereerannnrerrannsensenosss 2.7 2.5 9.8 23.5 23.7 25.2 20.8
Northern AffiCa . ..o vvveeeeinnmnareiienees 19.6 12.5 5.3 11.5 6.6 10.2 9.5
Africa (other than Northern) .............oovnennn 4.5 34 34 2.2 43 5.1 4.0
WeESLETN ASIA « v cvvvneeererecnrnaanecseanannans 1.4 1.0 1.4 24 3.2 5.1 34
BUOPE. « « e vceeeie e as s e csnees - 0.6 09 02 04 04 04
TOTAL: COUNTRY AND REGIONAL PROJECTS*  77.9 74.1 75.2 85.9 83.7 92.7 85.6
Interregional projects ® L 22.0 25.0 24.1 13.1 5.7 4.7 10.2
Global Projects® . . .o vvvvevarieinar e — 0.9 0.7 1.0 10.6 2.6 4.2
Al PLOJECES® « . o vvevvn e e e 100 100 100 100 100 100 100
Source: Computer printouts, United Nations Fund for Population b All regional infrastructure, some previously included in inter-
Activities. regional projects, being assigned to the regions.

2 Relating to fertility regulation.

TABLE 5. PER CAPITA ASSISTANCE IN POPULATION AND FERTILITY REGULATION PROJECTS
TO DEVELOPING COUNTRIES

(Cents per person)

Fertility regulation projects All population projects
Cumulative Cumulative
Region Pre-1972 1976 10 1976 Pre-1972 1976 10 1976
Regional and country
projects in:*
Asia and the Pacific. . .. 0.2 1.5 4.8 0.3 2.0 6.4
Latin America......... 0.04 33 8.5 03 5.5 16.0
Northern Africa ....... 1.0 44 12.2 1.1 5.8 15.1
Africa (other than
Northern) .......... 0.1 0.8 1.9 0.4 4.1 12.1
Western Asia. ......... 0.1 2.4 5.0 0.3 53 14.1
All regions ............. 0.2 1.9 5.4 0.3 3.1 9.4
All projectsd ............ 0.2 2.0 6.3 0.5 3.7 12.9

Source: Table 2 and United Nations medium population projections.
a Including interregional and global projects.
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TABLE 6A. ASSISTANCE TO FERTILITY REGULATION PROJECTS

(Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All projects on
fertility regulation
(a) Family planning:

(i) Delivery system ................... 3015.1 5093.6 7186.4 14 993.7 27415.8 322211 89925.7
(ii) Programme management ........... 463.4 497.5 838.0 29431  / 2708.7 2884.4 10 335.2
(iii) Fertility regulation

techniques. . ... ...l 148.2 671.9 778.2 789.2 517.1 845.4 3750.0
SUBTOTAL OF (@) 3626.7 6263.0 8 802.6 18 725.9 30 641.7 358824 103 942.3
(b) Communication for
motivation. .. ... ... 401.1 1021.3 1106.9 2716.9 2697.6 4239.6 121834
(¢) Out-of-school programme ........... 49.4 100.9 102.9 267.5 2334 747.5 1501.6
(d) Programme development ............ 511.5 696.2 1081.5 1877.4 1887.4 2350.6 8 404.6
ToTAL OF 1° 4 588.7 80514 11 093.8 23 587.2 35 460.1 43 220.1 126 001.3
TOTAL OF ALL PROJECTS? 98154 16 685.9 29154.2 54 138.5 67025.2 81158.0 257971.2
2. All interregional projects

on fertility regulation

(a) Family planning:

(i) Delivery system ................... 379.4 807.1 1151.3 773.9 430.3 382.0 39240
(ii) Programme management ........... 76.6 188.6 307.0 880.6 634.5 781.7 2 869.0
(iii) Fertility regulation

techniques. ....................... 130.9 360.2 423.1 3499 355.5 162.9 1782.5
SUBTOTAL OF (a) 586.9 1355.9 1881.4 20044 14203 1326.6 8 575.5
(b) Communication for
motivation. ....................... 104.8 156.8 2322 281.8 92.5 107.7 975.8
(¢) Out-of-school programme ........... 33 345 16.4 96.8 0 0 151.0
(d) Programme development ............ 316.4 491.3 540.7 703.8 497.3 590.2 3139.7
ToTAL OF 2? 1011.4 2 008.5 2670.7 3086.8 2010.1 2024.5 12 812.0
TOTAL OF ALL INTERREGIONAL
PROJECTS © 3654.0 5107.8 8 691.6 10 044.7 8 155.7 7430.0 43083.8
3. All global projects on
fertility regulation
(a) Family planning:
(i) Delivery system ................... — - - 68.3 3251.7 167.5 34875
(ii) Programme management............ — — - — 48.3 226.8 275.1
(iii) Fertility regulation
techniques........................ - — - - 75.4 500.0 575.4
SUBTOTAL OF (a) — - - 68.3 33754 894.3 4338.0

(b) Communication for
motivation .............oovvuiiuan. 1.4 73.4 78.8 167.3 1139 112.9 547.7
(¢) Programme development............. — — 0.3 1.4 284.3 135.5 421.5
TOTAL OF 3? 1.4 73.4 79.1 237.0 3773.6 1142.7 5307.2
TOTAL OF GLOBAL PROJECTS? 241.9 900.1 2893.6 6014.9 8 662.0 6 363.7 25076.2

Source: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 6B. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN ALL REGIONS

( Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on
fertility regulation
(a) Family planning:

(i) Delivery system . .........oooenees 2343.0 3756.4 5360.9 13485.2 23014.0 307239 78 683.4
(ii) Programme management ........... 280.2 193.6 3238 731.0 748.9 1510.1 3787.6
(iii) Fertility regulation

teChNIQUES. « .« v v veemean s 17.3 311.7 355.1 411.8 86.2 182.5 1364.6
SUBTOTAL OF (@)  2640.5 4261.7 6039.7 146279 23849.2 32416.6 83835.6
(b) Communication for
motivation ... ... 89.0 598.1 571.6 1772.0 1636.5 3314.6 7981.8
(¢) Out-of-school programme ........... 12.0 17.7 36.9 166.3 233.4 555.2 1021.5
(d) Programme development ............ 15.0 105.2 420.8 996.5 825.2 1317.7 3680.4
ToraLoF 1* 27565 4982.7 7 069.0 17 562.6 26 544.3 37 604.1 96 519.2
TOTAL OF ALL COUNTRY pROJECTS® 37450 6521.4 11463.3 27486.1 38516.3 56178.2 137910.3
2. All regional projects on
fertility regulation
(¢) Family planning:

(i) Delivery system ..............o.vn 292.7 530.1 674.2 666.3 719.8 879.1 3762.2
(i) Programme management ........... 106.6 115.3 207.2 13315 1277.0 365.8 34034
@iii) Fertility regulation

techniqUes. .. oo oveeeaenn e - - 27.5 - - 27.5
SUBTOTAL OF (a) 399.3 645.4 881.4 2025.3 1996.8 12449 7193.1
(b) Communication for
MOtivatioN . . ... vvev i v e 205.9 193.0 2243 495.4 854.7 704.4 2677.7
{¢) Out-of-school programme . .......... 34.1 48.7 49.6 4.4 - 192.3 329.1
(d) Programme development ............ 180.1 99.7 119.7 175.7 280.6 307.2 1163.0
ToTAL OF 2° 819.4 986.8 1275.0 2700.8 31321 24488 11362.9
TOTAL OF ALL REGIONAL PROJECTS? 24745 4156.5 6105.7 10592.6 11691.1 11186.0 46206.4
3. All country and regional
projects on fertility regulation
(a) Family planning:
(i) Delivery system .............coenve 2635.7 4286.5 6035.1 14151.5 23733.8 31603.0 82445.6
(ii) Programme management ........... 386.8 308.9 531.0 2062.5 2025.9 1875.9 7191.0
(iii) Fertility regulation
techniques. . . ... covoveevir e 17.3 311.7 355.1 439.3 86.2 182.5 1392.1
SUBTOTAL OF (a) 3039.8 4907.1 6921.1 16653.2 25846.0 33661.5 91028.7

(b) Communication for
MOLIVALION . . .o v e v e cveer e 294.9 791.1 795.9 2267.4 2491.2 4019.0 10659.5
(¢) Out-of-school programme . .......... 46.1 66.4 86.5 170.7 2334 747.5 1350.6
{(d) Programme development ............ 195.1 204.9 540.5 1172.2 1105.8 1624.9 48434
TotaLoF 3* 35759 5969.5 8344.0 20263.4 29676.4 40052.9 107882.1

TOTAL OF ALL COUNTRY

AND REGIONAL PROJECTS®  5919.5 10677.9 17659.0 38078.7 50207.4 67364.2 189816.7

SOoURCE: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 6C. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN ASIA AND THE PACIFIC
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( Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on
fertility regulation
(@) Family planning:

(i) Delivery system ................oon 1365.8 2919.9 3808.6 7182.2 12144.4 14654.3 42075.2
(ii) Programme management ........... 180.9 130.4 229.9 359.0 680.1 782.5 2362.8
(iii) Fertility regulation

techniques .. . vovvevvone e 15.7 205.3 288.1 117.4 14.7 7.4 648.6
SUBTOTAL OF () 1562.5 3255.6 4326.5 7658.6 12839.2 15444.2 45086.6
(b) Communication for
MOtIVAtION . .o v v v v v 41.5 186.8 500.9 1419.0 1309.4 2508.1 5965.7
(c) Out-of-school programme . .......... 12.0 1.6 36.9 166.3 226.5 540.2 983.5
(d) Programme development ............ 15.0 101.7 305.3 542.4 590.7 635.6 2190.7
ToTtaL oF 12 1631.0 3545.7 5169.6 9786.3 14965.8 19128.1 54226.5
TOTAL OF ALL COUNTRY PROJECTS® 1842.2 3906.8 6206.2 12009.7 17251.0 23134.6 64350.5
2. All regional projects on
fertility regulation
(2) Family planning:

(i) Delivery system .................. 236.2 407.8 463.0 493.2 426.1 481.4 2507.7
(ii) Programme management ........... 88.4 108.1 146.7 327.7 291.4 165.0 1127.3
(iii) Fertility regulation

techniqQUes . . ... o ovvve s - - - 27.5 - - 275
SUBTOTAL OF (a) 324.6 5159 609.7 848.4 77.5 646.4 3662.5
(b)) Communication for
MOIVALION . . .o v v v v v v v 141.1 167.9 156.5 146.3 337.5 308.3 1257.6
(¢) Out-of-school programme ........... 28.3 37.2 25.4 - - - 90.9
(d) Programme development . ........... 1533 87.0 89.7 64.9 83.1 129.8 607.8
ToTAaL OF 2° 647.3 808.0 881.3 1059.6 1138.1 1084.5 5618.8
TOTAL OF ALL REGIONAL PROJECTS® 1267.4 1761.4 2535.7 38833 3568.7 3201.3 16217.8
3. All country and regional
projects on fertility regulation
(@) Family planning:

(i) Delivery system ................... 1602.0 33277 4271.6 7675.4 12570.5 15135.7 445829
(ii) Programme management ........... 269.3 238.5 376.6 686.7 971.5 947.5 3490.1
(iii) Fertility regulation

teChNIQUES . . . oo one s 15.7 205.3 288.1 144.9 14.7 7.4 676.1
SUBTOTAL OF (a) 1887.1 3771.5 4936.2 8507.0 13556.7 16 090.6 48 749.1
(b) Communication for
MOtIVALION . .. 182.6 354.7 657.4 1565.3 1646.9 2816.4 72233
(c) Out-of-school programme ........... 40.3 38.8 62.3 166.3 226.5 540.2 1074.4
(d) Programme development ............ 168.3 188.7 395.0 607.3 673.8 765.4 2798.5
TOTAL OF 3* 22783 4353.7 6050.9 10 845.9 16 103.9 20212.6 59 845.3
TOTAL OF ALL COUNTRY

AND REGIONAL PROJECTS" 3109.6 5668.2 8741.9 15893.0 20819.7 26335.9 80 568.3

SouRrce: Computer printouts, United Nations Fund for Population a Relating to fertility regulation.

Activities. b On population, including fertility regulation.




TABLE 6D. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN LATIN AMERICA

(Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation
a) Family planning:
((2) Deliv)e,rr))' SYSIEM ... oeee e 18.3 161.2 829.6 3848.6 7 040.6 9152.0 21050.3
(ii) Programme management ........... 17.3 44 12.5 331.6 - 430.3 796.1
(iii) Fertility regulation techniques ....... - - - - - 62.4 62.4
SUBTOTAL OF (a) 35.6 165.6 842.1 4180.2 7040.6 9644.8 21908.9
(b) Communication for motivation. . . .... 1.5 9.4 15.7 4.0 99.1 379.7 515.4
(d) Programme development ............ - 0.3 69.9 223.8 143.8 351.9 789.7
ToTAL OF 12 43.1 175.3 927.7 4408.0 7283.5 10376.4 23214.0
TOTAL OF ALL COUNTRY PROJECTS® 314.3 679.6 1 986.1 7258.9 9 786.2 14 664.5 34 689.6
2. All regional projects on fertility regulation
() Family planning:
(i) Delivery system ................... — 6.4 51.7 - - - 64.1
(i) Programme management ........... 18.2 7.2 60.5 1000.3 916.9 150.8 2153.9
SUBTOTAL OF (@) 18.2 13.6 118.2 1000.3 916.9 150.8 2218.0
(b) Communication for motivation. ...... 42.5 24 20.2 109.4 166.9 144.6 486.0
(c) Out-of-school programme . .......... 5.8 10.1 10.9 44 - 192.3 2235
(d) Programme development ............ 14.9 23 11.2 29.3 38.7 213 117.7
TorAL oF 22 81.4 284 160.5 1143.4 1122.5 509.0 3045.2
TOTAL OF ALL REGIONAL PROJECTS ° 380.2 8139 1421.6 3769.4 4381.9 3770.7 14 537.7
3. All country and regional projects on fertility
regulation
(a) Family planning:
(i) Delivery system ................... 18.3 167.6 887.3 3848.6 7040.6 9152.0 211144
(i) Programme management ........... 35.5 11.6 73.0 13319 916.9 581.1 2950.0
(iii) Fertility regulation techniques . ...... - - - - - 62.4 62.4
SUBTOTAL OF (a) 53.8 179.2 960.3 5180.5 7957.5 9795.6 24126.9
(b) Communication for motivation. ... ... 50.0 11.8 359 1134 266.0 524.3 1001.4
(¢) Out-of-school programme ........... 5.8 10.1 109 44 - 192.3 223.5
(d) Programme development . ........... 14.9 2.6 81.1 253.1 182.5 373.2 907.4
ToTAL OF 32 124.5 203.7 1088.2 5551.4 8406.0 10885.4 26259.2
TOTAL OF ALL COUNTRY AND :
REGIONAL PROJECTS® 694.5 1493.5 3407.7 11028.3 14 168.1 184352 492273

Source: Computer printouts, United Nations Fund for Population
Activities.
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TABLE 6E. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN NORTHERN AFRICA

(Thousands of dollars)

Pre-1972 1972 1973 1974 1975 1976 Total
. All country projects on fertility regulation
(a) Family planning:

(i) Delivery system ................... 760.4 371.9 3389 1877.3 2054.1 3670.7 9073.3
(ii) Programme management ........... 59.0 58.8 69.5 389 17.7 2320 475.9
(iii) Fertility regulation techniques . ...... 1.6 106.4 55.0 213.1 55.4 80.0 511.5

SUBTOTAL OF (a) 820.9 537.1 463.4 2129.3 21272 3982.7 10 060.6
(b) Communication for motivation. . . .. .. 40.0 392.1 457 349.0 144.5 170.0 1141.3
(¢) Out-of-school programme ........... - 16.1 - — 6.9 — 23.0
(d) Programme development . ........... - 0.8 33.2 174.5 244 147.2 380.1
ToTAL OF 1* 860.9 946.1 542.3 2652.8 2303.0 4299.9 11 605.0
TOTAL OF ALL COUNTRY PROJECTS® 867.5 955.9 963.7 32711 2685.6 57104 14 454.2
. All regional projects on fertility regulation
(a) Family planning:
(1) Delivery system ................... 39.1 56.5 31.5 53.5 49.6 101.6 331.8
(¢) Out-of-school programme ........... - 1.4 13.3 - - - 14.7
TOTAL OF 2* 39.1 579 4.8 53.5 49.6 101.6 346.5
TOTAL OF ALL REGIONAL PROJECTS® 39.1 57.9 448 53.5 49.6 101.6 346.5
. All country and regional projects on fertility
regulation

(@) Family planning:

(i) Deliverysystem ................... 799.5 428.4 370.4 1930.8 2103.7 37723 9405.1
(ii) Programme management ........... 59.0 58.8 69.5 38.9 17.7 232.0 4759
(iii) Fertility regulation techniques ....... 1.6 106.4 55.0 213.1 55.4 80.0 511.5

SUBTOTAL OF (a) 860.0 593.6 494.9 21828 21768 4084.3 10 392.4
(b) Communication for motivation. ... ... 40.0 392.1 45.7 349.0 144.5 170.0 1141.3
(¢) Out-of-school programme ........... - 17.5 133 - 6.9 - 317
(d) Programme development............ - 0.8 332 174.5 244 147.2 380.1
TOTAL OF 3* 900.0 1004.0 587.1 2 706.3 2352.6 4401.5 11 951.5

TOTAL OF ALL COUNTRY AND REGIONAL
PROJECTS 906.6 1013.8 1008.5 33246 2735.2 5812.0 14 800.7

Source: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 6F. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN AFRICA (OTHER THAN NORTHERN)
(Thousands of dollars)

Pre-1972 1972 1973 1974 1975 1976 Total
. All country projects on fertility regulation
(a) Family planning:
(i) Delivery system. ...........ocovves 154.9 230.2 281.4 304.9 1 068.1 17348 37743
(ii) Programme management............ - - - 1.5 51.1 65.3 117.9
SUBTOTAL OF (@) 154.9 230.2 281.4 306.4 11193 1 800.1 38923
(b) Communication for motivation. .. .... — 9.8 9.3 - - - 19.1
(c) Out-of-school programme ........... - - — — - 15.0 15.0
(d) Programme development ............ - 2.4 3.9 18.2 11.1 61.3 96.9
TOTAL OF 1° 154.9 242.4 294.6 324.6 1130.4 1876.4 40233
TOTAL OF ALL COUNTRY PROJECTS® 2534 701.1 1644.7 3777.6 6150.5 8 865.9 21 393.2
. All regional projects on fertility regulation
(a) Family planning:
(i) Delivery system. ..........oonevnns 17.4 9.8 26.8 60.0 133.7 160.1 407.8
(ii) Programme management............ — - - 3.5 254 — 289
SUBTOTAL OF (a) 17.4 9.8 26.8 63.5 159.1 160.1 436.7
() Communication for motivation. . . .... 22.3 16.6 40.1 112.6 201.2 117.6 510.4
(d) Programme development ............ 11.9 5.7 10.8 21.7 34.0 37.0 121.1
TOTAL OF 2* 51.6 321 71.7 197.8 3943 314.7 1068.2
TOTAL OF ALL REGIONAL PROJECTS" 618.3 11142 1 548.7 20348 2701.3 2 763.5 10 780.8
. All country and regional projects on fertility
regulation
(a) Family planning:
(i) Delivery system. ..........coooovees 1723 240.0 308.2 364.9 1201.8 1894.9 4182.1
(ii) Programme management............ - - — 5.0 76.5 65.3 146.8
SUBTOTAL OF (a) 172.3 240.0 308.2 369.9 1278.4 1 960.2 43290
(b) Communication for motivation. . . .. .. z2.3 26.4 49.4 112.6 201.2 117.6 529.5
(¢) Out-of-school programme ........... - - - - — 15.0 15.0
(d) Programme development .. .......... 11.9 8.1 14.7 39.9 45.1 98.3 218.0
ToOTAL OF 32 206.5 274.5 3723 5224 1524.7 2191.1 5091.5
TOTAL OF ALL COUNTRY AND
REGIONAL PROJECTS? 871.7 1815.3 31934 58124 8851.8 11 629.4 32174.0

Source: Computer printouts, United Nations Fund for Population

Activities.

s Relating to fertility regulation.

On population, including fertility regulation.
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TABLE 6G.  ASSISTANCE TO FERTILITY REGULATION PROJECTS IN WESTERN ASIA

(Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
. All country projects on fertility regulation

(a) Family planning:

(i) Delivery system. .............cocou 43.6 73.2 102.4 27222 706.8 1 512.1 27103
(ii) Programme management............ 23.0 - 11.9 - - - 349
(iii) Fertility regulation techniques. ....... - - 12.0 81.3 16.1 327 142.1

SUBTOTAL OF (a) 66.6 73.2 126.3 3534 7229 1544.8 2887.2
(b) Communication for motivation ....... — — - - 83.5 256.8 340.3
(d) Programme development. ............ — — 8.5 37.6 55.2 121.7 223.0
ToTAL OF 12 66.6 73.2 134.8 3909 861.6 1923.3 34504
TOTAL OF ALL COUNTRY
PROJECTS® 167.6 278.0 657.6 11569 2630.5 3794.8 8 685.4
. All regional projects on fertility regulation
(a) Family planning:
(ii) Programme management ............ — - — - 433 50.0 93.3
(b) Communication for motivation ....... — 6.1 7.5 127.1 149.1 133.9 423.7
(d) Programme development............. - 4.7 8.0 59.8 97.3 88.8 258.6
ToTAL OF 2° - 10.8 15.5 186.9 289.7 272.7 775.6
TOTAL OF ALL REGIONAL
PROJECTS® 59.4 271.8 346.1 679.6 764.3 1002.8 31240
. All country and regional projects on fertility
regulation
(a) Family planning:

(i) Delivery system. ................... 43.6 73.2 102.4 2722 706.8 1512.1 27103
(ii) Programme management............ 23.0 — 11.9 — 433 50.0 128.2
(iii) Fertility regulation techniques. ....... - — 12.0 81.3 16.1 32.7 142.1

SUBTOTAL OF (a) 66.6 73.2 126.3 3534 766.2 1594.8 2980.5
(b) Communication for motivation....... — 6.1 1.5 127.1 232.6 390.7 764.0
(d) Programme development ............ — 4.7 16.5 97.4 152.5 210.5 481.6
ToraL oF 3? 66.6 84.0 150.3 571.8 11513 2196.0 4226.0

TOTAL OF ALL COUNTRY AND
REGIONAL PROJECTS? 196.5 549.9 1003.7 1836.5 3394.8 4797.6 11779.0

Source: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 6H. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN EUROPE

(Thousands of dollars)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation . - - - - - - -
TOTAL OF ALL COUNTRY PROJECTS® - — 5.0 11.9 12.9 8.0 378
2. All regional projects on fertility regulation
(a) Family planning:
Delivery system . ...........cco.uu - 49.6 95.2 59.6 110.4 136.0 450.8
(d) Programme development. ............ - - - - 275 30.3 578
ToTAL OF 2* - 49.6 95.2 59.6 137.9 166.3 508.6
TOTAL OF ALL REGIONAL PROJECTS® 10.1 137.3 208.8 172.0 225.3 346.1 1099.6
3. All country and regional projects on fertility
regulation
(a) Family planning:
Delivery system . ...........covnvee. - 49.6 95.2 59.6 110.4 136.0 450.8
(d) Programme development............. - - — - 27.5 30.3 57.8
TOTAL OF 3* - 49.6 95.2 59.6 137.9 166.3 508.6
TOTAL OF ALL COUNTRY AND
REGIONAL PROJECTS® 10.1 137.3 213.8 183.9 237.8 354.1 1137.0

Source: Computer printouts, United Nations Fund for Population

Activities.

® Relating to fertility regulation.
® On population, including fertility regulation.
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TABLE 7A. ASSISTANCE TO FERTILITY REGULATION PROJECTS

(Percentage)
Pre-1972 1972 ] 1973 1974 1975 1976 Total
. All projects on fertility regulation
(a) Family planning:

(i) Delivery system .................... 65.7 63.3 64.8 63.6 77.3 74.5 71.4
(ii) Programme management ............ 10.1 6.2 7.6 12.5 7.6 6.7 8.2
(iii) Fertility regulation techniques ........ 32 8.4 7.0 34 1.5 2.0 3.0

SUBTOTAL OF (a) 79.0 77.8 794 79.4 86.4 83.1 82.5
(b) Communication for motivation........ 8.7 12.7 10.0 11.5 7.6 9.8 9.7
(¢) Out-of-school programme ............ 1.1 12 0.9 1.1 0.7 1.7 1.2
(d) Programme development ............. 11.2 8.9 9.8 8.0 53 54 6.7

TorAL OF 12 100 100 100 100 100 100 100
. All interregional projects on fertility

regulation
(a) Family planning:

(1) Delivery system.................... 375 40.2 43.1 25.1 214 18.9 30.6
(ii) Programme management............ 7.6 9.3 11.5 28.5 31.6 38.6 22.4
(iii) Fertility regulation techniques. ....... 12.9 17.9 15.8 11.3 17.6 8.0 13.9

SUBTOTAL OF (a@) 58.0 67.5 70.4 64.9 70.7 65.5 66.9
(b)) Communication for motivation . ...... 104 78 8.7 9.1 4.6 5.3 7.6
(¢) Out-of-school programme. ........... 0.3 1.7 0.6 31 0 0 1.2
(d) Programme development............. 31.3 245 20.2 228 24.7 29.2 245
TOTAL OF 22 100 100 100 100 100 100 100
. All global projects on fertility regulation
(a) Family planning:

(i) Delivery system. . .................. — - - 28.8 86.2 14.7 65.7
(ii) Programme management............ - - — - 1.3 19.8 5.2
(iii) Fertility regulation techniques........ - — - - 20 43.8 10.8

. SUBTOTAL OF (a) — — — 28.8 89.4 78.3 81.7

(b) Communication for motivation . ...... 100 100 99.6 70.6 3.0 9.9 10.3

(d) Programme development............. — — 0.4 0.6 1.5 11.9 79
ToTAL OF 3% 100 100 100 100 100 100 100

Source: Computer printouts, United Nations Fund for Population
Activities.
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TABLE 7B. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN ALL REGIONS

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation
(@) Family planning:

(i) Delivery system ..............ocnne 65.5 62.9 64.2 66.5 71.5 76.7 72.9
(ii) Programme management............ 7.8 3.2 39 3.6 2.5 38 35
(i) Fertility regulation techniques........ 0.5 5.2 43 20 0.3 0.5 1.3

SUBTOTAL OF (@) 73.8 71.4 73.0 722 80.4 80.9 717
(b) Communication for motivation . ...... 2.5 10.0 6.9 8.7 5.5 8.3 7.4
(¢) Out-of-school programme. ........... 0.3 0.3 0.4 0.8 0.8 1.4 1.0
(d) Programme development. ............ 0.4 1.8 5.0 49 2.8 33 34
ToTtAL OF 1* 77.1 83.5 84.7 86.7 89.4 93.9 89.5
2. All regional projects on fertility regulation
(a) Family planning:

(i) Delivery system. ..........o.ooovenee 8.2 8.9 8.1 33 2.4 2.2 3.5
(ii) Programme management............ 3.0 1.9 2.5 6.6 43 0.9 3.2
(i) Fertility regulation techniques........ - - - 0.1 — - -

SUBTOTAL OF (a) 11.2 10.8 10.6 10.0 6.7 3.1 6.7
(b) Communication for motivation ....... 5.8 32 2.7 24 29 1.8 25
(¢) Out-of-school programme. ........... 1.0 0.8 0.6 0.0 0 0.5 0.3
(d) Programme development. . ........... 5.0 1.7 1.4 0.9 0.9 0.8 1.1
TOTAL OF 2° 229 16.5 153 15.3 10.6 6.1 10.5
3. All country and regional projects on fertility
regulation
(2) Family planning:

() Delivery system. ..............oevnn 73.7 71.8 72.3 69.8 80.0 78.9 76.4
(ii) Programme management............ 10.8 5.2 6.4 10.2 6.8 4.7 6.7
(iii) Fertility regulation techiniques........ 0.5 5.2 43 2.2 0.3 0.5 1.3

SUBTOTAL OF (a) 85.0 82.2 82.9 82.2 87.1 84.0 84.4
(b)) Communication for motivation . ... ... 8.2 13.3 9.5 11.2 8.4 10.0 9.9
(c) Out-of-school programme. ........... 1.3 1.1 1.0 0.8 0.8 1.9 1.2
(d) Programme development. ............ 5.5 34 6.5 5.8 37 4.1 4.5
TotaL oF 3* 100 100 100 100 100 100 100
SouRce: Computer printouts, United Nations Fund for Population 2 Relating to fertility regulation.
Activities.
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TaBLE 7C. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN ASIA AND THE PACIFIC

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation

(a) Family planning:

(i) Delivery system ................... 59.9 67.1 63.0 66.2 75.4 72.5 70.3
(ii) Programme management ........... 79 3.0 3.8 33 42 39 4.0
(iii) Fertility regulation techniques ....... 0.7 4.7 48 1.1 0.1 — 1.1

SUBTOTAL OF () 68.6 74.8 71.5 70.6 79.7 76.4 75.3

(b)) Communication for motivation. ... ... 1.8 4.3 8.3 13.1 8.1 12.4 10.0
(¢) Out-of-school programme ........... 0.5 - 0.6 1.5 1.4 217 1.6
(d) Programme development . ........... 0.7 23 5.0 5.0 3.7 31 3.7

TOTAL OF 12 71.6 814 85.4 90.2 93.0 94.6 90.6
2. All regional projects on fertility regulation
(a) Family planning:

(i) Deliverysystem ................... 10.3 9.4 1.7 45 2.6 24 4.2

(ii) Programme management ........... 3.9 2.5 24 3.0 1.8 0.8 1.9
_(iii) Fertility regulation techniques . ...... - - - 0.3 - - -
SUBTOTAL OF (a) 14.2 11.8 10.1 7.8 4.5 32 6.1

(b) Communication for motivation. ...... 6.2 3.9 26 1.3 2.1 1.5 2.1

(¢) Out-of-school programme ........... 1.2 0.9 0.4 - - — 0.2

(d) Programme development ............ 6.7 20 1.5 0.6 0.5 0.6 1.0
TOTAL OF 22 28.4 18.6 14.6 9.8 7.1 54 9.4
3. All country and regional projects on fertility
regulation
(a) Family planning:

(i) Delivery system ................... 70.3 76.4 70.6 70.8 78.0 74.9 74.5
(ii) Programme management ........... 11.8 5.5 6.2 6.3 6.0 4.7 5.8
(iii) Fertility regulation techniques ....... 0.7 4.7 4.8 1.3 0.1 - 1.1

SUBTOTAL OF (a) 82.8 86.6 81.6 78.4 84.2 79.6 81.5
(b) Communication for motivation. . ... .. 8.0 8.1 10.9 14.4 10.2 14.0 12.1

(¢) Out-of-school programme ........... 1.8 0.9 1.0 1.5 14 2.7 1.8

(d) Programme development ............ 7.4 43 6.5 5.6 42 3.8 47
ToTAL OF 3* 100 100 100 100 100 100 100

SOURCE: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 7D. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN LATIN AMERICA

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
. All country projects on fertility regulation
(a¢) Family planning:

(i) Delivery system ............. ... 14.7 79.1 76.2 69.3 83.8 84.1 80.2
(i) Programme management ........... 13.9 2.2 1.1 6.0 - 4.0 3.0
(iii) Fertility regulation techniques ....... — - - — - 0.6 0.2

SUBTOTAL OF (a) 28.6 81.3 77.4 75.3 83.8 88.6 83.4
(b) Communication for motivation. . ..... 6.0 4.6 1.4 0.1 1.2 35 2.0
(c) Programme development ............ - 0.1 6.4 4.0 1.7 3.2 30
TorAL oF 1* 34.6 86.1 85.3 79.4 86.6 95.3 88.4
. All regional projects on fertility regulation
(2) Family planning:
(i) Delivery system. .................. - 31 5.3 — - — 0.2
(i) Programme management ........... 14.6 35 5.6 18.0 10.9 14 8.2
SUBTOTAL OF (a) 14.6 6.7 10.9 18.0 10.9 14 8.4
(b) Communication for motivation....... 34.1 1.2 1.9 20 2.0 1.3 1.8
(¢) Out-of-school programme ........... 47 50 1.0 0.1 - 1.8 0.8
(d) Programme development . ........... 12.0 1.1 1.0 0.5 0.5 0.2 0.4
ToTAL OF 22 65.4 13.9 14.7 20.6 13.4 4.7 11.6
. All country and regional projects on fertility
regulation
(a) Family pianning:

(i) Delivery system ...........oovvvens 14.7 82.3 81.5 69.3 83.8 84.1 80.4
(ii) Programme management ........... 28.5 5.7 6.7 240 10.9 5.3 11.2
(iii) Fertility regulation techniques .. ..... - - - - - 0.6 0.2

SUBTOTAL OF (@) 43.2 88.0 88.2 93.3 94.7 90.0 91.9

(b) Communication for motivation. ...... 40.2 58 33 2.0 32 4.8 38

(c) Out of-school programme ........... 4.7 5.0 1.0 0.1 — 1.8 0.8

(d) Programme development ............ 12.0 1.3 7.5 4.6 22 34 3.5
ToOTAL OF 32 100 100 100 100 100 100 100

SOURCE: Computer printouts, United Nations Fund for Population
Activities.

? Relating to fertility regulation.
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TABLE 7E. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN NORTHERN AFRICA

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
. All country projects on fertility regulation
(a) Family planning:

(i) Deliverysystem................... 8.4 37.0 57.7 69.4 87.3 83.4 75.9
(ii) Programme management ........... 6.6 5.9 11.8 1.4 0.8 5.3 4.0
(iii) Fertility regulation techniques .. ..... 0.2 10.6 9.4 79 24 1.8 43

SUBTOTAL OF (a) 91.2 53.5 78.9 78.7 90.4 90.5 84.2
(b) Communication for motivation. . .. ... 44 39.1 7.8 12.9 6.1 39 9.6
(¢) Out-of-school programme ........... — 1.6 - - 0.3 — 0.2
(d) Programme development............ - 0.8 5.7 6.4 1.0 33 32
TOTAL OF 1* 95.7 94.2 92.4 98.0 97.9 97.7 97.1 |
. All regional projects on fertility regulation
(a) Family planning:
(i) Delivery system ................... 43 5.6 5.4 2.0 21 23 2.8
(c) Out-of-school programme ........... - 0.1 2.3 - - — 0.1
TOTAL OF 2° 4.3 5.8 7.6 2.0 2.1 23 29
. All country and regional projects on fertility
regulation
(a) Family planning:

(i) Delivery system ................... 88.8 42.7 63.1 71.3 89.4 85.7 78.7
(ii) Programme management ........... 6.6 5.9 11.8 1.4 0.8 5.3 4.0
(iii) Fertility regulation techniques ... .... 0.2 10.6 9.4 7.9 24 1.8 4.3

SUBTOTAL OF (a) 95.6 59.1 84.3 80.7 92.5 92.8 87.0

(b) Communication for motivation. . ..... 44 39.1 7.8 12.9 6.1 39 9.6

(¢) Out-of-school programme ........... - 1.7 2.3 - 0.3 - 0.3

(d) Programme Development............ - 0.1 5.7 6.4 1.0 33 3.2
ToTaL oF 32 100 100 100 100 100 100 100

Source: Computer printouts, United Nations Fund for Population 2 Relating to fertility regulation.
Activities.
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TABLE 7F. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN AFRICA (OTHER THAN NORTHERN)

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation
(a) Family planning:
(i) Delivery system. ................... 75.0 83.9 75.6 58.4 70.0 79.2 74.1
(i) Programme management............ - - - 0.3 3.4 3.0 2.3
SUBTOTAL OF (@) 75.0 83.9 75.6 58.7 73.4 82.2 76.4
(b) Communication for motivation. ... ... - 3.6 2.5 - — — 0.4
(¢) Out-of-school programme ........... — — — — - 0.7 0.3
(d) Programme development . ........... — 0.9 1.0 3.5 0.7 2.8 1.9
ToTAL OF 1* 75.0 88.3 79.1 62.2 74.1 85.7 79.0
2. All regional projects on fertility regulation
(a) Family planning:
(i) Delivery system. ................... 8.4 3.6 7.2 11.5 8.8 7.3 8.0
(ii) Programme management............ - — — 0.7 1.7 - 0.6
SUBTOTAL OF (a) 8.4 36 72 12.2 10.5 7.3 8.6
(b) Communication for motivation. . ..... 10.8 6.0 10.8 21.5 13.2 5.4 10.0
(d) Programme development . ........... 5.8 2.1 29 4.1 22 1.7 24
TOTAL OF 2* 25.0 11.7 20.9 378 259 14.4 21.0
3. All country and regional projects on fertility
regulation
(2) Family planning:
(i) Delivery system. ................... 83.4 874 82.7 69.8 78.8 86.5 82.1
(i) Programme management. ............ - — - 1.0 5.0 3.0 29
SUBTOTAL OF (@) 83.4 87.4 82.7 70.8 83.8 89.5 85.0
(b)) Communication for motivation. .. .. .. 10.8 9.6 13.3 21.6 13.2 5.4 10.4
(¢) Out-of-school programme ........... - - - - - 0.6 0.3
(d) Programme development ............ 5.8 3.0 4.0 7.6 3.0 45 43
TOTAL OF 3* 100 100 100 100 100 100 100

Source: Computer printouts, United Nations Fund for Population 2 Relating to fertility regulation.
Activities.
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TABLE 7G. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN WESTERN ASIA

(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation
(a) Family planning:
(1) Deliverysystem ................... 65.5 87.1 68.1 47.1 61.4 68.9 64.1
(ii) Programme management ........... 345 — 7.9 - — — 0.8
(iii) Fertility regulation techniques ....... - - 8.0 14.1 1.4 1.5 34
SUBTOTAL OF (a) 100 87.1 84.0 61.2 62.8 70.3 68.3
(b) Communication for motivation....... - - - - 7.3 11.7 8.0
(d) Programme development ............ — - 5.7 6.5 4.8 5.5 5.3
ToTtAL OF 1* 100 87.1 89.7 67.7 74.8 87.6 81.6
2. All regional projects on fertility regulation
(a) Family planning:
(if) Programme management ........... - - — — 3.8 2.3 22
(b) Communication for motivation. ...... - 7.3 5.0 22.0 13.0 6.1 10.0
(d) Programme development ............ - 5.6 5.3 10.3 8.5 4.0 6.1
ToTAL OF 2? - 12.9 103 323 252 12.4 18.4
3. All country and regional projects on fertility
regulation
(a) Family planning:
(i) Delivery system ................... 65.5 87.1 68.1 47.1 61.4 68.9 64.1
(if) Programme management ........... 35.5 — 79 - 38 0.2 3.0
(iii) Fertility regulation techniques ....... - — 8.0 14.1 1.4 1.5 34
SUBTOTAL OF (a) 100 87.1 84.0 61.2 66.6 72.6 70.5
() Communication for motivation. ...... - 7.3 5.0 22.0 20.2 17.8 18.1
(d) Programme development ............ - 5.6 11.0 16.9 13.2 9.6 11.4
TOTAL OF 3* 100 100 100 100 100 100 100
Source: Computer printouts, United Nations Fund for Population 2 Relating to fertility regulation.
Activities.
TABLE TH. ASSISTANCE TO FERTILITY REGULATION PROJECTS IN EUROPE
(Percentage)
Pre-1972 1972 1973 1974 1975 1976 Total
1. All country projects on fertility regulation . - — - - - - -
2. All regional projects on fertility regulation
(a) Family planning:
Delivery system . .................. - 100 100 100 80.1 81.8 88.6
(d) Programme development ............ — — — — 19.9 18.2 11.4
TOTAL OF 2* - 100 100 100 100 100 100
3. All country and regional projects on fertility
regulation :
(a) Family planning:
Delivery system.................... - 100 100 100 80.1 81.8 88.6
(d) Programme development ............ - — - - 19.9 18.2 11.4
TorAL OF 3* - 100 100 100 100 100 100

Source: Computer printouts, United Nations Fund for Population

Activities.
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TABLE 8. COST BREAKDOWNS BY FUNCTIONAL CATEGORIES FOR WORLD BANK/IDA LENDING TO
POPULATION PROJECTS: TOTAL AMOUNT

( Thousands of dollars)
Amount
Financial year Total Service Research and
project approved Country amount Management Training delivery IECM® luati C
1970. ... ..ooviiii Jamaica 2000 15.6 28.8 1276.6 - 15.6 663.4°
1970 ..o Trinidad
and Tobago 3000 44.6 768.3 14379 16.2 20.3 712.7°
Tunisia 4800 168.6 264.5 3734.7 - 22.7 609.5
1972, .. i India 21200 1503.3 2189.6 13136.1 303.3 663.7 3404.0
Indonesia 13200 1373.0 35879 1882.9 2495.6 1587.5 2273.1
1973, ..o Iran 16 500 250.0 4760.0 8935.0 - 200.0 2355.0
Malaysia 5000 443.8 183.6 1102.9 497.0 780.3 1992.4°
1974. ... ...l Egypt 5000 365.0 586.7 2548.6 130.5 19.5 1349.7
Kenya 12000 598.5 2649.7 5846.8 583.7 136.6 2184.7
1975. ... Bangladesh 15000 66.5 6202.6 - 1911.9 1196.1 5622.9
Philippines 25000 169.5 3439.0 11663.9 300.0 620.0 8807.6
1976. ...t Dominican
Republic 5000 586.0 1693.0 1693.0 - 104.0 924.0
Jamaica 6800 - 178.0 3291.7 462.7 543.6 2324.0°
TortaL 134 500 5584.4 26531.7 56 550.1 6700.9 5909.9 33223.0
Source: World Bank, Population Projects Department. a Information, communication, education and motivation.
b Including interest and other charges.
TABLE 9. COST BREAKDOWNS BY FUNCTIONAL CATEGORIES FOR WORLD BANK/IDA LENDING TO POPULATION PROJECTS
(Percentage)
Financial year Service Research and
project approved Country Total Management Training delivery IECM? luati C g
1970 ... Jamaica 100 0.8 1.4 63.8 - 0.8 33.2
1971 oo Trinidad
and Tobago 100 1.5 25.6 47.9 0.5 0.7 23.8
Tunisia 100 3.5 5.5 77.8 - 0.5 12.7
1972 oo India 100 7.1 10.3 62.0 1.4 3.1 16.1
Indonesia 100 10.4 27.2 14.3 18.9 12.0 17.2
1973 oo Iran 100 1.5 28.8 54.2 - 1.2 14.3
Malaysia 100 89 37 221 9.9 15.6 39.8
1974 ... Egypt 100 7.3 11.7 51.0 2.6 0.4 27.0
Kenya 100 5.0 22.1 48.7 49 1.1 18.2
1975 oo Bangladesh 100 0.4 414 - 12.7 8.0 375
Philippines 100 0.7 13.8 46.7 1.2 2.5 35.2
1976 ..o Dominican
Republic 100 1.7 339 339 — 2.1 18.5
Jamaica 100 — 2.6 48.4 6.8 8.0 342
ToTAL 100 4.2 19.7 42.0 5.0 44 24.7
Source: World Bank, Population Projects Department. 3 Information, education, communication and motivation.
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DEMOGRAPHIC MODELS NEEDED FOR DEVELOPMENT PLANNING:
THE YUGOSLAV EXPERIENCE

Miroslav Macura and Milo¥ Macura *

In the course of the past 30 years or so, marked progress
has been made in development planning along two
different yet interconnected lines. As a consequence of
growing concern over current and prospective social and
population problems, the scope of planning has gradually
been extended to include, in addition to economic pheno-
mena, social and demographic phenomena. This move
calls for a wider data base and new methods and
techniques. In particular, demographic models have
gradually been developed to treat both the dynamic and
the structural population variables, which have con-
sequently been linked with a variety of economic and
social variables. Advances in systems analysis, computer
technology and modelling have facilitated this process of
adapting demographic models to new planning needs. The
principal components of that process are summarized in
the present paper, with special reference to the Yugoslav
experience.

THE EXPANDING SCOPE OF DEMOGRAPHY IN
DEVELOPMENT PLANNING

Three distinct periods can be distinguished in the use of
demographic variables in development planning. During
the first period, population was considered an exogenous
variable, and was virtually reduced—in terms of planning
variables—to the growth of population. In the second
period, population change was understood to be a more
complex process, related to the formation of manpower,
employment, health, education and the like, and having
multiple economic and social implications. In the latest
period, which is still evolving, it is increasingly recognized
that the fabric of development consists of many inter-
woven threads including dynamic and structural changes
in the population and in the family and geographical
location which are in continuous interaction with the
growth and structural modification of the economy and
the society.

In considering the first period, characterized by the
early plans of socialist countries and of developing
nations, we realize how little attention was given to
population as a factor of development. Emphasis was
placed on the growth of the economy with in-
dustrialization as a key component, and the major effort
was focused on issues relating to savings, investment and
production. Population was treated as an exogenous

* Ekonomski Institut, Belgrade, Yugoslavia.
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variable, while demographic projections—rather rudi-
mentary at that time—were primarily used for estimating
the per capita effects. Only limited attempts were made to
link the anticipated population growth with labour force
formation, education or employment. It is true that, in the
early days of planning, the concept of structural change
was introduced through sectoral disaggregation but none
of the sectors was projected taking into account the
corresponding demographic variables. Notwithstanding
these comments, we must appreciate the early realization
of the importance of population growth to development,
at least in some developing countries. Considering that a
high rate of population growth was detrimental to their
development, India and Pakistan had introduced, in the
1950s, family planning as a component of their develop-
ment plans, although on a rather modest scale.

In the second period planning was still considered a
Marxist device in most of the Western countries. Sub-
sequent developments were nevertheless affected by the
experience of some Western European countries in which
planning was considered an appropriate method for
medium-range policy-making. An interchange of ex-
perience greatly contributed to the advancement of plan-
ning methodology, the concept of comprehensive plan-
ning was gradually adopted and demographic con-
siderations found a more prominent place in development
plans. Characteristic of this period was the attention given
to social development, which in turn stimulated planning
of social services. Sectoral planning originally dealing only
with the economic sectors was gradually extended to the
social spheres, such as education, public health, child care,
social security, housing, urban growth and the like. An
increasing awareness of the role of human factors in
development has re-emphasized the dual function of
population as consumer and producer, thereby underlin-
ing the necessity of manpower and employment planning.
Manpower and sectoral planning thus became major
users of demographic projections, which were disag-
gregated and structured to supply data on working-age
contingents and specific segments of the population, such
as children, youth, working adults, the retired, the elderly
and others. Significant efforts were made in many coun-
tries to work out approaches to and methods of compre-
hensive demographic projections corresponding to the
concept of comprehensive planning. But the planning
exercise did not come up to expectations, at least as far as
the utilization of demographic projections was concerned.
It is unclear whether this was because of missing data, or
of limited understanding of interrelationships between




demographic, economic and social variables or of failure
of planning techniques and demographic models to
integrate population into the development process.’

One preoccupation of the current period is how to
better incorporate social and demographic factors in
development planning. If population is an important
component of development, as it obviously is, provision
must be made in the planning model for relating dem-
ographic variables to relevant economic and social ones.
This simple requirement is rather difficult to satisfy for it
involves a “variety of economic-demographic inter-
actions, usually both indirect and complex”, while “many
variables in the economic system are interposed between
population change and employment change”? as a key
relation between economy and population.

Among the many directions of research and experimen-
tation in this area, mention should be made of at least two.
The first one emerges from national planning practices of
European countries and is based on a concept of “systems
of models”, by which it is understood that the totality of
models consists of several parts interconnected through
links which are not all strictly formalized.® An exampleisa
system of models described by Fedorenko as “long term
forecasting models of macro-economic development in-
dicators™.#* It consists of five systems of “forecasting
models” comprising: (a) scientific and technological pro-
gress, (b) social objectives, (c) population and labour
force, (d) natural resources and (e) national income
formation and distribution. The second direction is
geared towards the building of “comprehensive
economic-demographic models” consisting of two or
more subsystems interconnected with formalized links
involving dynamic, structural and behavioural re-
lationships. The population is treated here in a separate
subsystem but many of its components are dealt with in
other subsystems as well. The Bachue family of models,
which will be discussed below, belongs to the latter.

EVOLUTION OF DEMOGRAPHIC PROJECTIONS

For some 280 years, total population was the only
subject of demographic projections. World-wide im-
provements in, and the promotion of, projection tech-
niques have taken place only since the 1950s.° That
appeared to be the decade of projections by sex and age, as
well as the initial period of experimentation with in-
dividual sectoral projections, such as that of the labour
force, its industrial structure, education etc. At the
international level, the United Nations Secretariat has
produced a series of regional population projections by
sex and age, culminating in a report entitled The Future

! Cf. The Deteminants and Consequences of Population Trends, vol. 1,
(United Nations publication, Sales No.E.71 XIIL5), p. 591.

2 G. B. Rodgersand R. Weéry,“Population and employment: a strategy
for research” (Geneva, International Labour Organisation, March
1974) (mimeographed).

3 Use of Systems of Models in Planning (United Nations publication,
Sales No. E.75.ILE.9), pp. 1-2.

+N. P. Fedorenko, “Econometric models for planning”. In Use of
Systems . . ., pp. 17-19.

5 Manual 11I: Methods for Population Prajections by Sex and Age
(United Nations publication, Sales No. E.56. XII1.3).
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Growth of World Population, published in 1958. Sub-
sequently, the Secretariat supplied as much demographic
substance as possible at that time for use during the First
United Nations Development Decade.

In the 1960s, the idea of comprehensive demographic
projections needed for planning was advanced in several
quarters. It was discussed, inter alia, it many United
Nations meetings, and following a recommendation by
the United Nations Population Commission, a report was
published in which conceptual issues were discussed
relatively to projections of total population, labour force,
education and educational structure, as well as house-
holds and families.® Actual work on such projections for
the regions and countries of the world was undertaken by
United Nations agencies in the late 1960s. Some of the
projections have been used as inputs for economic
projection prepared as a basis for formulating the In-
ternational Development strategy for the Second United
Nations Development Decade. The work of the United
Nations system in this area, in terms of methodology as
well as projections, has proven to be very productive; it
has promoted a wide use of demographic projections
throughout the world, and stimulated production of
national projections in many countries.

At the national level, Yugoslav experience in applying
demographic projections to development planning ap-
pears to broadly follow the three periods previously
mentioned. Of course, the first five-year plan for
1947-1951 had a rather weak demographic foundation.
Owing to war conditions, it had not been possible to take
the 1941 population census, while current population
estimates were unreliable because of large demographic
losses, both direct and indirect. Population estimates and
projections, as poor as they were, were used in the plan for
projecting the growth of national per capita income, in
addition to estimating the per capita growth of some key
commodities. It was not possible to project either the
labour force and employment or the size of individual
population groups deserving special attention at that
time. The same was true for fertility, mortality and
migration.

Following the 1948 population census, Ivo Lah pro-
duced population projections by sex and age till 1960,”
which were replaced by a new set of projections after the
1953 census data became available. Current estimates and
projections of population thus became part of the infor-
mation needed for planning and administrative purposes.
However, by the early 1950s it was clear that planning
demanded additional demographic projections suitable
for estimating change in the industrial structure of
manpower as well as shifts of population from agriculture
to the non-agricultural sector, both of which were likely to
take place in the course of industrialization.

6 General Principles for National Programmes of Population Pro-
jections as Aids to Development Planning (United Nations publication,
Sales No. 65.XIIL2).

7Ivo Lah, “Stanovniftvo FNRJ u periodu 1948—1960 godine”,
Statistitka revija, No. 3—4 (1951), pp. 372-391. Projections were
produced for six republics and two provinces by single calendar and age
years and proved to be surprisingly realistic when compared to 1961
census data.




By the mid 1950s such projections were prepared for
Yugoslavia as a whole for a five-year period.® Total labour
force was projected by applying the 1953 rate of economic
activity (which was the only information available) to
Lah’s projections of total population. This procedure
proved to be inadequate because of modifications in sex-
age specific activity rates for young and old age groups.
Employment in each of the three sectors had to be
projected as a function of sectoral value added and
sectoral productivity, the former being derived from
economic projections, the latter defined as a target.
However, because of large underemployment in sub-
sistence agriculture and owing to technical difficulties,
projected employment in the primary sector was in fact
taken as the difference between total labour force and
employment in secondary and tertiary sectors. Total
agricultural and non-agricultural populations were pro-
jected by applying specific dependency rates to the
respective sectoral employment groups. The techniques
used were rather crude, since, except for the sectoral
employment projections, the model relied on a number of
empirical rates. These were not capable of expressing the
interrelationships among population change, labour force
formation, production, employment and productivity,
nor the relation between employment and dependency.
Moreover, the data base was inadequate and made it
difficult, if not impossible, to carry the projection work
further.

In the course of preparation of the 1957-1961 plan,
efforts were made to better understand the demographic
situation and to re-examine the role of population and
labour in development. Consequently, the plan placed
additional emphasis on non-agricultural employment and
or the change in socio-economic structures of manpower
and population. No progress was made in demographic
projections at that time because of the inadequate data
base. Since that time, however, demographic study and
projections have become an important part of the plan
preparation.

The question of demographic projections was recon-
sidered in the early 1960s in several papers, and a rather
ambitious programme was proposed for implementation.
In addition to projections of total population by sex and
age, the following partial projections were proposed:
(a) labour force by sex and age, on the supply side;
(b) industrial or occupational structure of the labour
force, on the demand side; (c) agricultural labour force,
a special case of (b), and agricultural population;
(d) school-age population (by-product of projections of
total population) and school attendance; (e) educational
structure of the population (educational levels and
literacy); (f) urban and rural population; and
(9) households by size groups and socio-economic charac-
teristics, most of which were for the six republics and two
provinces. It was hoped that the 1961 population census
together with the current vital, educational, employment
and other statistics would provide sufficient statistical
information for the purpose.

8 Milo¥ Macura, “Projekcije ekonomske strukture radne snage i
stanovni§tva Jugoslavije”, Ekonomist, No. 1 (1955), pp. 1-29.
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The proposed system was never fully implemented
either because of deficient resources or by reason of
technical problems. However, since 1962 the Demo-
graphic Research Centre has regularly prepared the
following projections: total population by sex and age,
labour force supply by sex and age, agricultural and non-
agricultural labour force and population, migration ef-
fects and the projections of households, for each of the
eight major regions. As a result, in the plans for 1966-1970
and 1971-1975, there are several policy statements on
fertility and family planning, mortality, internal and
external migration and the change in socio-economic
structure of the population. The projections of non-
agricultural employment, which is a significant part of
labour force demand, are produced separately within the
economic model. Educational projections and projections
of urban-rural population are not produced systemati-
cally, although many projections are produced for in-
dividual cities, subregions and the like apart from the
system of comprehensive demographic projections. More
recently, projections of total population by sex and age
have been produced for some subregions taking into
account, in addition to fertility and mortality, assump-
tions on migration.

From the volume of information on fertility and
mortality and the age structure available in projections of
the total population, as well as information on the
structural aspects generated in the partial projections, it
would appear that the system of demographic projections
prepared for planning purposes in Yugoslavia is quite
satisfactory. The techniques used also appear to be
satisfactory. Total population projections are produced in
accordance with the United Nations technical recom-
mendations, in four variants and by single age and
calendar years, while the partial projections dealing with
changes in socio-economic structures of the population
rely on commonly used techniques of sex-age specific
rates. Consequently, structuring in most of the partial
projections is twofold, since it takes into account the
change in both the sex-age structure of population and the
sex-age specific rates. The data which are generated seem
to be abundant, allowing for a variety of analyses relative
to future change in population, economy and the society.

While there are many advantages in using a system of
demographic projections in planning, a careful exam-
ination of the data it generates and of its usage for a longer
period point to some deficiencies. First, a system of
comprehensive demographic projections by necessity de-
pends on a series of assumptions worked out exogenously,
which makes it impossible to specify and build into the
model the interactions between demographic and socio-
economic variables. Secondly, the system as it has been
developed thus far makes no provision for formalizing the
linkages between all the components of population
growth, since there is no place in the existing model for
migration variables. Thirdly, despite the refinements
made, the techniques used for the construction of partial
projections are rather crude. Sex-age specific rates are
understood to condense a variety of economic, social and
other factors, the effects of which on the particular




population structure are neither measured nor explicitly
stated. Comprehensive demographic projections there-
fore rely more on an individual’s judgement, experience
and intuition than on actual relationships. Fourthly, in the
course of elaborating the partial projections, it is very
difficult to achieve adequate co-ordination in assumption-
building. Consequently, the lack of interconnexion be-
tween between individual partial projections and within
the whole system may constitute a serious defect. Fifthly,
being produced externally rather than as an integral
component of the planning process, demographic pro-
jections are not properly linked with economic and social
variables constituting the planning model. Partial pro-
jections are therefore primarily used for sectoral planning,
while their direct utilization in comprehensive planning
seems to be marginal. Finally, a recent reform of planning
in Yugoslavia, which has emphasized the role of self-
government and decentralization in decision-making,
appears to require many variants of economic, social and
demographic projections sufficiently disaggregated and
able to describe alternative development paths, as well as
their determination and implications.

Of course, there is plenty of room for further improve-
ments in the system of demographic projections de-
veloped thus far in Yugoslavia. Yet, there are planners and
demographers who feel that, in addition to developing the
existing system, efforts should be made to construct a
model which would satisfy the requirements of economic
and social development planning by providing sufficient
opportunity for a simultaneous treatment of population
change. The concept of a system of models referred
to earlier, in so far as it rests on non-formalized links
between the population and the other models, does not
seem to satisfy this requirement. In fact, a population
model of that kind by necessity shares the disadvantages
of a system of comprehensive demographic projections
mentioned above. A third approach, that of economic-
demographic modelling, appears to be suitable for the
purpose, at least according to the studies carried out so
far.

COMMENTS ON ECONOMIC-DEMOGRAPHIC MODELLING

The idea of constructing a planning or policy evaluation
model large enough to treat both the economic and
demographic variables is a quite recent one. It perhaps
reflects the criticism that demographic variabies have been
neglected in development planning and policy-making.
The objective was to develop a large-scale economic-
demographic model as an instrument of policy evaluation
and planning in many spheres of public interest.> The
models which have been developed thus far are all

9 R. A. Brown, Survey of TEMPO Economic-Demographic Studies,
Santa Barbara, General Electric, Tempo, Center for Advanced Studies
(July 1974); J. E. Quinn, The Use of the LRPM and PDM Models for
Structural Analysis and Development Planning, United States Bureau of
the Census (Washington, D.C., 1975) mimeographed); G.B. Rodgers,
M. J. D. Hopkins and R. Weéry, “Economic-demographic modelling for
development: BACHUE-Philippines” (International Labour Organi-
sation and World Employment Programme, Working Paper 45, Geneva,
1977).
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multipurpose, largely endogenous, computerized struc-
tures, each having at least two central blocks: multisec-
toral economy and disaggregated population.

To this type of model belongs a series of BACHUE
models built expressly for the Philippines, Kenya, Brazil
and Yugoslavia by the International Labour Office in
collaboration with research institutions of the countries
concerned. Being members of the same family, BACHUE
models have many features in common. These are all
yearly, large-scale, largely endogenous, dualistic, com-
puterized, policy simulation models, each covering econ-
omy, population, educational process and labour market.
In addition to the similarities, individual models reflect
peculiar characteristics of the respective countries to the
extent deemed appropriate. Where conditions require and
data make it possible, as is the case in Brazil and
Yugoslavia, the models are regionalized.

A comparison of the BACHUE models with the earlier
ones, notably those built in the Coale-Hoover tradition,
suggests that the complexity and size of the former is
largely due to an effort directed towards removing the
limitations of the latter. A major novelty in the BACHUE
series, as well as in similar models of recent years, is the
endogenous treatment of dynamic and structural change
in the population. This seems to be an important qualit-
ative feature which deserves considerable attention from
planners as well as demographers.

The philosophy underlying BACHUE modelling has
been expounded on several occasions.!® Individual coun-
try models have been described to the extent made
possible by the progress of work done thus far.'' There-
fore, our intention here is not to discuss the approaches
adopted in the BACHUE modelling in general, nor to
analyse their application to the Yugoslav model. Instead,
our aim is to outline the structure and the main character-
istics of the BACHUE-Yugoslavia model as a whole, and
to describe the treatment of population in the model.

THE MAIN CHARACTERISTICS OF
BACHUE—YugosLAvia

The model consists of five mutually linked subsystems:
Economy, Social services, Population, Education and
Labour allocation.'? The subsystems treat respectively the
growth and structural change of the economy, de-
termination of demand for and consumption of social
services growth and structural change of population, the
educational process and formation and utilization of the
labour force. The model is disaggregated along two
principal dimensions: regional and sectoral. The first
consists of eight regions representing six republics and

10 See Rodgers and others, ibid.; Gerry B. Rodgers, René Wé
Michael J. D. Hopkins, “The myth of the c}:lavem regisitéd: are larggsg]lg
behavioural models useful?”, Population and Development Review, vol. 2
Nos. 3 and 4 (1976) pp. 395-409. '

'! Rodgers and others, “Economic-demographic modelling . . .”; Mi-
roslav Macura, Bojan Popovi¢ and Miroslav Ra%evié, “BACHUE-
Yugoslavia: policy simulation economic-development model of
Yugoslavia—conceptual basis™ (International Labour Organisation
and World Employment Programme, Working Paper 55, Geneva, 1977).

ull2 A f;’xl_:idescription of the model is given in: Miroslav Macura, and .
others, ibid.




two provinces of Yugoslavia. The two sectors are agricul-
ture and non-agriculture, the former covering population
and economic activities of the peasants’ agriculture, the
latter embracing population and economic activities of
the socialist sector.

While the division of the model into five subsystems is
self-explanatory, its disaggregation along the two prin-
cipal dimensions requires a few comments. First, being a
federation founded on principles of self-governing social-
ism, Yugoslavia is a country with a great deal of de-
centralized decision-making. Most of the economic, educ-
ational, employment, and other policies are promoted by
the republics and provinces, while many decisions are
taken at the commune level within the framework of
common policies. Secondly, Yugoslavia is in many re-
spects a heterogeneous country. Individual regions are
passing through different stages of economic develop-
ment and demographic transition, so that the spectrum of
regional economic-demographic situations ranges from
those typically found in developing countries to those
found in advanced industrial societies. Thirdly, two major
sectors coexist within the national economy. One is, small-
scale, mostly traditional and largely subsistence agricul-
ture of private peasants, and the other sector is modern,
socialist and predominantly non-agricultural. Modes of
behaviour and the ways in which economic, demographic
and other variables interact vary across the sectors and
regions; for this reason a disaggregation along the two
dimensions is introduced.

Not all the subsystems of the model are equally
elaborated. Economy, and Population are chosen to stand
as central subsystems, while Social services, Education
and Labour allocation are more or less supporting
subsystems. Consequently, Economy and Population are
worked out in greater detail than the rest of the model.
However, irrespective of disaggregation or the detail, all
the subsystems are interconnected through formalized
links which make the model a unique and consolidated
analytic entity. The links provide for both direct and
indirect interactions of the relevant variables, regardless
of their location in the model. Furthermore, the links
provide not only for long-term interactions but also for
those of short- and medium-term nature.

The model is intended to be a reasonably realistic
picture of the real world. Therefore, behavioural and
technological relationships built into the model are
estimated from a large body of economic, demographic,
educational, employment and related data, rather than on
the basis of hypothetical assumptions. The data come
exclusively from official statistical sources and are either
of time-series or cross-section type. These are all macro
data, available for some 500 communes, and for eight
regions in a time series. Major features of the legal and
consensual framework governing the behaviour of in-
stitutions and economic units are built into the model to
the extent deemed appropriate.

Most of the events and variables contained in the model
that either stem from or affect the behaviour of in-
dividuals, families and institutions are modelled in an
endogenous manner. Beyond this, there are specific
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variables, other than policy ones, as well as specific areas
which are treated exogenously. This is so either because
the cost of treating them endogenously would far out-
weigh the benefits or because data needed for an en-
dogenous modelling, otherwise desirable, are lacking.
Indeed, there is ample provision for policy variables in the
model. The choice of the variables and their distribution
by the model’s subsystems reflect to a large extent both the
scope of and the methods for regulating socio-economic
processes in Yugoslavia.

THE MODEL'S SUBSYSTEMS WITH REFERENCE
TO POPULATION

It should be noted that many relationships involving
population cut across two or three subsystems, directly or
indirectly, and that, in addition to fertility, mortality and
migration, there is ample provision in the model for
analysis of partial population structures. The latter in-
terconnect Population with Economy, Labour allocation,
Education and Social services, as appropriate, and take an
aliquot part in fertility, mortality and migration de-
termination. For the sake of simplicity, Economy and
Social services are briefly described first, followed by a
discussion of the demographic subsystems, and by com-
ments on Education and Labour allocation.

Economy

Economy is designed as a multiregional, multi-
industrial disequilibrium structure with several built-in
adjustment mechanisms. It is regionalized to the extent
permitted by the available information. The subsystems,
constructed around a national input-output matrix, con-
sists of a number of interconnected blocks that serve the
purpose of generating current values of the following
variables: final and over-all demand, value added and
output, imports, stocks, enterprise savings, investment,
personal incomes, taxes and contributions to social-
service funds, all by industry of each region. Also gen-
erated within the subsystem are personal savings by
region.

Sectoral levels of demand and supply are determined
endogenously to a large extent. On the demand side, four
categories of final demand are distinguished: consumer,
investment, social-services plus exports. Levels of final
demand are determined by a number of behavioural
functions: household consumption functions by
commodity-service groups; investment functions by in-
dustry of origin; and exports plus social-service con-
sumption functions by industry and social-service activity,
respectively. On the supply side, sectoral levels of the value
added depend upon the availability of capital and human
resource endowments by sector, and on the sectoral
production functions. Complementary imports are linked
to sectoral output levels. Sectoral levels of over-all
demand and supply are obtained from sectoral levels of
final demand and value added, respectively, and the input-
output matrix.




The adjustment mechanisms ensure consistency within
the subsystem whenever specific constraints become bind-
ing. Forcing consistency within any given part of the
subsystem entails modification of values of endogenous
variables initially determined only via behavioural and/or
technological relationships according to the rules of the
appropriate adjustment mechanism. The mechanism in-
cludes: adjustment of imports to foreign exchange con-
straint, adjustment of desired demand for investment to
the over-all saving constraint, clearing of commodity and
service markets across regions and the like.

Enterprise savings, personal incomes, taxes and contri-
butions to social services are to a large extent determined
exogenously via policy variables in a way which is
compatible with the present institutional framework of
the Yugoslav economy. The distributive rules and guide-
lines, shaped through legislation and a number of “social
agreements”, determine the distribution of enterprise
value added, on the one hand, and the distribution of
personal incomes among various educational categories
of labour, on the other.

A number of variables generated within Economy affect
population either directly within Population, or indirectly
through Labour allocation, Social services and Education.
Similarly, demographic variables affect Economy both
directly and indirectly. The direct effects are limited to
those felt through determination of personal savings and
consumer demand for various commodity-service groups.
Thus, young-age dependency, average educational attain-
ment of adults and the like appear as independent
variables in personal savings and various consumption
functions. Indirect effects operate through Social services,
Education and Labour allocation.

Social services

This subsystem covers determination of demand for
social services expressed in terms of resources needed to
finance their provision, revenues collected to meet the
demand and consumption of services. It also covers the
distribution of expenditures among various uses (material
costs, personal incomes, savings etc.) and fixed-asset
formation, all by alternative social-service activities. The
activities are; three levels of schooling (primary, secondary
and tertiary), medical care, public housing, old-age se-
curity, other miscellaneous services, regional and federal
government.

Revenues are determined by setting aside exogenously
specified proportions of value added of Economy, ex-
penditures of Social services and gross personal incomes
generated in both subsystems. The way demand for
services is determined varies among activity. In educ-
ational and medical care activities demand is obtained as a
product of appropriate service costs per user and the
number of users: students by level of schooling and total
population, generated in Education and Population,
respectively. Average costs are endogenously determined
in the present subsystem via respective average-cost
equations. Independent variables of the medical care
equation include a few demographic variables: young- and
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old-age dependency, proportion of population in Agricul-
ture and population density. Average costs of educational
activities are not directly linked to demographic variables;
however, they are indirectly affected, particularly at the
primary level, by population growth through increase in
the number of students. Demand for old-age security,
public housing, other miscellaneous and government
services is determined by multiplying the total gross
domestic product by the proportion of each of those
sectors in the gross domestic product. The proportion is
endogenously determined and depends on population
density and proportion of population in Agriculture,
among others.

Revenues may equal, exceed or fall short of resources
needed to meet the demand by activity. Whenever the
resources and the demand are out of balance, adjustments
based on specified rules take place and the disequilibrium
is removed either partially or completely. Consumption of
services equals resources actually spent in order to supply
the services.

Population

This subsystem models vital and migratory processes as
well as the resultant changes in the size and composition
of the population. It focuses on population of Yugoslavia
residing within national boundaries and treats population
residing abroad to the extent required for modelling the
domestic portion of the population. Disaggregation of the
subsystem along the two principal dimensions makes the
national population consist of 16 region-sector-unit sub-
populations, each of which is broken down into a number
of age-sex-educational groups. The size and composition
of each subpopulation is traced over time, and this is done
by explicit modelling of fertility, nuptiality, mortality,
internal and external migration.

Two types of fertility are distinguished in the sub-
system: marital and extramarital. The former is treated
endogenously, the latter exogenously. The distinction
between the two is introduced since illegitimate childbear-
ing is sufficiently widespread within certain age groups in
some regions of Yugoslavia to deserve a separate treat-
ment, and because factors affecting marital fertility are
probably quite different from those influencing extramar-
ital fertility. Marital fertility is determined via a couple of
simultaneous marital fertility equations for each sector.
Dependent variables of the equations are Coale’s indices
M and r, denoting respectively, a relative level of marital
fertility in the age group 20-24, and an index of fertility
control at age 25 and beyond.'® The equations are used to
determine M and r of every region-sector unit for each
simulation interval. Given M and r, the period schedule of
marital fertility of the unit is reached by a procedure
proposed by Coale. Age pattern of illegitimate fertility
prevailing in the base year within each particular region
stays fixed over the time and is applied to both sectors of
the region equally. Period age schedule of illegitimate

13 A J. Coale, “Age patterns of marriage”, Population Studies, vol.
XXV, No. 2 (1971), pp. 193-214.




fertility for the given region-sector unit is reached by
combining the age pattern of illegitimate fertility for the
region with the exogenously determined level of total
illegitimate fertility.

Female nuptiality is split into first marriage, on the one
hand, and widowhood, divorce and remarriage combined,
on the other. The former is treated endogenously, the latter
exogenously. The modelling of the former generates the
female schedule of proportions ever-married, while the
treatment of the latter yields female age schedule of
proportions currently widowed and divorced. The first
marriage is covered with a triple of simultaneous first-
marriage equations for each sector. Dependent variables
of the equations are Coale’s indices a,, k and C, which
respectively stand for the earliest age of first marriage,
average speed at which women enter the first marriage by
age and the ultimate proportion of ever-married. The
equations are used to determine Coale’s first-marriage
indices for specific region-sectors for each simulation
interval. The indices are in turn employed to generate for
each region-sector unit a schedule of proportions ever
married by the Coale’s procedure. Generating the sched-
ule amounts to transforming a particular standard age
schedule of proportions ever married into the schedule
underlined by the values of the indices.'* Age schedule of
proportions widowed and divorced for each unit is
generated as a product of the base-year Yugoslav schedule
of proportions currently widowed and divorced chosen as
a standard, and an index representing the ratio of the
derived schedule to the standard schedule. The value of
the index is determined exogenously. To conform with the*
age schedule of fertility, the two age schedules of nup-
tiality are period- rather than cohort-specific.

The schedules discussed so far are used to derive an age
schedule of over-all fertility for each unit. The schedules of
proportions ever-married, as well as those of proportions
widowed and divorced, are first converted into age
schedules of proportions currently married and single.
Then, the schedule of over-all fertility is reached as a
weighted average of appropriate marital and illegitimate
fertility schedules, with the weights being age proportions
currently married and single, respectively.

Mortality is split by age and sex, and thus variations in
age-sex patterns of mortality are explicitly allowed. Two
different types of mortality equations are built into the
subsystem. Dependent variables of the equations are
indices of child and adult mortality-probability of dying
before exact age two, 22, and life expectancy at age five,
¢2. The equations are employed to generate region-
specific 22 and e} by sex for each simulation interval.
These indices are in turn used to generate for each region-
sector units so-called “split” model life tables by sex using
Coale-Demeny model life tables.'?

In the model, population moves across three types of
boundaries: sectoral, regional and national. Mobility
across sectoral and regional boundaries is defined as

14 Ibid.
15 A_J. Coale and P. Demeny, Regional Model Life Tables and Stable
Populations (Princeton, New Jersey, Princeton University Press, 1966).
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internal migration, that across national boundaries as
external migration. The former is treated endogenously,
the latter exogenously. Two sets of equations are built into
the model in order to handle internal migration. One set
consists of equations with dependent variables defined as
age-sex-education specific rates of migration from one
region into either sector of another region. The other set
consists of equations with dependent variables defined as
age-sex specific rates of net migration of population
belonging to Agriculture of the region. The equations are
used to generate respective rates for each simulation
interval. External migration is modelled in a much cruder
manner. Distinction is made between permanent em-
igration, temporary emigration and return migration of
temporary emigrants. Over-all proportions of population
of each region-sector unit emigrating both permanently
and temporarily, and the distributions of the emigrants
are all set exogenously. Also exogenously determined are
the proportions of population of every unit staying
temporarily abroad which returns, and the distribution of
return emigrants.

Fertility rates, life tables, internal migration rates and
proportions and distributions of external migrants of the
given yearly simulation interval are all used to arrive at
size and composition of population of every unit at the
end of the interval. Fertility and mortality are first used in
a standard fashion to reach population unaffected by
migration. Next, internal migration rates are employed to
determine net changes due to internal migration and then
to reach population affected by internal migration at the
end of the interval. At a final stage, population of every
unit is modified to account for external migration for the
interval.

There are numerous linkages within Population, on the
one hand, and between this subsystem and the rest of the
model, on the other. Most of the linkages within the
subsystem are embodied in the behavioural equations;
many variables of the subsystem appear both as de-
pendent variables in some equations and as independent
variables in the others. Thus, for example, in the marital
fertility equations, child mortality and proportion of ever-
married women currently widowed and divorced appear
as independent variables. Furthermore, r appears as an
independent variable in the M equation, and vice versa.
Specifications of the child mortality equations include:
levels of over-all fertility proportion of illegitimate fer-
tility and proportion of births occurring to young and
older mothers. Several demographic variables appear as
explanatory variables in the first-marriage equations.
Those appearing in the equation covering the earliest age
of marriage are: sex ratio at the beginning of the
childbearing period, level of marital fertility, average
speed at which first marriages are contracted and the rate
of illegitimate fertility at age 15-19. Marital fertility, sex
ratios of appropriate age groups and the earliest age of
marriage are explanatory variables in two other first-
marriage equations. Average educational attainment of
men or women of appropriate age groups appear in nearly
all of the above equations. In migration equations of
certain age-sex-educational groups, independent variables




include proportions single and average numbers of surviv-
ing children.

Linkages between Population and the rest of the model
are of two types. First, population size and structure
generated within Population are inputs into other sub-
systems, namely Education and Labour allocation. Sec-
ondly, variables generated in Population appear as ex-
planatory variables in behavioural equations of all other
subsystems, while in turn variables generated within the
latter appear as explanatory variables in the equations of
Population. Examples of non-demographic variables ap-
pearing in the equations of Population are: labour force
participation rates of woman in marital fertility, mi-
gration and first-marriage equations; proportions attend-
ing schools at various levels in fertility and marriage
equations; average personal income in marital fertility,
migration and mortality equations; levels of supply of
family planning and health services in marital fertility and
mortality equations, respectively, employment growth
and unemployment rate in migration equations; capacity
of educational institutions relative to eligible persons
in migration equations etc.

Education

This subsystem treats the process of acquiring new
skills and knowledge through formal education; it does
not model on-the-job training and other informal
schemes. The subsystem is disaggregated along two
principal dimensions, and among four levels of schooling:
lower primary, higher primary, secondary and tertiary.
Each level takes four years to complete. The secondary
level is subdivided into two categories of schooling:
general secondary and other secondary (technical and
vocational). The subsystem generates students, graduates
and drop-outs, classified by age, sex and grade, and helps
shape the educational structure of the population of every
region-sector unit at each simulation date.

The educational process is treated largely en-
dogenously. Three classes of behavioural equations exist
in the subsystem: enrolment and over-all drop-out equa-
tions at lower and higher primary levels, and attendance
(in specific grades) equations at secondary and tertiary
levels. Dependent variables of the equations are rates of
enrolment, over-all drop-out and attendance. All equa-
tions are sex-sector specific. The equations are used to
generate respective rates which, together with exogenous
variables of the subsystem (single-grade relative drop-out
rates on all four levels, and over-all drop-out rates on the
secondary and tertiary levels), are converted into enrol-
ment and single-grade drop-out rates for each level. These
rates are applied to distributions of students and grad-
uates, as well as to children eligible for entry into lower-
primary level at the beginning of the given simulation
interval. The results are numbers of students, graduates
and drop-outs at the end of the interval.

Independent variables of the equations of the sub-
system are generated throughout the model. It is im-
possible to list all of them here but some will be
mentioned, particularly those generated in Population.
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Thus, young-age dependency appears in enrolment and
drop-out equations, while proportions of females age
15-19 currently married appear in female secondary level
attendance equations. Educational attainment of adults of
appropriate age intervals appear in all enrolment, drop-
out and attendance equations. In addition to the dem-
ographic variables, average number of hectares and
labour force participation rate at age 10-14 in Agriculture
appear both in enrolment and in drop-out equations of
Agriculture. Various indicators of educational com-
position of labour force in Non-agriculture appear in
equations at all four levels of schooling of the sector.
Furthermore, relative wages, unemployment rates of
various educational categories of labour etc. appear in
attendance equations.

Labour allocation

Supply of and demand for labour as well as employ-
ment and unemployment are modelled in a subsystem
which like Population and Education, is fully disag-
gregated among region-sector units. The treatment of
labour allocation differs from one sector to another,
irrespective of region. In Agriculture, labour allocation is
handled in a rather rudimentary way. It is assumed that all
labour supplied to this sector is employed by the sector
itself, of course at varying degrees of utilization. Alllabour
of the sector belongs to the lowest educational category.
In Non-agriculture three educational categories of labour
are distinguished, and supply, demand, employment and
unemployment of each category is determined.

On the supply side, size and structure of active pop-
ulation by age, sex and education of every region-sector
unit for each simulation interval are jointly determined by
the population size and distribution, generated in Pop-
ulation, and by age-sex-education specific labour force
participation rates generated in the present subsystem via
labour force participation equations. To obtain the labour
supply by education, active population is aggregated
across age-sex groups. Dependent variables of the equa-
tions are the respective labour force participation rate.
Specifications of the equations vary across age-sex groups.
Some of the independent variables are common to many
equations, while others appear only in the equations of
some, mostly marginal, groups. Independent variables are
generated throughout the model. Demographic variables
appearing as independent ones are: proportions of fe-
males currently married, over-all fertility rates and average
numbers of living children, all by age of women in various
young- and prime-age female equations; average educ-
ational attainment by age in various female and male
equations in Non-agriculture; and an age index of active
male population of Agriculture in old-age male equations
of the sector. The list of non-demographic explanatory
variables includes among others: level of supply of child-
care services, average personal income and rates of
unemployment in prime-age female equations in Non-
agriculture; proportion of adolescents attending schoolin
prime and old-age female, as well as in some old-age male
equations in Agriculture and others.




On the demand side, industry and activity-specific levels
of labour demand by educational category are determined
by using the respective employment functions. Over-all
demand of each category is simply an aggregate of
industry and activity labour demand levels. Independent
variables of employment functions are generated in
Economy, Social services and the present subsystem.

An equilibrium between the supply of and demand for
labour by educational category in Non-agriculture is not
ensured. Instead, in every region in each simulation
interval the supply of each category may operate as a
constraint, be fully absorbed or go partially unused.
Consequently, unemployment of some educational
groups may arise simply as an excess supply of labour.
Being determined largely within the given institutional
framework, salaries do not play a role in the adjustment
process. Supply may vary over time as a result of changes
in the size and structure of the population (largely
determined by migration, in the short run), as well as
variations of the labour force participation rates.

CONCLUDING REMARKS

While there is abundant experience with regard to
application of comprehensive demographic projections to
development planning, we know very little about the
utilization of economic-demographic models for planning
purposes. In fact, a first experiment with the BACHUE-
Yugoslavia is to be performed in 1978, in the course of
plan preparations for the first half of the 1980s. In
considering experience acquired with the BACHUE-
Philippines, it is hoped that the Yugoslav model would
work and prove useful, although perhaps after some
adaptation in parts of its present structure. In that case, it
would be possible to examine alternative development
strategy for the 1981-1985 period in the light of its long-
range effects, which is one of essential requirements set up
by the competent authority.

Assuming that the working of the model would prove
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satisfactory, there would be two sets of demographic and
other projections available for planning; one produced by
the conventional models, the other generated in the
BACHUE model. Consequently, the following questions
may arise: Would it be appropriate to proceed along the
two lines? Why could not the BACHUE model substitute
for demographic and other projections that are currently
in use? And, in the final analysis, are further development
projections worth the efforts and resources involved? The
answers would indeed depend very much on the judge-
ment of planners but as far as we are concerned, there
seem to be strong reasons for continuing projection work
for the purposes of economic-demographic modelling.

First, modelling the growth and structures of pop-
ulation and their relevant relationships with economic
and social development is still in its infancy and is thus
currently a rather uncertain undertaking. The same is even
more true for demographic projections whose exogeneity
already creates serious problems. It therefore makes sense
to produce independently two series of data on future
prospects in order to provide for comparisons and
evaluation of the procedures used and the results ob-
tained. Secondly, there are situations to which compre-
hensive models can hardly be applied, e.g., in planning for
development of small regions or cities, for which either
data is lacking or the relations with the rest of the country
are so complex that modelling would prove prohibitively
expensive. Demographic projections that are flexible and
sufficiently simple appear to better suit such situations, at
least in the present stage of modelling technology. Thirdly,
comprehensive demographic projections of the kind
developed so far by the United Nations system can hardly
be replaced at the international level by any other system.
Construction of global projections requires well standard-
ized national projections for each country that could be
aggregated in different fashion to suit a variety of national
and international purposes. We could, therefore, foresee a
parallel development of the projecting and modelling
work and look forward to further improvements in both.




FINE-TUNING BRASS-TYPE MORTALITY ESTIMATES WITH DATA
ON AGES OF SURVIVING CHILDREN

Samuel H. Preston and Alberto Palloni*

William Brass (1975; Brass and others, 1968) has
developed an ingenious technique for estimating child
mortality rates that prevailed in the recent past from
women’s reports on the total number of children that they
have borne and the number of those children who sur-
vived to the date of interview. Sullivan (1972) and Trussell
(1975) modified the Brass technique in a manner that is
expected to increase the precision of estimates if a certain
set of conditions pertain. The present paper develops and
evaluates a related technique for converting women’s
reports into child mortality estimates. The basic idea, as
first described by Ansley Coale to Lee-Jay Cho (1973),
involves back-projecting surviving children by age until
one has reproduced the reported number of children ever-
born. The approach was reinvented by the authors when
faced with a concrete estimation problem. The proposed
technique offers some advantages for estimation of mor-
tality level among social classes or other permeable
subgroups; when fertility trends are present in the pop-
ulation under investigation; when the prevailing fertility
pattern deviates markedly from normal patterns; and in
certain other circumstances. It also permits a more exact
identification of the ages of children to which the esti-
mated mortality level pertains. An elaboration of the
technique is developed to permit an estimation of mor-
tality trends.

The Brass approach is based on the following identity:

% = JF—(%B(‘I—M—(I = Jc(a)q(a)da, where (1)
0 0

D = total number of children who have died of those
ever-born to reporting women
B = total number of children ever-born to reporting
women
B(a) = total number of children born a years ago to
reporting women
c(a) = proportion of children ever-born to reporting
women who were born a years ago

* Samuel H. Preston is a staff member of the Population Division,
Department of Economic and Social Affairs, United Nations Secretariat.
Alberto Palloni is Assistant Professor of Sociology at the University of
Texas. The authors have benefited greatly from extensive comments by
Ansley Coale on an earlier draft of this manuscript, as well as from
discussions with Roger Avery, Michael Haines, James McCann, Jer-
emiah Sullivan and James Trussell. Stephen Graham’s programming
abilities were indispensable. The research was principally supported by
Center grant HD09397 from the National Institute of Child Health and
Human Development to the University of Washington.
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g(a) = proportion of children born a years ago who
have died
a = years since birth of the first child born to
reporting women

If a census or survey produces information on D and B,
equation (1) contains two unknown functions, c(a) and
q(a). Brass proposed a clever means to approximate c(a):
compare the cumulative fertility rates of women in
different age categories in order to infer the shape of the
fertility function, which was assumed to apply in the past
to women of a certain current age. The observed cumu-
lative fertility rates could then be used in conjunction
with adjustment multipliers derived by simulation in
order to estimate g(a).

An alternative approach is the following. Let

S = total number of children who have survived of
those ever-born to reporting women
(S=B-D)

S(a) = total number of births to reporting women a
years ago who have survived to the present
p(a) = proportion of births that occurred a years ago

who have survived to the present
_ _ S(a)
(@)= 1-4(@) = 505
¢,(a) = proportion of surviving children of reporting
S(a)
women who are now age a(c,(a) = —S-).
f B(a)da Jm a
B pla)
_ 0 _0
Then §5=—s = 5 and
B
_=Jgﬂm
N p(a) )

0

The potential advantage of equation (2) in comparison
with equation (1) is immediately obvious. If the census or
survey that provided information on births and survivors
also provided information on the ages of surviving
children, then the only unknown in the equation is the p(a)
function. In effect, the age distribution of surviving
children maps out the fertility history of reporting
women. More precisely, knowledge of B/S and the age




distribution of surviving children enables one to solve
simultaneously for fertility and child mortality histories.
If reproductive histories of reporting women are
available—in particular, the dates of all of their births—
then the c(a) function can also be estimated directly and
more precise Brass-type estimates made with equation (1).
Our basic point, which will be illustrated throughout with
reference to equation (2) but is also applicable to (1), is
that mortality estimates from Brass-type questions need
not inevitably rely upon approximations that are based
upon violable assumptions. Women’s reports on their
fertility histories or on ages of surviving children will
usually allow greater precision in estimating mortality
level and also, as we will show, in specifying the ages of
children to which survival is estimated most accurately.

Using equation (2) to estimate mortality levels is a
simple matter. If one assumes that the correct p(a)
function is a member of a one-parameter system of model
life tables, then only one level of mortality in that system
will be compatible with B/S and the c,(a) function. As trial
mortality levels improve, p(a) will rise at all ages and the
right-hand side of equation (2) will fall monotonically,
crossing the observed B/S value only once. Much of this
paper is devoted to identifying the childhood ages to
which mortality estimates are least sensitive to the choice
of model mortality family and to the assumption of
constancy of mortality within that family.

ADVANTAGES AND DISADVANTAGES OF THE
SURVIVING CHILDREN APPROACH

The major advantage of incorporating information on
ages of surviving children is that it should provide a more
precise indication of the fertility history of reporting
women than is provided by Brass-type procedures. As
noted, these latter procedures utilize cumulative fertility
rates of women, usually grouped into five-year age or
marital-duration categories, to index the shape of the age-
specific or marital-duration specific fertility function for
reporting women. A particular index, typically the ratio of
cumulative fertility rates in two successive five-year age
groups, is then used to provide adjustment factors for
converting D/B into estimates of g(a). The equations that
convert fertility indices into adjustment factors have been
produced by simulating in one way or another mortality
and fertility histories and by computing the adjustment
factors that would minimize errors in estimating g(a). The
conventional approach is therefore subject to the follow-
ing sources of error that are not present when the
surviving children approach is used:

(a) Fertility trends. If fertility has been declining at all
ages, the reporting women who are aged 20-24 would
have had higher cumulative fertility when they were age
15-19 than women who are currently 15-19. Use of the
latter group’s fertility to infer the fertility level at age
15-19 of women now aged 20-24 will produce an
incorrect index of that cohort’s fertility history. In effect,
the children of women now 20-24 will be assumed to have
been born too recently, on average. A given D/B will thus
translate into too high an estimated mortality level (g(a)).
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In contrast, under the surviving children approach, any
trends in fertility will be reflected in c,(a).

Annex I by Coale and Trussell describes another means
of dealing with fertility trends that can be applied when
two censuses or surveys are available.

(b) Unusual fertility patterns. Many different fertility
histories can produce the same cumulative fertility rates in
two successive age groups. The cumulative fertility indices
should perform well if the fertility history that produced
them is close to the average of those used in the
reproductive régimes that produced the adjustment fac-
tors. However, unusual patterns by definition will not be
accurately represented by these averages and thus will
cause distortions in adjustment factors. These problems
are particularly acute towards the beginning of repro-
duction, when the pattern of fertility is not reflected with
great precision by five-year aggregated rates. For this
reason, Brass-type estimates are less reliable for young
ages of women than they are for most older ages (Trussell,
1975). Again, whatever fertility history has prevailed
among reporting women is reflected in the c(a) function,
which has the additional advantage of providing infor-
mation by single-year ages of childbearing rather than by
five-year age groups.

(c) Flows of women among social categories. Inference
of fertility histories from comparisons of cumulative
fertility among successive cohorts faces particular prob-
lems for population subgroups that are not closed to
“migration”. For example, it would clearly be wrong in
most cases to assume that professional-class wives aged
25-29 had the same average fertility when they were 15-19
as professional-class wives who are now 15-19. Many of
the former group were certainly unmarried at 15-19 and
others belonged to different classes. Managers, farm
labourers and the highly educated are other social groups
whose membership typically changes in a major and a
systematic way with age. The most serious source of
distortion is encountered when child mortality estimates
are to be made according to fathers’ characteristics but
reporting is done by mothers. In this case, fertility
histories must be limited to married women. But younger
married women will almost always have achieved higher
fertility than the older married women had at a compara-
ble age. This latter problem is largely averted if fertility
indices are specific to marital-duration, as recommended
by Sullivan (1972), rather than to age. In this case, the only
potentially serious problem is a pattern of social mobility
or of marital disruption that is correlated with achieved
fertility. Differential mortality of women by parity is also
a problem, but a very minor one in most instances.
Marriage, social mobility and differential mortality by
parity are prevented from distorting surviving children
estimates, since women’s characteristics are recorded at
the time of census and they are reporting on their own
childbearing histories. One must, however, be careful to
describe results as pertaining to children born to women
now in a particular class, rather than to children born into
that class.

It should be noted that the first two sources of error are
also expected to be less serious for Sullivan’s marital-




duration approach than for an approach based on age-by-
age comparisons of cumulative fertility. Fertility trends
should distort mortality estimates less because an impor-
tant source of trend in age-specific rates, changes in ages of
marriage, is generally not an important disturbance for
marital-duration-specific fertility. In addition, duration
patterns of fertility are probably more regular and
predictable than are age-patterns, although this assertion
needs documentation. In all three cases, the comparative
advantage of the surviving-children approach seems to be
greater with respect to estimates based on age-specific
than on duration-specific rates.

An added advantage of the surviving-children approach
is its flexibility with regard to the age groups of women
considered. Equation (2) pertains regardless of the ages of
reporting women, as does equation (1). But current
methods of implementing equation (1) are based upon
adjustment factors specific to five-year age or duration
groups of women. Each group begins at an age or
duration that is some integer multiple of 5. Age misreport-
ing of women, especially preference towards digits that are
some multiple of 5, can distort inferred fertility patterns
under conventional techniques. The estimates for equa-
tion (2) could be readily based on age groups centred on
ages exhibiting the greatest digit preference. Perhaps more
important is the potential in applications of system (2) for
combining age groups of women. The stability of es-
timates gained thereby can be a major advantage when
dealing with small samples or subsamples (but see also
foot-note 1).

The surviving-children technique is flexible with respect
not only to age groups of women but also to the grouping
criterion itself. The technique is applied as readily to
marital duration groups as to age. However, marital
duration loses its advantages associated with superior
identification of fertility histories but retains its disadvan-
tage related to remarriage. Parity is a grouping criterion
that deserves but has not received attention. It has the
advantage over marital duration in that backward move-
ment from state to state is impossible, as well as some
possible advantages over age in that child mortality may
co-vary less with the status itself and in that the numbers
of events observed in the various reporting classes may be
more precisely equal. In most populations, there will be
more cumulative births to one-parity women aged 15-35
than there will be births to women 15-19. Furthermore,
those births will be distributed more evenly over ages of
mother (whereas births to women 15-19 will still be very
highly concentrated at the first parity). Both factors
should allow a superior identification of infant mortality
rates on the basis of one-parity women than on the basis
of 15-19 year-old women. An even better approach for
estimating infant mortality may be to ask about survivor-
ship of the last birth alone and to back project the
surviving youngest children by age; that is, apply equation
(2) only to last births. This procedure provides recent
evidence on mortality, it is less subject to recall error and
omission of distant-born dead children, and the distri-
bution of last births should be much more representative
of all births (with respect to factors associated with
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mortality) in a given period than would be births to
women of a particular parity or age group. Despite these
attractive alternatives, we will use age of women as the sole
grouping criterion in the rest of this paper.

The surviving children approach also has disadvantages
relative to conventional techniques. First, it requires more
labour to prepare the requisite tabulations and estimates,
usually including a special processing of a computer tape.
Secondly, unlike system (1), it is sensitive to omission and
misreporting of ages of children. This topic will be treated
below. At this point, we note only that the system should
not be applied to ages of women whose children are likely
to be leaving the household permanently, unless the ages
of these children are recorded.

APPLYING THE SURVIVING-CHILDREN APPROACH

Most of the remainder of this paper is addressed to the
question of how the surviving-children technique can be
used to provide mortality estimates of maximum re-
liability. The best procedure will of course depend upon
the information available to the investigator. In par-
ticular, we distinguish among the following situations:
model mortality pattern known, no mortality trend
suspected; model mortality pattern postulated or un-
known, no trend suspected; and mortality trends sus-
pected.

Model mortality pattern known, no mortality
trend suspected

Application of the approach under this condition is
simple and straightforward. In discrete notation, equation
(2) can be written

a—1

)

a=0

1°a
1Lq

3

v W

where 1°a is the proportion of surviving children who are
between ages a and a+ 1 and 1%a is the ratio of the life
table population aged a to a + 1 to the radix. B, S, and the
1°a function are provided by the survey. One and only one
set of 1La values in a one-parameter model life table
system will satisfy equation (3). One may solve for that set
via trial and error with a desk or hand calculator or
through a computer program (such as one that has been
adapted for this purpose by Roger Avery of Cornell
University). Coale and Demeny (1966) provide p(a) values
for each model at single years up to five. The United
Nations model life tables (1955) are abridged but the
results they would yield must be very similar to those
yielded by model West. A new set of United Nations
model life tables is currently under preparation.

The procedure for identifying mortality level is even
simpler if Brass’ model life table system is employed. In
Brass’ system, the logit of p(a) is a linear transformation of
the logit of p,(a), where p,(a) is the probability of surviving




to age a in the standard life table pertaining to and
representative of that family:

logit p(a) = «, + B, logit p,(a)

a, is conventionally termed the “level” of mortality and §,,
is the “slope” of mortality. More precisely, within an
existing system of model life tables, p,(a) can be quite
accurately transformed into p(a) at any mortality level
through the choice of §, that is close to 1.00 in value and
that shows no systematic trend with mortality level (Brass
et al., 1968). On the other hand, «, rises monotonically
with mortality level.

Supposing that we have chosen a standard p (a) sched-
ule from the appropriate model system which is suf-
ficiently close to the correct mortality level so that
variation in 8, about 1.00 can be neglected, then equation
(2) needs only to be solved for a,. In effect, Brass’ two-
parameter system is converted by this assumption into a
one-parameter system. It can be shown that one impli-
cation of the Brass linear-logit system is that

L T
— = g% -1 1.
) ¢ [ps(a) ] "

Substituting this expression for 1/p(a) into (2) and allow-
ing B, to equal unity gives

a

B c (a)
— = eZao CANEA da— e2a0+ 1.
s .[ (a)

pda
0

Rearranging and simplifying, we have

a, = [1nD — 1nS — 1n(F - 1)]/2

-4

where F is the trial sum of J

0

¢s(a)

d
P

that is obtained by using the “standard™ p,(a) function.
Since D and § are provided by the survey, no iteration
whatsoever is required in this case; the level of mortality,
oy, can be solved for directly after one computation of the
trial sum. Very conveniently, Carrier and Hobcraft (1971:
appendix 1) provide tabulations of the 1La functions for a
one-parameter set of model life tables based upon Brass’
African-Asian standard.

Regression equations for estimating mortality based upon
age structures of surviving children

Sullivan (1972) and Trussell (1975) have estimated a

series of regression equations that relate the ratio, %%, to
variables representing the age- or marital-duration se-
quence of average cumulative parities (designated P;). We
have used this same approach but related the ratio to
indices of the age structure of surviving children. The
resulting equations can be readily used to give a first

approximation to mortality level or, indeed, a final
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estimate, if one is prepared to sacrifice a small amount of
accuracy. The regression equations may in some instances
produce estimates with smaller expected errors than those
produced by application of the “exact” equation (3), since
this application requires the use of discrete ages. For
younger women in particular, making discrete the con-
tinuous fertility and child mortality process can introduce
distortions.

A separate set of equations was estimated for each of
the West, North, East, and South model mortality
patterns of Coale and Demeny (1966). For each model, a
set of simulated fertility-child mortality histories were
produced. Mortality varied in single-level increments
from level 5 (female life expectancy at birth of 30 years) to
level 16 (female life expectancy at birth of 60 years). Each
of these child mortality histories was combined with each
of 61 model fertility histories provided by Coale and
Trussell (1974). These 61 were selected from a larger set in
such a way as to retain variability in age patterns of
fertility but also to emphasize those patterns likely to be
encountered in less developed countries. More detail on
fertility selection can be found in annex I1. For each model
mortality pattern, then, we have 61 x 12 = 732 simulated
fertility and child mortality histories, and in each of these
the histories of women in seven age groups (15-19
.. . 45-49) are distinguished.

Each mortality/fertility history for a particular age
group of women supplied values of D, B, and indices of the
age structure of surviving children. The “true” values of
q(a) were of course known since they were used to produce
the simulated results. Table 1 shows the regression

equations that relate % to two indices of the age
structure of survivors for all of the simulated
mortality/fertility histories within a particular model
mortality pattern for women in a certain age group. These
equations retain the correspondences used by Brass
between the ages of reporting women and the ages of
children whose mortality is estimated on the basis of these
women’s reports. In subsequent sections we will re-
examine those correspondences.

In place of Brass’ indices of fertility (ratios of cum-
ulative average parity of consecutive cohorts) we have
used two indices of the age structure of surviving
children: A, their mean age last birthday, and C(2), the
proportion of surviving children who are aged 0, 1 or 2 last
birthday. We expected that this combination would
perform well because A4, serves to identify the mean
duration of exposure of children to mortality and C(2) to
distinguish between children in their early years, when
cumulative mortality risks rise rapidly, and children who
have passed through this stage. We experimented with
other combinations of indices but none performed better
when all ages are considered. It is clear from table 1 that
information on C(2) becomes less valuable for older
women, most of whose children have passed through their
early years.

It should be stressed that the age structural indices are
much more sensitive to fertility than to mortality histories.
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For example, with mortality fixed at its mean (level 11), the
simulated variation in fertility causes A, to vary among
women 25-29 from 2.51 (youngest fertility schedule) to
5.48 (oldest). With P, /P, fixed at its mean value for these
women, variation in mortality from level 5 to level 16
causes A, to vary only from 3.30 to 3.52. Figure I displays
fourage distributions of surviving children among women
aged 25-29, which combine the oldest and youngest of our
fertility schedules (as indexed by P,/P,) with high
mortality (life expectancy of 30 in the West) and no
mortality. Although mortality helps to sculpt the distri-
butions, the dominant influence is clearly fertility (see
Palloni, 1977, for more detail on these relations).

Figure I. Age distribution of surviving children among women aged 25—
29 under various assumptions about fertility and mortality
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The relative insensitivity of age structure to mortality
variation results from the heavy concentration of mor-
tality in the first year of life. If all child deaths occurred at
the moment of birth, then the age structure of surviving
children would be completely insensitive to mortality
variation. Since the indices of age structure basically
function as indicators of fertility history, they operate very
effectively to translate proportions dead into mortality
levels. Comparison of table 1 with Trussell’s equations
(1975, table 2) for the same ages will show a considerable
gain in the accuracy of prediction (as gauged by R?s) for
equations of table 1 at ages 15-19 and, increasingly, with
ages over 29, despite the reduced number of variables in
the equations of table 1. The relative superiority of
prediction for equations in table 1 would of course
increase if the assumptions of constant fertility, regular
age-patterns of fertility, and closed reporting groups are
violated.

If the conditions assumed in this section actually
pertain, then there is no reason not to aggregate reporting
women into one large age category, a procedure that
would reduce random or sampling variation in mortality
estimates. The equations in table 1 could still be used to
provide initial levels for iterative mortality estimation or
to check the accuracy of assumptions. Regression equa-
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tions for combined age groups of women could be readily
constructed by appropriate weighting of the coefficients in
table 1.!

Model mortality pattern postulated, no trend suspected

It is rare that one can be absolutely certain that a
particular model mortality pattern pertains. In most
instances there will be a priori reasons to prefer one
pattern to another but without one’s having complete
confidence in the selection. An appropriate strategy in
such a case is to use the preferred pattern to estimate
cumulative mortality rates for ages whose mortality will
be least sensitive to the choice of pattern. Brass provides
one set of such ages, which are reflected in table 1. The
information available through the surviving-children ap-
proach enables these ages to be identified somewhat more
precisely, although in general the Brass ages are found to
work quite well.

Let us define P(a) as the true probability of survival
function for children born to reporting women and P (a)
as the function that is identified by solving equation (2)
under the assumption that mortality belongs to a partic-
ular model mortality pattern, M. Then it must be the case
that

B [a@, _ [ ol
5” JPr(a)d“' JPM(a)d“
0 0

! In particular, the equations should be weighted by the proportion of
child deaths that have occurred to the various groups of reporting
women to yield an estimate of g(a*) at an age a* that is the birth-weighted
mean of the ages of children that correspond to the ages of women. This
procedure amounts to linear interpolation and gives exactly correct
results, if the g(a) function is linear between the ages of children
considered. The need for death-weighting can be shown in the following
way. Suppose that we are attempting to combine data for women aged
15-19 and 20-24. Designate D, B and the regression coefficients of the
first group with a subscript 1, the second with a 2, and the combination
with a “t”. If we attempt to estimate mortality for some age a* which is
the birth-weighted mean of ages 1and 2, then by the linearity assumption

B,q(1)}+ B,g(2
q(a"‘) = i)_z—q), where
a‘_Bl~1+Bz-2

B
By the regression formulas,

B,q(1) = D,{x; + B, A1) +6,C,(2))
B,4(2) = Dy{0; + B, A(2) + 0,C,(2)).

Substituting, we have

) = I‘)i(a + )+&(a +...)
DB D AR AR

Therefore, weighting the regression equations by the number of child
deaths in the respective groups of reporting women will provide the
correct adjustment factor to convert D/B into an estimate of mortality
for age a*.

This same approach can also be applied to conventional Brass
adjustment factors to provide, for example, more robust estimators of
g(a) by basing estimation on women 15-29.




It is obvious from this last expression that, at some age
(call it A) between O and a, Pr(A) = Py(4). If Pr(a)
exceeded P, (a) at all ages between O and «, the two
integrals could not possibly both equal B/S. Likewise,
they could not be equal if P, (a) exceeded Pr(a) at all
ages. Therefore, the mortality function identified by
application of the model must cross the true mortality
function at least once. The true mortality level will be
correctly identified at this age of crossing even if the
model mortality function that is actually applied is
incorrect.

Figure I shows the g(a) curve for representatives of the
two models of Coale and Demeny that are most extreme
with respect to age patterns of child mortality. Level 9 of
the North, the oldest pattern, intersects with level 11 of the
East, the youngest, around age 3. Supposing that these are
the levels in the respective patterns that satisfy equation
(2), then we produce the same estimate of g(3) regardless
of which model is used. On the other hand, the solution
yields estimates of g(1) that vary by 27/1,000, or 16 per
cent, and estimates of g(a) for ages over 7 that differ by
more than 30/1,000, or 10 per cent.

Figure II. Cumulative probability of death by age for level 9 in model
North and level 11 in model East
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If the p(a) functions from one mortality pattern closely
parallel those of another (intersect with them at a slight
angle), then their ages of intersection will be highly
variable. This variability is not problematic; it simply
means that the two patterns will yield similar mortality
estimates for a wide range of ages, hence that the unique
age of intersection is not so important to identify. Because
the West is the “average” pattern, one would expect it to
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show the most variability in its ages of intersection with
other patterns, and the least error in its estimates when
other patterns are true. This latter expectation is con-
firmed in table 2. Table 2 was developed by applying
estimation equations developed for each region to foreign
data: data that were actually generated by other model
mortality patterns. Using the simulated fertility/mortality
histories that were described earlier, there are
732 x 3 = 2,196 “foreign” histories for each model. The
table displays the sum of squared errors that would be
made if a particular model mortality pattern were applied
to these 2, 196 simulated histories generated by other
models. Rather than iterating to an exact solution, the
estimation involves the application of a series of re-
gression equations of the form shown in table 1. These
regression equations were computed separately for each
model and for each combination of ages of children and
ages of women shown in table 2.

The series of connected circles shows the ages of children
for which mortality estimates are subject to least error as
the age of reporting women advances. As expected, the
older the women, the older the children whose mortality is
best identified. The age profiles of minimum errors are
quite similar among the models. The conventional Brass
correspondences are retained for the first two ages. That
is, 15-19 year-old women best identify cumulative mor-
tality to age 1, and 20-24 year-old women best identify
mortality to age 2. But 25-29 year-olds best identify q(4)
(q(5) in the South) rather than ¢(3). The additional error
in estimating ¢(3) rather than ¢(4 or 5) from reports of
25-29 year-old women is relatively small in the South and
West but is rather large in the East, which tends to cut
equivalent-level patterns from other families at a sharp
angle. A sum of squared errors of 0.28 implies a standard
deviation of 0.011, whereas the sum of errors of 0.09
committed at age 4 implies a standard deviation of 0.006.

Likewise, women aged 30-34 best identify cumulative
child mortality to age 6 or 7 (rather than 5), women 35-39
child mortality to age 9 (rather than 10), and except for the
West, women 40-44, age 12-14 (rather than 15). However,
the differences in errors at the “best” ages compared to the
Brass ages for these older women are very small.

The starred entries in table 2 show the age of women-
model mortality pattern combination that results in the
best identification of mortality for children of a particular
age. At ages 2-9 (except for a small disadvantage relative
to the East at age 4), the West model provides the least
error estimates, probably because it is the “average”
pattern. The clear implication is that, if there is no basis
for choice other than insensitivity to error, the West
should be chosen for estimations based on women aged
20-39. For older women and children, where these
techniques will probably, seldom be applied, the South
works best but errors in all patterns are very small. For
infant mortality, the West also provides least-error es-
timates except for women aged 15-19, where the North
works best. That the North should successfully estimate
infant mortality in this interval is not surprising, since the
pertinent age pattern of mortality for this age group of
women is dominated by relations between mortality in the




TABLE 2. ERRORS COMMITTED WHEN USING INCORRECT MODEL MORTALITY PATTERN. BY AGE OF WOMAN AND AGE OF CHILD.
Sum of squared errors® in q(a) when:

Age of child

Sfor which East is used

North is used

mortality
is estimated
(a)

Women aged

15-19 20-24 25-29 30-34 40-44

4549

Women aged

15-19 20-24 25-29 30-34 4044 4549

0.86 237

0.62

3.01
1.17

0.80
224
349

0.42
0.93
1.40

0.12
0.15
0.24

South is used

1.14

1.93

West is used

1.54
0.50
0.32
0.19
0.07

1.73
2.50
0.58
0.38
0.18
0.11

1.24
0.59
0.27

0.18
0.65
1.07

# The values in the table are based upon simulations that combine 61
fertility schedules with 12 different mortality schedules (levels 5-16) for
each model mortality pattern. This procedure generates 732 simulated
fertility-child mortality histories for each model. There are thus 2,196
incorrect fertility/mortality histories for each model, 732 produced by
each of the three other models. The table presents the sum of squared
errors that would be committed by using a particular model on these
2,196 incorrect histories.

Separate regression equations were computed for every model, every
age of woman, and every age of child shown in the table.

. q(a)
Th t 1 f the form ——
€ equations were always o € 10! D/B

a+ BA,+ac(2). Thus,

a particular value in the table is
2196

SSE.(M,a,A)= Y (qula, A)—q_y(a))?

i=1

where SS.E. (M, a, A) = sum of squared errors produced by using
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model M for women aged A to estimate
mortality for children aged a when applied
to mortality-fertility histories produced by
other models

Gm{a, A) = predicted mortality for children aged a
based on the form

qula, A) = ayla, A)+ Bpla, A)- A, +ayla,
A) d2)

4 _m(a) = actual mortality for children aged a in a
particular simulated history that uses a mor-
tality model other than M.

b Circled entries represent ages of children for which mortality
estimation is subject to least error for a given age of woman in a
particular model.

Other® entries represent the age of woman-model combination that
provides least-error estimates of the mortality of children of a particular
age.




first and second years of life. In these relations, the North
pattern lies about half-way between the East (high 140)
and the South (high ,q,). However, the West is also
intermediate and has nearly the same age pattern prior to
age 2 as the North. We have no explanation for the
relatively poor performance of the West regression equa-
tion for , g, on the basis of women aged 15-19 but we note
that Trussell (1975, table 4) reveals the same phenomenon
for conventional Brass-type estimates.

Table 3 presents new, supplementary regression equa-
tions that reflect the improved correspondences estab-
lished in table 2. These equations do not necessarily
represent improvements over the regression equations of
table 1 for estimating mortality when the model mortality
pattern is known but the results of using the equations are
somewhat less sensitive to error in the choice of pattern.

This table also presents an additional pair of equations
for women aged 35-39. If ages of surviving children must
be inferred from ages of children in the household, then
older women’s inferred age structures of surviving child-
ren will probably be distorted by permanent child out-
migration. Thus, it is preferable to base estimates only on
the age structure of surviving children who are below age
15, where out-migration begins to become a substantial
risk in most societies. Our hope was that the age structure
of children below age 15 would provide useful clues
regarding the number of older children by discriminating
between “old” and “young” fertility patterns. R? for each
of the new equations at 35-39 is much lower than those
reported in table 1 but they exceed those obtained by the
traditional Brass approaches (Trussell, 1975, table 2). For
older ages (not shown), however, the age structure of
children under 15 conveys less and less information and
results are inferior (at least when Brass assumptions are
not violated) to conventional Brass approaches.

Identifying the ages for best estimation with the aid of data
on ages of surviving children

Using the West pattern for circled or starred com-
binations in table 2 results in small errors even if other
models had generated the data. Nevertheless, the esti-
mation technique used in the table made no attempt to
identify the age of intersection between true and model
functions by incorporating data on the age structure of
surviving children. It is reasonable to expect the in-
troduction of such information to improve the accuracy
of estimation. For example, reports of women whose
children are age two, on average, should do an equally
effective job in identifying the mortality of children prior
to age two, regardless of whether the women are them-
selves aged 15-19, 20-24 or 25-29. The age structure of
surviving children, by helping to locate fertility histories
on a tithe scale, can not only provide improved adjustment
factors but also can indicate the ages of children whose
mortality is estimated most robustly.

The age of intersection of two p(a) sequences satisfying
equation (2) can obviously be solved for directly. For
example, one could solve equation (2) with the North and
solve it again with the East and plot the p(a) solutions to
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determine their age at intersection. This age cannot be
determined under conventional Brass-type estimates, for
which applications at successive ages will provide two,
often parallel, sequences of mortality estimates for two
different mortality patterns. With two model mortality
patterns whose representatives cut each other at a sharp
angle, such as the North and East, it will be important to
identify this age of intersection as accurately as possible.
Relatively small errors in assumed ages of intersection can
introduce relatively large variability into mortality es-
timates.

A fairly precise notion of the factors that determine the
age of intersection can be gained by the following
example. Suppose that the true mortality function (des-
ignated by T) is some transformation of the model
mortality function that satisfies equation (1) (designated
by M). In particular, suppose that the ratio of the true
mortality function to the model is a linear function of age.
Figure II demonstrates that both of the North and East
specimens are quite accurately assumed to be linear
transformations of the West, an intermediate pattern.
The variance in g(a) in the true model “explained” by the
predicted function in both cases is 0.9998.2 Then

qr(a) = [K +ma]qu(a). 4

By assumption, then,

a -4

3= JC(a)qM(a)da = JC(a)QT(a)da =

0 0
3

fc(a)[K +ma]qy(a)da

0
a 3

or Jc(a)qM(a)da =K Ic(a)qM(a)da+

0 0
o

m J‘ c(a)qy(a)ada.
0

Dividing both sides by the left-hand side, we have

1 =K+mAd,
where

Ap = : (5)

jC(a)qM(a)
0

2 For example, the predicted value of g(a) for the North pattern, based
on a linear transformation of the West, was developed by fitting an
ordinary least-squares-regression equation of the form

gn(a) = [K +ma]qyla)

to observations on ages 0, 1, ... 10, where gy(a), gy{(a) = cumulative
probability of dying prior to age a in the North, leve%, and West, level
10, respectively.
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Ap is the average length of time since the birth of the
children who have died, if exposed to the model mortality
pattern that satisfies equation (2). According to equation
(4), gr(a) = qy(a) at the age where [ K + ma] equals
unity. We have just shown this to be the case at 4.
Therefore, the incorrect model pattern will provide the
correct estimate of mortality level at age Ap.

Itis clear from equation (4) what Ap depends upon. The
more recently childbirth has taken place (the higher the
value of c(a) at low ages), the lower will be the age of
intersection. Young children’s mortality will in general be
best identified by young women’s reports.

Furthermore, given a particular fertility history, the
older the mortality pattern (the higher the g(a) at an older
age relative to g(a) at a younger age), the higher will be the
age of intersection. Therefore, we expect the age of
intersection to vary with the model mortality pattern used.
The North should produce a higher age of intersection,
for example, than the East. However, since empirical
variation in fertility histories is much greater than vari-
ation in the shape of model mortality patterns, one should
expect fertility history to be the dominant factor de-
termining the age of intersection. Since fertility history is
well indexed by the distribution of ages of surviving
children, it should be possible to use data on this
distribution to identify the age of intersection.

An even better assumption than the one just examined
is that

k
prla) = pM(a).l_—_ja'

In this case the ratio, pr(a)/py(a), is relatively large in
absolute value in infancy and changes in the ratio become
smaller and smaller with age. This transformation repre-
sents more accurately relations pertaining among Coale-
Demeny model mortality patterns, as reflected in R2s for
relations equivalent to those displayed in Figure II of
099999 (with age zero omitted from the calculated
relations). It can readily be shown by manipulations of the
sort that produced equation (5) that, if this new transfor-
mation is correct, the true mortality function will always
intersect with the model function at age Ap, where

a

J‘ Cs(a) d o
Pu@” f of@)
Ap= -2 = J Pula)

c(a) da OT
JP m(a) S

0

Thus, Ag is simply the average length of time since the
birth of all children to reporting women, as determined by
back-projecting surviving children by the level of the
model mortality pattern that solves equation (2). Not only
does A provide a more accurate estimate of the age of
intersection, as will be further demonstrated below but,
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unlike A, it can also be directly and exactly computed
from information on surviving children.?

Table 4 is designed to test the proposition that errors
using the West model on foreign data can be reduced
when mortality estimates are made for ages Ag or Ap,
rather than for pre-designated ages that are fixed for a
certain age of women. Ages Agand A were estimated for
each of the 2 196 simulated histories foreign to the West,
and the West model life tables were then applied to
estimate g(a) at that age. Results were then compared to
the true g(a) at that age. Since the age in question was
rarely an integer, the g(a) functions were linearly in-
terpolated between integer ages. Because linearity is a very
poor assumption in infancy, no estimates were attempted
for women aged 15-19.

Table 4 shows that assignment of the West-solution
mortality level toages A or Apdoes in fact tend to reduce
errors in estimates. The sum of squared errors of estimate
at these ages are shown for the 2 196 simulated histories,
so that results are directly comparable to those in table 2.
The gain in making estimates for A is rather small but
errors in estimating g(Ag) for women 20-34 are reduced
by 50 per cent or more over the least-error estimates of
table 2. The basic reason for the superior performance of
Agis undoubtedly that the assumed relation between the
true and the model mortality function is more accurate

3 Unfortunately, to identify Ap exactly, it is necessary to know the
c(a) function, whereas only the c,(a) function is assumed to be observed.
But the c(a) function can be estimated in the following manner from cJa),
together with the P, (a) function (where W denotes the West model
solution) that solves equation (2). By definition,

f (@) aw(a)ada f S (@ada
0 I/}

pla)
Ap="— =L
J‘c(a)q (a) fc’(a) (a)d
a)da
S w ) na) dw

Now if we substitute for the true p(a) function the p(a) function that
solves equation (2), we have

qwla) I 1-Pyla)
IC’(a)PW(a) ada Jc,(a) [W :Ia da
R b .
Ap= =

[ [ [1-Pya
jc‘(a’PW(a)d“ J C"“’[ Pyla) ]d"

<(a)

@ a—Az*

J Py (a) : ST T e (@)
= —B = B[ J_PW(a)adﬂ—As* ]

4 ——1 0

S

This latter expression is simple to calculate. S and D are given, 4.* (the
mean age of surviving children) can be readily calculated, and the
c,(a)/Py(a) sequence has already been computed in the solution to
equation (2). Note, however, that 4,* is the actual mean exact age of
surviving children, which exceeds (by about one half'year) A,, their mean
age last birthday. 4 is not necessarily the true A4, but is rather the 4,
thatis estimated by assuming that the population that generated the data
belonged to the West pattern.




TABLE 4. ERRORS COMMITTED WHEN USING WEST MODEL MORTALITY
PATTERN TO ESTIMATE (A4 g) AND g{(A p) WHEN OTHER PATTERNS ARE
TRUE (2 196 CASES)

Age group of women

20-24 25-29 30-34 35-39
Sum of squared errors
in estimating g(Ag) .... 0.03 0.03 0.01 0.02
Sum of squared errors
in estimating ¢(4p) .... 0.06 0.05 0.02 0.03
Lowest West error from
table 2............... 0.08 0.06 0.02 0.02

Ap = average length of time since birth of all children born to
reporting women, when survivors are back-projected by the West
m??;l': estimated average length of time since birth of dead children
born to reporting women, when survivors are back-projected by the
West model.
than that which leads to the identification of A, as the age
of intersection. A probable contributing factor to the
disparity is that A can be estimated exactly and A, only
approximately.

We are finally able to identify a simple “best” procedure
for dealing with uncertainty about the choice of model
mortality pattern:

(a) Use the model considered most appropriate. If in
doubt, use the West, which works very well even when
“incorrect”.

{b) Identify in that model the level of mortality which
solves equation (2).

(¢) Use that estimated level to identify Ap simply by
back-projecting surviving children to estimate the average
interval since the birth of all children.

(d) Assume that the estimated mortality level is correct
for age Ap.

(e) Perform such calculations for each age group of
women except 15-19, which yields estimates of infant
mortality. If there is no reason to prefer one model to
another, use the North for women 15—19. If the assump-
tion of constancy of mortality is correct and the true
model is chosen, then all of the estimates should identify
the same level of mortality in the model or at least
deviations from the average level should be uncorrelated
with age. In this case, all mortality functions, including
q(a) at integer ages, can simply be read from the model
pattern at the average level identified. An age trend in
estimated levels may be indicative of an inappropriate
choice of model, a trend in mortality or omission and
misreporting. Disturbances from the first two sources can
be minimized by fitting a polynomial directly to the g(a)
estimates, which are not sensitive to errors from these
sources.*

Mortality trends suspected*

Our treatment of possible errors in estimation in-
troduced by mortality trends will be very similar to the

* The next section provides some documentation in the case of trends.
* This section is a short summary of material to be found in Palloni
(1977). It was strongly influenced by Sullivan and Udofia (1977).
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treatment of errors in choice of mortality model. The
similarity is deliberate, in order to provide the user with a
single technique that is adaptable to both types of
uncertainty. The only type of trend considered in this
section is a linear one.

Existing Brass-type techniques are based on the very
accurate assumption (unnecessary until the present sec-
tion in the surviving-children approach) that, within a
model mortality family, each g(a) function can be ex-
pressed as some multiple of any other g(a) function. We
will apply this assumption to cohorts, with the additional
proviso that the multiplying factor changes at a constant
rate from cohort to cohort. In this sense, the mortality
change is linear in cohorts.

As before, designate as qp(a) the g(a) function that
solves equation (1) or (2) under the assumption of
constant mortality within model M. By assumption, all
cohort g(a) functions within a model are constant mul-
tiples of this gu(a), and the constant of multiplication for
a particular cohort varies linearly with its date of birth.
Therefore, for the cohort aged a in year T, the time of the
census or survey,

q(a, T) ‘= aM@[K+r(T—-a)]J0ST<a

where K and r, the annual rate of change in the cohort
multiplier, are the parameters of the linear mortality
trend. Since

a a

%: ‘[c(a)q(a, TNda = Jc(a)qM(a) [K+r(T—a)]da

0 0
= J c(a)qla)da,
0
then
(K+rT) Jc(a)qM(a)da—r jc(a)qM(a)a
0 0

= j ¢(a)qp(a)da.

0

Dividing both sides by the right-hand side, we have

K+rT—rAp=1or
K+r(T-Ap=1

Thus, for the cohort born A, years before the census, the
multiplier of g (a)is unity and g (Ap, T) = g, (Ap). That
is, the solution of equation (1) under the assumption of
constancy produces the correct mortality estimate for the
cohort born A, years before the census, even though
mortality is changing from cohort to cohort.

Another way to state this result is to say that all trends
in mortality that are linear in cohorts and are consistent in
a particular model with D/B must intersect for the cohort




born A, years before the census. It is not necessary to
specify how rapidly mortality is changing in order to
estimate accurately its level for this one cohort. Mortality
can be falling rapidly or rising slowly; so long as the
changes are linear in cohorts, the same cumulative
mortality must pertain to the cohort born A, years before
the census. One consistent linear trend in mortality that
will therefore pass through 4, is that in which mortality is
unchanging (r = 0). The existence of such an age is
undoubtedly related to Feeney’s (1975) empirical result
that all consistent linear trends in period mortality tend to
identify the same level of infant mortality at a certain
point in time prior to the census.

With little loss of precision, A, can be estimated from
regression equations supplied in table 5. These are
developed using the West model life tables in conjunction
with the simulated fertility histories. A, the dependent
variable in these regressions, is calculated as the actual
point of intersection between the true cohort mortality
functions, which contain linear changes from cohort to
cohort in the level of mortality, and the level that would be
identified assuming that mortality had been constant.’
This point of intersection is then estimated as a linear
function of the mean age last birthday of surviving
children. C(2) was added to the equations with relatively
little gain in explanatory power.

TABLE 5. EQUATIONS FOR PREDICTING Ap— THE YEARS SINCE BIRTH OF
THE COHORT WHOSE MORTALITY IS CORRECTLY IDENTIFIED WHEN
MORTALITY CHANGES ARE LINEAR IN COHORTS— FROM DATA ON AGES
OF SURVIVING CHILDREN

Age group of
reporting
women

Prediction
equations

RrR?

1519t 0.6147 +1.380 A, 0.986
20-24. ...l 0.9104 +1.1056 A, 0.9990
2529 ..l 1.1726 + 1.0287 A4, 0.987
30-34. ...l 1.4417+0.9982 4, 0979
35-39. ...l 1.9284 4+ 0.9675 A, 0.966
4044, ... 2.6470+0.9367 A4, 0.953

A, = mean age last birthday of surviving children

The mortality trend assumed to prevail can be termed
“sectionally linear” because it need apply only to children
of reporting women. If the actual mortality trend is non-
linear, it may still be the case that linearity provides a
reasonably good assumption for the restricted range of
ages of the children of women in a particular age interval.

5 By level of mortality in this instance we mean the true level in the
Coale-Demeny system which goes from 1 to 24, rather than the constant
of proportionality. The annual rate of change in cohort level varied from
0.0000 to — 0.0300 of the final level at intervals of 0.0030. Terminal levels
(at the time of census) ranged from 10 to 18 in single-step increments.
Thus, there are 99 simulated mortality histories. Each of these was
combined with each of the 61 fertility histories to generate the data on
which table 5 is based. The age of intersection thus identified is very
similar to 4 as estimated through the discrete approximation version of
the equation found in foot-note 3. The square roots of the mean square
difference between the two series at ages 15-19 ... 4044 are: 0.105,
0.141, 0.165, 0.190, 0.213 and 0.219. That is, the average difference
between the two is between a tenth and a fifth of a year.
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But the best-fitting linear trend among children born to
young women could be quite different from the best-
fitting linear trend among children born to older women.
The estimation technique should allow the non-linearities
to be identified in the form of an estimated q(a) sequence
that diverges from linearity in mortality level.

The outline of a proposed technique to deal with
mortality trends should now be obvious:

(a) Use the preferred mortality model to estimate child
mortality on the basis of reports of women in different
groups (e.g., of age), assuming constancy in mortality.

(b) Calculate A, for each of the groups of women
providing estimates, based on the preferred model pattern
and using the equation (see foot-note 3) .

a— A% ]

[

Alternatively, use regression equations for A, pre-
sented in table 5.

(c) Assume that the mortality level estimated on the
basis of women in group i is exactly correct for children
born A (i) years earlier, where Ap (i) is the value of Ap
estimated from reports of women in group i.
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(d) To link the various estimates in order to create a
continuous child mortality history (e.g., for purposes of
back-projecting surviving children to reproduce fertility
histories), use a polynomial fitting procedure to the pairs
(qi(Ap), Ap(i)) or to the pairs (1;, Ap(i)), where 1, is the level
of mortality in the model pattern estimated for group i.
This latter procedure will by slight extrapolation also
yield an estimate of mortality level at the time of census.

The procedure for dealing with trends is thus virtually
identical to that for dealing with uncertainty about the
appropriate model, with the exception that estimates
using the preferred model and assuming constancy are to
be assumed applicable to 4 p rather than to 4, A4 is
always slightly lower than 4 p. It is obvious from tabfe 4
that use of 4p also gives reliable estimates when the
selected model is incorrect, so that as a general procedure
for dealing with uncertainty both about model and trend,
it is probably best to use 4p. A pattern of accelerating
rather than linear mortality decline, however, would
normally produce more reliable estimates for A p than
for Ap.

Annex III provides a brief illustrative example of the
application of the approach.

There will be many instances where information is
sought on the period of time, rather than the cohort, to
which estimates most accurately apply. Coale and Trussell
in annex I use an approach quite similar to the present
one, but assuming the availability of conventional Brass-
type information, to provide estimates of this date. Work
is continuing on this issue for the surviving-children
approach.




SENSITIVITY OF ESTIMATES TO OMISSION AND
TO AGE-MISREPORTING

Unlike conventional techniques, the surviving-children
approach is sensitive to systematic misreporting of ages of
children or to differential omission of children by age. Any
factor that distorts the reported c,(a) relative to the true
¢ (a) is liable to introduce error into the mortality
estimate. If c,(a) is inferred from the ages of children
present in the women’s households, then differential rates
of in- and out-migration by age of child are an additional
source of distortion. It is important to note that migration
of children is not a problem if migration flows occur
within the age groups of reporting women, since c,(a)
would be unaltered. This consideration reinforces the
suggestion that age groups should be broadly constructed
where possible. If migration flows are believed to be
horizontal with age of women, one should include all
children in the households of these women and not
exclude cases in which children in the household are more
numerous than children reported to be surviving. Vertical
flows are a problem only if the flows are differentially
intense by age of child, which is likely to occur in most
societies only for older women whose older children are
beginning to leave the household. Generally, the oldest
age of women for which the technique will yield reliable
estimates is 35-39 if marriage is late or 30-34 if it is not.
Marital duration is probably a better selection criterion
than age in this respect. Restriction of reporting women to
those in the first 15 years of marriage, and to children
under age 15 for these women, should provide the best
control over the child migration problem.

In this section we examine the sensitivity of mortality
estimates to two types of errors in c,(a). differential
omission of infants; and systematic overstatement of age.
In both cases we simulate the effect of errors on the basis
of two fertility schedules, a late and an early one

(P,/P, =0.0088 and 0.2659) and an average mortality
schedule (West, female e’ = 45). Since the regression
equations of table 1 predict mortality levels so accurately,
we use them rather than an exact solution to simulate the
effects of errors (employing the alternative equations for
ages 20-24 that are based on the cumulative proportions
below age 4).

Table 6, column (1) shows the correct adjustment
factors produced by the assumed combination of mor-
tality and fertility. Column (2) shows the adjustment
factors that would have been produced if the true c (a)
function were distorted by the omission of one quarter of
the infants of reporting women. As one might expect, the
omission of infants has the largest effect on estimates of
q(1). However, the errors of 2.3 per cent and 5.4 per cent
are not as large as might be expected. Part of the reason
why it is so low for estimates of g(1) is that the large
majority of these women’s children remain infants even
though one quarter of these are omitted. For the “old”
fertility schedule, virtually all are infants and the omission
of a quarter of these has very little effect on the reported
age distribution.

After age 20, the omission of one quarter of infants
modifies the estimated g(a) by less than 1.2 per cent.
Estimates of g(a) will be too low because the children
born to reporting women will be assumed to have been
born longer ago (i.e., to have passed through higher
cumulative mortality risks) than they actually were.
Hence, a particular D/B implies a lower level of mortality
than has actually pertained.

The second type of error simulated in table 6 is one in
which all children’s ages are rounded to the nearest
birthday, rather than reported as their age last birthday.
Thus, for approximately half the children, age will be
overestimated by one year. (However, the calculation
recognizes the actual age last month of infants, who for

TABLE 6. SIMULATION OF ERRORS IN MORTALITY ESTIMATES PRODUCED BY INFANT OMISSION AND BY AGE MISREPORTING

Adjustment
factor pro-
duced if all
Age of child children’s Percentage
to which cumu- Adjustment factor Percentage error ages are error if
lative mortal- Correct adjustment produced if one if one quaurter rounded to children’s
Age group of ity is being Sactor to convert quarter of infants of infants are closest ages are
Reporting women estimated (a) D/B into g(a)* are omitted omitted birthday rounded
) @ 3) @ (5)
(- -4
- 100
(55 ) (222)
Late fertility (P, /P, = 0.0088)
1519 ...l 1 1.340 1.308 23 1.301 29
2024 ............. 2 1.247 1.258 09 1.164 6.7
25-29 ...l 3 1.104 1.093 11 1.066 35
30-34............. 5 1.046 1.040 0.6 1.026 1.9
35-39 Ll 10 1.036 1.034 0.2 1.025 1.1
Early fertility (P, /P, = 0.2659)
1519 ...l 1 0.984 0.930 54 0.958 2.5
20-24 ... 2 0.989 0.982 0.8 0958 31
25-29 ..ol 3 0953 0.946 038 0.933 2.1
30-34 ............. 5 0.968 0.963 04 0954 13
3539 ...l 10 0.984 0.981 0.2 0974 1.0
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younger women will disproportionately consist of child-
ren born in the last half year.) Column (5) shows that this
type of reporting error produces estimates of g(a) that
differ from the true g(a) by between 1.0 per cent and 6.7 per
cent. The average error is somewhat greater than that
induced by the specified rate of infant omission. Once
again, errors are largest for young ages of children and
women because the g(a) function changes with age more
rapidly in the younger ages, so that age misreporting is
more critical in this range. It makes relatively little
difference for mortality estimates at older ages if children
are reported as averaging, say, 9 years of age instead of 8.5,
since mortality in this interval is relatively slight.

The errors presented in table 5 are roughly equivalent
to those that would be produced by a 1 per cent annual
decline in fertility from cohort to cohort in the traditional
Brass approach. Coefficients of P,/P, as derived by
Sullivan (1972, table 3) cluster around 0.45, and total
adjustment factors or multipliers average about 1.0. A
1 per cent decline in fertility will produce a S per cent error
in measured P, /P, relative to true cohort P, /P5, so that
the error in estimated g(a)s will be about 0.05(0.45) =
per cent. A relatively modest fertility decline will thus
produce the same error as the rather extreme types of
omission and misreporting simulated in table 5.

Errors induced by differential omission and systematic
(directional) age misreporting can obviously be reduced if
independent information is available on age misreporting
patterns that could form the basis of adjustment factors.
Usually, analytic graduation procedures will reduce the
error. The fact that the errors tend to be largest for
younger women may be an additional reason to group
women into larger reporting aggregates.

EXTENSIONS OF THE SURVIVING-CHILDREN APPROACH
TO OTHER KINSHIP RELATIONS

Hill and Trussell (1976) summarize a variety of ap-
proaches to estimating adult mortality on the basis of
reports of surviving kin. Like conventional Brass ap-
proaches to childhood mortality estimation, these tech-
niques require that the shape of the fertility schedule be
inferred from comparisons of cumulative fertility rates.
However, if the age distribution of surviving kin be
known, this source of error can be eliminated. For
example, if individuals report on the number of their
siblings and surviving siblings and if the age distribution
of surviving siblings is known, then the level of mortality
of siblings can be solved by the following equation:

Csi(a)
pa)

where c;(a) is the proportion of surviving siblings who are
age a. Using the previous reasoning, the estimated level of
mortality should be very nearly correct (barring reporting
errors) for persons born T years before the survey, where
T is the average time since birth of all siblings, found by
back-projecting survivors.

L)
reported siblings _ J‘
reported surviving siblings

da,

86

Likewise, for mortality among surviving parents of a
particular sex, it is necessary to solve the following
equation:

o

_ j j cs.pa:- @ ix.
xa—Xx
0

0

reported parents
reported surviving parents

where c¢,par. (a, x) is the proportion of surviving parents
who are currently age a and whose reporting child is age x,
and .p,_, is the probability of surviving from age a—x to
age x in the life table for the appropriate sex. For spouses
from the first marriage, it is necessary to solve

I

where ¢, ,(a, x) is the proportlon of surviving first-
marriage spouses who are currently aged a and whose
first-marriage occurred x years earlier.

The relative advantage of exploiting these additional
relationships in mortality estimation would appear to be
even greater than in the case of children, because the
events of birth and death extend over a much longer
period of time. Current parity distributions can be
assumed to provide a less instructive guide to the distant
than to the recent past.

reported spouses Cs-5po (@ X) x)

xPa—x

—— dadx,
reported surviving spouses

SUMMARY

Brass-type approaches have revolutionized procedures
for estimating mortality (and, by reflection, fertility) in
populations with poor vital registration. Undoubtedly the
major source of error in applications of Brass procedures
is incomplete and inaccurate reporting of the numbers of
dead and surviving children. Improved methods of data
collection are required for reducing these errors.

Certain additional sources of error, however, can be
neutralized by improved techniques of analysis. These
include errors in estimated mortality levels introduced by
fertility trends, lack of closure of groups of reporting
women, misstatement of women’s ages, small size of
reporting groups, uncertainty about the appropriate
model mortality pattern and mortality trends. The present
paper has outlined a method of reducing errors from these
sources when data are available on the ages of surviving
children born to reporting women. Each of the recom-
mendations is applicable and readily adaptable to the
situation in which data on the date of each birth are
available instead. The error reductions are effected by
improving the identification of fertility histories, adding
flexibility in the grouping of reporting women and
identifying more accurately the ages of children for which
estimated mortality levels are most robust to error or
trend. Although errors of many other types are reduced by
the recommended approach, a new one, resulting from
omission or misreporting of ages of children, is in-
troduced. A sensitivity analysis shows that such misre-
porting, when it assumes extreme forms, can be a mod-




erately important source of error for young women.
Whether or not this error will exceed those from sources
brought under better control by the technique is a
question for which no general answer can be provided.
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Annex |

ESTIMATING THE TIME TO WHICH BRASS ESTIMATES
APPLY

Ansle:y J. Coale and James Trussell*

The purpose of this annex is to provide some information that
supplements the third section of the text. In particular, it will guide the
user in determining the period of time (rather than the cohort) whose
mortality is correctly identified by estimates conducted under Brass-type
procedures. Our method differs from that described in the third section
in that we assume period, rather than cohort, mortality to decline
linearly. That is,

q,(a, T) = q(a)[K +rT], where
q,(a, T) = cumulative probability of death prior to age a in the life
table prevailing at time T
qs(a) = standard g(a) function in the model mortality pattern
K, r = parameters of the linear period mortality decline.

The postulated pattern of decline retains the assumption that each g(a)
function is a constant multiple of the standard g(a) function but applies
this assumption to periods. Cohort mortality is derived by appropriately
chaining together period levels.

Analogous to the case of linear cohort declines, there must be some
point in time t* years before the census for which the mortality level
estimated under the assumption of constancy is exactly correct. t* must
lie between zero and the length of time since the earliest birth to
reporting women. Unlike the decline that is linear in cohorts, however,
there is no single reference point at which all linear trends must intersect.
Given a certain level of D, B and a schedule of c(a), the time whose
mortality level is correctly identified by the assumption of constancy
varies with the actual speed of decline. However, extensive trial
calculations show that even among women aged 35-39, varying r from
0.01 to 0.06 affects r* by no more than 0.14 years (out of an average of 10.2
years). We have therefore simulated mortality declines with r = .03 in all
cases. The fertility schedules used in the simulation employed values of
a,=13,14,15,m = 0,0.2,04, 0.6, 0.8, 1.0; and a singulate mean age at
marriage (SMAM) of 18, 19, 20 and 21. We have indexed fertility in the
classical way, using average cumulative parities in successive age
intervals (P;s). The equations for predicting t* are displayed in tables 7
and 8, the latter including SMAM as an explanatory variable.

As noted above, when age-specific fertility is changing, the c(a)
schedule will not be properly indexed by ratios of cumulative parities of
different cohorts. One way around the problem is to use the age structure
of surviving children. Another way is to observe the same cohort at
different times and to utilize the cohort P;s as input into the adjustment
factors. Existing systems of regression equations to be used for
producing adjustment factors do not normally allow for this possibility

* Office of Population Research, Princeton University, Princeton,
New Jersey.

TABLE 7. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS:?
t*;=a;+b;PAR1 +c,PAR2 + ¢;

Largest
Age Identity Mean of absolute
group number a; b o - > error R?
15-19.......... 1 1.1026 5.5934 —20133 09161 0.059 0.947
20-24.......... 2 1.3187 5.6158 0.2645 21707 0.013 0.999
2529 .......... 3 1.5413 2.6451 48783  4.1040 0.007 1.000
30-34.......... 4 1.9978 —2.4053 10.5208  6.4679 0.204 0.956
35-39 ... 5 2.8052 —8.5119 162550  9.0868 0.576 0.813

2 All coefficients significant at the 0.01 level.
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TABLES. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS?
t* = a;+b;PAR1 + ¢;PAR2 +d,SMAM + ¢;

Largest
Age Mean of absolute
group a b, [ d; A error R?

15-19 ... —0.5579 5.1881  —04990  0.0526 0.9161 0.019 0.994
20-24.......... 1.2961 5.6103 0.2851 0.0007* 2.1707 0.013 0.999
25-29 ...l 1.6649 26753 47655 —0.0039 4.1040 0.008 1.000
30-34.......... —2.5818 —3.5231 14.6972  0.1449 6.4679 0.096 0987
35-39.......... —11.0285 —11.8887 28.8708  0.4378 9.0868 0.250 0.956

2 Not significant; all other coefficients significant at 0.01 level.

because they are inflexible with respect 1o the P;s required or they
demand more than two of them. Therefore, table 9 presents regression
coefficients designed to convert cohort P;s observed in two successive
censuses into adjustment factors. Allowance is made for the possibility
that the censuses are separated by five years or, for ages 25-29 and above
at the second census, by 10 years. Values of a, used in these simulations
are 13, 13.5, 14, 14.5 and 15; m varies from 0 to 0.9 in steps of 0.1, and
SM AM varies from 18 to 22 in steps of 0.5. The methodology underlying
the calculations is described in detail in Trussell (1975) and does not need
to be repeated here.

Table 10 displays the companion regression equations for estimating
t* when such cohort information is used. Naturally, the fit is not as good
as in table 8 where more explanatory variables are incorporated but it is
reasonably good nonetheless.

Finally, we will consider the case where grouping of women is done on
the basis of marital duration rather than of age. Table 11 presents

equations for estimating r* on the basis of information from a single
census where information specific to marital duration is available. Note
that the P;s now refer to average cumulative parities for women in
different marital duration groups.

Table 12 presents equations for estimating ¢(x) when it is suspected
that fertility trends are present and when data classified by marital
duration are available from two successive censuses. Table 13 completes
the presentation by showing companion regression equations for
predicting ¢*.

It will be noted that equations in tables 11-13 embody a considerably
greater degree of precision (as measured by R?s) than do equivalent
equations of tables 7-10. When tabulations based on marital duration
and age are equally accurate, marital duration produces more reliable
estimates than does age. Its superiority reflects the control achieved over
an important source of disturbance in age-specific fertility rates,
variations in age patterns of marriage. ’

TABLE9. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS?

4x

i

E.=ai+bi(Pi/Pj)+ei

Age
group 4./D; PP, a b; R?
2024, ......... 4/ D2 P,/P, 1.838 —0.8901 0.943
2529 4s/Ds P,/P, 1.1776 ~0.3828 0.993
a./D. P./P, 1.0579 ~0.8796 0.842
30-34.......... qs/Dy P;/P, 1.2757 -0.3939 9.998
44/Ds P,/P, 1.1054 ~0.3139 0.941
35-39 ... d1o/Ds P,/P, 1.4017 ~0.4662 0.977
gro/D, i/, 1.1914 ~0.3043 0.996

3Each regression based on 450 observations; all coefficients significant at the 0.001 level.

TABLE 10. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS:?
t;=a;+b(P;/P)+e

Largest
Age Mean of absolute
group P;/P; a; b, *, error R

2024 ...l p,/P, 1.3999 5.9156 2.1707 0.020 0.998
25-29 ...l P,/P, 1.1637 6.4668 4.1040 0.094 0972
P,/P, 32474 142086 4.1040 0.174 0924
30-34 ... P,/P, —0.42622 10.1371 6.4679 0.281 0.908
P,/P, 3.6914 8.9412 6.4679 0.055 0.996
3539 ...l P,/Ps —2.7596 14.6371 9.0868 0410 0.891
P,/Pg 3.4605 10.1997 9.0868 0.192 0977

2 Not significant; all other coefficients significant at the 0.01 level.
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TABLE 11. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS?
t*;=a,+b,PAR1 +¢,PAR2 +¢,

Largest
Duration Identity Mean of absolute
group number a; b; < ™ error R?
04........... 1 1.0377 1.3660 —0.3416 1.2861 0.002 0.990
59 2 1.6814 4.5904 0.0024*  3.2649 0.001 1.000
10-14.......... 3 1.2222 34424 5.1120  5.7367 0.001 1.000
15-19 .......... 4 —-0.5423  —-1.7579 14.7431 8.4503 0.024 0.999

2 Not significant; all other coefficients significant at 0.01 level.

TABLE 12. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS?
4x/D;=a;+b;(P;/P;}+¢;

Duration
group 4,/D; Pi/P; a; b R?
59 ol q3/D, P,/P, 1.1882 —0.4803 0.994
10-14.......... qs/D; P,/P, 1.2455 —0.3499 1.000
4s/Ds P,/P, 1.1394 —0.5401 0.985
15-19 oo di0/Ds P,/P, 1.3408 —0.3857 0.999
di0/Ds P,/P, 1.1883 ~02978 0.999

# Each regression based on 450 observations; all coefficients significant at the 0.001 level.

TABLE 13. ESTIMATED COEFFICIENTS AND MEASURES OF GOODNESS OF FIT
OF THE REGRESSIONS?
t* =a;+b(P;/P)+e;

Largest
Duration Mean of absolute
group P;/P; a b; ; error R?

59 . P,/P, 1.6812 4.5954 3.2649 0.001 1.000
10-14 .......... e P,/P, 1.5051 6.4997 5.7367 0.035 0.992
P,/P, 3.3781 10.5019 5.7367 0.038 0.991
1519 ...l P,/P, —04116 11.1290 8.4503 0.064 0.995
P,/P, 3.9324 8.7033 8.4503 0.016 1.000

2 All coefficients significant at the 0.01 level.

Annex 11
FERTILITY SCHEDULES USED IN SIMULATION

The fertility histories used in the simulations were obtained from a set
of fertility patterns generated by Coale and Trussell® These fertility
patterns depend on three parameters. The first parameter, M, measures
the extent to which married couples practice birth control, which varies
from a low level of 0.0 (natural fertility) to a value as high as 3.9. The
second parameter, a,, measures the minimum age of entrance to marital
union and was allowed to vary from 12.5 up to 18 years. Finally, the
parameter K, measuring the pace at which marriage proceeds with

® Coale, A. and J. Trussell, “Model fertility schedules: variations in the
age structure of childbearing in human populations”, Population Index,
vol. 40, No. 2, April 1974, pp. 185-258.
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respect to a standard nuptiality schedule (Sweden, nineteenth century)
varies from a value of 0.20 (a pace equivalent to five times that of the
Swedish schedule) to a value of 1.7 (slow progression of marriage with
age). By combining different values of these parameters, Coale and
Trussell identified 1 568 schedules of fertility. For our purposes, the
consideration of these 1 568 patterns would have been an excessively
demanding enterprise. Instead, we selected among those schedules a
smaller number representing in an approximate way the variability
required for our results to be capable of being generalised. In the first
place, we tried to select disproportionately those fertility schedules that
are most likely to prevail in underdeveloped countries; they should have
medium-low values in the parameter ¢, and low-medium values in the
parameter M. Secondly, inasmuch as it was possible we tried to maintain
some balance in the selection process by combining fertility patterns
having a high value on one of the parameters with those having low or
medium values on the others. In this way, we attempted to represent
most of the range of schedules generated by Coale and Trussell, while
giving less weight to all intermediate cases.




The following one-way frequency table summarizes the main charac-
teristics of the 61 patterns:

Frequency distribution
for values of K

Frequency distribution
for values of M

Frequency distribution

Jor values of Ay

number  percentage number  percentage number  percentage
0.200...... 10 0.16 00-0500.... 9 0.15 120-135...... 12 0.20
0.350...... 10 0.16 0.500-1.000.... 14 0.23 13.5-150...... 15 0.25
0.500...... 11 0.18 1.000-1.500 .... 17 0.28 150-165...... 17 0.28
0.750...... 12 0.20 1.500-2.000.... 9 0.15 16.5-180...... 17 0.28
1.000...... 11 0.18 2.000-2.500.... 9 0.15
1.250...... 4 0.07 2.500-3.000.... 3 0.05
1.500...... 3 0.05 3.000+........ 0
In order to compare these selected fertility histories with those selected Total Rural Urban Black  Foreign-
by Sullivan (Sullivan, 1972), it is sufficient to note that they span values of (4000 +) born
P, / P,, the ratio of the average number of children ever-born to women Alabama. .......... 986 890 96 417 5
15-19 to the average number of children ever-born to women 20-24 Arizona. . .......... 370 370 0 0 15
from 0.0088 to 0.2700. Baltimore . ......... 481 0 481 27 82
Brooklyn .......... 892 0 892 6 227
California.......... 748 414 334 4 99
Chicago ........... 909 0 909 0 373
Annex 111 Connecticut ........ 1213 770 443 5 208
Georgia. ........... 605 605 0 310 1
APPLICATION OF THE SURVIVING CHILDREN APPROACH E:’Jf‘;::na """"" ! gﬁg ! é(l)g 213 202 3 g
TO DATA FROM THE UNITED STATES CENSUS OF 1900 Massachusetts . ... .. 423 24 399 3 129
One of the authors has drawn a sample of manuscript records from the ToraL 9052 4789 4263 982 1475
1900 United States Census of Population for purposes of studying Perf:emage --------- 100 52.9 47.1 10.8 16.4
fertility and mortality variation during this period. These records may be United Stz.xtes
exploited to demonstrate the potential of the approach described in the popu!atlon
text for estimating mortality. The records were drawn by systematic percentage. ....... 100 62.7 373 11.6 13.6
sampling from 11 geographic areas, distributed as follows:
TABLE 14. EXAMPLE OF COMPUTATIONAL STEPS IN APPLYING THE
MORTALITY ESTIMATION TECHNIQUE
Age group of women
Steps 15-23 24-29 30-34
1. Children ever-born...............oooiiiiiiiiiiiiii 227 637 821
2 Childrenalive. ..ot 190 532 650
3. Childrenin household.................... ... ... ..., 191 520 649
4. Children in household with ages reported 191 520 649
5. Children in household with ages reported in permissible
range (C*children)*............... .. ...l 183 512 644
6. (Births/survivors) multiplied by children with permissible
ages = ((step 1 divided by step 2) multiplied by step 5). This
is the target number to be achieved by back-projecting
G e e e e e 218.64 613.05 813.42
7. Estimated births by back-projecting C*, children by age with
West level 11 lifetable....................... ... 226.54 - 840.98
8. Back-projecting C*, children by age with West level 13 life
table. .. s 216.40 620.29 793.20
9. Back-projecting C*, children by age with West level 15 life
table. .. e e - 592.29 -
10. Interpolated mortality level ......................... 12.56 13.52 12.15
11. Ap—mean time since birth of dead children ............ 3.09 5.45 7.90
12. Ag—mean time since birth of all children ............. 271 4.90 7.25

* Permissible ages for children are: 0-9 for reporting women aged 15-23; 0-14 for reporting women
aged 24-29; and 0-19 for reporting women aged 30--34.
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In addition to these comparative frequencies, other salient com-
parisons between the census and the sample can be made in terms of the
percentage of males (51.1 versus 49.6), percentage of the population
under age 15 (34.5 versus 36.2), and percentage of those aged 65 and over
(4.2 versus 4.0). For the purpose of this exercise, the data from Arizona,
consisting primarily of reservation Indians, have been excluded.

The 1900 census asked questions about children ever-born and
children surviving, although no tabulations based on these questions
were presented in the census itself and the results have never been used to
estimate child mortality. Table 14 lays out the format for estimating child
mortality by the reccommended procedures. Unconventional age groups
of women are used in order to make them more equal in terms of
numbers of births; there were only 17 children ever-born to 15-19 year-
old women in the sample.

The three age groups of women yield estimates of child mortality that
imply quite similar levels in the West mortality pattern, with a range of
only 1.37 levels. No age trend is obvious in the estimated levels. The age
structure of surviving children is such that estimated mortality levels are
most robust to errors in assumed mortality pattern or trend at ages
around 3, 5 and 7.5. However, since there is no age trend in estimated
levels, there is no reason not to group women into one large reporting

category and produce a single mortality estimate that is less sensitive to
random error. At the same time, we have estimated mortality according
to characteristics of the mother and father to produce the first national
estimates of mortality by social class available for the United States at
the turn of the century. Results are shown in table 15. The women’s
reports are used to identify the probability of survival to age 5, and the
level of life expectancy implied by the level of child mortality is indicated.
It should be noted that all ages of children in the household are employed
to produce the figures in table 15. The result of this procedure produces a
life expectancy at birth for all females that differs by about one year
from the one which would have been produced by the previously
described procedure.

Estimates from the two sources shown in table 15 agree closely. The
major discrepancy relates to black mortality. Blacks in the death
registration states were predominantly urban, whereas blacks in the
nation as a whole were predominantly rural. The major protective
advantages of rural areas are evident in table 15, and the results here
suggest that mortality for the black population as a whole was much
lower than indicated by official figures. Further data-gathering activities
that are now under way will provide a more conclusive test of this
proposition.

TABLE 15. ESTIMATES OF CHILD MORTALITY AND IMPLIED LIFE EXPECTANCY
IN THE UNITED STATES, 1895-1900

Estimated probability Implied life
of surviving from expectancy at
Birth to age 5 (p(5)) birth, West Number of
Group Jor children of: model births (N)

Total sample....................... 0.813 (0.818)* 49.01 (49.24)* 1685
Urban areas

(4000 +population). .............. 0.792 (.793 Whites, 8000 +)2 46.76 (45.89W) 773
Rural areas

(<4000 population).............. 0.833 (.860 Whites, < 8000)® 51.20 (54.70W)? 912
White women...................... 0.822 (0.821)* 50.05 (49.62)* 1453
Non-white women.................. 0.767 (0.662)* 44.15 (33.76)* 232
Native-born women

(second generation children) 0.818 49.63 1224
Foreign-born women

(first generation children) 0.801 47.71 461
Women with native-born

mothers (third generation children) 0.817 49.53 991
Women with foreign-born

mothers ......................... 0.805 48.08 649
White-collar wives.................. 0.843 52.36 221
Blue-collar wives ................... 0.767 44.04 653
Farmers’ wives ..................... 0.848 52.95 505
Wives of men fully

employed, 1899 .................. 0.819 49.74 1187
Wives of men with 1 + months

unemployed, 1899................ 0.787 45.48 306
Special groups

Hopi Indians® ................... 0.490 21.49 569

Navaho Indians®................. 0.818 49,55 415

Pennsylvania coal-mining

regions (Haines)®................. 0.790 46.5 2393

® Life tables for original death registration states, 1900-02, from James W. Glover, United States Life
Tables, 1890, 1901, 1910, and 1901-1910, United States Department of Commerce, Bureau of the Census,

~ (Washington, DC Government Printing Office, 1910). The areas are Maine, New Hampshire, Vermont,
Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Indiana, Michigan and the District of

Columbia.
bAges 14-37.

€ Ages 20-34. From Michael Haines, “Mortality in nineteenth century America: estimates from New
York and Pennsylvania census data, 1865 and 1900™. Ithaca, New York, Cornell University Department of

Economics (unpublished manuscript).
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