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Foreword

Forecasting is one of the oldest of demographic activities, and yet it
has never been fully integrated with the main body of demographic
theory and data. The fact that the public regards it as our most im-
portant task finds no reflection in our research agenda; the amount
of it done is out of all proportion to the fraction of space devoted to
it in professional journals. The best demographers do it, but none
would stake their reputation on the agreement of their forecasts
with the subsequent realization — in fact some of the most eminent
demographers have been the authors of the widest departures.

Demographers do not use the departures as data for learning
how to improve their skills; in fact they rarely even look back at
forecasts made 10 or 20 years earlier to note what the errors have
been. Anyone who expects that after a census is taken there will be
a flurry of articles recalling previous forecasts and congratulating or
condemning will be disappointed. Writers merely go on to forecast
the next following census, usually without even a glance at their
past errors.

The present volume is designed to correct this unsatisfactory
condition. Its writers include some of the best-known names in the
profession, as well as younger people who in due course will succeed
them as leaders. They systematically go through the components of
future population — births, deaths, migration — that for any individ-
nal include all the possible ways of entering or leaving the world or
any country in it. The chapters systemically explore the possibili-
ties of bringing the best demographic methods to the improvement
of our knowledge of future population. Few show any defensiveness
in regard to their own earlier forecasts; the approach throughout is
fresh and original.



xiii

By bringing to bear the best of demographic knowledge on an
application whose importance has recently been accentuated by con-
cern with environment, this book will provide a valuable contribu-
tion in its own right, and at the same time be a stimulus to further
needed research.

Nathan Keyfitz
International Institute for
Applied Systems Analysis

November 1993



Introduction

Public and academic interest in population seems to follow a cycli-
cal pattern of ups and downs that is much more pronounced than
waves in demographic rates. Whereas the 1960s and early 1970s was
a period of international upsurge in public population concern and
demographic research, during the 1980s population hardly made it
into the headlines. Presently, we are experiencing the onset of a new
wave of public interest in world population growth which is largely
fueled by ecological concerns. Population growth is mentioned re-
peatedly in international fora as one of the driving forces, if not the
single most important factor, in global environmental change. But
this time it is natural scientists rather than demographers who point
at the importance of the issue.

Demographers remain conspicuously silent in the face of the at-
tention suddenly given to an issue they have carefully studied for
decades, while researchers in other disciplines attempt to occupy
this territory. Demographers, who should have better knowledge
of population dynamics and the determinants of fertility, mortality,
and migration, tend to be embarrassed over frequent oversimplifica-
tions in the present debate, and also tend to be puzzled over how
to approach the highly complex issue of population—environment in-
teraction. Scientists from other disciplines are often less cautious in
making statements about the role of population and do not always
apply the same rules of scientific scrutiny that they are expected to
apply in their own discipline. It is also problematic when scientific
paradigms from the natural sciences and animal ecology are directly
applied to complex social systems.



Without a doubt this new interest in population issues presents
a positive challenge and opportunity for demographers and social
scientists in general. Instead of retreating from this territory of
increasingly interdisciplinary population analysis, the demographic
community could show flexibility and directly address some of the
well-justified questions asked by the outside world. These ques-
tions are discussed extensively in Chapter 2 of this volume. One
central question in this context regards possible future population
trends in the face of ecological constraints and new threats to hu-
man life. An increasing number of people want to know more about
possible alternative population trends than the standard population
projections provide. Such people include scholars in energy analysis
who want long-range population scenarios as input to their mod-
els; regional planners, politicians, and business leaders who want to
develop robust strategies that hold under different possible future
population patterns; and an increasing number of individuals who
are simply interested in the issue. These nondemographers often
want to know more about the assumptions made, their justifica-
tions, and the range of uncertainty than has been given to them up
to now by demographers.

This volume has been produced because of the belief that the
demographic community can do more in terms of summarizing its
knowledge about future population trends than has been done in
the past. In this, the book attempts to serve a dual purpose: to
respond to the challenge of increased outside interest in alternative
future population trends; and to advance within the demographic
community the discussion on the approaches and assumptions to be
chosen for population projections.

In its approach the volume follows that of an earlier book, Fu-
ture Demographic Trends in Furope and North America: What Can
We Assume Today? (Lutz, ed., 1991, Academic Press, London,
UK). The basic idea is to devote the bulk of space to substantive
deliberations of experts with partly differing views about possible
future trends in the three components of population change: fertil-
ity, mortality, and migration. In a final part the alternative views
on future trends of each component are translated into a set of alter-
native scenarios. In this book the scenario approach is applied in a



xvi

more systematic and elaborate way than in the 1991 book. Different
sets of projections are presented until 2030 and 2100.

Part 1 of the volume addresses the question of what justifies
another set of global population projections. It starts with a com-
prehensive survey of past long-range global population projections
in Chapter 1 written by Tomas Frejka, who in the early 1970s pro-
duced the most influential set of long-range projections following
Notestein’s work of 1945 and introduced the concept of convergence
toward replacement-level fertility. In his contribution, Frejka em-
phasizes the lessons learned from past projections and points at
desirable features of new world population projections. In Chap-
ter 2, Wolfgang Lutz, Joshua Goldstein, and Christopher Prinz dis-
cuss some basic questions in population projections which are rarely
addressed in an explicit way. The chapter, entitled “Alternative Ap-
proaches to Population Projection,” deals with such issues as who is
interested in projections, what output parameters are desired, what
should be the time horizon, and how can the issue of uncertainty
be handled. Chapter 2 also presents and justifies the specific sce-
nario approach chosen for this study and compares its features with
previous population projections.

Part II is dedicated to future fertility in today’s developing coun-
tries. It consists of four chapters dealing with different aspects of
this issue which will dominate the extent of future world population
growth. In Chapter 3, John Cleland gives a comprehensive survey
of regional fertility trends between 1960 and 1990 and the factors
behind these changes. This chapter serves as an important basis for
our fertility assumptions. Chapter 4, by Charles Westoff, is more
explicitly oriented toward the future; it summarizes the extensive
empirical evidence on reproductive preferences and discusses their
implications for the future course of fertility decline. From this
analysis, powerful arguments can be derived for assuming fertility
declines, at least in the near future. In Chapter 5, Mercedes Concep-
cion looks at another important factor in determining future fertility
levels, namely, the role of population policies and family-planning
programs. Based on the experience from Southeast Asia, she shows
that such programs can make a big difference if certain precondi-
tions are met. In Chapter 6, Griffith Feeney gives an account of the
amazing fertility changes in China. Based on the analysis of parity



xvii

progression ratios, he also derives some alternative scenarios for fu-
ture fertility in that country, which currently is home to one-fifth of
the world’s population.

Part 11T of the volume looks at future mortality in developing
countries. It also consists of four chapters. An introductory chapter
by Birgitta Bucht (Chapter 7) provides a comprehensive analysis of
recent mortality trends in the different developing regions. Michel
Garenne in Chapter 8 focuses on mortality in sub-Saharan Africa,
the world region with the greatest uncertainties. One of the un-
certainties, the mortality impact of AIDS, is explicitly addressed in
Chapter 9 by John Bongaarts. Although both chapters focus on
Africa, many of the considerations also apply to other developing
regions. Finally, Gerhard Heilig in Chapter 10 addresses a cru-
cial question which is usually excluded from population projections,
namely, whether there will be enough food to feed all the people
projected or whether famine-related mortality is likely to increase
at some point. His conclusion is that at least for the next decades,
global food supplies should be sufficient under favorable political
conditions.

Part IV considers fertility and mortality in today’s industrial-
ized countries. It has two chapters but, in the discussion, reference is
also made to the 14 chapters on that topic included in Lutz (1991).
Lutz in Chapter 11 considers various arguments that would suggest
further fertility declines in today’s low fertility countries opposed to
some arguments implying higher fertility. James Vaupel and Hans
Lundstrém in Chapter 12 focus on the controversial issue of future
old-age mortality in developed societies. For making future mortal-
ity assumptions over many decades in countries that already have
female life expectancies of around 80 years, the question of an upper
limit to the human life span becomes decisive.

Part V of the volume considers migration between the world
regions. International migration is a weak point in most popula-
tion projections because of deficient data and the assumed volatility
of future migration trends. For this reason it has sometimes been
omitted altogether, which in fact means the assumption of zero mi-
gration. This volume makes an effort to deal with migration more
explicitly. In Chapter 13, Hania Zlotnik presents a systematic analy-
sis of past interregional migration flows with the best data available.
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This is complemented by a very broad consideration of possible fu-
ture migration patterns by Sture Oberg in Chapter 14. Taken to-
gether, these two chapters provide a basis for making alternative
assumptions on future interregional migration flows which will have
a status that is equal to fertility and mortality assumptions in the
following scenario calculations.

Part VI presents the actual population projections for 12 world
regions with assumptions based on the substantive considerations
given in all previous chapters. Lutz, Prinz, and Jeannette Lang-
gassner present two quite different sets of alternative population
projections. The first, described in Chapter 15, is a set of systematic
permutation scenarios defined until 2030. These are eight scenarios
that result from all possible combinations of high and low values
in fertility, mortality, and migration, plus a ninth central scenario
combining the averages of these values. The second set, described
in Chapter 16, gives long-range extensions for illustrative purposes
to the year 2100. It presents extensions of the central scenario and
high-fertility /high-mortality and low-fertility /low-mortality exten-
sions, plus special scenarios that assume interdependence between
the components and possible feedbacks from population size and age
structures on the components. Extensive appendix tables document
the results. These two chapters also contain sections comparing the
ITASA scenarios to the UN and World Bank projections.

An epilogue by Lutz puts the results of the scenario calcula-
tions back into the broader perspective of global change and the
contribution demographers can make to this important new field
of studies. It also considers the necessary trade-off between curbing
population growth and rapid population aging and discusses the im-
portance of sensitivity analysis of alternative population trends for
robust policies. The epilogue concludes by distinguishing between
future population trends that are inevitable and those that can be
influenced to a certain degree by human activities and changes in
behavior. By 2030 the world population will almost certainly grow
by between 50 percent and 100 percent. Where it will be within this
range will crucially depend on choices made during the next decade.

Wolfgang Lutz
Leader, Population Project
ITASA
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Part 1

Why Another Set of Global
Population Projections?






Chapter 1

Long-range Global
Population Projections:
Lessons Learned

Tomas Frejka

Gregory King (1648-1712), the first known creator of long-range
global population projections, wrote that “if the World should con-
tinue to A° Mundi [anno mundi] 20,000 [A.D. 16,052] it might then
have 6,500 million” (King, 1696). In reality, the world’s population
will reach the number projected by King early in the next century,
most likely in about 10 years from the writing of this chapter. In
hindsight his projection left much to be desired. But did he pro-
vide knowledge and insights that were interesting and valuable to
his contemporaries?

This chapter provides an overview of the leading long-term pop-
ulation projections that have been developed to date: their basic
characteristics and an examination of this experience to extract the
lessons learned and to attempt to formulate some general princi-
ples on what makes long-range projections interesting and useful
and what kinds of circumstances justify the creation of a new set
of projections. As a rule, to which there will be some exceptions,

This chapter uses a significant part of the work done in Frejka (1981a).



4 Tomas Frejka

this chapter deals only with long-range population projections - i.e.,
those that span over a century or more.

Frejka (1981a) introduces a classification of global population
projections which distinguishes between extrapolations of total num-
bers and global component projections. The latter are component
projections in two senses: demographic components (fertility, mor-
tality, and age structure) and country and region components that
are aggregated into global projections. Progress from the former to
the latter was historically the basic methodological innovation. In
this chapter we briefly review other new ideas and methods as they
are being applied in the preparation of long-range global population
projections.

1.1 Early Global Projections:
Extrapolations

The few global population projections made up to the mid-20th
century tended to be long range and were based on extrapolations
of total numbers (Table 1.1). The authors (King, 1696; Knibbs,
1928; Pearl, 1924; Pearl and Gould, 1936) based these projections
on their respective observations of population growth rates and of
mechanisms of population growth that were believed to regulate
human population change. The reason for concern about future
population growth was anxiety with regard to the world’s carrying
capacity. The method used by King and Knibbs was very simple.
They applied the current estimated population growth rates to the
estimated size of the population.

Pearl undertook extensive research which led him to believe that
there is a law according to which growth of populations (not only
human) takes place, that this law is in principle shaped by biolog-
ical and environmental forces, and that the resulting trend can be
expressed mathematically in various forms of the stretched out S-
shaped logistic curve. In 1924 Pearl calculated the curve for the
world population and subsequently, in 1936, together with Gould
he revised the curve for the world population upward arguing that
there is a “necessity for frequent revision of human population lo-
gistics as new data become available.”



Long-range Global Population Projections 5
Table 1.1. Long-term global population projections.
Population (in millions)
Author Year Alternative To 1950 1950 1970 2000 2050 2100
King 1696 630 780
(B=1695) (2052)
Pearl 1924 1649 1832 1901 1963 2007 2020
(B=1914)
Knibbs 1928 1950 3900 15600
(B=1928) (2008) (2169)
Pearl & 1936 2073 2153 2305 2459 2582 2625
Gould (B=1931)
Notestein 1945 3300
Frejka 1973 NRR=1.0
2040 6670 13025 15102
2020 6422 10473 11169
2000 3645(B) 5923 8172 8389
1980 5116 6286 6417
1970 4746 5592 5691
UN 1974 Medium 3621(B) 6406 11163 12257
Littman & 1977 3968 5882 8188
Keyfitz (B=1975)
UN 1978 High 6509 12076 14180
Medium 4033 6199 9775 10525
Low (B=1975) 5856 8004 8029
Bogue & 1979 High 5972
Tsui Medium B=1975 5883 8107
Low 5756 7816
World Bank 1980 4416 6015 9868
(B=1980) (stat.)
Frejka 1980 NRR=1.0
plausible high 6353 11015 12348
2040 6357 11648 13427
2020 4412 6234 9902 10639
2000 (B=1980) 5930 8214 8539
1980 5333 6743 6986
plausible low 6046 8762 9208
UN 1982 Growth 4441 6337 11690 14927
High 4441 6337 11629 14199
Medium 4432 6119 9513 10185
Low 4420 5837 7687 7524
Decline 4420 5837 7667 7247
(B=1980)
World Bank 1985 4442 6147 9496 10681
(B=1980) (stat.)
UN 1992 High 5327 6420 12506 19156
Medium/High 5327 6420 12495 17592
Medium 5292 6261 10019 11186
Medium/Low 5262 6093 7817 6415
Low 5262 6093 7813 6009
(B=1990)

B stands for base year of projection; NRR stands for net reproduction rate.
Sources: See references.
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1.2 Modern Global Component Projections

The evolution of population theory and methods, as well as the
continuously greater availability of demographic data, has provided
the base for developing more sophisticated population projections.
The leading scholar who transformed the potentiality into reality
was Frank Notestein. The methodology of component population
projections was first applied in a study of Europe and the Soviet
Union commissioned by the League of Nations in the early 1940s
(Notestein et al., 1944). This study was perceived as the first vol-
ume of a series of studies on world population trends and problems.
Soon thereafter, Notestein (1945) presented the first modern global
population projections. He reviewed past population trends of coun-
tries and continents; he discussed his understanding of the mecha-
nisms of population change, distinguishing three main demographic
types of populations corresponding to different stages of the “demo-
graphic evolution” (“incipient decline,” “transitional growth,” and
“high growth potential”); and finally, he discussed prospects for
growth and provided projections separately by continent on the ba-
sis of which he concluded that “summing the hypothetical figures
for the year 2000, we have a world total of 3.3 billion people. On the
assumption of general order and the spread of modern techniques
of production the figure is probably conservative.” Even though it
spanned only over a period of half a century, Notestein’s projec-
tion of the world population is discussed in this chapter because of
its pioneering nature and because the applied ideas, approach, and
methods provided the base for a generation of world, regional, and
national projections to follow.

Notestein’s projections permit the formulation of general char-
acteristics and procedures that constitute the basis of long-range
population projections:

e An explicit or implicit theoretical framework of the mechanisms
of population change, which guides the formulation of assump-
tions about future changes in demographic trends.

e A wealth of accumulated demographic data which serves as the
empirical base for the framework, provides the input data for the
benchmark year/period of the projections, and makes possible
a disaggregated approach.
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e A methodology which usually consists of (a) a separate assess-
ment of an initial age structure and separate projection of the
two motor forces of demographic dynamics in a closed popula-
tion — mortality and fertility (the combination of these elements
yields the so-called component projection of a population) — and
(b) a separate assessment and projection of national and/or re-
gional populations, which, when aggregated, yield global projec-
tions or which provide a check on separately computed global
projections.

e Advances in any of these characteristics and procedures depend
on advances of demographic and social science research as well
as on advances in data collection.

Notestein’s contribution was important not only because he ap-
plied and combined all of the above elements but critical also from a
substantive perspective. His theoretical framework is based on the
demographic transition theory labeled the “demographic evolution”
in Notestein’s 1945 piece. It is the demographic transition theory
which — for the most part implicitly — is the theoretical base for
the majority of the global long-range population projections that
followed.

The sets of the United Nations population projections of the
1950s and 1960s followed Notestein’s model, with refinements being
introduced as methods of demographic analysis developed and new
data became available. The time span of these projections was from
30 to 45 years. A particularly innovative set was prepared in 1957
(UN, 1958) which made considerable use of sophisticated methods in
estimating demographic parameters and in the projection computa-
tions. For these projections the UN (1955) prepared a set of model
life tables, as well as models of fertility trends. This was the first
UN projection extended to the year 2000, for which time a global
population ranging between 4.9 and 6.9 billion was projected. As we
approach the year 2000 it now appears that the UN’s 1957 medium
projection will come remarkably close to what the actual figure for
the year 2000 is likely to be, 6.3 billion. The central objective of the
UN sets was defined as “an attempt to project population changes
into the future as accurately as possible with available information
to provide basic data on population size and characteristics for fu-
ture planning” (UN, 1973). The focus of population projections up
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to this point in time was on providing the best possible, “as accurate
as possible,” projection, forecast, or even prediction.

1.3 Contemporary Long-range Projections

The first set of long-range projections to follow Notestein’s work
of 1945 was developed by Frejka (1973a) in the early 1970s (the
ideas and methods applied were originally developed in a study of
the US population in Frejka, 1968). These projections were meant
to demonstrate the strength of the population growth momentum
inherent in current demographic characteristics — age structure and
levels as well as age-specific structures of fertility and mortality —
and the strength of behavioral continuities. The principal innovation
was to prepare scenario projections in contrast to projections that
were aimed at projecting future demographic trends as accurately
as possible. More specifically, these projections were designed:

¢ To map alternative scenarios of how the demographic transition
could proceed toward an assumed low mortality-low fertility
equilibrium expressed by a net reproduction rate of unity being
reached at defined alternative future dates.

o To illustrate the long-range implications for population growth
of specific demographic, mainly fertility, trends.

¢ To demonstrate the more likely alternatives of future popula-
tion growth in the context of unrealistic/unlikely projections
based on implausibly rapid or implausibly slow assumed trends
of fertility decline.

The emphasis was on generating illustrative scenario projec-
tions, not on generating projections that would aim at depicting
future trends as accurately as possible. At the same time, however,
there was a clear intention to supply a good idea of likely future
trends by providing the possibility of comparing more realistic al-
ternatives with what appeared to be clearly unrealistic options. The
projections were computed for a period of almost 200 years rather
than the customary period of between 30 and 50 years (for instance,
the UN projections).

The assumption that a low fertility—low mortality stationary
population could be achieved and possibly maintained in the long
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run appeared quite plausible in light of the trends in the demograph-
ically mature countries through the late 1960s. There seemed to be
a reasonable (tacit) consensus at the time that post-demographic
transition societies would stabilize, with fertility and mortality be-
ing such that the long-term net reproduction rate average would be
around unity. In hindsight, the experience of Western countries, par-
ticularly since the early 1970s, has not confirmed this assumption.

These projections provided a vivid illustration of the long-term
consequences for population growth of demographic trends, mainly
of fertility, of the foreseeable future, say of the 1970s and 1980s,
which presumably could be modified by public policies. While the
calculations of the global population for the year 2050, for example,
ranged between 5.6 and 13.0 billion (see Table 1.1), it was argued
that the alternative results yielding figures below 8 billion could
be dismissed as unrealistic because the calculations were based on
assumptions of unrealistically rapid fertility decline. With consid-
erably less certainty the numbers at the upper limits of the range
were cast in doubt, as historical experience seemed to indicate that
fertility would be likely to decline faster than the defined assump-
tions for the high projection. Consequently, it was argued that the
global population in the middle of the next century would probably
be between 8 and 12 billion and that whether the actual population
would be closer to the upper or lower limit would depend on how
vigorously major factors shaping fertility decline, including public
policies, would exert their impact.

During the 1970s and 1980s various institutions, in particular
the UN (1975, 1981, 1982, 1992) but also the World Bank (Zachariah
and Vu, 1978, 1980; Vu, 1985), the US Bureau of the Census (1979),
and individuals (Littman and Keyfitz, 1977; Bogue and Tsui, 1979)
prepared long-range projections. To a significant extent, these pro-
jections used a principle analogous to Frejka’s projections, namely,
that they were scenario projections aiming, sooner or later, for an
eventual low mortality-low fertility equilibrium. Many did intro-
duce additional ideas/arguments or methodological refinements.

In their projections of the early 1970s, the UN adjusted the
models for the future course of fertility in both the developed
and developing countries, and introduced the reverse logistic curve
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(a stretched-out reverse S) with specified time points at which
replacement-level fertility will be reached and, beyond it, sustained.

A notable departure from the principle of aiming at eventual
replacement-level fertility is contained in the UN 1992 projections
where the experience of below replacement-level fertility in the West-
ern countries is reflected. The idea of reaching and maintaining
replacement-level fertility is assumed only for the medium variant
and for an instant replacement-level fertility projection. Two vari-
ants assume reaching and maintaining below replacement-level fer-
tility, two other projections assume a fertility decline that is above
replacement-level fertility which when the defined level is reached
it is maintained, and a fifth projection assumes constant fertility
and mortality. Among the conclusions of these recent projections,
the UN stresses that according to the medium projection the world
population would be 11.2 billion in the year 2100 which is 1 bil-
lion, or 10 percent, larger than the UN 1982 projections. According
to the UN, “upwardly revised estimated and projected average life
expectancies at birth probably play the key role.” Also, there is a
much wider range between the lowest and highest results in the 1992
compared with the 1982 projections for the year 2100, namely, 6.0—
19.2 compared with 7.2-14.9 billion. The authors emphasize “that
there is a wide range of uncertainty regarding the future size of the
world population.”

Bogue and Tsui (1979) reached a very different conclusion, al-
beit over a decade earlier: “the magnitude and pace of the (1965—
1975 fertility) decline is greater than many demographers had ex-
pected” and therefore

this development makes it necessary for demographers to review
and re-examine their projections for the future. We predict that
by the year 2025 the world will have nearly achieved zero pop-
ulation growth. It is estimated that this equilibrium will be
achieved with a world population of about 7.4 billion (8.1 in
2050). . . primarily because of the worldwide drive by Third World
countries to introduce family planning as part of their national
social-development services.

In the early 1970s studies associated with the Club of Rome
introduced ambitious methodological innovations. An attempt was
made to link population projections more tightly to social, economic,
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environmental, resource consumption, and political trends. Mead-
ows et al. (1972) and Mesarovic and Pestel (1974) defined global dy-
namic systems analysis models that contained population as one of
several basic components. Projections of these systems were carried
into the 21st century to demonstrate possible disastrous or harmo-
nious long-term consequences inherent in global societal trends. Ac-
cording to these projections, the likely trends in population growth
as well as in other societal trends will lead to a collapse of the world
system. This will include an increase in mortality and a consequent
rapid population decline. The studies conclude that if such a col-
lapse is to be avoided, a rapid fertility decline, significantly faster
than that of the low UN projection of that era, would have to be
generated. These projections were indeed innovative in their com-
prehensive approach, but numerous critics doubted the validity of
employed assumptions and relationships (Ridker, 1973).

1.4 A Recent Critical Review of
Long-run Global Projections

A critical review of long-run population projections has recently
been undertaken by Lee (1991). He takes a substantive rather than a
historic approach. Lee comprehensively analyzes important aspects
of population projections: demography’s contribution to forecasting,
theories underlying projections, the degree of uncertainty of long-
run population projections, and recent long-run projections of the
global population. Among the numerous insightful observations and
findings, many can be applied to future work.

One observation which appears to be a central concern to Lee
and which deserves particular attention in the context of this chap-
ter is that in a number of the above-discussed global projections a
sufficiently explicit and systematic theoretical framework is lacking.
Two views expressed in Lee’s paper warrant a brief discussion at
this point.

Lee eloquently challenges a central premise applied in the long-
range global projections of the 1970s and the 1980s, namely, that
the end point of most of these projections are stationary populations
with a net reproduction rate of unity. He claims that he could not
find any explanation of this in Frejka’s 1973 book (see Frejka, 1973a,



12 Tomas Frejka

which according to Lee provides the origin of this idea; actually the
origin of the idea is in Frejka, 1968) and criticizes the justification
given in Frejka (1981b). Admittedly, the theoretical justification of
using replacement-level fertility as an end point might not have been
thorough enough, however, it was clear that Frejka’s work in the
late 1960s and early 1970s was conducted within the demographic
transition theory framework as it was understood at that time. If
nowhere else this was succinctly expressed in Frejka (1973b): “The
experience of history suggests that the population of the world may
eventually reach a state close to non-growth, that is, all countries
will be in the third stage of the demographic transition.”

The second issue relates to the content and purpose of the con-
cept of projections. A basic premise of Lee’s, which he states with-
out providing arguments or justification, is that “almost all demo-
graphic projections are in fact forecasts, in that they present the
author’s best guess about the future.” Therefore he uses forecasts
throughout his piece. As has been discussed at length above, the
distinction between forecasts — i.e., projections that attempt to de-
pict future trends as accurately as possible at any given moment
in time - and scenario projections — i.e., projections which intro-
duce elements that aim to illustrate certain developments some of
which might actually be intentionally unrealistic in order to demon-
strate a particular outcome - is justified. That does not exclude
the purpose of also attempting to provide a reasonable perception
of realistic future population trends through scenario projections.

1.5 Conclusions

Contemporary long-range global population projections of the past
25 years are all constructed along the lines of the Notestein model.
They are based on an explicit or implicit theoretical framework,
using the best available data, and they are component projections.
They are usually straightforward demographic projections where the
possible impacts of changes in behavioral, social, economic, or po-
litical trends are introduced via the theoretical framework. A basic
innovation was added by devising and using scenario projections in
contrast to projections aiming at prediction. However, even when
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using scenario-type projections the intention of more or less approx-
imating likely future demographic trends is almost always present.

The various projections briefly discussed above provide exam-
ples of justifications for new projections. At the most general level,
whenever a significant innovation can be introduced in any one of
the elements a new projection is justified. Thus, formulating a new
or different theoretical framework, the application of new data, or
the development of a new or different methodology provides such a
justification.

Each of the subsequent UN sets of projections used newly
collected or estimated base data. Some of these sets introduced
methodological advances, and in some the formulation of assump-
tions about demographic trends was modified based on the devel-
opments of actual trends. Bogue and Tsui (1979) based their pro-
jections on their interpretation of fertility trends between 1965 and
1975 and on their belief that policy measures in the form of strong
family-planning programs could and would modify fertility trends
more than experience to date indicated. Meadows et al. (1972) at-
tempted to expand the theoretical framework by direct linkage to
social, economic, environmental, resource consumption, and politi-
cal trends and applied a large number of assumptions about trends
and linkages. In addition to using new fertility and mortality data,
the most recent United Nations long-range global projections (1992)
assumed a variety of fertility trends: reaching and maintaining
replacement-level fertility, reaching and maintaining fertility levels
below and above replacement.

The purpose of long-range global population projections can be
more than attempting to predict total population numbers 50, 100,
or 150 years into the future. In addition, their purpose can be:

¢ Todemonstrate shorter- and long-run implications of alternative
fertility and mortality trends of the foreseeable future.

o To demonstrate what type of trends need to occur to achieve
a population of a desirable size and with specific structural
characteristics.

¢ To demonstrate various structural implications of certain fertil-
ity and mortality trends for major regions and functional age
groups, for example.
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e To demonstrate the consequences of intended policy interven-
tions if they were to succeed.

Whatever the purpose of a single projection or a set of projec-
tions may be, for them to be meaningful and to provide new insights,
a significant and well-justified new or innovative element has to be
embedded in the projections.
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Chapter 2

Alternative Approaches
to Population Projection

Wolfgang Lutz, Joshua R. Goldstein, and Christopher Prinz

Future demographic trends are inherently uncertain, and the further
one goes into the future, the greater the uncertainty. On the other
hand, few social and economic trends are as stable as population
trends. No social scientist would challenge the statement that the
percentage increase of the world population over the next five years
can be more accurately projected than changes in unemployment
rates, trade balances, or stock markets. Because of the great iner-
tia of population trends, long term and short term mean different
things for demographic and economic forecasts, but in all forecasts
uncertainty is assumed to increase with the time horizon because of
the greater probability of structural changes.

Summarizing the limits of population forecasting, Nathan Key-
fitz (1981:583) states: “The practical conclusion, then, is that rel-
atively short-term forecasts, say up to ten or 20 years, do tell us
something, but that beyond a quarter-century or so we simply do
not know what the population will be.” Such a statement still seems
to reflect the consensus of most demographers today, including the
group of experts invited to contribute to this book, which defines
assumptions only up to the year 2030. But the question of what we
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can know today about the future goes beyond the issue of the time
horizon which is discussed later in this chapter.

First we need to ask what kind of knowledge of the future do
we want to have? Do we want to have one single number, a cer-
tain range, or a probability distribution? Do we want total pop-
ulation size alone or for age-structural information as well? Who
is interested in these numbers and for what reason? And what is
the motivation of those who prepare population projections? These
questions all affect the approach taken to population forecasting and
the methods and assumptions chosen.

This chapter on alternative approaches to population projec-
tion gives a broad and nontechnical exposition of some fundamental
questions involved in population projection. These kinds of ques-
tions are usually not addressed in more technical scientific papers or
in the publication of projection results because certain choices are
taken for granted. This broader perspective is necessary, however,
to answer the question which forms the title of Part I: Why another
set of global population projections? Several fundamental issues in
population projection are addressed in the following eight sections.
The approach chosen in this book is described and justified against
the background of the possible approaches. The concluding section
gives a concise summary of our choice.

2.1 Who Wants Population Projections?

What motivates demographers to prepare population projections,
and for whom are they preparing them? There seem to be three
major groups of people that have interest in population projections
and are willing to pay demographers to do this job: other scientists,
politicians, and the general public, including business.

There is increasing demand from a large number of natural and
social scientists for information about future population size and
structure. The recent upsurge of environmental and global change
research has only heightened this demand. A major reason for this
demand lies in the fact that a large number of the indicators used
in such studies are on a per capita basis, i.e., by definition require
a population figure in the denominator. Most explicitly this is the
case in studies on CO; emissions such as Bongaarts (1992), Birdsall
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(1992), and Bartiaux and van Ypersele (1993). All these studies
combine future population trends with assumed future per capita
CO; emissions. Lutz (1993) has also demonstrated that the level of
regional aggregation is decisive for the results obtained. The time
horizon of these studies is typically long (at least to 2030-2050)
because global-warming is a long-term phenomenon.

Related to global warming issues is the large group of energy
demand models which is probably the greatest scientific consumer
of population projection data. A minority of forecasters (e.g., Odell
and Rosing, 1980) omits the explicit consideration of population,
and instead projects total energy demand. Most, however, combine
scenarios about the evolution of energy demand with population
forecasts (Gouse et al., 1992; Leontief and Sohn, 1984; WECCC,
1983). The time horizons of these studies range from 2020 to 2100.

Another field of studies which routinely includes population
projections is the analysis of world food consumption. The Food
and Agriculture Organization (FAO, 1988) has produced forecasts
of demand to 2000 and will include projections through 2010 in
a forthcoming volume. The approach taken by Mellor and Paulino
(1986), for example, is to produce two scenarios: the first is based on
present per capita calorie consumption and the second includes in-
creased calorie consumption arising from assumed economic growth.
Many more fields, such as economic forecasting, epidemiological
studies, and insurance mathematics, demand population projections
as input.

In the past non-demographic scientific studies requiring popu-
lation forecasts tended to consider only one variant of future pop-
ulation trends. Increasingly, however, the further sophistication of
scenario approaches in many of these disciplines suggests also the
consideration of alternative population scenarios. There clearly is
a demand not only for one best guess of the future population but
also for information concerning the degree of uncertainty and more
extreme scenarios for sensitivity analysis. So far demographers have
not done much to satisfy this demand.

Politicians, including public administrators, need population
projections largely for planning purposes. Especially in the health,
education, and social-security sectors, medium- and long-term
planning includes demographic variables as crucial components.
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Typically, politicians and administrators would like to receive one
likely variant of future population size and structure that they can
input into their own models of where new hospitals and schools
should be constructed and how the legal system of pension payments
should be organized to accommodate changes in the age composition
of the population.

Unlike the scientific community, public administrators and po-
litical planners hardly ever ask for alternative variants, and generally
have little appreciation of methods dealing with uncertainty in pop-
ulation projections, despite the fact that policies should be robust
and hold under varying conditions. They typically want to be given
one most likely figure.

Despite the tradition of government planners to use only a single
central forecast, the design of policies that hold under uncertain
future conditions should be a main concern of good politics. For
instance, a restructuring of the pension scheme as currently being
done by many European countries should by no means consider
only one assumed future mortality trend. Since national population
projections tend to assume very low future mortality improvements,
even a continuation of past increases in life expectancy results in a
much faster increase of the old age dependency ratio, and might
bring about painful if not disastrous surprises to the new system.
In this situation demographers have a responsibility to communicate
their knowledge about uncertainty.

The third group of users of population projections is by far the
largest and most heterogeneous. Many individuals, organizations,
and enterprises in the general public have specific interests in pop-
ulation projections. Aside from individual curiosity, this interest is
related to the planning of future activities and the estimation of
the expected returns from such activities, ranging from the individ-
ual decision of buying real estate in an area with future increase in
population density to marketing strategies for certain commercial
products, such as baby food or special products for the elderly.

Generally the expectations of this group toward population pro-
jections can be assumed to be similar to that of the group of politi-
cians and administrators. The interest tends to focus on one most
likely variant. Considerations of uncertainty may play a role in cor-
porate planning, but generally the planning horizon of companies is
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too short for alternative population trends to make a difference. An
exception may be companies in the field of energy supply that tend
to have very long time horizons.

In addition to these three major groups interested in population
projections there is one very specific group that explicitly wants to
use population projections for educational and illustrative purposes.
The most vocal of these are advocacy groups in the field of environ-
ment or family planning that want to illustrate to the public and
political circles what would happen in the more distant future if
policies aiming at a reduction of population growth were not im-
plemented. Such people are not as much interested in one medium
population projection as they are in the calculation of extreme alter-
natives to demonstrate the longer-term impacts of today’s choices.

Another special group are students in the social sciences who
should understand the basic functioning of population dynamics.
For them phenomena such as the momentum of population growth
could best be illustrated through comparisons of alternative long-
term population projections.

In summary the different groups interested in population pro-
jections seem to expect two different things from the demographers
preparing such projections: one most likely variant that can be used
without further thinking about the problem of uncertainty and in-
formation about less likely but still possible trends that can be used
for sensitivity analysis, i.e., for understanding how the systems stud-
ied or any planned policy or individual action would perform under
different possible demographic futures. Although most of the users
of projections are satisfied with a 30- to 40-year time horizon, some
clearly want a longer time horizon.

2.2 Time Horizon

Technically, it is a simple matter to continue a population projec-
tion one hundred, or even one million years into the future. The
choice of a projection horizon therefore represents a compromise
between the advantages of providing more information and the dan-
gers of making false forecasts. Beyond a certain point in time, we
feel too unsure about the state of the family, health, and the world
to specify rates of fertility, mortality, and migration. In this section
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we explore the possible reasons demographers could have for see-
ing 30 to 40 years as a threshold beyond which projections become
less reliable. We also address the question of whether uncertainty
increases monotonically with time or whether there are thresholds
and discontinuities suggesting a certain cutoff point.

The time scale of population projections is of distinctly human
dimensions. This is because not only do the human life span and the
gap between generations have important demographic consequences,
but also because forecasters’ judgments about the speed of social
change depend on their own personal experience.

From a psychological perspective, there may be reasons for dis-
comfort involving forecasts of longer than 40 or 50 years, a little less
than two generations into the future.[1] During our lifetimes, most
of us get to know our grandparents, but not our great-grandparents.
Consequently, we have first-hand experience of the amount of social
change that can occur over two generations of time. When we spec-
ify demographic rates beyond this, not only must we forecast the
behavior of individuals whom we will probably never meet, but we
are dealing with individuals that are more distant, in generational
terms, than anyone we have met in our own lives. In addition to this
subjective reason for setting a threshold of increased uncertainty, we
can point to other, less personal, justifications for a particular time
horizon.

Forty years is roughly the average age in developed countries.
As such, it marks the period of time beyond which a population will
consist of a majority of people not yet born. The wholly individual
psychological perspective just mentioned thus corresponds also to
the experience of the entire population, the timing of which might
mark a rupture in social change.

In addition to uncertainty in the inputs of population projection,
the demographic rates that reflect individual behavior, we must also
consider the size of the population at risk. The number of births in
the future is a function not only of birth rates but also of the number
of potential mothers and fathers in the population, itself a function
of past demographic rates. This feedback property is well known in
the case of the echoes of a baby boom (or bust). The time it takes
for a boom to echo is approximately the mean age of childbearing,
which ranges between 25 and 30 in almost all populations. Beyond
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this time horizon, therefore, we add to our uncertainty about birth
rates the uncertainty of how many potential mothers will be in the
population.

The number of deaths in a population is also a function of the
number of past births and deaths, but since the mean age at death
(in a stationary population, equal to life expectancy) is about three-
quarters of a century, the lagged mortality effect will be of relatively
minor importance in developed countries. In developing countries,
however, a rapid improvement in infant mortality might increase the
number of potential mothers in as little as 15 to 20 years.

Migration levels, while not subject to uncertainties about cohort
size, are subject to perhaps a more arbitrary type of change — the
change in government policy. Annual migration trends are largely
determined by government policy. If we asked, for instance, how
many immigrants will Western Europe admit, most analysts would
feel reluctant to predict more than a few years into the future. And
indeed we have seen tremendous ups and downs in migration flows
over the past few years. When migration plays a major role in
determining the demography of a region, it would seem that 5 to
10 years might mark the point beyond which any projection would
become quite speculative.

If we ask why, for example, 10,000 years is too long to perform
a projection, we discover a further constraint on forecast horizons.
In addition to the fact that we are in no position to specify de-
mographic rates for such a long period, the meaningfulness of the
projection models used applies only to certain time scales. With
an ageless population growing at a constant exponential rate, the
only possible average growth rate in the very long term that would
avoid extinction or inconceivable explosion is zero. The dynamics of
an age-structured population are of interest only for as long as one
century. After this time, no traces of the starting age structure of
the starting population remain visible in the age pyramid. A pro-
jection that continues far into the future first loses its connection
to its starting age structure and eventually bears little relation even
to its initial size as zero growth rates become the only possibility in
the very long run.

Figure 2.1 summarizes the possible thresholds of increasing un-
certainty. The times shown are of an extremely stylized form and are
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Figure 2.1. Different components of uncertainty entering the pop-
ulation projection over time.

meant to summarize the arguments given above. The second-wave
of fertility cohort size uncertainty is added to indicate that the baby
boom (bust) resulting from the cohort size uncertainty after about
25 years will have echoes in the following generation also, although
of lesser amplitude. Cohort size is also determined by migration, so
we might want to add additional uncertainty 25, 50, and 75 years
after the migration uncertainty begins.

Despite its speculative nature, we can draw several lessons from
Figure 2.1. First, no single clear threshold of uncertainty emerges.
Instead, there are arguments for stopping the forecast at many dif-
ferent times. Second, the commonly accepted threshold of a little
less than half a century emerges not so much as a clear demographic
threshold (which might dictate a choice closer to the mean age of
childbearing), but rather from the timing of the increased subjec-
tive uncertainty in demographic rates. Last, the timing of the de-
mographic thresholds, particularly the delayed effect of births on
the future number of deaths, may vary according to the population
under consideration. The average age at death in a population with
high infant mortality might be considerably less than 75 years.

Equally important is perhaps what this schematic figure leaves
out, namely, the relative size of the different sources of uncertainty.
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For some countries, like Canada, migration levels may be the largest
source of uncertainty, while for others, like many African countries,
structural change in birth or death rates might play the largest role.

The risk of projecting too far into the future is the loss of le-
gitimacy (“believability”) either because assumptions seem to lack
foundation or because the projected populations violate constraints,
such as an assumed carrying capacity of the globe. On the other
hand, the fact that several features of population dynamics, such as
growth momentum and echoes, do persist strongly for at least one or
two generations means that projections of less than 50 years proba-
bly do not reveal all the information already present in even today’s
age structure. This offers an argument for a minimum length of
projection.

The reluctance of demographers to go beyond a certain time
horizon is in conflict with some of the expectations of potential users
as described in Section 2.1. Some users clearly want population fig-
ures for the year 2100 and beyond. Should the demographer disap-
point such expectations and leave it to others with less expertise to
produce them? The answer we found for this study is no. But as
discussed below, we make a clear distinction between what we call
projections up to 2030 and everything beyond that time, which we
term extensions for illustrative purposes.

2.3 Spatial Resolution and Heterogeneity

Because of the great heterogeneity of the world population it clearly
does not make sense to treat the whole world as one region in a
population projection. Users of projections mostly want to have
information by countries or at least major world regions that are
different not only in demographic but also in socioeconomic and
cultural terms. If the output parameters are to be regional, clearly
the projection needs to be done on a regional basis. But even if
one is only interested in aggregate global results, assumptions on
future fertility and mortality cannot meaningfully be made for all
the different regions together for two reasons.

First, different parts of the world are at very different stages of
the process of demographic transition, which in most projections is
the basic underlying paradigm on which assumptions about future
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fertility are founded. Aggregating these different parts obscures the
picture and makes the reasoning behind assumptions more difficult.

Second, because of much higher rates of population growth in
the South than in the North, the weights of the two hemispheres
will change significantly in the future, which by itself leads to a
change in aggregate rates even if the rates per hemisphere remain
constant. This can be quantitatively illustrated by a simple cal-
culation, recently done by Lutz and Prinz (1991). In the purely
hypothetical case that all vital rates stay constant at their present
levels, the projection carried out on the basis of six world regions
yields a 50 percent higher total population than the projection treat-
ing the world as one region. These results are based on the identical
assumption of constant rates, and the amazing difference is simply
due to that today the low fertility regions are still a larger propor-
tion of the world population than they will be in the future. With
this change in weights constant fertility in the main world regions
results in increasing fertility of the world total and hence in a larger
total population than in the case of constant global fertility.

While the above example makes it clear that heterogeneity of
the population can have a strong effect, it is not clear how much one
must disaggregate to avoid this problem. Even within nations there
may be subpopulations with very different demographic regimes. In
some of the South American countries, such as Bolivia, national
fertility rates have been stagnant at a rather high level which can
be explained by the bifurcation of society into a group that is well
advanced in its demographic transition and by the Indian population
which has not yet fully entered the fertility decline and is gaining
weight through more rapid growth. In addition to the observable
heterogeneity in the population, Vaupel and Yashin (1983) have
demonstrated the significance of unobserved heterogeneity.

For our global population projections a basic question was, how
far should one go in disaggregating the world population? The-
oretically, disaggregations need not follow territorial or national
boundaries but should follow the most strongly discriminating vari-
ables. In practice, however, data are most readily available by coun-
tries and groups of countries. The United Nations and the World
Bank produce their population projections at the level of individ-
ual countries. Under this approach the 1.2 billion Chinese get as
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much attention as the 72,000 inhabitants of the Seychelles. This is
due to the national constituencies of these organizations and con-
venience of data availability rather than questions of demographic
heterogeneity.

With 150 or more countries, however, simultaneous projections
become awkward especially with respect to the migration matrix to
be assumed among all these states. It is perhaps for this reason
that migration is not a major emphasis of the UN and World Bank
projections. An alternative, which has been chosen for the present
study, is to limit the number of populations projected simultane-
ously to subcontinental regions. As discussed extensively in Part V
on migration and in the concluding chapter of this book, 12 world
regions have been defined according to criteria of geographic proxim-
ity and socioeconomic, as well as demographic, similarity. These 12
regions are projected simultaneously by a multistate model assum-
ing region-specific future paths of age-specific fertility and mortality
rates and full matrices of interregional migratory streams.

These regional assumptions have to be considered aggregate fu-
ture paths of fertility, mortality, and migration that reflect not only
changing behavior within the subpopulations of the region but also
the compositional effect of changing weights. This is the only way
to deal with the bothersome issue of population heterogeneity.

2.4 Expected Output Parameters

The methodology to be chosen for population projection crucially
depends on the choice of population characteristics. If one is only
interested in total population size, methods such as simple exponen-
tial growth models may be used that are not sufficient if one is also
interested in the future age and sex composition of the population.
But many other population characteristics, such as urban/rural res-
idence, marital status composition, and educational or labor force
composition, may be of considerable interest for the user of projec-
tions and require specific methodologies.

The questions of desired output parameters together with the
above-discussed issues of time horizon and of the desirability of a
range of projections need to be discussed before the question of ap-
propriate methodologies. Introductions to population forecasting



28 Wolfgang Lutz, Joshua R. Goldstein, Christopher Prinz

usually do not address these issues explicitly, but rather group pro-
jection methods by the statistical models on which they are based
(e.g., time-series models, structural equation models) as is done in
the introduction to a recent comprehensive volume on population
forecasting (Ahlburg and Land, 1992). Because the proper evalu-
ation of different methods requires the systematic consideration of
objectives, in this section we distinguish between forecasts aiming
only at total population size, projections on the age and sex com-
positions of the population and projections on characteristics other
than age and sex.

2.4.1 Projections of total population size

For projections of total population size alone a basic choice is be-
tween methods that consider the age structure of the population
and those that do not. When advocates of the projections of pop-
ulation totals through various time-series models (e.g., Pflaumer,
1992) stress that such models may be more reliable than cohort-
component models, which project the population by age groups, it is
important to keep in mind that this debate only concerns the aggre-
gate totals — figures that from a substantive point of view have rather
limited value. Most of the economic and social issues for which the
population variable is considered important heavily depend on the
age profile of the population, ranging from social-security consider-
ations to marketing, from health expenditures to education, from
the size of the labor force to internal migration. Even in the recent
discussion on population—environment and carrying capacity, the
population composition seems to make a big difference (see Lutz,
1994) because of varying age-specific impacts.

But let us assume, for the time being, that the number of total
population size in a territory at some point in the future has a
meaning and value in itself. To derive such a figure we have the
choice between simple and sophisticated guesses. The most simple
would be a guess of a number of future population size without any
formal model. If some sort of a formal model is desired, we might
consider basing the method on past experience or just consider the
population in the starting year together with assumptions on the
future.
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Probably the simplest model of population growth over time is
that of an exponential growth model with a constant rate of growth.
In practice, however, growth rates have never been constant over
long periods. Through the millennia of early human history, birth
and death rates fluctuated widely due to weather, war, food short-
ages, and diseases. Typically birth rates were high when death rates
were low and vice versa, resulting in even wider fluctuations in the
growth rates of the population. Although during the 20th century
the curve of world population growth has resembled the typical ex-
ponential growth curve, growth rates have been far from constant.
The growth rate was about 0.5 percent during the first half of this
century, increased to a peak of 2.06 percent in 1965-1970, and slowly
declined thereafter. The appealing feature of an exponential growth
model as opposed to more sophisticated ones is that one has to make
assumptions only for one parameter — the growth rate.

Several important deficiencies of the exponential growth model
result from the fact that it does not consider the age structure of
the population. The most important is that it cannot capture the
momentum of population growth, a phenomenon caused by the fact
that only women aged 15-49 have children and in the case of a very
young age distribution more and more women enter this age group
and hence the population would grow significantly even with a con-
stant fertility at replacement level. Another aspect of this deficiency
relates to countries with very irregular age pyramids, such as some
European countries where irregularities in births due to world wars,
the baby boom, and the baby bust resulted in great fluctuations in
cohort size. Here some changes in the population growth rate are
pre-programmed by the population age structures that do not re-
flect any change in fertility, mortality, and migration. For instance,
a phenomenon such as the echo of the baby boom — the larger num-
ber of babies borne by the large baby boom cohorts— could never be
captured by a model that considers only total population size.

For these reasons it is generally advisable to use projection mod-
els such as the cohort-component method which explicitly consider
age and sex, even if one is only interested in total population size.
However, in these models one has to make assumptions on a much
larger number of parameters, which raises the danger of losing sight
of the behavior of the total system while giving great attention to
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specific issues such as period-cohort translation in fertility. In this
respect the suggestion made by Pflaumer (1992), that time-series
methods applied to population totals should be used as a baseline
against which the results of more complex models should be as-
sessed, seems to be worth considering. Ideally the analyst could
then identify the sources of difference between the two approaches.

2.4.2 Projecting the age and sex composition

As mentioned above people are interested in population projections
because they want to understand population changes that go beyond
projecting total population size. This knowledge is used in a variety
of ways, ranging from aging and social-security considerations to
labor market questions, educational issues, and even marketing in
private business. For all these considerations one needs to have es-
timates of future population structure at least in broad age groups.
Few users would demand projections in single-year age groups. Pro-
jection of five-year age groups in five-year steps of historical time has
become popular, mostly for convenience.

A projection of the population by age and sex requires first the
age and sex composition of the population in the starting year. Next
one must assume age-specific fertility, mortality, and migration rates
for each five-year period to be projected. For this age-group projec-
tion of the population, the so-called cohort-component method has
become standard. This method was introduced by Whelpton in 1936
and formalized by Leslie (1945). Notestein (1945) first applied it to
project the world population. The basic method has not changed
since that time. In short, cohorts are groups of men and women
born in the same time interval and representing a specific age group
at any later point in time. Their sizes can only change through
mortality and migration. The size of the youngest age group is de-
termined by age-specific fertility levels applied to the corresponding
female age groups. Hence the projected size and age structure of the
population at any point in the future depends exclusively on the size
and age structure in the starting year and on assumed age-specific
fertility, mortality, and migration over the projection period.

The cohort-component method tells us what to do with the
assumptions on future fertility, mortality, and migration, but not
how to derive them. And it is in this all-deciding question of the
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choice of assumptions and structuring of sets of alternative assump-
tions where controversy exists and continuous improvement of pop-
ulation projection methodologies is possible and indeed necessary.
Alternative approaches to deriving assumptions on future fertility,
mortality, and migration are discussed in the following sections of
this chapter.

In the context of the cohort-component method, one unresolved
question is whether assumptions should be made in terms of pe-
riod or cohort fertility. Technically, the Leslie matrix requires age-
specific period rates. But these period rates could be either assumed
directly or derived from assumptions on future cohort fertility be-
havior. This decision goes essentially back to the rather philosophi-
cal controversy of whether the cohort approach is more appropriate
in fertility analysis. In practical terms the cohort fertility approach
requires assumptions on both the level of cohort fertility and the
timing of births over the reproductive life span. If the age pattern is
assumed to be constant and the level assumed to approach a certain
constant value, cohort and period fertility assumptions turn out to
be very similar. Theoretically the same cohort-period arguments
could be made for mortality and migration, but they are rarely ever
discussed.

2.4.3 Multistate models for additional characteristics

Usually populations are defined in terms of a territory in which
they live. But as mentioned earlier, populations may also be de-
fined as subgroups of the population in a given territory, such as
ethnic groups, marital status groups, or educational groups. These
groups can be treated as independent populations that may interact
with each other, i.e., people leave one group and join another. The
traditional cohort-component method can only consider one popu-
lation and needs to be expanded to simultaneously project several
populations which are interacting with one another. Such expan-
sions are called multistate models as developed by Rogers (1975)
and others during the 1970s. The original applications of multistate
models were in the field of multiregional demography and migration.

No global population projection has gone beyond projecting the
age and sex distribution by regions or countries. But on a smaller
scale many multistate projections have been produced, mostly with



32 Wolfgang Lutz, Joshua R. Goldstein, Christopher Prinz

respect to marital status or household characteristics (for example,
Gonnot et al., 1994). Assumptions on fertility, mortality, and tran-
sitions between the states have to be state specific in addition to
age and sex specific, e.g., in case of a marital status projection the
age-specific mortality of married men must be assumed indepen-
dently of that of divorced men. This multistate approach can be
applied to any other breakdown of the population (socioeconomic,
ethnic, etc.) as long as the categories are clearly defined and suffi-
cient empirical information on transition intensities is given. Such
population projections that also provide estimates of future distri-
butions of socioeconomic variables other than age and sex may be
more interesting for many users, and may become more popular as
methodologies and computer programs disseminate further.

At the global level, however, a difficulty to applying multistate
models, including additional not strictly demographic variables, is
the availability of relevant empirical data. Hence the projections
presented in this book are based on alternative projections of only
the age and sex distribution for the 12 world regions specified.

2.5 Different Uses of Past Experience to
Derive Assumptions for the Future

The real challenge in population projection is not the method it-
self but the generation of one set or several sets of assumptions
on age-specific fertility and age- and sex-specific mortality and mi-
gration. In this context there are two basic questions. The first
question relates to the way in which past experience is used to de-
rive assumptions on the future. The second concerns the strategy
one takes to deal with uncertainty, whether a range of possible as-
sumptions based on some distribution or individual point scenarios
will be considered. We can distinguish between three levels drawing
from past experience.

The Future as a Continuation of the Past Trend

This is the strongest possible way in which the past can enter. A
simple trend extrapolation can be performed without any additional
input about likely future conditions. It can be blind and mechanical
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after one has chosen the indicator to be extrapolated, the length of
the period to be considered, and the information to be derived from
the time series. It can take the form of simple linear trend extrap-
olation, other functional forms of extrapolation, or, if periodicity is
assumed, a combined trend with superimposed cycles.

The blind continuation of past trends seems appropriate only
when absolutely no information is available about likely future
trends. In the context of fertility assumptions it would mean com-
pletely disregarding considerations derived from demographic tran-
sition theories, information about desired family size, and surveys
on family-planning demands. But even this simple method does not
save the forecaster from making choices. The indicator, the length of
the past period, and the structure of the process need to be defined.

Variance from History

If one is willing to incorporate into one’s assumptions external sub-
stantive information about likely future trends, one possibility of
combining this with information from the past is to determine the
average level externally and to derive only the likely variance from
the past. In the context of a probabilistic model this would mean,
for instance, setting future upper and lower bounds to the level of
fertility but deriving from history the percentage by which fertility
rates change from one period to another (see Goldstein et al., 1994).
Also into this category falls the work by Keyfitz (1981) and Stoto
(1983) who estimate future errors in population projections from
past errors.

Structure and Understanding from History

Under this approach it is not the past time series itself which is used
to derive assumptions on the future evolution, but the substantive
knowledge about the process and its structure. Taking mortality as
an example, this approach goes beyond the analysis of past trends
in integrating knowledge from medicine and biology and addressing
questions such as that of a genetically determined limits to human
life. Naturally this understanding is also informed by the analysis
of past trends but goes further, integrating outside knowledge de-
rived from other sources. Under this approach historical information
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enters only indirectly into the formulation of assumptions about the
future. This third approach is the one chosen for our study. It is the
reason why large parts of this volume consist of substantive papers
about our understanding of the processes of fertility, mortality, and
migration in the different world regions. A group of experts was
asked to write about alternative possible future paths of fertility,
mortality, and migration and produce assumptions of a most likely
central value as well as high and low extreme values for the various
indicators by the year 2030, based on their substantive understand-
ing of the processes. The strategy of the chosen scenario approach
is described in more detail in Section 2.7.

2.6 Different Probabilistic Approaches
to Deal with Uncertainty

The future evolution of the world’s population will almost surely
differ from the central scenario as described in this volume. This is
unavoidable, for there is inherent uncertainty in the future. Wars
will break out; some societies will modernize more quickly than
we expect while others will develop more slowly; new diseases may
break out, old ones may be cured; childbearing might become more
fashionable in the developed world, or, quite the contrary, less so;
the industrialized countries may close themselves to immigration,
or might even become more open. All these factors are of crucial
importance to the demographic future, but are uncertain.

What does a forecaster do in the face of such uncertainty? A
first approach is to freeze all demographic rates at their current
level. Rates will almost certainly not remain unchanged as the fu-
ture unfolds, but this approach enables the forecaster to avoid mak-
ing statements about the direction of demographic trends, and at
the same time makes absolutely clear the hypothetical nature of the
projection. This was the approach followed by early demographic
projectionists/forecasters of the 1920s, 1930s, and 1940s.

A second approach, the one used by this volume’s projections,
is to create extreme case scenarios. This enables one to make state-
ments about how far off the future population could be from the
expected evolution. The effectiveness of this approach, of course,
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depends on the thoroughness of the scenarios. On the one hand,
there is a danger that the interval between the high and low scenar-
ios might be so large that it is uninformative. On the other hand,
when the scenarios become more plausible, and thus more likely, one
begins to ask what the probability of a given scenario in fact is.
The third approach, explicit quantification of uncertainty, is de-
signed to incorporate information about vital rate variability and
the success of past forecasts into statements about the certainty
with which present forecasts are made. It is evident that both fore-
casters and users would like to know what confidence to place in
projections, but as yet no single technique to do this unambiguously
has gained currency. As the most recent US Bureau of the Census
(1989) forecast notes: “Many problems remain before a method can
be developed for placing reliable confidence intervals around popula-
tion projections.” This lack of success is not for want of trying, but
rather because of the inherent difficulties in modeling uncertainty.
How can the future population differ from that which is pro-
jected? The compendium of possible mistakes is long (Keilman,
1990), but we can schematize the sources of error into three types:

1. Measurement and calculation errors. These can take the form of
mistaken input data (for example, starting the projection with
a population based on an incorrect census count) or a simple
calculation mistake.

2. Incorrect specification of vital rates. One can predict that life
expectancy will continue to rise at the same rate as the past 20
years, but instead it might well increase at twice that rate. A
second baby boom could occur. Or, less spectacularly, the seem-
ingly random “natural” variation (see Brillinger 1986) might
cause fertility, mortality, and migration rates to vary from year
to year.

3. Unexpected events. The unexpected could cause large struc-
tural changes: the outbreak of war, a sudden cure for AIDS, an
economic boom in Africa. Any number of ruptures with current
trends is imaginable, any of which might render extrapolated
visions of the future irrelevant. To these structural changes we
could also add errors resulting from aggregation of heteroge-
neous groups.
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We can call these, respectively, measurement error, parameter
specification error, and model specification error. The sum of all
forms of error is called total error.

On first glance, only the second source of error — the varia-
tion in vital rates — seems a likely candidate for the application of
probabilistic thinking, and, indeed, most attempts to incorporate
randomness into population forecasting have chosen this as their fo-
cus. Before examining these techniques, however, one technique for
quantifying the total error deserves mention. The empirical eval-
uation of the success and failures of past forecasts, developed by
Keyfitz and Stoto in the early 1980s, consists simply of gathering a
large number of past forecasts and evaluating what the average error
has been. The most noteworthy conclusion of these studies, both of
which focused only on error in total population size, was that the
traditional high and low variants offered by population projections
corresponded to approximately a two-thirds confidence interval. In
other words, the population grew at rates outside of those predicted
by the high and low variants about one-third of the time (Keyfitz,
1981; Stoto, 1983).

This empirical method of estimating uncertainty clearly takes
into account all three types of error.[2] In order to apply it to cur-
rent forecasts, however, a very strong assumption needs to be made:
that the errors in future forecasts are of the same magnitude as in
the past. This assumption is of particular concern since the most
recent forecasts are least represented in the sample of empirical fore-
casts because their accuracy has yet to be seen. This is problematic
because not only do methods of choosing high, low, and medium
variants change, but so also does the potential variability of vital
rates. Unless both the variability of vital rates and the methodol-
ogy of projection together with the degree of care used in making
the assumptions stay the same, it is unclear how good an indicator
past errors are of future uncertainty.

While an application of the results from Keyfitz and Stoto to
future population projections extrapolates in forecasting, the direct
analysis of population trends themselves offers a distinct alternative.
It is here that time-series analysts have plied their trade. Starting
with the Lee (1974) analysis of US fertility rates until today, time-
series methods aim to assign a structure to the process of changing
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rates, for example, a random walk with drift, or an ARIMA. Time-
series methods produce not only a central forecast, but also the
entire probability distribution, showing where fertility and mortality
rates are likely to be at any future specified date contingent on a
normal distribution of errors.

The principal drawback of time-series methods has been the
dependence of the results on the choice of a model structure — par-
ticularly for fertility, the demographic component which not only
has the largest effect on the evolution of populations but also is the
most variable (Lee, 1974; Ahlburg and Land, 1992). Mortality, on
the other hand, appears to offer much better hopes of forecasting, at
least in the most developed countries. In particular, both the Lee—
Carter (1992) and McNown-Rogers (1989) methods offer means of
producing trends based on large matrices of age-specific mortality
rates. These techniques have large data requirements and have been
criticized for producing overly narrow confidence intervals. They are
clear in their aim, however, only to provide estimates of parameter
variation, providing minimum error ranges.

An alternative method for obtaining probability distributions is
to simulate the evolution of demographic rates using Monte Carlo
simulation methods. Random draws of past levels (Keyfitz, 1989)
or of past variation (Goldstein et al., 1994) are made and applied
to the evolving population. A large number, say 10,000, of sample
populations are projected forward, and the resulting empirical dis-
tribution of population size and age structure is used to estimate the
theoretical probability range. These simulations allow one to ana-
lyze the combined effect of uncertainty in mortality, fertility, and
migration; this last component has not been included in time-series
models.

Both the simulation and the time-series techniques are means to
address only the second type of parameter uncertainty. They answer
the question of how much uncertainty would there be if past levels
of variation continue into the future. They explicitly do not include
the possibility of structural change. Questions such as will their
be another baby boom in Western Europe, when will sub-Saharan
Africa experience a fertility transition, what the chances are of an
AIDS cure or of a war or revolution cannot be addressed without
probability models of the likelihood for each of these unexpected
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events. The scenario approach, focusing as it does on the hypo-
thetical effect rather than on likelihood, offers the chance to see the
hypothesized impact of unpredictable events, and seems the best
means for analyzing structural change.

While much work is being devoted to probabilistic models of
population projection, no method has emerged. For the moment,
large data requirements combine with a tremendous sensitivity of
techniques to assumptions about the form of the probability model.
One clear advantage of scenarios is that although it may be difficult
for users to assess the likelihood of the scenario, it is quite easy for
them to understand what is being assumed. Probabilistic forecasts,
thus far, do not seem to offer this advantage, for it is difficult for
most users to understand the assumptions of the different probabil-
ity models, let alone to say which set of assumptions is the most
sensible.

There is no need for an either/or approach to scenario and prob-
abilistic projections. Ideally, projections would include both an es-
timate of “natural variability” as well as the implications of possible
structural changes.

2.7 Non-probabilistic Approaches:
Single Projections, Variants, Scenarios

In practice, both national statistics departments and international
agencies have taken non-probabilistic approaches to forecasting. Un-
til recently, it was still the practice for some agencies to offer only
one set of rate trajectories. Thus, it was possible to speak of “the”
future population. Today, however, the uncertainties of future pop-
ulation growth are better recognized, and it is quite rare to find a
projection without at least one alternative set of assumptions.
Both variants and scenarios offer alternative sets of assumptions.
The difference between the two is to some extent only a difference
in detail, but this is also reflected in the intended use. The variant
approach usually offers three alternatives: high, medium, and low.
The high and low scenarios are typically defined in terms of the
resulting population size, and not in terms of their components.
Therefore, the larger population can come from increased migration,
lower mortality, higher fertility, or a combination of any of these.
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The World Population Prospects produced by the United Na-
tions Population Division (UN, 1993), the most commonly used set
of world projections, currently offers four variants to 2025: high,
medium, low, and constant fertility, the last being for illustrative
purposes. Fertility is allowed to vary, but only one set of mortality
and migration assumptions are used throughout.

In their recently published long-range world population projec-
tions, the UN (1992) gives projections until 2150 for nine world
regions. Seven different fertility extensions are considered, but mor-
tality and migration assumptions also remain invariant.

The World Bank (1992) offers only one central set of projections.
Birdsall (1992), however, offers a set of alternative projections re-
sulting from faster than expected fertility decline in the developing
world.

Sometimes the selection of inputs for high and low variants is
directly influenced by the interests of the agency producing the fore-
casts. For example, the US Social Security Administration, whose
principal interest lies in the age structure of the population, com-
bines high fertility and high mortality for its high variant, and low
fertility with low mortality for its low variant, giving the two most
extreme values for the old age dependency ratio. The US Bureau
of the Census, on the other hand, combines low fertility with high
mortality and vice versa in order to get the most extreme values for
the total population size.

Recently an increasing number of authors (Lutz, 1991; Ahlburg
and Vaupel, 1990; Cliquet, 1993) and agencies (EUROSTAT, UN)
have chosen to speak of population scenarios instead of the more
traditional variants. Substantively, a scenario approach to popula-
tion projection may be defined through several characteristics: more
emphasis is put on the if-then nature of the calculation as opposed
to a likely prediction; a scenario approach is expected to make all
assumptions very explicit and to offer a sensitivity analysis over the
assumptions chosen; all three components of change are addressed
separately, and if one is chosen to remain invariant (such as mortal-
ity and migration in the 1992 UN long-term projections) this needs
to be justified; finally, a scenario approach has the connotation of a
somewhat larger number of different outputs — for instance, the de-
cision of EUROSTAT (1991) to present just two scenarios including
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different fertility, mortality, and migration assumptions does not al-
low the analysis of the effects of individual components.

The disadvantage of the scenario approach is that it calls upon
users to exercise judgment in the choice of scenarios they wish to
consider and the relative likelihood of the different scenarios. The
advantage is that a user can get a comprehensive sense of how
changeable different population output variables are and what con-
ditions would have to arise for large changes to take place. For those
unconcerned with variation, less may be better, and the middle vari-
ant or central scenario may be the only relevant set of projections.

2.8 Interactions among Components and
Possible Feedbacks from Results

In Chapter 15, two extreme scenarios (rather than probabilistic dis-
tributions) are defined for each component based on the substantive
analysis described in Chapters 3 to 14. Combining two extremes
each in fertility, mortality, and migration results in eight different
combinations. This systematic permutation of alternative scenario
assumptions is a prerequisite for careful sensitivity analysis. In addi-
tion, a central scenario is defined by combining the arithmetic means
of the fertility, mortality, and migration assumptions. This central
scenario attempts to satisfy the demand for one main projection for
orientation.

The systematic permutation scenario approach is based on
the assumption of independence between demographic components.
The level of one demographic rate is unaffected by the level of the
others. Thus, for example, high mortality from AIDS in Africa has
no effect on fertility levels. Similarly, high migration rates from high
fertility regions to low fertility regions do not affect fertility of the
receiving region. However unrealistic this assumption may be, it
best serves the purpose of a thorough sensitivity analysis: how ro-
bust are certain policies under alternative population futures? For
testing robustness, extremes have to be considered. Also, systematic
permutations help to explain the relative impacts of the individual
components under given age structures.

But the basic assumption of independence is very strong. In par-
ticular in the long run it can lead to unreasonable results. In a world
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of dependencies, independence is rarely observed. The problem is
to capture and specify the nature of these dependencies. Because
of this lack of solid empirical information about the structure and
degree of such interdependencies, most forecasters choose to remain
on safer grounds by not specifying any. But at least for illustra-
tive purposes population projections should also explicitly focus on
possible dependencies. The development of fertility, mortality, and
migration rates is influenced by a number of determinants. At least
three different levels of interactions can be distinguished:

¢ Interaction between demographic components.

e Feedbacks from other demographic variables, in particular pop-
ulation size or age structure.

o Feedbacks from non-demographic variables, such as economic
development, education, or environmental factors.

Interaction between demographic components is incorporated
relatively easily. For example, high migration to low fertility coun-
tries may have an impact on fertility rates in the receiving countries.
Such dependencies can be taken into account by adjusting some of
the systematic permutation scenarios from above, e.g., increase the
fertility level in Western Europe in the case of high immigration.

Feedbacks from other demographic variables, such as population
size or age structure, are more debatable and hence more difficult
to be included. There is full consensus that the world population
cannot grow indefinitely, but no agreement exists on the levels at
which some sort of collapse might happen. The (land) carrying ca-
pacity concept is accepted in the natural sciences, but less so among
social scientists. Collapses, if they happen at all, will probably oc-
cur suddenly and with large regional differences. As to possible
reactions of fertility, mortality, or migration to negative effects of
population aging, little consensus is found. Very rapid aging will
certainly create problems, in particular when countries are not well
prepared, e.g., with regard to social security. But, as is shown by
the example of today’s industrialized world, populations can adapt
to gradual changes in the age structure. Because of the possible dis-
crepancy between individual desired family sizes and societal goals,
it is unclear whether, for example, extreme aging will result in higher
fertility.



42 Wolfgang Lutz, Joshua R. Goldstein, Christopher Prinz

For any type of dependence, feedbacks for the most part work
indirectly via such complex matters as levels of education, status
of health care, economic development, or environmental pollution.
Only a comprehensive multisector system would be able to track
such feedbacks. However, the strength — and sometimes even the
direction — of such multifarious feedbacks is largely unknown, or
at least highly uncertain. As a consequence, multisector systems
models tend to create dependencies and future paths far different
from reality, a world in itself driven by rather vague feedback loops.
While conceptually such multisector models are desirable, they are
usually not suited for the purpose of population projections. By in-
clusion of multiple feedbacks from non-population variables in such
models, a great potential exists of introducing more errors than one
resolves.

A well-known example of such a multisector system is the
World3 model developed by the Forrester—Meadows group during
the 1970s — an economic, demographic, and environmental model of
the world taken as a whole (Forrester, 1971; Meadows et al., 1972,
1974, 1992; Meadows and Meadows, 1973). The population segment
of World3 includes 48 equations, and keeps track of the population in
four broad age groups, 0-14, 15-44, 45-64, and 65 and above. Pop-
ulation growth is determined by the difference between the crude
birth rate and the crude death rate. These two crude rates are
changed internally through a number of feedbacks. In particular,
the crude birth rate declines with increases in food intake, increases
in pollution, improvements in material standard of living, and pop-
ulation crowding (which results from industrialization). The crude
death rate decreases with increasing food intake and improvements
in the material standard of living, and increases with increasing pol-
lution and (to a much lesser extent) population crowding. Some of
the effects are ambiguous — for example, an increase in agricultural
production increases pollution and at the same time increases food
availability per capita, making its effect on death rates and hence
on the population growth rate unclear. A major shortcoming of
World3 is that education is not included.

During the 1970s, motivated by the World3 model, a number of
global models were developed. Among those, the Bariloche model
(Bariloche Group, 1976; Herrera et al., 1976) is worthy of mention
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as it has a relatively large number of feedbacks to the population
submodel. For example, among other things, the crude birth rate is
influenced by school enrollment, calorie intake, housing availability,
and the life expectancy at birth. The modelers circumspectly em-
phasized that their interrelations are based on descriptive statistical
analysis and “should not be confused with causal relationships.”
However, in their judgment, “the results are very satisfactory, from
the point of view of the precision achieved, and make it possible to
predict population changes resulting from the socioeconomic vari-
ables considered in the model” (Herrera et al., 1976:51).

A different approach was used 20 years later by researchers
working at the International Institute for Applied Systems Analysis
(Lutz, 1994). They studied population—development—environment
interactions in a specific setting on the island of Mauritius.[3] The
Mauritius modeling team avoided the ambiguous relationships found
in other multisector systems, put substantial emphasis on common
property problems (in particular water and land), and chose a de-
centralized modular approach. This helped to avoid black box rela-
tionships in which the effects of certain parameter changes cannot
be understood by the user. A strength of the Mauritius model is its
population module, which — using a multistate cohort-component
model — produces projections of the population by age, sex, labor
force status, and educational attainment. Education is explicitly
incorporated. Education increases the productivity of labor, but
costs money. A main feature of the model is that it is extraordinar-
ily open. Since the nature and the strength of most of the feedbacks
included in previous models are subject to much debate among sci-
entists, most of those feedbacks are not hard-wired in the model.
The feedbacks need to be defined by the scenario maker. The dis-
advantage of this is that the use of the model can be daunting at
first. On the other hand, experienced users have at their disposal a
flexible tool for the study of population-development—environment
interactions in a specific setting.

Feedbacks from non-demographic variables cannot be captured
by the multiregional cohort-component approach chosen in Chap-
ter 15. Such feedbacks go beyond the scope of this volume. But
both feedbacks from population size and age structure on demo-
graphic components and dependencies on demographic components
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themselves are explicitly dealt with in a separate chapter on special
long-term scenarios (Chapter 16).

2.9 Summary: The Approach We Chose

In this chapter we have addressed the question “Why another set of
global population projections?” We have considered who wants pro-
jections and for what reasons, what should be the time horizon and
spatial resolution, what output parameters are expected, and what
are the alternative approaches to address the issue of uncertainty
in population projections. Throughout the chapter we contrasted
our choice of approach to that of others. Issues have been listed
in which progress is possible and desirable, and where alternative
new strategies promise new insights. Table 2.1 summarizes some
of the key issues in population projection on the left-hand side and
specifies the approach we have chosen on the right-hand side.

There seems to be little disagreement on the projection method-
ology to be used for (global) population projections. Our projections
are carried out using a multiregional cohort-component model, with
five-year age groups. In contrast to global projections produced by
the UN and the World Bank, which are based on individual coun-
try estimates, we have disaggregated the globe into 12 major world
regions. By doing so, much of the world’s heterogeneity is taken
into account, and one need not bother with national particularities,
especially with respect to migration.

The crucial difference with respect to existing global population
projections lies in the specification, justification, and combination
of alternative scenario assumptions. The approach chosen involves a
number of steps. First, selected experts with different backgrounds
in the fields of fertility, mortality, and migration analysis are asked
to think about the future of the three demographic components. If
necessary, different experts are invited for different regions. The
experts are asked to suggest possible high and low assumptions for
future fertility, mortality, and migration levels up to the year 2030.
The experts have to substantively argue for their points and justify
their views. These elements are documented in Chapters 3 to 14.
Next, those alternative views expressed on future levels of fertility,
mortality, and migration, which are sometimes only of a qualitative
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Table 2.1. Major characteristics of our projection approach.

Issue Our choice

Projection Multiregional cohort-component model with 5-year

methodology projection intervals; based on 12 major world
regions

Uncertainty Alternative scenarios combining extreme fertility,

Variability of
components

Basis of
assumptions

Justification of
assumptions

Scenario

combinations

Time horizon

Interactions

Feedbacks

mortality, and migration assumptions (uncertainty
ranges)

Fertility, mortality, and migration are given equal
importance; high and low values and their
arithmetic mean for each component are specified

Expert judgment on low and high values in fertility,
mortality, and migration based on understanding of
underlying processes plus outside knowledge

Scientific chapters by experts in the fields of
fertility, mortality, and migration; for developed
and developing areas separately

Systematic permutation of high and low scenario
assumptions (8 alternative combinations) as a basis
for sensitivity analysis; plus 1 central scenario for
orientation resulting from combination of means

Both medium-term projections until 2030 and
long-term extensions for illustrative purpose until
2100

Special scenarios assuming dependence of levels of
fertility and mortality in the long run and increases
in fertility in industrialized countries as a
consequence of immigration

Special scenarios assuming a food crisis in certain
high fertility regions (feedback from population size
on mortality) and a social crisis in certain low
fertility regions (feedback from population aging on
fertility)

nature, are transformed into alternative quantitative assumptions on
different future paths in each region considered. These future demo-
graphic trends are thought to be extreme, but certainly not impos-
sible. The high and low assumptions should somehow correspond
to a 80-90 percent confidence interval of an intuitive probability
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distribution. In other words, on each side only about 5-10 percent
of all possible cases, depending on the region considered, should lie
outside the values considered. Assuming a symmetric distribution,
the assumed central value should be both the most likely case and
the mean of the high and low values. Finally, a systematic permu-
tation of the high and low scenario assumptions in each of the three
components resulted in eight scenario combinations. This provides
the basis for sensitivity analysis. Systematic permutations also help
to explain the relative impacts of changes in individual components
under given age structures. Fertility, mortality, and migration are
explicitly assumed to be independent. In addition to the eight com-
binations, a central scenario obtained by combining the arithmetic
means of the low and high fertility, mortality, and migration as-
sumptions are defined for orientation.

This expert opinion-based scenario approach with systematic
permutations of high and low values for each component together
with a central scenario in each of the 12 world regions is, in our view,
the most appropriate for meeting the expectations of the users of
projections while giving maximum justice to scientific criteria and
minimizing computational efforts and input data requirements. This
was our choice for alternative projections up to 2030 (see Chap-
ter 15).

Beyond 2030, as described above, expert judgments are consid-
ered less reliable, and many experts indeed refuse to specify assump-
tions for longer-term demographic trends. Also, in the long run
independence of components is implausible. Therefore, a slightly
different approach is taken for the long-term extensions until 2100
which serve as purely illustrative purposes in this book (see Chap-
ter 16). Beyond 2030 scenarios are defined which demonstrate the
effects of various forms of dependency between demographic com-
ponents and possible feedbacks from population size/density and
population aging on demographic rates. Those exercises are quite
speculative and serve to illustrate certain features of population dy-
namics rather than giving likely long-term projections.

Notes

(1] The word projection, of course, carries psychological connotations. As
Webster’s defines the word: “projection. 6b: the attribution of one’s
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own ideas, feelings, or attitudes to other people or to objects ... 8: an
estimate of future possibilities based on a current trend” (Webster’s
New Collegiate Dictionary, 1974, Springfield, MA: G. & C. Merriam
Company). These two meanings are not wholly separable, for, in imag-
ining individual behavior in the future, we cannot but include our own
perspectives.

[2] There does exist the possibility of mistaken counts of the achieved
population that would give false estimates of empirical error. These
could result in either overestimates or underestimates of error size.

[3] The last two decades produced a lively and rapidly growing literature
on the interrelationships between economic, demographic, and envi-
ronmental variables, but the development of simulation models that
included these three factors almost came to a complete halt after the
burst of activity in the early 1970s.
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Editor’s Note for Part 1

The two contributions in Part I provide a framework for the projec-
tions carried out in Part VI. They clearly indicate that new, world
population projections are useful if they (a) consider a broader range
of possible future trends in all three components (fertility, mortal-
ity, and migration), (b) leave room for substantive considerations
on the state of knowledge about the determinants of possible future
trends in these three components, and (c) explicitly include analy-
ses beyond the field of demography on factors (such as food supply
and AIDS) that may impact future fertility, mortality, and migra-
tion rates. For this reason, Parts II through V of this volume are
devoted to substantive considerations in demography and related
disciplines.

Users of world population projections seem to expect two dif-
ferent aspects: (a) one most likely projection that can be used as
a guideline and (b) information about a plausible range of uncer-
tainty and sensitivity analyses for testing the robustness of certain
strategies or policies. The most appropriate and practically feasi-
ble response to these expectations is that of systematic permutation
scenarios where high, central, and low future values are assumed
separately for fertility, mortality, and migration, which are then
combined in a systematic manner. With respect to the time horizon
of projections, experts feel that defendable assumptions can only be
made up to 2025-2030. For this reason the scenarios presented in
Chapter 15 have been defined up to this threshold. But several users
— especially environmental modelers — demand projections until the
end of the 21st century. Therefore, some clearly more speculative
scenario calculations up to 2100 are presented in Chapter 16.
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Chapter 3

A Regional Review of
Fertility Trends in
Developing Countries:
1960 to 1990

John Cleland

This chapter contains a review of fertility trends in developing coun-
tries over the period 1960 to 1990. The choice of starting date is
simple to justify. Before 1960, fertility decline was very rare in devel-
oping countries. Indeed, there is evidence that levels of childbearing
in many countries increased in the 15 years following World War
IL. In this period, substantial improvements in life expectancy were
achieved and thus rates of growth of Third World populations accel-
erated. Concerns about the effects of rapid population growth arose,
and the 1960s saw the first examples of a unique and new form of so-
cial engineering: state-sponsored family-planning programs. These
programs originated in Asia before spreading to other regions. As
we shali see, any account of fertility trends has to address the cen-
trally important issue of the contribution made to fertility decline
by government interventions.

A broad-ranging review such as-that contained in this chapter
has to make explicit choices about the framework within which to
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present the demographic data. The goal is to choose a framework
that will clarify the underlying forces of change. In this instance, a
regional grouping of data has been chosen, rather than one based on
development indicators. There are several reasons for this choice.
First, one clear lesson from the past 30 years is that simple mono-
causal explanations of fertility decline totally fail to capture the
complex interplay of factors that influence the onset and speed of fer-
tility decline. Thus fertility trends cannot be illuminated adequately
by a straightforward ordering of nations in terms of their stage of
socioeconomic development. This is not to deny that development,
particularly in the social sector, has an influence on childbearing.
Rather it is to assert that this influence is strongly conditioned by
cultural factors and government policies.

A second reason for choosing a regional framework is the exis-
tence of a pronounced regional imprint on fertility transition. The
clearest example is the European fertility transition that was distinct
in its timing from that in other regions. As will be demonstrated
later in this chapter, there is also an undeniable element of syn-
chronicity in the onset of fertility transition in other major regions,
such as Latin America and East Asia.

The importance of a region lies less in the implied geographical
contiguity of constituent states than in the fact that it represents a
surrogate for shared cultural values and features of social organiza-
tion. A major advance in our understanding of fertility transition
has been the realization that cultural factors, as denoted by reli-
gious, ethnic, or linguistic markers, may have a decisive impact on
fertility, independently of economic and other types of influence.

The statistical underpinning for this review is the fertility rates
collated and published by the United Nations Population Division.
Specifically, the 1992 edition of World Population Prospects is the
source of information on trends since the quinquennium 1960 to
1965. For some countries, UN fertility estimates are little more than
guesswork; in other cases, they are based on poor data and may be
incorrect. Nevertheless they represent the most carefully compiled
and adjusted set of figures in existence and carry a corresponding
authority. In the account that follows, major uncertainties about
the rates for specific important countries are noted, but no attempt
is made to amend UN estimates.
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Throughout the chapter, levels of fertility are represented in the
form of period total fertility rates (TFRs): the single most useful
and widely used indicator. As is well known, period fertility rates
are sensitive to variations in the tempo of childbearing as well as to
the numbers of births that any cohort will achieve. Thus a period
TFR can provide misleading impressions of the underlying level of
cohort fertility. With the main exception of China, however, there is
little evidence that TFRs in developing countries have been heavily
influenced by large, reversible changes in the speed of childbearing.
Insofar as this assertion is correct, period TFRs provide a valid
indication of what age-specific fertility rates in a particular calendar
period imply in terms of ultimate family size.

With these introductory remarks, the groundwork has been laid
for the main part of the chapter: an essentially descriptive review
of the course of fertility in the main regions of the developing world.
Following this, an attempt is made to distill the main lessons that
have been learned and what may lie ahead.

3.1 The Course of Fertility in
Major Regions

3.1.1 East and Southeast Asia

East and Southeast Asia, excluding Japan, accounts for nearly one-
third of the world’s population, with China alone comprising about
one-fifth of the total. Global population trends are thus largely
determined by the course of events in this region. In contrast to
South Asia, economic growth has been rapid: China, Indonesia,
Thailand, Malaysia, Republic of Korea, Taiwan, Hong Kong, and
Singapore have all achieved annual rates of growth in GDP per
head between 1965 and 1988 of 4 percent or more. (The equivalent
figure for India is 2.5 percent.) As a consequence, an increasing
number of states in the region are now classified as upper-middle or
high income countries; they are included in this review only because
incomes per head were low at the start of the 30-year period.

As shown in Table 3.1, several countries (Taiwan, Republic of
Korea, Hong Kong, and Singapore) now have period fertility that
is below replacement level. In all cases, decline started in the late
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Table 3.1. Fertility trends in East and Southeast Asia.
1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Laos 6.15 6.15 6.15 6.69 6.69 6.69
Cambodia 6.29 6.22 5.53 4.10 4.80 4.60
Myanmar 6.00 6.00 5.75 5.30 4.90 4.50
Philippines 6.61 6.04 5.50 4.96 4.74 4.30
Vietnam 6.05 5.94 5.85 5.59 4.69 4.22
Malaysia 6.72 5.94 5.15 4.16 4.24 4.00
Indonesia 5.42 5.57 5.10 4.68 4.05 3.48
Thailand 5.42 5.14 5.01 4.27 2.96 2.57
Korea (North) 5.75 7.00 5.70 3.46 2.77 2.50
China 5.93 5.99 4.76 2.90 2.52 2.38
Taiwan 5.46 4.46 3.47 2.80 2.30 1.76

Korea (South) 5.40 4.52 4.11 2.80 2.40 1.73
Singapore 4.93 3.46 2.63 1.87 1.69 1.69
Hong Kong 5.30 4.01 2.89 2.31 1.80 1.36

1950s or 1960s in response to rising age at marriage as well as in-
creasing use of birth control. Careful analyses for Korea (Park, 1992)
and for Taiwan (Feeney, 1991) suggest that current period fertility
may be depressed by postponement of marriage and births and that
the underlying cohort level may be slightly above two births. This
interpretation is of considerable policy importance because there is
growing concern among several governments about the implications
of very low fertility. Singapore has already adopted explicitly prona-
talist policies, and it is possible that Taiwan and South Korea will
follow this lead, unless they can be reassured that period rates are
likely to rise.

Two other countries may join the below-replacement group be-
fore the end of the century: Thailand and North Korea. Thailand’s
decline started in the late 1960s and has proceeded rapidly ever
since. Fertility is approaching replacement level with no sign thus
far of stabilization. Much less is known about the demography of
North Korea, and the government, unlike that of South Korea, has
been hostile or indifferent to the promotion of family planning. Nev-
ertheless, there is evidence that fertility has fallen steeply: a vivid
demonstration that transition is not necessarily dependent on strong
government support. Another country of the region, Myanmar, ap-
pears also to have experienced fertility decline, despite government
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indifference to family planning and isolation from the rest of the
world.

Fertility trends in urban China closely parallel those in the city
states of Hong Kong and Singapore. Decline started in the early
1960s from a level of about 5.0 births. By 1980, fertility in all three
settings had fallen below or close to replacement level. While the
major mechanism was increased birth control within marriage, age
at marriage for women also rose sharply from about 20 years in 1960
to about 25 years in the early 1980s.

Of course, fertility in China as a whole is determined by rural
trends. As in India, traditional fertility levels in China appear to
have been modest, within the range of five to six births. Also like In-
dia, there is some evidence that natural fertility increased initially
under the impact of modernization. Marital fertility rates in the
mid-1950s appear to have been about 15 percent higher than rates
recorded in the 1930s (Coale and Freedman, 1993). The first ma-
jor destabilization of rural fertility was the disastrous Great Leap
Forward in the late 1950s. Mortality rose sharply and period fer-
tility plummeted to a little above three births before rebounding to
over seven in 1963. There followed a period of vacillation in fertility
rates during the Cultural Revolution. The dramatic decline in rural
fertility started in about 1970, coinciding with the introduction of
a forceful family-planning program. Between 1970 and 1980, the
TFR for the whole country fell from about 6.0 to 2.4 births. This
decline of nearly 60 percent in 10 years represents the single most
important contribution to the fall in global fertility over the last 30
years. However, the emergence of pronounced regional variations
during this period is often overlooked (Peng, 1981). By the end of
the decade, TFRs in more remote provinces of China, such as Tibet,
Guizhou, and Ningxia, was still over 4.0.

In 1979, the Chinese government announced the one-child pol-
icy, and in the following year passed a marriage law that was widely
interpreted as a relaxation of the previous strong discouragement
of early marriage. Both measures had profound but partially off-
setting effects on the course of fertility in the 1980s. The one-child
policy was enforced with considerable success in urban areas. By
1985-1987, urban fertility was well below 2.0 in all provinces of
China. Indeed in most of the larger cities, second- and higher-order
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births almost disappeared. In the rural areas, however, the policy
encountered strong resistance. The majority was not prepared to
sign the one-child pledge, and period fertility in nearly all provinces
remained well above 2.0.

For the whole country, the period TFR has fluctuated through-
out the 1980s around a level of 2.4 births per woman, with no clear
evidence of a continuation of the decline of the 1970s. Many com-
mentators assumed that the economic reforms of the 1980s made
it increasingly difficult for central and local officials to enforce an
unpopular policy. However, in 1989 population policy was again
strengthened and responsibility for enforcement transferred to local
civiian authorities. Preliminary results from a 1992 survey con-
ducted by the State Family Planning Commission suggest that fer-
tility fell sharply in the period 1989 to 1992.

Fertility transition in Indonesia shares several characteristics
with that in China. In both countries, levels of socioeconomic devel-
opment were low at the onset of decline and, in both cases, couples
were subjected to very strong official pressure to adopt birth con-
trol. The Indonesian government initially focused its attention on
densely settled Java, which comprises just 6 percent of the country’s
land area but over 60 percent of the population. Fertility started to
decline there (and in Bali) in the early 1970s. By 1976, fertility in
Java was actually lower among the least-educated rural population
than among the urban, more-educated sectors: a highly unusual
situation that undoubtedly reflected the impact of the government
program (Freedman et al., 1981).

Between the late 1960s and the late 1980s, fertility in the whole
country fell from 5.7 to 3.5 births, a decline of nearly 40 percent. In
Java, the current level is below 3.0 births per woman but in Sumatra,
the second most populous island, fertility remains much higher.

The neighboring countries of the Philippines and Malaysia con-
trast in numerous and fascinating ways with Indonesia. In the 1960s,
economic and educational standards were higher than in Indonesia
and fertility began to decline earlier. But the pace of decline has
been much more gradual. Total fertility rates in Malaysia and the
Philippines — estimated by the UN to be 4.0 and 4.3 over the period
1985-1990 — are now markedly higher than in Indonesia.
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The stalling of fertility decline in Malaysia dates from the late
1970s and appears to originate with a resurgence in Islamic values
and shifts in government policy. While fertility among the Chinese
and Indian minorities continued to decline, and is now little above
replacement level, that of the majority Malay population actually
rose in the 1980s, in response to a decline in the use of contraception
(Leete and Tan, 1993). In 1984, the government announced a new
population policy which set a target of 70 million inhabitants by
the year 2100. It was widely perceived to be a pronatalist measure,
and a national survey conducted shortly afterward indicated that
a significant fraction of Malay women had revised their family-size
expectations upward in response (Arshat et al., 1988).

In the Philippines, there was no radical change in population
policy but official support for family planning has always been rela-
tively weak because of the opposition of the Roman Catholic church.
Although President Marcos created in 1969 a Commission on Pop-
ulation to coordinate family-planning activities, it failed to secure
consensus support or widespread coverage of services. Between 1976
and 1987, the level of contraceptive practice among married women
rose only from 38 to 46 percent; and slightly over half of users at
both points in time relied on less effective traditional methods.

In summary, the fertility transition in East and Southeast Asia
is varied and complex. Variability is evident in the starting level
of fertility; the timing of the onset of decline and level of socioeco-
nomic development at the time; the speed of decline; and the role
of government policy. Anyone who still believes that the level of
reproduction is a predictable outcome of education, urbanization,
and living standards should pause to ponder the difference in fer-
tility transition between Indonesia and Thailand, on the one hand,
and Malaysia and the Philippines, on the other.

3.1.2 South Asia

For present purposes, this region is defined as the Indian subcon-
tinent, extending west to include Iran. It accounts for about 20
percent of the world’s population and represents the largest numer-
ical concentration of poverty. Bangladesh and Nepal, with GDPs
per head of US $170-$180, are among the poorest countries of the



62 John Cleland

Table 3.2. Fertility trends in continental South Asia.

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Afghanistan 7.01 7.13 7.14 7.21 6.90 6.90
Pakistan 7.00 7.00 7.00 7.00 7.00 6.75

Iran 7.26 6.97 6.54 6.50 6.50 6.50
Nepal 5.86 6.17 6.52 6.54 6.25 5.95
Bhutan 5.95 5.95 5.95 5.95 5.89 5.89
Bangladesh  6.68 6.91 7.02 6.66 6.15 5.10
India 5.81 5.69 5.43 4.83 4.73 4.20

world, while India and Pakistan, with per caput GDPs of $350, rank
twenty-second and twenty-third in the world of poverty.

In the region as a whole, fertility has declined modestly from a
level of about 6.0 in the early 1960s to a little over 4.5 births in the
late 1980s, a fall of some 25 percent. However, there is consider-
able uncertainty about South Asian demographic trends. For three
countries — Iran, Afghanistan, and Bhutan — recent fertility trends
are essentially unknown. For three other countries (Bangladesh,
Pakistan, and Nepal) they are a matter of controversy, leaving only
India for which vital rates are clearly established.

United Nations estimates for Afghanistan, Iran, and Bhutan
show high fertility rates in the 1960s of about seven births per
woman and very modest declines in the last 20 years ( Table 3.2).
For Afghanistan, a verdict of unchanging high fertility seems en-
tirely reasonable, though the military disruptions of recent years
may well have caused a temporary drop. The UN scenario for Iran
is more doubtful. Before the revolution, the country had a vigorous
family-planning program that claimed a considerable impact. Af-
ter the fall of the Shah, the program was discredited, but in recent
years the government has reaffirmed the need to moderate the pop-
ulation growth rate and is again promoting family planning. The
degree of success achieved remains uncertain but fertility may have
declined, rather than remaining at the constant level of 6.5 births,
as suggested by the UN

By contrast, Bangladesh, Pakistan, and Nepal generate a rela-
tive abundance of demographic data. All three countries have con-
ducted regular censuses; all have conducted a number of detailed
fertility surveys, supplemented by contraceptive prevalence surveys;
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and Bangladesh and Pakistan have sample registration systems that
publish vital rates. Yet demographic trends remain in dispute. The
reason for this uncertainty lies in the poor quality of the data. Sur-
veys, in particular, tend to suffer from the pernicious problem of
backward displacement of dates of recent births, leading to an un-
derestimation of the current level of fertility. Claims of fertility
decline are often made but these are equally often shown to be false
by the next survey.

Accordingly, the results of the 1991 Demographic and Health
Survey (DHS) in Pakistan, which indicates a big decline in fertility
to about 5.5 births, should be regarded with great skepticism. Re-
liance on the sample registration system, run by the Federal Bureau
of Statistics in Karachi, is more prudent. This system portrays a
constant total fertility of about 7.0 births until 1988, when a drop to
6.5 is recorded. The preliminary results of 1989 show a level of 6.4.
Falls in lower birth order-specific rates tend to be more pronounced
than in higher-order births; thus it remains unclear whether marital
fertility decline (which normally affects higher-order births at the
initial stages) has really started. Certainly the level of contracep-
tive practice reported in the 1991 DHS (12 percent) is too low to
make an appreciable impact on fertility. To conclude, the level of
fertility in Pakistan remained high and constant until the late 1980s
but has probably fallen slightly in the period 1988-1990. The UN
estimates in Table 3.2 are essentially correct.

The 1991 Fertility, Family Planning, and Health Survey yielded
an unadjusted TFR of 5.1. The level of contraceptive use rose from
5 percent in 1976 to 23 percent in 1991, and age at marriage for
women also increased over this period. Thus fertility transition in
Nepal has almost certainly started.

In Bangladesh the pace of change is more rapid and pronounced
than in Pakistan and Nepal. It is increasingly apparent that fertil-
ity decline started in the late 1970s and gathered pace in the 1980s.
Between 1975 and 1990, the TFR fell from about 7.0 to about 4.5.
Evidence for these assertions comes largely from a 1989 fertility sur-
vey and from two contraceptive prevalence surveys in 1989 and 1991,
both of which collected truncated birth histories. The consistency of
the three data sets is striking. Detailed analysis of the 1989 fertility
survey shows that the main change has taken the form of a reduction
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in higher-order births; for instance, the percent decline in age-order
specific rates (cumulated to age 40) between the period 1974-1978
and 1984-1986 was 10 percent for second births but 38 percent for
fifth births. This evidence of increasing marital fertility control is
confirmed by the rising level of reported contraceptive use, from 7
percent in 1975 to 40 percent in 1991. Age at marriage for women
has also increased but the antinatal effect is modest and offset by a
decline in widowhood and in the length of the first-birth interval.

In broad terms, the remarkable transition in Bangladesh, the
fifth poorest country in the world, has affected all socioeconomic
strata equally. Thus fertility decline is as pronounced among illit-
erate, landless laborers as among the slightly more affluent culti-
vators. The experience of Bangladesh proves beyond doubt that
extreme poverty and low literacy do not represent absolute barriers
to fertility decline.

Like Nepal, but in contrast to its Islamic neighbors, the tradi-
tional level of fertility in India was low, fluctuating between 1880
and 1960 between five and six births per woman (Bhat, 1989). One
possible reason for the slow pace of fertility decline in India is that
modernization acted to increase natural fertility through changes
in lactational and sexual behavior. There is evidence that marital
fertility in the rural areas of many states actually increased during
the 1960s, despite the existence of a family-planning program and
a gradual rise in reported contraceptive practice (Srinivasan, 1989).
The onset of decline in total fertility occurred in the late 1960s and
continued for almost a decade; it then stalled before resuming its
downward path in the mid-1980s. The most obvious explanation
for this sequence concerns the politics of population control. In
the 1960s under Indira Ghandi, the family-planning program be-
came increasingly coercive and, when she fell from power in 1977,
its credibility also fell and recovered only gradually. Over the entire
period from the early 1960s to the late 1980s, total fertility in India
fell by only 28 percent, from 5.8 to 4.2 births. Various decomposi-
tions (e.g., Srikantan and Balasubramanian, 1989; Chaudhry, 1989)
indicate that one-fifth of this decline is attributable to rising age at
marriage and the rest to marital fertility.

Some of the reasons for the slow pace of change in India —
the possible relaxation of traditional restraints on fertility and the
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checkered history of the family-planning program — have already
been mentioned. However, no account of Indian transition can fail to
note the immense cultural and economic diversity of the country and
its relevance to demographic trends. Transition is most advanced
in the southern states, notably Kerala and Tamil Nadu with TFRs
of 2.2 and 2.6, respectively. In most of the northern states such as
Rajasthan, Uttar Pradesh, and Bihar, fertility and childhood mor-
tality remain high with TFRs ranging between 4.8 and 5.5. Many
(e.g., Dyson and Moore, 1983) attribute this north-south divide to
fundamental cultural differences that affect the status of women. In
Kerala, for instance, 87 percent of women are literate, compared to
20-30 percent in the high fertility, more northern states.

3.1.3 Latin America

Latin America is defined here to include all states of continental
South America and Central America, except Guyana and Suriname.
In contrast to other major developing regions, Latin America expe-
rienced large-scale and permanent settlement of European popula-
tions, and this legacy is evident in certain features of the economy
and fertility transition. Two countries, Argentina and Uruguay,
were once among the wealthiest in the world and are still ranked
in the upper-middle income category. Both had completed their
fertility transition by 1950, with TFRs of 3.2 and 2.7, respectively,
at that time. In the past 40 years, fertility in both countries has
changed little, remaining well above replacement level (Table 3.3).
This stabilization at levels ranging between 2.5 and 3.5 births per
woman appears to be characteristic of the region. In Chile, as in
Argentina and Uruguay, the era of rapid decline is over but pe-
riod fertility remains within this range. However, there is no good
reason for believing that Latin American culture possesses features
that will sustain moderate fertility indefinitely. The majorities of
the populations of these three countries are of Spanish and Italian
extraction. Fertility levels in the countries of origin, Spain and Italy,
are now among the lowest in the world. If Latin America experi-
ences the socioeconomic transformation — particularly with regard
to the position of women in society — that has characterized South-
ern Europe, it is probable that Latin American fertility will fall to
replacement level or below.
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Table 3.3. Fertility trends in Latin America.

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Guatemala 6.85 6.60 6.45 6.40 6.12 5.77
Honduras  7.36 7.42 7.38 6.58 6.16 5.55
Nicaragua  7.37 7.17 6.79 6.40 6.00 5.55
Bolivia 6.63 6.56 6.50 6.15 5.50 5.00
Paraguay 6.80 6.40 5.65 5.06 4.82 4.58
El Salvador 6.85 6.62 6.10 5.70 5.00 4.52
Ecuador 6.90 6.70 6.05 5.40 4.70 4.10
Peru 6.85 6.56 6.00 5.38 4.65 4.00
Mexico 6.75 6.70 6.37 5.03 4.29 3.60
Venezuela  6.46 5.89 4.96 4.44 3.90 3.45
Costa Rica 6.95 5.80 4.33 3.89 3.50 3.36
Brazil 6.15 5.31 4.70 4.21 3.81 3.20
Panama 5.92 5.62 4.94 4.06 3.46 3.14
Argentina  3.09 3.05 3.15 3.36 3.15 2.96
Colombia  6.76 6.28 4.66 4.14 3.51 2.90
Chile 5.28 4.44 3.63 2.90 2.80 2.73
Uruguay 2.90 2.80 3.00 2.89 2.57 2.43

From speculations about the future, let us return to a consid-
eration of the past. Because the demography of Latin America is
rather well documented, it is possible to extend the historical de-
scription of fertility trends back to the 1950s. Between the early
1950s and the early 1960s, there is little evidence of any fertility
decline. Indeed, in some countries such as Costa Rica, El Salvador,
and Panama, a slight increase is registered, perhaps in response to
declines in widowhood (Dyson and Murphy, 1985). In this regard,
Latin America is very different from Asia, where rising age at mar-
riage for women heralded and then accompanied declines in marital
fertility. For most countries, the early 1960s represent the last quin-
quennium prior to the fertility transition. TFRs are typically close
to seven births per woman, though lower in Brazil, Chile, Panama,
and Venezuela.

The synchronicity of the onset of fertility decline in Latin Amer-
ica is its most remarkable feature. Leaving aside Argentina and
Uruguay, which belong to the earlier European transition, all but
two countries (Mexico and Bolivia) started their declines in the
1960s. However, the speed of change varied widely. Guzman’s
(1991) calculations of the year of onset of decline and the percent
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Table 3.4. Year of onset of decline and percent decline in following
decade: Latin America.

Year Percentage decline
Brazil 1960 8.3
Guatemala 1960 9.6
Venezuela 1960 15.6
Costa Rica 1961 37.5
Colombia 1962 34.3
Chile 1962 28.7
El Salvador 1962 10.8
Nicaragua 1962 8.5
Panama 1962 20.0
Paraguay 1963 19.7
Ecuador 1965 20.0
Peru 1965 16.8
Honduras 1966 11.5
Bolivia 1972 13.8
Mexico 1972 36.4

Source: Guzman, 1991.

decline in the following decade are shown in Table 3.4. Declines of
over 30 percent are registered on Colombia, Costa Rica, and Mexico.
At the other extreme are Brazil, Guatemala, and Nicaragua which
experienced declines of less than 10 percent. Interpretation of these
figures is difficult, because of the somewhat arbitrary definition of
the onset of decline. For instance, it is perfectly correct to charac-
terize the transition in Mexico as both late to start but extremely
rapid once under way; but it would be misleading to claim that fer-
tility decline in Brazil has been slow but steady. Over the whole
period from 1960 to 1990, the pace of change in Brazil has been as
great as in Costa Rica and Colombia.

In terms of their current situation, Latin American states fall
into four groups. The first group consists of Argentina, Chile, and
Uruguay where fertility is low and stable. A large second group
follows where total fertility is now in the range of three to four births
and where there is some sign of incipient stabilization, particularly
in Costa Rica. The three most populous countries of the region
— Brazil, Mexico, and Colombia — fall into this group. It should
be noted that fertility in Colombia is now slightly lower than in
Argentina. The third group comprises four countries which are in
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the midst of transition with recent fertility rates of four to five births
per woman. Finally, there is a cluster of four high fertility countries,
three of which are in Central America.

While the simultaneity of the onset of decline is the most re-
markable feature of Latin American transition, a further distin-
guishing feature is the emergence of very pronounced but tempo-
rary urban-rural, socioeconomic, and regional differentials during
the period of decline. In most countries of the region, decline started
among the more educated and metropolitan sectors and spread grad-
ually to less educated, rural sectors. The typical process is well illus-
trated by Rodriguez and Hobcraft (1984) in an analysis of Colom-
bian data. They were able to identify the beginnings of decline in
the 1960s for women with complete primary or higher education, in
the late 1960s for women with incomplete primary schooling, and
in the late 1970s for those with no formal schooling. Furthermore,
they demonstrated that, within each educational stratum, decline
was initially restricted to a reduction in higher-order births and only
subsequently affected earlier stages of family formation.

This sequence suggests strongly that fertility decline in Colom-
bia has taken the form of social diffusion of a new form of behavior,
birth control. A more recent analysis by Rodriguez (1990) supports
this view. He examined subgroup changes in fertility behavior, using
World Fertility Survey (WFS) and Demographic and Health Survey
(DHS) data for five Latin American countries. Remarkable regular-
ities in the spacing and limitation components of marital fertility
were observed. Specifically, the strata with the least evidence of
fertility control at the start tended to experience the greatest pro-
portional change. Within strata, transition followed a self-sustaining
course that is consistent with a basic diffusion process. To the ex-
tent that Rodriguez’s analysis and interpretation are correct, it is
inevitable that fertility in all strata will converge at a modest level.
Thus the prospects for a continuation of fertility decline in the region
as a whole appear good.

3.1.4 The Arab states

The Arab states constitute a linguistic and cultural rather than a
compact geographical entity. Most have small populations: Egypt,
with over 50 million inhabitants, followed by Sudan, Morocco, and
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Algeria, with about 25 million each, are the main exceptions. There
is a very wide spread in living standards. At one extreme are the
United Arab Emirates, Kuwait, and Saudi Arabia, classified as high
income countries. At the other end of the spectrum are Sudan,
Mauritania, and Yemen with per caput GDPs of less than $500.

Information on the demography of the Arab world is patchy.
For Libya, Lebanon, Syria, and some of the Gulf states, there is
little recent evidence concerning fertility levels. In other countries
of the region — for instance, Sudan and Mauritania — recent survey
information is available, but, as in South Asia, data quality is poor
and estimation of trends correspondingly difficult.

Nevertheless, several features of Arab fertility have clearly been
established. At the start of the period under discussion, the early
1960s, levels of fertility were universally very high, with TFRs rang-
ing between 6.5 and 8.0. This exceptionally high level is the result
of an unusual combination of early marriage ages, relatively short
periods of breast-feeding, and little practice of birth control. It is
clear from Table 3.5 that fertility remains high in this region. Only
one country, Lebanon, records a rate decisively below 4.0.

For the entire region, total fertility has fallen from about 7.0 in
the early 1960s to about 5.0 in the late 1980s, a drop of 28 percent.
This average conceals very large differences in trends and current
levels and an equally large divergence in government policies toward
population and family planning. Apart from Lebanon, whose ethnic
and religious diversity sets it apart from the rest of the Arab world,
the Egyptian and Tunisian governments were the first to provide
public sector family-planning services and associated publicity, and
were among the few Arab states to experience fertility decline in
the 1960s. Tunisian fertility dropped steadily, and this country now
records one of the lowest TFRs in the region with 3.9 births per
woman. For reasons that are not fully understood, Egyptian fertility
plateaued in the 1970s, before resuming a downward path in the
1980s to reach a TFR of 4.5 in the period from 1985 to 1990.

In the 1970s, declines in Arab fertility became more widespread
with well-documented falls in Jordan, Morocco, and a number of
the small Gulf states. By the late 1980s, fertility decline had started
throughout most of the Arab world, though the change was often
modest. The main exceptions include two of the poorest countries,
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Table 3.5. Fertility trends in the Arab states.
1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Yemen 7.61 7.77 7.77 7.77 7.71 7.69
Oman 7.17 7.17 7.17 7.17 7.17 7.17
Libya 7.17 7.48 7.58 7.38 7.17 6.87
Saudi Arabia 7.26 7.26 7.30 7.28 7.28 6.80
Syria 7.46 7.79 7.69 7.44 7.38 6.66
Mauritania  6.50 6.50 6.50 6.50 6.50 6.50
Sudan 6.67 6.67 6.67 6.67 6.58 6.44
Jordan 7.99 7.99 7.79 7.38 6.76 6.15
Iraq 7.17 7.17 7.11 6.56 6.35 6.15
Algeria 7.38 7.48 7.38 7.17 6.35 5.43
Morocco 7.15 7.09 6.89 5.90 5.43 4.82
UAE 6.87 6.76 6.35 5.66 5.23 4.82
Qatar 6.97 6.97 6.76 6.00 5.00 4.80
Egypt 7.07 6.56 5.53 5.27 5.06 4.53
Bahrain 7.17 6.97 5.94 5.23 4.63 4.08
Tunisia 7.17 6.83 6.15 5.66 4.88 3.94
Kuwait 7.31 7.41 6.90 5.89 4.87 3.94
Lebanon 6.35 6.05 4.92 4.30 3.79 3.42

Yemen and Mauritania, but may also include some of the richest
states, such as Libya, and Oman. Little is known about fertility in
Libya but it is thought that any decline is recent and modest. In
Oman, fertility in 1987 was estimated from the Gulf Child Health
Survey to be 7.8 with only 9 percent of currently married women
reporting use of contraception. According to the results of the Gulf
Child Health Survey Program, fertility in the late 1980s also re-
mained high in several other Gulf states: 6.5 among the indigenous
populations of Kuwait and of Saudi Arabia, 5.9 in the United Arab
Emirates, and 5.3 in Iraq (Farid, 1993). However, fertility had fallen
more steeply in Bahrain and Qatar.

Fertility transition in this region shares some features of both
the Asian and the Latin American transitions. As in Asia, rising
age at marriage for women has made an important contribution to
fertility decline, and, as in Latin America, huge differences in fertility
have arisen between urban and rural strata and between educational
strata. This differentiation, in both Latin America and the Arab
states, may reflect the rather weak nature or nonexistence of many
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government family-planning services; under such circumstances, the
poor and less-educated have limited access to modern birth control.

In general, levels of Arab fertility remain much higher than
might be expected from consideration of living standards and ur-
banization. This resilience is sometimes attributed to low levels of
female autonomy and education. While it is true that female labor
force participation remains low, educational standards for women
are rising rapidly in many Arab countries. But even among educated
women, fertility is remarkably high. For instance, the 1990 Jorda-
nian Demographic and Health Survey records the following TFRs
by educational status of women: no schooling, 6.92; primary, 6.00;
secondary, 5.39; and postsecondary, 4.10. There are few highly ur-
banized countries with reasonable access to family-planning services
where fertility levels, even among educated couples, remain as buoy-
ant as in Jordan. It seems reasonable to conclude that replacement-
level fertility is a more distant prospect for the Arab world than for
some other regions.

3.1.5 Sub-Saharan Africa

Sub-Saharan Africa comprises only 10 percent of the population of
the Third World but accounts for a disproportionately large number
of the least developed countries. The economic plight of the region
deteriorated further in the 1980s, with declines in income per head in
many countries. Although it possesses more cultural diversity than
most of the other regions considered in this chapter, sub-Saharan
Africa exhibits features of social organization and cultural values
that distinguish it from other major regions: traditions of postnatal
abstinence, polygyny, and the importance of lineage are the best
known of these.

The first comprehensive account of Africa’s demography had
little direct information on fertility at its disposal and had to rely
heavily on stable population analysis (Brass et al., 1968). Since
that time, data availability has improved steadily. Large sums were
invested in censuses, and in the 1970s an increasing number of coun-
tries undertook more specialized demographic surveys. The World
Fertility Survey represented the next step forward with the partici-
pation of 10 African countries. Under the successor to this program
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Table 3.6. Fertility levels in sub-Saharan Africa: 1985-1990.

East Africa Southern Africa
Rwanda 8.49 Namibia 6.00
Malawi 7.60 Botswana 5.50
Uganda 7.30 Swaziland 5.25
Ethiopia 7.00 Lesotho 5.00
Somalia 7.00 South Africa 4.38
Burundi 6.80
Kenya 6.80 West Africa
Zambia 6.75 Cote d’Ivoire 7.41
Djibouti 6.60 Benin 7.10
Zimbabwe 5.79 Mali 7.10
Niger 7.10
Central Africa Guinea 7.00
Angola 7.20 Nigeria 6.90
Zaire 6.70 Togo 6.58
Congo 6.29 Burkina Faso 6.50
Central African Republic 6.20 Gambia 6.50
Cameroon 6.10 Senegal 6.50
Equatorial Guinea 5.89 Sierra Leone 6.50
Chad 5.89 Ghana 6.39
Gabon 4.99 Guinea-Bissau 5.79

(the Demographic and Health Survey Project) national surveys have
been conducted in a further 12 countries.

Despite this improvement, knowledge of fertility levels in Africa
remains uneven. Qut of 35 continental states with a population of 1
million or more, direct information on fertility in the period 1985 to
1990 is available for only 17. Moreover, the reliability of estimates
is lower than in South Asia. Hence Table 3.6 is restricted to current
levels and no attempt is made to depict trends as for other regions.

However, the evidence strongly suggests that, prior to 1980, fer-
tility in Africa remained constant at a high level and even recorded
increases in some countries. Between the early 1960s and the 1980s,
UN statistics show increases of 0.5 births or more for Rwanda, An-
gola, Zaire, Central African Republic, Gabon, and Guinea-Bissau.
In some cases, the most plausible explanation is a decline in patho-
logical sterility. In other cases, it may be attributed to an attenua-
tion of traditional birth-spacing mechanisms. Indeed it is probable
that prior to 1960, fertility increase was more widespread. Feeney’s
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analysis of Kenyan census data, for instance, suggests that fertility
rose substantially prior to 1960 (Feeney, 1988). Unfortunately few
countries have a record of census taking as good as Kenya’s to allow
a similar historical depth of analysis.

The persistence of high fertility in Africa gave rise to a prevail-
ing view that this situation would continue for some time to come.
It was argued that Africa possessed unique cultural and economic
characteristics that would render reproductive behavior unusually
impervious to the forces of change (e.g., Caldwell and Caldwell,
1990). The high desired family sizes reported in surveys further
strengthened this prognosis.

Events of the last decade have transformed perceptions about
the stability of African reproductive regimes. First, an appreciable
shift in population policies has occurred, with governments increas-
ingly expressing concern about population growth and support for
family-planning services. According to Mauldin and Ross (1991),
sub-Saharan Africa recorded greater increases in the strength of
family-planning programs than any other region. There are also
signs of change in reproductive behavior. Nearly all Demographic
and Health Surveys have recorded appreciable increases in median
ages at first birth. For instance, the differences between cohorts
aged 30 to 34 and 20 to 24 amount to 1.0, 0.9, 0.8, and 0.8 years
in Kenya, Zambia, Burundi, and Togo, respectively. Improvements
in the educational attainment of young African women may be one
reason for this change. It is also possible that economic stress has
acted to delay the formation of stable partnerships and the onset of
childbearing.

Postponement of childbearing may be a temporary phe-
nomenon. But there is evidence in an increasing number of East
and Southern African states that fertility decline, fueled by contra-
ceptive use, has started. Such a trend is much more likely to mark
the onset of a sustained transition than to represent a transitory
response to economic hardship. At the forefront of this movement
is the Republic of South Africa. By the late 1980s, the level of con-
traceptive practice among the black population was estimated to be
about 50 percent and total fertility at about 4.5 births (Mostert,
1991). Moderate levels of use among married women have also been
recorded in Zimbabwe (43 percent), Botswana (33 percent), Kenya
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(27 percent), Namibia (23 percent), and Swaziland (21 percent). In
all these countries there is parallel evidence of declining fertility. In
South Africa and Zimbabwe, the decline has amounted to about 2.0
births, in Kenya and Botswana to about 1.5 births, and in Namibia
and Swaziland to less than 1.0 birth per woman.

Successive surveys in Kenya show how rapidly the climate of
reproductive opinion and behavior can change. The Kenya Fertility
Survey of 1977-1978 portrayed a very pronatalist society. Total
fertility was about 8.0; desired family size averaged 7.2 children;
only 7 percent of couples reported contraceptive use; and only 16
percent of women said that they wanted no more children. There
was little ground for believing that fertility transition was about
to start. Yet a mere decade later, desired family size had dropped
to 4.4 children, 49 percent of women expressed a wish to have no
more, contraceptive use had risen to 27 percent, and fertility had
fallen to 6.5 births. This radical change had affected women of all
educational backgrounds and ages.

This impression of change in the subregion should be balanced
by data from other countries. Recent Demographic and Health Sur-
veys provide no convincing evidence of appreciable decline in Bu-
rundi, Uganda, Zambia, or Tanzania. Nor is it reasonable to expect
any decline in Angola or Mozambique because of prolonged civil
unrest.

In West and Central Africa, fertility shows fewer signs of ac-
tual or incipient decline, though it is probable that fertility decline
has started among younger women in Senegal and in Southwest and
Southeast Nigeria (Cleland et al., 1993). Elsewhere, however, there
is no strong evidence of fertility decline. This stability is particu-
larly puzzling in a country such as Ghana. Ghana has long had a
rather well-educated and urbanized population, where women pos-
sess considerable autonomy and indeed dominate trading. Moreover,
there has been some attempt, since the late 1960s, to promote fam-
ily planning, albeit on a limited scale. Despite the severe economic
recession of the late 1970s and early 1980s which threatened living
standards of the urban middle classes, fertility has remained more or
less constant over the past 15 years (Onuoha, 1993). The experience
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Table 3.7. Fertility trends in island states.

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Comoros 6.91 7.05 7.05 7.05 7.05 7.05
Madagascar 6.60 6.60 6.60 6.60 6.60 6.60
Maldives 7.00 7.00 7.00 7.00 6.75 6.50
Melanesia 6.24 6.01 5.80 5.59 5.31 4.95
Cape Verde 7.00 7.00 7.00 6.70 6.29 4.83
Micronesia  6.21 5.92 5.49 5.30 5.00 4.70
Polynesia 7.30 6.80 6.30 5.80 5.20 4.50
Caribbean  5.46 5.01 4.37 3.49 3.18 2.96
Sri Lanka 5.16 4.68 4.00 3.83 3.26 2.67
Réunion 5.65 4.82 3.93 3.28 2.90 2.54
Mauritius 5.73 4.25 3.25 3.07 2.46 2.10

suggests that Ghanaian society and perhaps other West African so-
cieties present obstacles to fertility decline and mass adoption of
contraception that are absent in East and Southern Africa. While
the prospects are good for widespread fertility decline in the East
and South, the prognosis for West and Central Africa is uncertain.

3.1.6 Island states

To complete this geographic account of fertility trends, Table 3.7
depicts relevant data for the main islands and island groups. Their
contribution to global population trends is minimal. Yet the demog-
raphy of islands is of special interest, and several have been at the
forefront of fertility transition.

In the 1960s, for instance, Fiji, Mauritius, and Sri Lanka were
among the very few developing countries to have started fertility
transition. This evidence gave rise to speculations that Malthusian
constraints on population growth may take a particularly visible
form in islands where territorial expansion is precluded.

Table 3.7 shows that such simple generalizations are unjustified.
In the period 1985 to 1990, fertility in island states ranged from
close to replacement level in Mauritius to about to seven births per
woman in Comoros and Madagascar.
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3.2 Synthesis and Implications
for the Future

Several lessons can be drawn from this regional review of fertility
trends in the period 1960 to 1990. The first provides grounds for op-
timism about the economic and environmental future of the planet.
During the past 30 years, fertility transition has spread throughout
the developing world with a speed that has dazzled demographers
and confounded many experts. It is easy to forget the profound pes-
simism about the prospects for fertility decline that prevailed in the
1960s and much of the 1970s. In particular, it was doubted that the
mere promotion of birth control services could have an impact on the
birth rate of largely agricultural, low income, and poorly educated
nations. As a consequence, there was intense interest in so-called
beyond family-planning measures that included, inter alia, the use
of financial payments to induce couples to accept contraception or
to have fewer children.

The turning point in popular perceptions came in the mid-1970s
with convincing signs that fertility decline was under way in Thai-
land and Indonesia, both largely agricultural countries with low in-
comes at that time. Hitherto, fertility decline had been confined
to countries with atypically favorable conditions: rapid economic
transformation in the case of Taiwan and South Korea; a metropoli-
tan environment as in Hong Kong and Singapore; and the idiosyn-
crasies of an insular status such as Fiji, Mauritius, and parts of the
Caribbean.

As we have seen, fertility decline in the Third World is now
the norm rather than the exception. In Asia, the main exceptions
are Pakistan, Afghanistan, and some of the small countries of Indo-
China. In Central and South America, fertility decline is already
completed or under way in all countries. Among the Arab states of
North Africa and the Middle East, most countries have experienced
falls in fertility though decline is not yet ubiquitous. Finally in
sub-Saharan Africa, fertility transition is clearly starting in East
and Southern Africa, leaving Central and West Africa as the main
areas where fertility remains largely unchanged. Such widespread
transformations of reproductive behavior have come as a surprise
and their existence is not yet fully appreciated outside the specialist
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domain of demography. The rates of population growth in most
developing countries remain high because of the continued decline
in mortality and because crude birth rates are buoyed by increases
in the relative and absolute numbers of couples in the reproductive
ages. Thus, the impact of declining fertility is offset by these other
demographic forces and, in many countries, will not be felt until the
next century.

A major generalization of demographic transition theory is that
once fertility decline, fueled by birth control within marriage, is un-
der way, the trend is irreversible and sustained until fertility reaches
replacement level or thereabouts. Like most simple generalizations,
this one has to be qualified. Reversals have occurred, most notably
the post—-World War II baby boom in Western Europe and North
America. More commonly, fertility may plateau before resuming a
downward path, as has been the case in Egypt and Malaysia. More-
over, the speed of decline has varied from the near-precipitous drops
in China and Mexico to a slow pace of change, as, for instance, in
the Philippines or Jordan. A much more profound uncertainty ex-
ists about the proposition that fertility will continue to fall until the
replacement level of a little over two births per woman is reached.
In the aggregate, there is a logic in this ultimate destination for
levels of human reproduction because it implies long-term stability
of population sizes and, in the very long term, no animal popula-
tion can continue to grow or decline indefinitely. But, at the level
of families and individuals, such aggregate considerations may hold
little force. It has already been noted that family sizes appear to
have stabilized in some Latin American countries at a level that is
well above replacement. In other regions, most notably sub-Saharan
Africa and the Arab states, it is difficult to imagine the achievement
of replacement-level fertility under existing socioeconomic and cul-
tural conditions. Fertility aspirations, as recorded in surveys, remain
much higher. In Zimbabwe, for instance, which is at the forefront
of fertility transition in Africa, the 1988 Demographic and Health
Survey indicates a mean ideal family size of 5.4 children among cur-
rently married women; and nearly half of women who already have
4 or more living children want additional children.

Of course, societal conditions do not remain stable. Indeed one
of the biggest mistakes of demographers has been to underestimate
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the rapidity with which societies change. Nevertheless, the prospects
for the attainment of replacement-level fertility within the next 40
years remain doubtful in some parts of the developing world.

The second major lesson from this review concerns the need for
humility on the part of scientists. Despite a huge volume of new em-
pirical evidence concerning fertility transition that has accumulated
in the past 30 years, our understanding of the underlying causes
remains rudimentary. Nor is there any sign of a growing consensus
among population scientists regarding fertility theories or the rela-
tive importance of specific causes. The gulf remains wide between
the two dominant schools of thought — one placing emphasis on eco-
nomic determinism and the other on culture and the diffusion of
ideas.

At the start of this chapter, the inadequacy of simple mono-
causal explanations of fertility decline was noted. This point is
vividly illustrated by recent reviews of the socioeconomic status of
Asian and Latin American countries at the onset of fertility de-
cline (Casterline, 1991; Guzman, 1991). For every indicator (life ex-
pectancy, infant mortality, urbanization, adult literacy, income per
head, percent engaged in agriculture), there was a very wide spread
among countries. To take but two examples from Latin America,
infant mortality ranged from 62 per 1,000 births in Paraguay to 151
in Bolivia, and adult literacy from 84 percent in Costa Rica to 34
percent in Guatemala. This huge disparity in the stage of socio-
economic development reinforces similar conclusions from studies of
the European transition, where birth control spread across a region
with little regard for socioeconomic differences between counties,
bringing lower fertility in its wake.

With the steady increase in the number of countries where fertil-
ity transition has already started, research priorities will shift from
the study of the determinants of the onset of decline to the study
of factors that influence speed of decline and point of stabilization.
Here again though it is unlikely that very strong links will be found
between speed of transition and socioeconomic indicators. The ear-
lier comparison between Indonesia, Malaysia, and the Philippines is
a pertinent example. Even more striking is the rapid fertility decline
that has taken place in Bangladesh, one of the poorest countries in
the world.
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The reason for this complexity is that both culture and govern-
ment policies exert strong independent influences on fertility. It is
appropriate to end this chapter with a brief consideration of one of
these factors, government policies, because of its practical relevance.
To the extent that state-sponsored initiatives to promote birth con-
trol and the acceptability of smaller families can be effective, the
future course of human fertility depends, at least in part, on gov-
ernment policies and the availability of funds to implement them.
Conversely, if the influence of such interventions is minor, then fu-
ture fertility trends will be determined by broader forces of cultural
and socioeconomic change that are less amenable to governmental
and international decisions.

The effectiveness of family-planning programs has been high on
the demographic research agenda for the past 20 years. The most
influential body of work comprises statistical estimations of the rela-
tionship between the strength of family-planning programs and the
demographic outcomes such as level of fertility, percent decline in
fertility, and contraceptive use, using countries as units of analysis
(e.g., Mauldin and Berelson, 1978; Mauldin and Ross, 1991). The
general finding is that strong programs do reduce fertility, though
this effect is conditioned by, and subordinate to, the effect of so-
cioeconomic development. It is also clear from these analyses that
the creation of family-planning programs cannot be divorced eas-
ily from general development. Few of the least developed countries
have birth control services, education, and publicity that are rated
as strong. Conversely, few of the more developed countries have
programs that are rated as nonexistent or weak. This correlation
obviously complicates the task of isolating the effect of programs
from effects of broader development.

One major limitation of this type of study is that program
strength is taken as an exogenous factor. The analytic design is
vulnerable to the criticism that serious programs are most likely to
arise in response to spontaneous expressions of need and prior fer-
tility decline, and only grow in strength (i.e., political commitment
and resource allocation) when success is already visible. Programs
can thus be seen as a consequence as well as a potential cause of
demographic change. This weakness severely limits the validity of
results.
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Perhaps a more convincing approach to an assessment of pro-
gram impact would be to compare fertility trends in countries that
are broadly similar in cultural characteristics and stage of devel-
opment but where population policies have diverged, perhaps be-
cause of the convictions of political leadership. Algeria and Tunisia,
Pakistan and Bangladesh, Mexico and Colombia, North Korea and
South Korea, Zambia and Zimbabwe are possible candidates for such
a study. In each pair, the first country was much slower than the
second country to adopt and implement policies and programs to
reduce fertility. And in each case, the timing of the start of fertility
decline appears to reflect the policy divergence. Thus it is hard to
resist the inference that Mexico’s very late fertility transition is con-
nected to the government’s hostility to provision of family-planning
services until the dramatic change in 1972. Similarly, the persistence
of high fertility in Algeria until the early 1980s is surely related to
the low priority attached to birth control, which shifted only in the
1980s.

Such a comparative case study approach shows that government
policies can have and have had appreciable demographic impacts by
changing reproductive attitudes, by legitimizing birth control, and
by enhancing access to family-planning services. To the extent that
this verdict is valid, the future course of fertility in regions where
it is still high depends to some extent on political leadership. As a
consequence, demographic forecasting becomes more uncertain but
the politics of population and birth control become more important
and exciting.
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Chapter 4

Reproductive Preferences
and Future Fertility in
Developing Countries

Charles F. Westoff

The classical paradigm of the demographic transition features a de-
cline in the rate of reproduction from the conditions of natural fertil-
ity at high levels to a regimen in which fertility is highly controlled
and has declined to replacement or lower levels. In many of the
developing countries that have entered this transitional stage, in-
creases in age at marriage have played an important role. But the
principal mechanism driving this transition is birth control, mainly
in the form of contraception, though abortion has made significant
impacts at different times and in different places.

In Asia and in Latin America, the use of contraception has typ-
ically been adopted at higher parities after couples have achieved
the number of children desired; its use at lower parities for the reg-
ulation of spacing has appeared later in the fertility transition. In
contrast, in Africa, especially in sub-Saharan Africa, a demand for
spacing evidently has emerged before a demand for limiting fertil-
ity. Currently, in the nine sub-Saharan African countries included in
the first phase of the Demographic and Health Surveys (1986-1990),
the average percentage of married women using contraception for
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spacing purposes was 10 percent compared with 8 percent for im-
iting fertility. In the 16 other developing countries (including those
in North Africa), the corresponding percentages were 12 and 36
percent, respectively, a dramatically different ratio (calculated from
data presented in Westoff and Ochoa, 1991:7).

Whether contraception is employed for purposes of spacing or
for purposes of limiting fertility, it reduces the likelihood of preg-
nancy and thus has an impact on the period rate of fertility. There
is evidence that contraceptive failure rates are greater when meth-
ods are used for spacing rather than for limiting births, but, even
with such higher failure rates, fertility is reduced far below that im-
plied in the natural fertility model (especially considering the higher
fecundability at the younger ages, where spacing behavior is more
common). In any event, a full appraisal of the subject of reproduc-
tive preferences should ideally include both preferences to postpone
the next birth and preferences to terminate fertility. Data on spacing
preferences are not as widely available, however, as data on prefer-
ences to terminate fertility. The World Fertility Survey included no
direct questions on the subject, and the DHS-I questionnaire did not
include the questions necessary to estimate preferred lengths of birth
intervals for all women. Therefore, the emphasis in this chapter is
on the number of children desired and the intention to terminate fer-
tility. These measures are particularly relevant for Asian and Latin
American populations where the contraceptive prevalence level is
determined largely by such limiting practice. As noted above, the
use of contraception for birth spacing dominates in the sub-Saharan
African countries and thus makes more of a contribution to the pre-
diction of fertility in that part of the world.

4.1 Desired Number of Children

The most common measure of reproductive preferences is the num-
ber of children desired. The basic question included in all DHS
interviews was “If you could go back to the time you did not have
any children and could choose exactly the number of children to
have in your whole life, how many would that be?”

The mean number of children desired is shown in the first col-
umn of Table 4.1 for currently married women in all of the countries
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Table 4.1. Indices of reproductive preferences.

Mean desired Percent who Percent

number of children have more want no

(currently married) than desired TFR DTFR more
Sub-Saharan Africa
Botswana, 5.4 14 50 4.1 38
Burundi 5.5 12 6.7 5.7 24
Ghana 5.5 13 6.4 53 23
Kenya 4.8 30 64 4.5 49
Liberia 6.5 6 6.9 6.3 17
Mali 6.9 5 76 7.1 16
Ondo State 6.1 5 6.1 5.8 23
Senegal 7.2 9 6.6 5.6 19
Sudan 5.9 8 50 4.2 25
Togo 5.6 18 6.6 5.1 25
Uganda 6.8 9 75 6.5 23
Zimbabwe 5.4 15 52 43 33
North Africa
Egypt 2.9 37 44 28 60
Morocco 3.7 27 46 3.3 47
Tunisia 3.5 34 4.1 29 58
Asia
Indonesia 3.2 19 29 24 51
Sri Lanka 3.1 21 26 2.2 64
Thailand 2.8 21 2.2 1.8 66
Latin America
Bolivia 2.8 42 51 2.8 68
Brazil 3.0 35 3.3 2.2 64
Colombia 3.0 31 3.1 21 69
Dominican Rep. 3.7 28 36 26 63
Ecuador 3.4 30 43 29 65
Guatemala 4.2 18 55 4.5 47
Mexico 3.3 29 4.0 29 65
Peru 2.9 44 4.0 23 75
Trinidad/Tobago 3.1 24 3.0 2.2 54

included in DHS-I. The range of these preferences varies widely, from
as high as seven children in a few countries in sub-Saharan Africa

to under three children in a few countries elsewhere.

One well-known difficulty with this measure is that it is influ-
enced by the number of children already born (and surviving), some
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of whom may not have been wanted at the time. The second col-
umn of Table 4.1 shows, for each country, the percent of currently
married women whose number of living children exceeds their de-
sired number. Even considering the likely tendency for women to
rationalize unwanted births as wanted, this statistic indicates sig-
nificant proportions of women who prefer fewer children than they
have. In sub-Saharan Africa, this measure shows the lowest levels of
excess fertility, ranging between 5 and 18 percent except in Kenya,
where 30 percent of women are classified as preferring fewer children
than they have. The percentages with unwanted fertility are much
higher elsewhere, involving roughly between one-fifth and two-fifths
of married women. It is clear, even from this simple measure, that
fertility is significantly higher in many countries of the Third World
than it would be if women’s preferences prevailed.

What do these levels of unwanted births imply for the rates
of reproduction? In column 3 of Table 4.1, the total fertility rate
(TFR) is shown for each country. These rates have been calculated
from the birth histories of all women based on person-months of ex-
perience up to 24 months before the survey. A desired total fertility
rate (DTFR) has been derived by confining the numerator for each
age-specific category to those births classified as desired or, con-
versely, by deleting those births in excess of the number preferred.
The DTFR (in column 4) is intended as an estimate of what the
TFR would be if only wanted births prevailed.

In sub-Saharan Africa (including Sudan), the DTFR averages
about 15 percent below the TFR. The greatest differences are in
North Africa and in Latin America, where the DTFR averages 31
and 32 percent, respectively, below their TFRs. The levels of fertility
implied by women’s preferences are quite low. The lowest level is
for Thailand, where the DTFR reaches 1.8, some 18 percent below
the TFR of 2.2. In Latin America, all of the values of the DTFR
except for Guatemala fall below three births per woman.

In sum, the evidence implies a potential for further major de-
clines in fertility in North Africa and in most of Latin America;
for moderate further declines approaching replacement levels in
Thailand, Sri Lanka, and Indonesia; and for smaller declines in
sub-Saharan Africa. Section 4.2 presents some short-term forecasts
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of the TFR and evaluates the extent to which the DTFRs are likely
to be approximated.

4.2 Fertility Forecasts

The TFR can be forecast (with considerable accuracy, judging from
eight DHS-II surveys recently completed) by taking advantage of the
strong interrelationships among fertility, reproductive intentions,
and contraceptive prevalence. We know (Westoff, 1990; Mauldin
and Segal, 1988) that there is a very high correlation between the
TFR and the percentage of married women currently practicing con-
traception — an R? of 0.91, based on a large number (84) of national
fertility surveys. We also now know that contraceptive prevalence
has a strong association with reproductive intentions, i.e., the per-
centage of married women who want no more births. In a recent
analysis (Westoff, 1990) of data from these same countries, the R?
between these two variables was estimated at 0.78. We also know
that the same strong associations exist not only across countries
at a given time but also between successive surveys in the same
countries observed at five-year intervals. In developing forecasts
based on these associations, we relied upon the association between
reproductive intentions and contraceptive prevalence measured in
those countries where surveys have been repeated. The procedure
first estimated the future proportion of women who want no more
births based on the regression equation connecting this variable at
two points in time. The predicted value for each country is then in-
cluded in a second equation to forecast the contraceptive prevalence.
To improve this fit, the regression is expanded to include the ear-
lier contraceptive prevalence. Finally, the TFR is forecast from the
predicted prevalence and, to improve the fit, from the earlier TFR.
In short, the model relies upon estimates of the regressions between
t1 and t; to predict the values at t3, incorporating an additional
predictor at each stage (Westoff, 1991). The results are shown in
Table 4.2.

Let us examine the end product first — the forecasts of the TFR
- and then return to the foundation of reproductive intentions. The
forecasts of the TFR indicate an average decline over the next five
years or so of close to 10 percent in sub-Saharan African and range
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Table 4.2. Forecasts of reproductive preferences, contraceptive
prevalence, and fertility.

Percent want  Contraceptive
no more prevalence TFR

Fore- Fore- Fore-
Current cast Current cast Current cast DTFR

Sub-Saharan Africa

Botswana 38 45 33 37 5.0 45 4.1
Burundi 24 34 9 14 6.7 6.1 5.7
Ghana 23 33 13 18 6.4 5.8 5.3
Kenya 49 54 27 34 6.4 5.3 45
Liberia 17 28 7 11 6.9 6.3 6.3
Mali 16 27 5 10 7.6 6.8 7.1
Ondo State 23 33 6 12 6.1 57 5.8
Senegal 19 30 11 15 6.6 6.0 56
Sudan 25 35 9 15 5.0 48 4.2
Togo 25 34 12 17 6.6 6.0 5.1
Uganda 23 33 5 11 7.5 6.7 6.5
Zimbabwe 33 41 43 45 5.2 45 4.3
North Africa

Egypt 60 63 38 45 4.4 39 28
Morocco 47 52 36 411 4.6 4.1 3.3
Tunisia 58 61 50 55 4.1 35 29
Asta

Indonesia 51 55 48 52 2.9 27 24
Sri Lanka 64 66 62 66 2.6 2.3 22
Thailand 66 67 66 70 2.2 1.9 18
Latin America

Bolivia 68 69 30 39 5.1 45 2.8
Brazil 64 66 66 69 3.3 2.7 2.2
Colombia 69 70 63 68 3.1 26 21
Dominican Rep. 63 65 50 55 3.6 32 26
Ecuador 65 67 44 51 4.3 3.7 29
Guatemala 47 52 23 30 5.5 50 4.5
Mexico 65 67 53 58 4.0 34 29
Peru 75 75 46 54 4.0 35 23
Trinidad/Tobago 54 58 53 57 3.0 27 2.2

to an average of 13 percent in Latin America. How close are these
forecasts to the DTFR? A comparison of the values in the last
two columns of Table 4.2 reveals considerable variation across these
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countries. In most of the sub-Saharan African countries, the DTFR
is modestly lower than the forecasts. Kenya and Togo show the
largest differences, indicating that women’s reproductive preferences
are declining more rapidly than the likelihood of such preferences
being realized. In a few countries, there is hardly any difference —
Liberia, Ondo State in Nigeria, and Uganda. Zimbabwe is also in
this category, with a forecast TFR of 4.5 and a DTFR, for example,
of 4.3.

The differences between these rates are much greater in North
Africa, with the DTFR considerably lower than the expected TFR.
In Egypt, the forecast shows a TFR of 3.9 with the DTFR at 2.8.
The three Asian countries have already gone through most of the
fertility transition; although the forecast TFRs show some contin-
ued decline, they are very close to the DTFRs. In contrast, Latin
America is more like the three countries in North Africa. Wide dif-
ferences remain between the forecast values and the desired levels,
especially in Bolivia and Peru, where the DTFR is around one-third
lower than the TFR forecast. In the other seven Latin American
countries, the DTFR is an average of one-sixth below the average
forecast value.

One of the intrinsically unsatisfactory features of the forecast-
ing procedure described here is its essential bootstrap nature, in
particular, the initial forecast of the proportion of (married) women
wanting no more children from the regression equation connecting
this variable at two points in time. It is not unlike forecasting to-
morrow’s weather from today’s weather in an area of the country
that typically sends its weather systems in one direction. The un-
derlying theory in this case is a knowledge of the prevailing wind
direction and the pace of its movement. Our procedure is even
less theoretically grounded. It recognizes that a population’s re-
productive preferences at ¢, are highly correlated with those at ¢,
and that the sign of the regression coefficient indicates a decline.[1]
It then uses this relationship to predict the proportion wanting no
more births at t3. The next step, which relies upon the regression
of contraceptive prevalence on reproductive intentions, is less un-
satisfactory because it identifies a causal antecedent in substantive
terms,[2] whereas the forecast of reproductive intentions relies only
on the association between these intentions over time.
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The actual forecasts of reproductive intentions (columns 1 and
2 of Table 4.2) appear reasonable enough. The forecast for the
sub-Saharan African populations show a rise from an average of 27
percent to an average of 36 percent of women who want no more
children. The projected increases elsewhere in the percent who want
no more are less dramatic: in North Africa from 55 to 59 percent;
in Asia from 60 to 63 percent; and in Latin America from 63 to 65
percent.

4.3 Determinants of Reproductive
Preferences

The main reason that the forecast of reproductive intentions relies
on the same variable at an earlier time is simply that we have little
else to use. In a broad sense, the determinants of reproductive in-
tentions or preferences in developing countries cover the whole range
of social changes included in the concept of modernization. These
determinants are only partially represented in the WFS and DHS;
e.g., economic status is inadequately measured. We do know that
the desired number of children has been declining in many, proba-
bly in most, developing countries. The mechanics of this process are
less well known. The conventional explanations focus on the changes
in the economic value of children; recent speculation minimizes the
importance of structural economic changes and emphasizes the role
of Western or modern ideas about the control of reproduction and
small family norms (Cleland and Wilson, 1987). There is probably
a time lag in the process of change in reproductive norms. The most
likely process is one that first witnesses an increase in the propor-
tion of women who want no more children without a commensurate
decline in ideal or desired family size. In turn, this leads to a de-
mand for and the use of contraception and an ensuing decline in
fertility. Eventually the number of children desired begins its de-
cline as smaller family norms develop. The urban and middle-class
populations typically lead the transition.

In sub-Saharan Africa, the marital fertility transition may fol-
low a different path. As noted earlier, the primary stage may be the
adoption of fertility control to increase birth intervals, a motivation
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derived from health rather than from socioeconomic considerations.
Kenya is a major exception to this generalization; over the decade
from 1978 to 1988, the proportion of women wanting no more chil-
dren increased from 17 to 49 percent.

Analysis of the determinants of reproductive preferences can be
approached at two levels: the macro-demographic level, in which
the statistical units of observations are the provinces or regions of
countries, and the micro or individual woman level.

4.4 Regional-level Analysis

Analysis of the determinants of reproductive preferences at the
provincial or regional level focuses on the question of what char-
acteristics of these areas are associated with the mean number of
children desired or the proportion of married women who want no
more children. The areas assembled for this purpose are the 302
provinces or regions of the 51 countries that participated in the
WFEFS or in the first stage of the DHS. Although this is a relatively
large number of areas for analysis, it should be kept in mind that it
is not a representative sample of the developing world; China and
India, for example, are not included.

Since the object of interest is the number of children desired
rather than fertility and because there is some tendency to rational-
ize as desired children that may have been unwanted at the time of
conception, we have tried to eliminate the life-cycle effects by sin-
gling out a particular age group. Women aged 25-29 were selected
because most would be married by that age (removing the censor-
ing by age at marriage) and the experience of unwanted fertility
would be still largely in the future, thus minimizing the factor of
rationalization. The mean number of children desired for this age
group across the 302 regions is 4.6, with a range from 2.3 to 8.5.
For the proportion who want no more children a similar logic was
followed by confining the analysis to married women with four or
five children. The mean percentage of women at this parity who
want no more children is 58.0, with a range from 0 to 98.1. Because
there is a high correlation between these two measures (-0.92), the
same covariates are observed. Areas with women wanting no more
children or desiring smaller families are those with high proportions
of their population classified as urban, high proportions of husbands
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Figure 4.1. The nuptiality—fertility model for 216 regions.

in professional occupations, low proportions of women with no edu-
cation, lower proportions of women 15-19 currently married, lower
proportions having a birth before age 20, and are areas with lower
rates of infant mortality. This constellation of correlates is a fa-
miliar package of variables associated with development. There is
considerable overlap in these predictors that collectively account for
60 to 70 percent of the variance of reproductive preferences across
regions. The unexplained variance is partly error of measurement,
but also reflects the absence of other relevant explanatory variables,
perhaps measures of income or wealth.

The complete picture of the paths through which reproductive
intentions affect fertility and are determined by different variables is
shown in Figure 4.1. In this analysis, which shows imputed causal
directions and the path (standardized) regression coefficients, the
role of reproductive intentions is interconnected in various ways.
(The analysis is confined to a subset of 216 regions for which in-
formation on all variables is available.) The variable WNM is the
proportion of married women with 4-5 children who report that
they want no more children. This variable is directly influenced by
the percentage of women with no education and is indirectly in-
fluenced by the proportion who have had a birth by exact age 20
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(B2o). In turn, the latter variable is determined by the proportions
first married by age 20 (M), which is seen to be a function of res-
idence (the percent rural), the proportion that attended secondary
school, and a measure of educational change that reflects the gener-
ational decline in the proportion of women with no education. The
influence of reproductive intentions on the TFR, in turn, is seen
to operate indirectly through the prevalence of contraception and
directly, presumably through unmeasured non-contraceptive paths
such as abortion.

4.5 Individual-level Analysis

We have also explored the determinants of reproductive preferences
at the level of individual women in several countries, partly to val-
idate the aggregate analysis but also to exploit some economic and
media exposure data that have not been collected by many of the
surveys included in the regional-level analysis. Several countries
were selected from different areas that represent various stages in
the fertility transition: Colombia, Ghana, Kenya, Guatemala, Peru,
Thailand, Tunisia, and Indonesia. The surveys in these countries
were all part of the DHS-I project.

In none of these countries are we able to account for much of the
individual variance of the desired number of children. The regression
equations for each country are shown in Table 4.3; the R?s range in
value from only 0.065 to 0.314. We have confined the examination to
women 25-29 years of age as a life-cycle control, and our multivariate
exploration has excluded measures of fertility that would add to the
explained variance. We have concentrated instead on social and
economic measures and have added only age at marriage and/or
age at first birth in order to parallel the aggregate analysis.

A similar set of determinants of reproductive norms operates
across these countries. Several variables stand out prominently in
all six countries. One is the importance of region of residence. In all
of these countries, region exerts a strong influence on the number of
children desired. It is a surrogate for many other variables: region
frequently reflects language, ethnic origin, or religion as well as the
stage of economic development. In principle, region could be further
disaggregated to seek explanations at these compositional levels.
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Table 4.3. Linear regression equations for variables related to
number of children desired® by women 25-29 years of age.

. . b
Regression coefficients

Colom- Guate- Indo- Thai- Tuni-

bia Ghana mala nesia Kenya Peruland sia
Urban-rural® 0.586 0.692 0.237 0.462
Region®
1 -1.170 -1.100 -0.246 -0.604
2 -0.365 -0.989 -0.457 -0.834
3 0.892 -0.240 -1.020
4 -0.758 0.346
5 -0.538 -0.890 -0.360
6 -0.651 -1.159
7
8 3.176
Ethnicity® -1.224
Education (wife)f -0.895 -0.431 -0.209 -0.531 -0.124 -0.175
Education (husband)’ -0.443 -0.476 -0.169 -0.266
Age at marriage? -0.065 -0.052 -0.030 -0.045 -0.053
Age at first birth? -0.050
Watch TV" -0.669 -0.340 -0.266 -0.154 -0.473
Listen to radio” -0.234 -0.299
Electricity* -0.607 -0.733 -0.199
Constant 4.835 6.655 8.016 6.247 5.317 4.000 3.495 4.970
R? 0.123 0.314 0.223 0.108 0.146 0.065 0.085 0.164
Number of women’ 566 745 781 2448 1126 546 1252 836
Mean number desired 2.74 573 5.36 3.61 474 269 254 3.51
Standard deviation 1.38 266 3.56 216 1.99 1.21 1.08 1.52

2Non-numeric responses of the type “as many as God sends” or “as many as come”
were usually recoded in category 12+ or with the highest numerical response if less than
12.

b All of the regression coefficients shown in the table were significant at least at the 0.05
level, mostly p < 0.001.

¢Urban-rural residence scored as 0 and 1.

9Regions were defined as dummy variables. Those with the highest significant coeffi-
cients recorded here are Pacifica in Colombia; Volta, Ashanti, and upper and northern
regions in Ghana; Guatemala City, Central, Norte, and Norte Oriental in Guatemala;
Java—Bali in Indonesia; central, coast, and eastern regions in Kenya; Selva in Peru;
north and south in Thailand; and Tunis, north—east, north—west, and Sahel in Tunisia.
¢Ethnicity in Guatemala is coded as Indigina or Ladino.

fEducation of wife and husband are coded here in terms of the categories: no educa-
tion, primary, secondary, higher. Single years of schooling were not used because of
significant numbers of missing cases.

9 Age at first marriage and age at first birth were coded in units of single years.
hWatching TV and listening to the radio coded as 0 for no and 1 for yes.

'Electricity coded as 0 for no and 1 for yes.

IThese are the unweighted numbers. Missing information cases are assigned to the
modal frequency category.
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Where such requisite data are available, the variable still retains its
power, although sometimes it obliterates rural-urban differences as
well. Of course, the importance of region in the study of differences
in fertility has been underscored in many other studies, including
the well-known 19th-century European fertility study (Coale and
Watkins, 1986). Urban-rural residence also features in half of the
countries in the multivariate analysis.

One variable that holds up consistently is education of women,
which is inversely related to preferences for fewer children, a pattern
that persists in the presence of all other variables. In a few countries,
the husband’s education makes a similar and additive contribution
(in Peru, it overshadows women’s education). Education has been
demonstrated to be probably the most dependable and predictable
determinant of fertility and fertility regulation behavior among all
of the socioeconomic measures examined in hundreds of studies.

Several other determinants operate in some countries but not
in others. Age at marriage or age at first birth is a factor in all
of these countries except Ghana and Guatemala: the later the age
of the event, the fewer the number of children desired. How of-
ten the woman reports listening to the radio or watching television
has an effect in all but these two countries as well. In all likelihood,
the mass media transmit outside values and ideas. In other research,
we have demonstrated a powerful association with reproductive atti-
tudes and behavior of media messages on family planning, including
soap operas that extol the advantages of smaller families (Westoff
and Rodriguez, forthcoming).

One of the more surprising findings is a negative one, viz., that
various measures of economic status either singly or in combina-
tion fail to disclose any significant associations with the number
of children desired. Admittedly, the availability of economic data
in these surveys is less than ideal. Nonetheless, there is a variety
of items including ownership of bicycles, cars, radios, televisions,
refrigerators, kinds of toilet facilities, source of drinking water, elec-
tricity, and different country-specific information on ownership of
homes, land, livestock, and so on. In only a few countries do any of
these measures seem to play any direct role in the determination of
reproductive preferences. Only in Colombia, Guatemala, and Thai-
land does one of these economic variables hold up - the presence of
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electricity in the household. The economic variables frequently show
the expected negative associations with reproductive preferences at
the zero-order level, but their influence is absorbed or dominated by
the regional and educational factors. It seems implausible that eco-
nomic status would be totally irrelevant to the number of children
women desire. However, there is simply no empirical support from
the data for the hypothesis that smaller or larger families are viewed
as inconsistent with economic resources, or more precisely, that any
such inconsistency persists in the presence of these other variables.
One might of course reason that economic resources play an earlier
role in facilitating education, but this notion is not testable with
these data.

4.6 Conclusions

So what do we know about reproductive preferences and the dy-
namics of fertility change in the developing world? A fair summary
would be as follows:

1. Whether measured by the average desired number of children or
by the proportion of married women who want no more children,
dramatic changes toward the small family norm are under way
in Latin America, much of Asia, and North Africa, but only in
a few sub-Saharan African countries (where spacing rather than
limiting preferences and behavior predominate).

2. Reproductive preferences are highly correlated (in the aggre-
gate) with the fertility rate, operating mainly, though not ex-
clusively, through contraceptive prevalence.

3. At the regional or provincial level, the main determinants of re-
productive preferences are those typically associated with mod-
ernization: residence in cities or in rural areas, education of
women, occupational status of men, and age at marriage and at
first birth.

4. Our knowledge of determinants at the level of the individual
woman remains very limited: region, rural-urban residence, ed-
ucation of women, age at marriage, and exposure to mass media
dominate the picture rather than individual economic variables.
However, the amount of variation explained is very small.
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Notes

[1] Unlike the direction of the wind in the weather analogy, the direction
of reproductive preferences cannot remain pointed in the same way
indefinitely. At the end of the fertility transition, reproductive prefer-
ences stabilize and may even change directions for periods of time, as
has been observed in some developed countries.

[2] Operationally, it is also corrupted by this bootstrapping quality in that
the actual forecasting equation adds the earlier prevalence value. The
redeeming feature here is that at least it does not depend exclusively on
the forecast value of intentions that is based on its own earlier values.
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Chapter 5

Population Policies and
Family-Planning in
Southeast Asia

Mercedes B. Concepcion

Impressive gains in the control of fertility and in the reduction
of population growth rates have been observed in many countries
within the purview of the Economic and Social Commission for
Asia and the Pacific (ESCAP). Family-planning (FP) and mater-
nal and child health (MCH) programs have played an important
role in reducing population growth, improving the quality of life,
and developing human resources in the region. The success of FP
and MCH programs is closely associated with the enhanced role and
status of women, lower infant, child, and maternal mortality rates,
better birth-spacing and breast-feeding practices, and the delivery
of services by trained personnel. Nevertheless, the population as a
whole continues to grow by more than 50 million yearly. Moreover,
progress in lessening population growth rates has been uneven and
has generally widened the gap between countries with continued
high growth rates and those which have succeeded in moderating or
lowering their growth rates.

In Southeast Asia, three of the region’s 10 component countries
are expected to grow at rates of 1.8 percent or less per annum during
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the 1990-1995 quinquennium while the rest are expected to increase
annually by at least 2.1 percent. By the beginning of the 21st cen-
tury, all but one of the countries in Southeast Asia are projected to
grow no faster than 1.7 percent yearly. Total fertility rates (TFRs)
during the early 1990s are also expected to range from Singapore’s
reported low 1.7 children to the estimated 6.4 children per woman
in the Lao People’s Democratic Republic. These rates are foreseen
by the United Nations to drop to about 3 children or fewer at the
start of the next century (UN, 1991). The exceptions are Cambodia
and the Lao People’s Democratic Republic.

Governments in 5 of the 10 Southeast Asian countries perceive
their current fertility levels as unsatisfactory and have ongoing pro-
grams to lower such rates. Three others — Brunei Darussalam, Lao
People’s Democratic Republic, and Myanmar — are satisfied with
their present fertility levels. Brunei Darussalam and Myanmar do
not report any direct intervention, while the Lao People’s Demo-
cratic Republic is intervening to maintain current rates. Cambodia
and Singapore consider their fertility rates too low. The former re-
stricts access to contraception, while the latter has been offering tax
rebates to couples having a third or fourth child.

This chapter examines the population policies and FP pro-
grams in selected Southeast Asian countries (Indonesia, Malaysia,
the Philippines, Singapore, Thailand, and Vietnam) and attempts
to draw from their experience the critical preconditions for family-
planning program success. Such experiences have been gleaned from
the country statements provided by participants of the 4th Asian
and Pacific Population Conference (APPC) held in Bali, Indonesia,
on 19-27 August 1992.

5.1 Demographic Situation

During the 4th APPC, which was entitled Population and Sustain-
able Development: Goals and Strategies into the 21st Century, the
present population situation and future outlook were reviewed in the
light of the 1982 APPC Asia—Pacific Call for Action on Population
and Development. The participants noted that while substantial
progress had been achieved by the ESCAP region in responding to
the Asia—Pacific Call for Action, population issues continue to pose
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a most critical challenge. The conference adopted the Bali Decla-
ration on Population and Sustainable Development, which set goals
and made recommendations for population and sustainable devel-
opment into the next century.

One of the population goals included in the Bali Declaration
enjoined countries and areas to adopt suitable strategies to attain
replacement-level fertility, equivalent to a TFR of around 2.2 chil-
dren per woman, by the year 2010 or earlier. In addition, member
countries were also urged to reduce the level of infant mortality to
no more than 40 infant deaths per 1,000 live births during the same
period. Countries and areas where maternal mortality remains high
were called upon to effect a 50 percent reduction by the year 2010.

The Bali Declaration recommended that priority be given to
strengthening policy development and related processes in those
countries where the MCH and FP programs have not yet achieved
desired objectives. Furthermore, such countries were urged to
expand and streamline MCH and FP delivery systems within
the primary health-care framework, adopt innovative management
and multi-sectoral approaches, and encourage wider community
and inter-sectoral participation in program implementation efforts.
Countries which have already reduced their fertility to low or ac-
ceptable levels were prompted to devise program strategies aimed
at achieving self-sustainability.

5.2 Family-planning Policies and Programs

The country statements circulated during the 4th APPC contained
a section on the policy and objectives of national FP/family health
and welfare programs.

5.2.1 Indonesia

The state policy guidelines, issued by the 1973 People’s Consultative
Assembly, declared that the objective of the national FP program
during the second five-year development plan period (1974-1978)
was to improve maternal and child health in order to create a small,
happy, and prosperous family. The guidelines also stated that eco-
nomic and social welfare development can be implemented rapidly,
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together with population growth control, through a properly admin-
istered national FP program. The most recent guidelines, issued in
1988, added that the Indonesian FP program should also be di-
rected at reducing mortality rates. At the same time, the need for
successful implementation without endangering future generations
was emphasized. In addition, a policy to enhance support to FP
acceptors through improvements in the quality of available contra-
ceptives and services was outlined. As a general course of action,
FP acceptors are encouraged to use more effective contraceptives,
thus ensuring better protection against pregnancy and accelerating
fertility reduction.

The Indonesian FP program has three broad objectives: expan-
sion of contraceptive coverage in accordance with government tar-
gets; promotion of continued contraceptive use; and institutionaliza-
tion of FP and small family norm concepts by shifting responsibility
for FP decisions to the individual, the family, and the community.

Nine important program strategy elements have been taken into
account in the Indonesian FP program: integration of an array
of governmental, nongovernmental, private, and community agen-
cies; decentralization of responsibility and authority; commitment
to meet targets at every program level; provision of FP services
combined with medical advice; National Family Planning Coordi-
nating Board (BKKBN) cooperation with the Ministry of Health in
health services beyond FP in order to improve FP outreach; devel-
opment of a climate of community support for FP through the co-
operation of community and religious leaders; support for activities
which raise women’s social and economic status; emphasis on reach-
ing the rapidly increasing numbers of youth; and encouragement
of self-reliance, the newest strategy element involving the private
sector.

The Indonesian Country Report (1992) stated that the TFR
which was 5.6 children between 1965 and 1969 fell to 3.0 by 1992.
The corresponding decrease for the crude birth rate (CBR) was from
42.6 to 25.2 births per 1,000. By 1990, the crude death rate (CDR)
was estimated to be 9.7 deaths, down from 21 deaths per 1,000 over
the period 1961-1971. The CDR is projected to reach 8.5 deaths
per 1,000 at the start of 1993, declining to around 7 per 1,000 by
the year 2020. The infant mortality rate (IMR), currently estimated
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at 65 infant deaths per 1,000 live births, is expected to drop to 28
by the year 2020. The life expectancy at birth, now reported to
be around 60 years for both sexes, is forecast to lengthen by 10
years during the next quarter of a century. Maternal mortality is
predicted to fall from a level of 450 deaths per 100,000 live births in
1986 to 200 by 2020.

The Indonesians foresee a likely deceleration in the future rate
of fertility decline. The reasons given in the Country Report were
that the desired family size of some couples is unlikely to decrease
further; those who most want to avail themselves of family planning
as well as those for whom the services are most accessible have al-
ready been covered by the program; and the couples who still need
to be brought into the program express larger family-size preferences
and are more difficult to reach. Among these are the urban poor,
those living in outlying areas, those with low educational levels as
well as those who find it difficult to use contraceptives correctly.
Therefore, further mortality and fertility reductions will entail con-
siderably greater efforts. For example, the family-planning program
will have to reach unprecedented numbers of contraceptive acceptors
and motivate couples with high fertility preferences, people who are
less likely to know about health and family-planning programs and
are less disposed to seek services.

5.2.2 Malaysia

Given the rapid economic growth and the prospect of a further de-
cline in fertility, the Malaysian government changed its official stance
in 1984 and promulgated a national population policy. As expressed
in the Malaysian Country Report (1992), a long-term target of 70
million people by the year 2100 is to be achieved through deceler-
ating the TFR decline. The plan is to reduce the TFR by 0.1 point
over five-year periods until a level of 2.05 children is reached in the
year 2070. The TFR in peninsular Malaysia had fallen from a high
6.8 children in 1957 to about 3.3 children in 1990. At this pace, a
TFR of 2.1 could be reached by 2010. The average age at marriage
for females had risen from 22.1 in 1970 to 24.6 years in 1990. The
IMR was recorded at 13.3 infant deaths per 1,000 live births in 1990.
The life expectancy at birth of Malaysian males was lengthened from
55.8 years in 1957 to 69.1 years in 1990. The corresponding rates
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for females were 58.2 and 73.3 years, respectively. Given current
trends, the most probable outlook during the next three decades is
for small nuclear families with the couples participating actively in
the labor force.

Since its inception in 1966, the Malaysian FP program has un-
dergone several phases of development, each involving expansion in
terms of the approach used, the area covered, or the number of agen-
cies involved in the provision of contraceptive services. The spread
of FP services to the rural areas as part of an integrated MCH/FP
program was initiated in the early 1970s and led to FP services be-
ing integrated in the MCH services provided by the Health Ministry.
The blending of FP with health and other social programs not only
aided in overcoming the resource constraints but also in contributing
to wider FP acceptance and a heightened contraceptive prevalence
rate.

In line with the national objective of improving the quality of
life, a comprehensive family development program has been devel-
oped and is now being implemented. It emphasizes the improvement
of family health and welfare through family-life education, parent-
ing courses, and marriage and family counseling. The stress is now
on improving infrastructure in underserved and remote areas, on
enhancing coverage and quality of care in designated areas of low
coverage, and on program consolidation. The implementation of the
risk approach in MCH/FP care has for its ultimate objective the
availability and accessibility of a range of services, including FP, to
all women and families for their better health and well-being.

5.2.3 The Philippines

Since 1970, the Philippine FP program as described in the Coun-
try Report (1992) has been a social development initiative aimed
at diminishing the country’s fertility level for the benefit of family
and national welfare. Over the course of its history, the program
has adopted varying approaches and strategies to suit the changing
needs and conditions of the time. There have been modest increases
in contraceptive prevalence rate coupled with moderate declines in
total fertility. Program efforts have contributed substantially to
this decline. However, the gains made did not approximate those of
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neighboring countries owing to problems besetting policy and pro-
gram implementation.

In response to the difficulties experienced in relying on static
clinics, the Qutreach Project was implemented in 1976 to expand
the availability and accessibility of services. The Qutreach Project
viewed FP not only as a means to reduce fertility but, more impor-
tantly, as advancing family welfare. Furthermore, a closer integra-
tion of broader population concerns into the country’s development
plans, policies, and programs was sought. The Outreach Project
also paved the way for strengthening and deepening local govern-
ment involvement in, and support for, FP.

In 1987, a new population policy statement was formulated, tak-
ing into account relevant provisions of the 1987 constitution. The
new policy broadened program concern beyond that of fertility re-
duction. Consequently, the 1989-1993 five-year population program
directional plan was drawn up focusing on two components, namely,
responsible parenthood/FP and population and development. The
program’s institutional arrangement was altered along with the pol-
icy and the program. The Department of Health was designated as
the implementing agency for the FP program with jurisdiction over
the activities of all FP service delivery agencies. The Commission
on Population, on the other hand, remained as the overall planning,
policy-making, coordinating, and monitoring body of the entire pro-
gram with specific responsibility for coordinating the population and
development integration thrust.

The new FP program uses a health-oriented, demand-driven ap-
proach, anchored on safe motherhood and child survival. Its primary
objective is to reduce the level of unmet needs for FP, particularly
among poor families. The population and development thrust is one
of systematically incorporating population matters into the devel-
opment efforts of concerned agencies.

Whether the program will be able to make a more significant
contribution toward development goals depends on its ability to
align policies and operational aspects to individual and societal
needs. Some considerations include expanding and intensifying the
provision of women’s health and family-planning services; integrat-
ing FP in other health programs, particularly MCH; strengthen-
ing the capacity of agencies to manage the services; promoting
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collaboration among the governments, nongovernmental organiza-
tions (NGOs), and other private organizations and local communi-
ties to improve access to these services; and shortening the gestation
period for an effective program implementation by local government
units, including appropriating local funds for the program.

As stated earlier, the slow pace of decline in Philippine pop-
ulation growth is the consequence of a moderately decreasing fer-
tility and a decelerating mortality decline. The CBR fell from a
level of 46 births per 1,000 in 1969 to about 30 in 1990. The CDR
dropped from 32 deaths per 1,000 in 1940 to around 7.2 in 1990.
Further pronounced decreases are not expected as the pace of de-
cline has slackened significantly. The IMR has fluctuated around 61
infant deaths per 1,000 live births since the 1960s. The estimate for
1990 was 57. Communicable diseases still account for the majority
of morbidity and mortality cases. Since 1970, the TFR has been
slowly but steadily declining and was estimated to be around 4 chil-
dren per woman in 1990. This gradual descent can be attributed
to four causes: the continued expansion in the number of women of
reproductive age as an outcome of past high fertility; shrinkage in
the prevalence and duration of breast-feeding; low-level use of the
more effective contraceptive methods; and the Roman Catholic hier-
archy’s open and active opposition to the government’s FP program,
thus affecting its political support.

5.2.4 Singapore

The country’s FP and population program was initiated in 1966,
soon after independence. Ambitious FP targets were set for each
five-year plan (1966-1970, 1971-1975, and 1976-1980), and social
disincentives were introduced. The government actively promoted
the two-child family norm. Contraceptives were made easily avail-
able, and abortion and sterilization were legalized. With the attain-
ment of replacement-level fertility in 1975, the government started
to emphasize child spacing as the main policy orientation. The pro-
gram impact on population growth was significant. According to
the Country Report, Singapore’s fertility fell by almost 70 percent
within a span of two decades (Ministry of Health, 1992). The TFR
dropped from 4.7 children in 1965 to a historic low of 1.4 in 1986.
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With the continued decline in fertility rates in the early 1980s,
population projections indicated that if below-replacement fertility
were to continue, the country would experience negative popula-
tion growth within the next 30 years. A new population policy was
promulgated in 1987 in response to the prospect of a decline in num-
bers. The new policy thrust encourages marriage and childbearing.
A new slogan, “Have three or more if you can afford it,” was adopted
reflecting the new direction. Generous incentives are being provided
such as income tax rebates, subsidies for child-care centers and for
delivery fees, and special leave schemes. In addition, two programs
- Strengthening the Marriage Program and Family Life Education
Program — have been implemented.

Since the adoption of the new policy, TFRs have inched up-
ward. The rate rose to 1.9 in 1988, but is now about 1.7 children.
Since the tax incentives were announced, the number of third- and
fourth-order births have gone up. However, marriage trends have
not manifested significant improvements. The critical issue on pop-
ulation and development facing policy makers is one of ensuring
replacement-level fertility to achieve the optimum population size
and a balanced age structure.

5.2.5 Thailand

In 1970, the government officially launched the National Family
Planning Program (NFPP) aimed at further reducing the popu-
lation growth rate. According to targets set by successive five-year
plans in the last two decades, the program succeeded in decreasing
the growth rate through quantitative target-oriented strategies. The
provision of an extensive contraceptive distribution system and the
efforts to legitimize the preference for fewer children and to increase
awareness of the possibility of controlling family size through ef-
fective and acceptable means contributed to the program’s success.
Past successes, however, do not imply that there are no longer any
unmet needs or new and more difficult challenges ahead. The sev-
enth plan (1992-1996) has renewed the emphasis on human resource
development, thus posing new challenges to the health sector. The
strategy for MCH/FP over the next five years will be to maintain
the program momentum to raise contraceptive prevalence rates in
the face of a 10 percent rise in the number of women of childbearing
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age; provide effective follow-up for couples who are already using
contraceptives; meet more effectively the special needs of adoles-
cents and ethnic minorities; and improve the management, training,
and information systems, particularly at the regional level. Since
health is a national responsibility, the strategy calls for providing
MCH/FP services within a national and inter-sectoral framework.

Thailand’s fairly well-developed and extensive health infrastruc-
ture has brought about a significant improvement in the health sta-
tus of mothers and children. The NFPP is well integrated in the
tasks of the Ministry of Public Health’s Family Health Division. The
NFPP has effectively utilized the wide primary health care network
to make contraceptive services available throughout the country.
However, equal attention needs be given to both the quality of ser-
vices and the achievement of the plan’s targets. This action entails
strong collaboration with other government agencies, with the pri-
vate sector and with NGOs, all of whom have important roles to
play in supplementing government activities.

The population growth rate decreased from 3.0-3.3 percent in
the 1960s to about 1.4 percent in 1991, as stated in the Thailand
Country Statement (1992). The seventh plan has targeted the re-
duction of the growth rate to 1.2 percent by the end of the plan
period. The TFR has dropped from about 6.1 during the period
1968-1969 to less than 2.5 children per woman today. In 1990, the
CDR was estimated at about 5 to 6 deaths per 1,000 population,
with the IMR at approximately 34.5 infant deaths per 1,000 live
births a year later. Currently, life expectancy is estimated to be 66
years for males and 71 years for females. Recently, married couples
whether rural- or urban-based, lesser or better educated, have over-
whelmingly expressed a desire for a family size of some two children.

5.2.6 Vietnam

As recorded in the Country Report (1992), decision number 29 of the
Council of Ministers of the Socialist Republic of Vietnam, issued on
12 August 1981, contained the following objectives for the national
population and FP program: married women should be prompted to
have their first birth after age 22; each couple should be persuaded
to have only one or two children; and a spacing of five years should
be encouraged between the first and second birth.
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According to the country’s 1989 population census, there were
64.4 million people in Vietnam. The intercensal growth rate for
the period 1979-1989 was 2.1 percent. The population in 1991 was
estimated at 67.7 million. The CBR recorded for the 12-month
period preceding the 1989 census was 31 births per 1,000, with urban
and rural areas reporting 23 and 34 births per 1,000, respectively.
The CDR was 8.4 deaths per 1,000, while the IMR was 49 infant
deaths per 1,000 live births. The average life expectancy at birth
was 63 years for men and 67.5 years for women.

On 18 October 1988, the Council of Ministers’ Decree on Pop-
ulation and Family Planning Policies was promulgated (Vietnam,
1989). The stated goal is to reinforce and strengthen measures
to lower population growth and to ensure that adequate family-
planning methods are readily available and utilized by the popula-
tion. Norms were set for the minimum age at first birth (at least
22 years for urban women, 19 for rural women), for the number of
children (no more than two for most families), and for birth spacing
(three to five years after the first).

A national health law passed by the National Assembly on 30
June 1989 legalized some of the above-mentioned measures. In ad-
dition, the law gives legal force to the individual’s right to choose to
limit births and provides for recourse to the judicial system should
this right be violated (Allman et al., 1991).

The population of Vietnam is projected to reach 87 million by
the period 2005-2010 with a growth rate of 1.4 percent, a CBR
of 22.2 births per 1,000 population, and a CDR of 7.9 deaths per
1,000. In projecting the future population, the National Committee
for Population and Family Planning (NCPFP) took into account the
over 17 million women currently of reproductive age who comprise
nearly half of the country’s total female population. Moreover, past
high fertility rates are obviously affecting the replacement capaci-
ties of future generations. Starting in the year 2000, half a million
women, on the average, will be added yearly to the cohort of repro-
ductive age. This poses additional constraints on the achievement
of an annual decrease in the TFR of 0.11 in the 1990s and of 0.6 in
the first decade of the 21st century.

To achieve the immediate as well as long-term objectives set
forth in the national population program, Vietnam will endeavor
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to improve the quality and effectiveness of FP activities by utiliz-
ing a network of intercommunal FP centers and communal health
clinics; make a wider choice of contraceptives available; integrate
FP activities in other MCH, nutrition, rural development, income
generation, and women’s status improvement programs; train FP
staff at the grass-roots level; and support studies on impacts of FP
programs and contraceptive methods as a basis for the formulation
of a more effective and practical FP program.

5.3 Family-Planning Program Effectiveness

Family-planning programs have a long tradition in the Asian region,
and are firmly established there. Various countries in the region
have conceived novel approaches and have devised new strategies
to reduce fertility. In this section an attempt is made to extract
the most important factors contributing to family-planning program
effectiveness from the experiences of the countries considered in this
chapter.

In common with other Asian countries, Indonesia, Malaysia, the
Philippines, Singapore, and Thailand boast of a relatively longer ex-
perience with intervention schemes to modify reproductive behavior.
All these countries directly support family-planning programs and
provide unlimited access to modern contraceptives. As a whole, the
most common approaches in these countries consist of integrating
family-planning services in the health care system at the community
level or in rural development schemes. Incentives and disincentives
have been introduced to discourage large families.

Singapore, which achieved replacement fertility in 1975, intro-
duced a comprehensive package of incentives and disincentives in
1969 which was further intensified in 1972 to exert pressure on cou-
ples to limit their family size. In addition, sterilization was promoted
as the best contraceptive method for those who had completed their
families. Abortion became available on demand for a small fee in
government facilities. There were graduated charges for delivery in
government hospitals, paid maternity leaves covering the first two
children only, preferential treatment in choice of primary school for
the first three children in a family, and no priority for public hous-
ing for large families. An additional policy which was made known
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to the public in 1976 was designed to encourage later marriage and
wider birth spacing.

The high commitment of President Soeharto, reflected in the
above-mentioned state policy guidelines, represents one of the keys
to the success of the Indonesian family-planning program. This com-
mitment is not merely a personal one but is institutionalized in the
existing systems, both in the People’s Consultative Assembly and in
Parliament and other executive systems. The program strengthened
its links with rural communities by recruiting acceptors by means of
a village-based delivery system. Acceptors in the program are main-
tained through various measures extending beyond family planning.
To enhance family planning within the framework of institutionaliz-
ing the small family-size norm, the BKKBN developed a system of
nonmonetary rewards for individual or group acceptors. A system
was introduced in 1989 whereby a community with high contracep-
tive prevalence rates receives a deep well. The reward can also be
in the form of scholarships for children of low income families that
have been resorting to contraception for at least a decade. More-
over, some private Indonesian firms give discount cards to certain
acceptor groups in major cities for the purchase of selected items.

The success of Thailand’s family-planning program, as stated
in the preceding section, can be traced to both the provision of
an extensive system of contraceptive distribution and the efforts to
legitimize the preference for fewer children and increase awareness
of the possibility of controlling family size through effective and
acceptable means.

The Philippines has tried a variety of schemes intended to in-
duce couples to have fewer children. Among these are income tax
deductions limited to four dependents, abolition of paid maternity
leaves after the fourth child, and payment of lower interest rates
for rural bank loans by couples using contraceptives. However, the
coverage of these schemes was limited and therefore of little value
in motivating couples to limit their family size. Malaysia also intro-
duced tax deductions and maternity benefits but limited them to
the first three children.

In Vietnam the rewards that had been implemented since 1982
included monetary bonuses and exemption from the required month
per year of corvée labor for sterilization, IUD insertion, or agreeing
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not to have another child (Banister, 1989). Violations of family-
planning policy resulted in loss of bonuses, benefits, and family
allowances. The Council of Ministers’ Decision in October 1988
limited couples in cities, deltas, or lowlands to a maximum of two
children. Those couples having more than the allowed number are
made to pay extra for housing or land space, education, and health
care. Such couples are prohibited to move to urban areas and are
required to perform more corvée work.

There is still considerable uncertainty concerning the processes
and factors that motivate couples to limit the number of the children
and account for the adoption of contraception in various societies
at different periods of time. There is general agreement that so-
cioeconomic development and organized family-planning programs
play prominent roles in altering reproductive behavior. According
to Bongaarts et al. (1990), socioeconomic development and family-
planning programs operate synergistically, with one reinforcing the
other.

The family-planning program experience of the selected South-
east Asian countries demonstrates that by making contraceptives
easily available and by encouraging smaller families through a vari-
ety of measures, public and private sector family-planning programs
have heightened contraceptive use. In turn, fertility and population
growth rates have been reduced. The key to effective programs is to
emphasize integrated high-quality outreach services and to take into
account the traditional social structure and norms where the deliv-
ery system is to be introduced. Moreover, careful trial and phased
development of alternative approaches to service delivery systems
are critical to the success of a program. Finally, political support
for family planning is often essential for the establishment of strong
program effort.
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Chapter 6

Fertility in China:
Past, Present, Prospects

Griffith Feeney

Future population growth in any population is determined by the
current age distribution and by future trends in fertility, mortal-
ity, and migration. The influence of the current age distribution
is governed by purely formal demographic considerations that are
the same for every population. The role of mortality depends cru-
cially on its current level. Under conditions of high mortality, rapid
declines are possible, and the normal interaction of mortality and
age structure may lead to rapid population increase even in the
face of substantial fertility decline. Once mortality has declined to
the levels now observed in much of the world, however, mortality is
relatively stable, largely because the features relevant to future pop-
ulation growth reflect biology more than social circumstance. Under
current world demographic conditions, then, appropriate consider-
ation of mortality and age distribution may be given without close
attention to social structure or to policy issues that vary widely from
one country to another.

The assessment of future levels and trends in fertility and mi-
gration is a different matter altogether. Circumstances influencing
fertility, and even more so circumstances influencing migration, vary
widely from one country to another, and all but the most superficial
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consideration of possible future trends requires study of particular
circumstances. International migration may be an important in-
fluence of future population growth for particular countries, large
as well as small. Immigration and emigration cancel out for the
world as a whole, however, whence a global perspective renders the
assessment of migration trends relatively unimportant.

Fertility behavior is heavily conditioned by both biology and so-
ciety. Social influences may be roughly classified into the direct and
intended consequences of national government policy and all other
influences. The distinction is relevant to consideration of future fer-
tility levels because it focuses attention in different directions: to
broad social and economic conditions thought to influence fertility
in the population at large, on the one hand, and to the minds of a
relatively small number of policy makers, on the other. It should
hardly be necessary to point out that the existence of policies to
limit fertility and/or population growth does not imply the effec-
tiveness of such policies. This is an issue to be decided by empirical
analysis in each case.

The argument for country-specific consideration of influences on
future fertility is particularly compelling for China, which is unique
both in the nature and in the impacts of governmental popula-
tion policies. This chapter aims to give a reasonably comprehen-
sive treatment of China’s fertility decline at the national level, with
emphasis on those factors relevant to a consideration of the future
trajectory of fertility. The qualifying clause is important, for there
is now such a quantity of demographic data available for China that
it is difficult to conceive, much less write in the space of one book
chapter, anything that might reasonably be called definitive.

6.1 China’s Fertility Decline in
International Perspective

That fertility declined rapidly in China is well known, but the speed
of the decline can be appreciated only when China’s experience is
systematically compared with that of other countries. This section
compares Chinese experience with that of the rest of the develop-
ing world. The analysis relies primarily on the historical estimates
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Figure 6.1. Fertility decline in China compared with fertility de-
cline in other areas in the developing world. Source: Table 6.1.

developed by the United Nations (1991). These estimates share the
weakness of all secondary compilations, most importantly the spu-
rious impression of the uniformity of information available for var-
ious countries. An independent familiarity with demographic data
sources in the various countries mitigates serious misunderstand-
ing, however, and the United Nations estimates render a valuable
service in making possible an international comparison that would
otherwise be impossible.

Figure 6.1 compares fertility decline in China with fertility de-
cline in the major regions of the developing world. In each case
we plot the total fertility rates for quinquennial periods from 1950
through 1985, shown in Table 6.1. During the 1950s and 1960s,
the level of fertility in China was similar to that of the developing
countries generally. Beginning in the 1970s, however, China’s to-
tal fertility rate fell from around six children per woman to slightly
over two children per woman in the space of 15 years. Fertility in
the rest of the developing world declined also, but at a much slower
rate. Thus at the end of the period shown, total fertility for other
areas ranged from a high of over six children per woman in Africa
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Table 6.1. Total fertility rates in China and in other major areas
in the developing world.

1950- 1955- 1960- 1965- 1970- 1975- 1980-
1954 1959 1964 1969 1974 1979 1984

China 6.24 5.40 5.93 5.99 4.76 2.90 2.36
Africa 6.65 6.74 6.79 6.73 6.62 6.54 6.40
West Asia 6.82 6.68 6.54 6.32 5.97 5.64 5.35
South Asia 6.11 6.09 6.03 5.96 5.76 5.27 5.14

Southeast Asia  5.99 6.08 5.89 5.79 5.26 4.79 4.27
Latin America 5.87  5.90 5.96 5.53 4.99 4.36 3.93

Source: UN, 1991:354, 232, 262, 260, 258, 244, respectively, for the six regions
shown.

to slightly under four children per woman in Latin America, all far
above the level in China.

There may be considerable variation in fertility trends between
different countries in the same region. This is particularly true
within Asia, which contains many countries that have experienced
rapid fertility decline, as well as a few that have experienced little
or none. To make country comparisons it is desirable to summarize
the information contained in the time series of total fertility rates,
and a natural way to do this is to calculate a rate of decline. In the
case of China, for example, we see from Figure 6.1 that the total
fertility rate declined after 1970, with two rapid drops followed by
a more modest fall. Consulting Table 6.1, we see that the total fer-
tility rate for 19651969, before the decline, was 5.99 children per
woman, that the two sharp drops brought it down to 2.90 children
per woman for 1975-1979, and that it fell further to 2.36 children
per woman for 1980-1985. To calculate a rate of decline we begin
with the 5.99 children per woman in 1965-1969, the last point be-
fore the decline begins, but we may end either with the 2.90 children
per women for 1975-1979, which will give a higher rate, or with the
2.36 children per woman for 1980-1984, which will give a lower rate.
To make a conservative comparison, we take the latter rate. This
gives a decline of 3.63 children per woman over 15 years, for a rate
of decline of 0.24 children per woman per year.

Similar calculations have been made for 20 other Asian countries
and for Taiwan, yielding the results shown in Table 6.2.[]1] The
median rate of decline for the 22 populations shown in Table 6.2 is
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Table 6.2. Comparative data on fertility decline in the developing

world.
Period TFR
Country Begin End Begin End Yrs. Decl. Rate
1. China 1965-69 1980-84 5.99 236 15 3.63 0.24
2. Taiwan 1955 1986 6.53 1.68 31 485 0.16
3. Hong Kong 1960-64 1980-84 5.30 1.80 20 3.50 0.18
4. Japan 1933 1953 4.42 226 20 2.16 0.11
5. Korea (S) 1955-59 1980-84 6.07 240 25 3.67 0.15
6. Korea (N) 1965-69 1980-84 6.97 2.76 15 421 0.29
7. Mongolia 1970-74 1980-84 5.80 5.25 10 0.55 0.06
8. Indonesia 1965-69 1980-84 5.57 4.05 15 1.52 0.10
9. Lao (PDR) 1970-74 1975-79 6.15 6.69 5 -0.54 -0.11
10. Malaysia 1960-64 1975-79 6.72 416 15 2.56 0.17
11. Myanmar 1965-69 1980-84 5.74 461 15 1.13 0.08
12. Philippines  1950-54 1980-84 7.29 4.74 30 2.55 0.09
13. Singapore 1955-59 1980-84 6.41 1.87 25 454 0.18
14. Thailand 1965-69 1980-84 6.14 3.62 15 262 0.17
15. Vietnam 1968-72 1983-88 5.90 3.98 15 1.92 0.13
16. Afghanistan 1975-79 1980-84 7.21 6.90 5 0.31 0.06
17. Bangladesh  1970-74 1980-84 7.02 6.15 10 0.87 0.09
18. India 1965-69 1975-79 5.69 483 10 0.86 0.09
19. Iran 1960-64 1980-84 7.26 5.64 20 1.62 0.08
20. Nepal 1975-79 1980-84 6.54 6.20 5 0.29 0.06
21. Pakistan 1960-65 1980-84 7.00 7.00 20 0.00 0.00
22. Sri Lanka 1950-54 1980-84 5.74 3.25 30 2.49 0.08
Stem and leaf — | 0 | 0
(excl. Lao) * | 666888999
1013
Median=0.10 * | B67788
214
* |9
Sources: Table 46 of UN, 1991, except for Japan and Taiwan. Data for Tai-

wan from Taiwan Demographic Yearbook, various years. Data for Japan from
Feeney, 1990, time/TFR as follows: 1933.5/4.42 (Table 11:32), 1938.5/3.84 (Ta-
ble 12:33), 1943.5/3.17, 1948.5/2.66, and 1953.5/2.26 (Table 13:34).

0.10 child per woman per year, or one child per woman per decade.
At this rate, decline from a roughly typical premodern fertility level
of six children per woman to an equally roughly typical modern level
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of two children per woman would take 40 years. China, with a rate
of decline of 0.24 children per woman per year, experienced a decline
nearly this large in only 15 years.

The range of values in Table 6.2 illustrates the difficulties of in-
ternational comparisons. Neither of the extreme values, for example,
~0.11 for Lao People’s Democratic Republic and 0.29 for Democratic
People’s Republic of Korea, should be given much weight. The de-
mographic data necessary for calculating total fertility rates for Lao
People’s Democratic Republic over this period do not exist, and
even casual scrutiny of the estimates given in the United Nations
source will raise suspicion that the numbers are little more than
rough guesses. Little is known of data sources for Democratic Peo-
ple’s Republic of Korea, for they are almost without exception not
public, and here again scrutiny of the values shown in the source
places their accuracy in doubt. For most of the other countries,
however, sources are plentiful and public, and while accuracy varies
from one country to another, the estimates of rate of decline may
be regarded as reasonably sound.

China’s rapid fertility decline is more surprising and significant
for having occurred in the largest country in the world. It is more
surprising because, insofar as fertility decline reflects government
policy initiatives, it is a reasonable hypothesis that larger countries
pose greater challenges. It is more significant because an interest in
world population growth will weigh larger populations more heavily
than smaller ones. The rates of fertility decline shown in Table
6.2 are therefore displayed together with population size in Figure
6.2, which compares size and rate of fertility decline in China with
that for 20 other Asian populations. Because of the great range in
population sizes, from under 2 million for Mongolia to over 1 billion
for China, we use the logarithm of population size, rather than size
as such, as the indicator. Thus the vertical axis shows the logarithm
of population size, and the horizontal axis the rate of decline in the
total fertility rate.

We see at once how far removed China is from the experience of
other countries. Only one other country in the world, Democratic
People’s Republic of Korea, has a rate of fertility decline exceeding
that of China, and we have just noted that these data are suspect.
The highest rate of decline for all other countries is 0.18, shared by



Fertility in China: Past, Present, Prospects 121

X China
9l India ¢ -1 1000
[ ]
Indonesia @
= . 5
(=] =
2 8 ‘Bakismnaangladesh. sJapan 100 F
> Philippines o Vietnam ) ~
g lrane * eThailand S
2 Myanmar ® *South Korea =
o A =
5] Nepal eTaiwan ° [=%
— | Afghanistan® ¢;% onka *Malaysia North Korea S
7 110
eHong Kong
e Singapore
Mongolia ¢
6 \ ! ) 1 . 1 ) 1 : 1 . 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Rate of fertility decline (children/women/year)

Figure 6.2. Rate of fertility decline and log population size for 21
Asian countries. Source: Table 6.2.

Hong Kong and Singapore. Pakistan, one of the largest countries in
the world, shows no decline whatever, though also no increase. This
is the extreme low value for the populations shown in Figure 6.2,
from which Lao People’s Democratic Republic has been excluded.

It is interesting to note the level and distribution of rates of
decline among countries. Until rather recently, Japan was generally
considered to have experienced the most rapid fertility decline in
the world. Yet the rate of decline shown here for Japan is only
0.11 children per woman per year, just over the median value for
the 21 populations displayed in Figure 6.2. It is notable, moreover,
that with the exceptions of the Philippines and Myanmar, every
country in East and Southeast Asia had a rate of decline higher
than Japan, and every country in South and West Asia a lower
rate of decline than Japan. It is significant that the higher rates of
decline are observed not only in the small city-states of Hong Kong
and Singapore, but also in the large nations of Malaysia, Vietnam
and Thailand.
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The inverted V pattern in the plot is particularly notable.
Smaller countries tend to have either relatively high or relatively
low rates of fertility decline, with a convergence toward the median
as size increases. Perhaps this reflects the possibility that, in the dif-
fusion of modernization, small countries may be bypassed altogether
for a time, but may also modernize rapidly once the process begins,
whereas larger countries cannot escape modernizing influences, but
tend to react more slowly to them.

6.2 China’s Fertility Decline:
A Closer Look

Looking at total fertility rates for quinquennial periods obscures im-
portant details of China’s fertility decline. In this section we exam-
ine several single-year time series to provide a more precise picture of
fertility decline, a picture that may then be compared with govern-
ment population policy initiatives. Incidentally, we present evidence
of the accuracy of the data from which these fertility statistics are
calculated. While certainly not perfect, the Chinese data are supe-
rior to that available for most countries in the world, developed as
well as developing.

Figure 6.3 shows conventional total fertility rates (TFR) for
China from 1965 through mid-1987.[2] We are in fact looking at
two different series here, shown in the first two columns in Table 6.3.
The first, plotted with solid dots, is calculated from age-specific birth
rates (ASBR) derived from the birth histories collected in the 1982
One-per-Thousand Fertility Survey conducted by the State Fam-
ily Planning Commission (see China Population Information Center
1984; Coale 1984; Coale and Chen 1987). The values shown are
those given in Coale and Chen (1987), though these hardly differ
from those reported in the first survey (China Population Informa-
tion Center 1984). These values are for calendar years.

The second series in Figure 6.3, plotted with small circles, is cal-
culated from age-specific birth rates derived from birth histories re-
constructed from a 10 percent sample of the 1987 One-per-Hundred
Survey carried out by the State Statistical Bureau. The reconstruc-
tion procedure, developed by Luther, is described in Luther and
Cho (1988). An extension of the own-children method (Cho et al.,
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Table 6.3. Total fertility rates and mean age at marriage for China,
various sources and calculations: 1965-1987.

ASBR TFR Mean age at marriage PPPR TFR

Year (1) (2) B (@ 6 6 O ®
1987 - 2.46 - 21.8 220 - 233 2.26
1986 - 2.33 - 21.8 21.8 - 217 211
1985 - 2.27 - 217 22,0 - 2.07 1.97
1984 - 2.35 - 21.7 221 - 2.06 1.99
1983 - 2.53 - 21.8 221 - 232 210
1982 - 2.83 - 22.1 219 - 2.63 2.58
1981 271 241 22.8 226 220 265 261 256
1980 2.32 2.55 23.0 228 224 2.70 290 258
1979  2.80 2.77 23.1  23.0 23.0 320 314 3.20
1978 2.75 2.72 22.8 228 232 3.16 314 3.16
1977  2.87 3.09 225 226 234 323 340 3.14
1976  3.25 3.30 223 223 231 3.47 3.52 348
1975 3.58 3.80 217 220 23.2 3.73 393 3.75
1974 415 4.24 214 215 228 414 433 433
1973 451 4.72 21.0 21.1 225 437 469 -
1972 4.92 - 206 20.7 22.2 473 485 -
1971 540 - 203 204 219 5.08 - -
1970 5.75 - 202 203 211 543 - -
1969 5.67 - 203 204 208 541 - -
1968 6.37 - 20.1 202 206 5.68 - -
1967 5.25 - 20.0 20.2 21.0 498 -~ -
1966 6.21 - 19.8 - - 5.75 - -
1965 6.02 - 19.7 - - 596 - -

Values in columns 2 and 7 refer to years ending June 30 of each year. Other
values refer to calendar years.

Sources: column 1 from Coale and Chen (1987, Basic Table 1.A.:25); column
2 from Luther et al. (1990, Table 4:350); column 3 from Banister (1987, Table
6.1:156); column 4 from unpublished computer printouts of the 1988 Two-per-
Thousand Survey; column 5 from Feeney and Wang (1993, Table 2:69); column
6 from Feeney and Yu (1987, Table 1:81); column 7 from Luther et al. (1990,
Table 5:353); column 8 from Feeney and Wang (1993, Table 2:69).

1986), it begins with the “own-children histories” generated by that
method and imputes deceased and non-own children to each woman
based on reported numbers of children ever born and surviving and
on the standard own-children estimates of age-specific birth rates.
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Figure 6.3. Conventional total fertility rates for China: 1965-1987.
Source: Table 6.3, columns 1 and 2.

The consistency of the two series shown in Figure 6.3 testifies
to the exceptional accuracy of these Chinese data. These two series
are derived from different survey operations, conducted by different
organizations, using different methods applied to different question-
naire items. Given these differences, the consistency displayed in
Figure 6.3 is most unlikely to be the result of common errors, and
of course the likelihood of chance agreement over this long time
series is negligible.

The total fertility rates plotted in Figure 6.3 decline nearly lin-
early from 5.75 children per woman in calendar year 1970 to 2.72
children per woman for the year ending June 30, 1978. This rep-
resents a decline of 3.03 children per woman over a period of seven
and one-half years for a rate of decline of 0.40 children per woman
per year. This is much higher than the 0.24 children per woman
per year based on the last three points shown in Figure 6.1. It is
also substantially higher than the rate of decline indicated in Figure
6.1 if we leave off the last point and calculate the decline between
1965-1969 and 1975-1979, which works out to be 0.31 children per
woman per year. In short, the speed and timing of China’s fertility
decline are such that the use of quinquennial periods substantially
underestimates the speed of the decline.
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Figure 6.4. Mean age at first marriage in China: 1965-1987.
Source: Table 6.3, columns 3 and 4.

In reading the record of fertility change shown in Figure 6.3,
however, there is a confounding factor that must be taken into ac-
count. Figure 6.4 shows mean age at marriage in China for the pe-
riod in question (data from columns 3 and 4 of Table 6.3), defined as
the mean of all marriages occurring in each year. As in previous fig-
ures, we have statistics from two data sources, in this case the 1982
One-per-Thousand Survey and the 1988 Two-per-Thousand Survey,
both taken by the State Family Planning Commission. The consis-
tency between the two series gives an indication of their remarkably
high accuracy.

Mean age at marriage rose rapidly during most of the 1970s.
The mean age at first marriage series shown in column 4 of Table
6.3 rose from 20.3 years in 1970 to a high of 23.1 years in 1979, a
rate of 0.4 years per year.[3] If this rate of increase translated into
a corresponding rate of increase in mean age at childbearing, and if
the increase were observed over a sufficiently long period of time, it
would have increased period total fertility rates by approximately 40
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Figure 6.5. Approximate annual numbers of first marriages in
China: 1965-1987. Source: Appendix Table 6.1.

percent over corresponding cohort levels (Ryder, 1983:741). These
conditions do not hold, and the actual effect is less than this, but it
is nonetheless substantial.

Figure 6.5 shows numbers of first marriages in China during
1965-1987, based on the 1982 and 1988 surveys. Since we are looking
at numbers here, there is a bias due both to mortality and to the
upper age limit in the surveys.[4] The comparison of the series from
the two surveys shows that this bias is not serious during the period
in question.

The striking feature of Figure 6.5 is the extraordinary rise in
numbers of marriages between the late 1970s and the early 1980s.
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During the late 1960s and mid- to late 1970s, we observe 5 to 6
million first marriages per year. During the 1980s the numbers range
from slightly under 10 million in 1984 to over 12 million in 1986, fully
twice the level of the 1970s.

This jump in marriages exerts a powerful upward influence on
birth rates. Since virtually all Chinese women have a first birth
within a few years of first marriage,[5] the increases in numbers of
first marriages translate almost directly into a slightly lagged in-
crease in numbers of first births. Thus in Appendix Tables 6.1 and
6.2 we see that annual numbers of first births rise from about 5
million during the mid-1970s to about 10 million during the mid-
1980s. This increase is due not to any change in the childbearing
behavior of Chinese women, but to the rapidly increasing numbers
of recently married women. If we choose to interpret the total fer-
tility rates shown in Figure 6.3 merely as indicators of numbers
of births, these observations are irrelevant. If we wish to interpret
them as indicators of childbearing behavior, however, it is necessary
to recognize that they are distorted by the rapid changes in age at
marriage and numbers of marriages during the period in question.

6.3 Period Parity Progression Measures
of Fertility

The simplest approach to dealing with the effects of changing mar-
riage patterns on the conventional fertility measures presented in the
preceding section is to use alternative measures that are less sensi-
tive to changing marriage patterns. Period parity progression ratios
(PPPRs) calculated from birth probabilities specific for parity and
birth interval provide an effective way to do this. In the calculation
of probabilities of progression from marriage to first birth, for exam-
ple, numbers of women marrying each year and the corresponding
numbers of married women remaining in parity zero appear in the
denominator of each birth probability, whence an increase in num-
bers of marriages from one year to the next does not imply any
increase in the proportion of women progressing to first birth.

The parity progression approach to fertility measurement asks
what proportions of women move from one childbearing event to
the next. Of all women born, what proportion ever have a first
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birth? Of all women who have a first birth, what proportion go
on (progress) to have a second, and so on? The answers to these
questions are parity progression ratios, and, like other demographic
measures, they may be calculated on a period as well as on a cohort
basis. (For a general discussion of period parity progression ratio
measures of fertility, see Feeney and Lutz, 1991. For applications
to China, see Feeney and Yu, 1987; Feeney et al., 1989; Luther
et al., 1990; Feeney and Wang, 1993.) For populations in which
fertility is restricted to married couples, as in China, it is useful to
break down the proportion of women ever having a first birth into
two multiplicative components: the proportion of women who ever
marry and the proportion of women marrying who ever have a first
birth.

Total fertility rates may be calculated from period parity pro-
gression ratios as well as from age-specific birth rates, and the logic
of the calculation is parallel. We ask what average number of chil-
dren would be born to a hypothetical cohort of women that expe-
rience the parity progression ratios observed during a given time
period. The formula is easily shown to be (see, for example, Feeney
and Yu, 1987)

TFR = po + pop1 + pop1p2 + - - -

A convenient approximation for use with incomplete series of
parity progression ratios is given by replacing the last term in the
series by itself divided by 1-p,, where p, is the last available ratio.[6]

Period parity progression ratios are unusual fertility measures,
even within the field of demography, and it will be useful to pro-
vide some examples of their values for different countries.[7] Table
6.4 assembles schedules of parity progression ratios for a variety of
high and low fertility countries. Progression to marriage and first
and second births is generally high for both high and low fertility
countries. Among the high fertility Hutterites, some 97 percent of
all married women have at least one child. In China, virtually all
women married and had a first birth, both before fertility began to
decline (1965) and after it had declined nearly to replacement level
(1982).[8] The lowest levels of progression from marriage to first
birth occur in low fertility countries, to be sure, but even here it is
unusual for less than 80 percent of women who have a first birth to
go on to have a second.
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Table 6.4. Parity progression ratios for selected populations, per

1,000.

Progression
Population B—-MM—-10—-11-22—-33—-44—-55—66—77—8
Hutterites - 971 — 988 972 968 967 953 929 905
China 1965 990 982 972 979 964 929 886 845 786 720
China 1979 994 991 985 959 700 539 431 414 322 309
Rural 997 992 989 978 759 572 448 422 328 310
Urban 981 979 960 799 259 168 131 185 44 373
Taiwan 1986 992 959 951 782 428 212 170 185 198 216
Thailand
1960-1964 - - 948 966 951 925 918 890 859 800
1975-1979 - - 813 917 771 681 646 610 580 548
Japan 1982 925 916 847 856 320 137 221°- - -~
USA
1941 - - 779 745 628 639 651 670 666 635°
1960 - - 923 922 746 645 619 650 682 689°
1984 - - 802 789 488 386 382 419 439 456°
Canada 1985 - - - 793 423 301 287 370 412 430°¢
Netherlands 1985 - - - 835 382 298 363 483 555 562¢
East Germany 1985 — - - 688 274 300 366 427 443 422°
Hungary 1984 - - - 750 242 249 377 414 470 458°
Yugoslavia 1982 - - - 815 318 416 518 567 547 464°
France 1976 891 939 837 645 325 267 277°- - -
Italy 1978 926 861 797 739 345 280 287*- - -
England
& Wales 1977 - 829 — 855 347 267 241°- - -

“Values are aggregates for progression from i-th or higher order to (i+1)st or

higher-order births.

Sources: Cohort data for Hutterites calculated from Eaton and Mayer (1954:20,
Table 10). All remaining figures are period data. China from Feeney and Yu
(1987:81). Thailand from Luther and Pejaranondam (1991:Tables B1 and B2).
Japan from Feeney (1986:20). USA from Feeney (1988:Table 1). East Germany
from Feeney and Lutz (1991). Values for Canada, the Netherlands, East Ger-
many, Hungary, and Yugoslavia estimated by the indirect procedure described
in the text from time series of registered births by order from United Nations
Demographic Yearbooks. Values for France, Italy, and England and Wales from
Penhale (1984:Tables 12-14).
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The difference between high and low fertility populations is most
pronounced in the higher-order parity progression ratios, and most
importantly in the proportion of women progressing from second
to third birth. In a high fertility population - for the high fertility
Hutterites, for China in 1965, and for Thailand in 1960-1964 — parity
progression ratios decline slowly with increasing parity, remaining
in the 70 to 90 percent range even for progression from seventh
to eighth birth. In a low fertility population, however, progression
from second to third birth is sharply lower than progression to first
or from first to second. The values shown in Table 6.4 range from
a low of 24 percent for Hungary to a high of 75 percent for the
United States near the height of the baby boom, but this last value
is atypically high. The normal range for progression from second to
third birth in low fertility populations is 25 to 50 percent.

Higher-order parity progression ratios in low fertility popula-
tions are surprisingly high — the median value for progression from
seventh to ninth birth for the low fertility countries in Table 6.4 is
44 percent. There can be little doubt that this reflects a selection
effect. In a low fertility population, the only women who reach high
parities are necessarily highly fecund, regularly exposed to the risk
of conception, and either nonusers or inept users of contraception.
These relatively high parity progression ratios have little effect on
the overall level of fertility, however, since only a small fraction of
women reach high parities.

6.4 Period Parity Progression Measures of
Fertility in China

Total fertility rates calculated from period parity progression ratios
are plotted in Figure 6.6. Here as in Figure 6.3 we have values
both from the 1982 One-per-Thousand Fertility Survey conducted
by the State Family Planning Commission and from the 1987 One-
per-Hundred Survey conducted by the State Statistical Bureau, and
the consistency of the two series attests to their accuracy.

The total fertility rates in Figure 6.6 decline irregularly along
a linear trend from 5.43 children per woman for calendar year 1970
to 2.06 children per woman for the year ending June 30, 1984. This
is a decline of 3.37 children per woman in 13.5 years, for a rate of
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Figure 6.6. Total fertility rates calculated from period parity pro-
gression ratios for China: 1965-1987. Source: Table 6.3, columns 6
and 7.

0.25 children per woman per year — remarkably close, though only
by coincidence, to the 0.24 children per woman per year indicated
by the quinquennial data shown in Figure 6.1 and Table 6.1.

The contrast between this picture and that shown by the con-
ventional total fertility rates plotted in Figure 6.3 illustrates the
distorting effects of changing marriage patterns. There are two
main differences. First, the rate of decline shown by the conven-
tional total fertility rates is much more rapid, 0.40 as compared
with 0.25 children per woman per year, because rapidly rising age
at marriage during the 1980s caused a decline beyond that due to
declining childbearing within marriage. Second, and more impor-
tantly, the conventional total fertility rates indicate a decline ending
in 1978, whereas the total fertility rates calculated from period par-
ity progression ratios continue until 1984, a full six years later.

The parity progression ratio total fertility rates show that the
level of fertility implicit in the childbearing behavior of Chinese
women continued to decline until the mid-1980s. Because of the
tremendous surge of marriages beginning in the late 1970s, this
continuing behavioral change is completely obscured by the con-
ventional total fertility rates. The conventional total fertility rates
suggest that fertility decline in China ended, at least temporarily,
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Figure 6.7. Period parity progression ratios for China: 1967-1987.
Source: Table 6.5.

in 1979. This was precisely the year in which a major new policy
initiative, the one-child family program, was taken. The time se-
ries of conventional total fertility rates suggest that the new policy
was unsuccessful. In fact, as we see below, it achieved considerable
success.

One advantage of total fertility rates calculated from period par-
ity progression ratios is superior control for the distorting effects of
changing marriage patterns. A second advantage, and one partic-
ularly important in the Chinese context, is the correspondence es-
tablished with the period parity progression ratios themselves. The
level of progression from first to second birth, in particular, reflects
the demographic impact of the one-child family policy.

Table 6.5 and Figure 6.7 show period parity progression ra-
tios and the corresponding total fertility rates for the years 1967-
1987 calculated from the 1988 Two-per-Thousand Fertility Survey
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Table 6.5. Period progression ratios and PPR total fertility rates
for China: 1967-1987.

Progression and progression ratio
Year B—-M M—1 1—-2 2—3 3t—4qt TFR

1987 995 968 765 466 384 2.26
1986 997 950 734 440 345 2.11
1985 996 944 678 423 312 1.97
1984 999 961 626 465 338 1.99
1983 997 963 695 465 339 2.10
1982 1000 979 821 971 404 2.58
1981 998 963 858 358 388 2.56
1980 999 960 886 562 340 2.58
1979 999 970 951 743 446 3.20
1978 996 963 969 710 442 3.16
1977 996 958 958 713 441 3.14
1976 983 970 964 808 508 3.48
1975 992 946 982 848 565 3.75
1974 992 958 985 883 672 4.33
1973 993 952 986 - - -
1972 973 941 984 - - -
1971 994 944 991 - - -
1970 999 952 984 - - -
1969 997 948 984 - - -
1968 998 961 988 - - -
1967 999 930 970 - - -

Calculated from birth histories collected in the National Fertility and Birth Con-
trol Survey of 1988. TFR values calculated from parity progression ratio schedule
extending to progression from seventh to eighth birth. Progression from third
and higher to fourth and higher is the aggregate of progression from third to
fourth through progression from seventh to eighth. So few women reach these
high parities, however, that the difference is entirely negligible.

Source: Feeney and Wang (1993:Tables 3, 5, 7, 9, and 16) and unpublished
computer printouts for annual values in first column.

conducted by the State Family Planning Commission (Feeney and
Wang, 1993; see also Lavely, 1991). Because progression to first
marriage is virtually constant at close to one throughout the period
shown, Figure 6.7 shows proportions of women progressing to first
birth (B—1), the product of women progressing to first marriage
(B—M) and women progressing from first marriage to first birth
(M—1), rather than showing these two series separately.
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Figure 6.7 shows that proportions of women ever having a first
birth have been high, around 95 percent, throughout the period
considered. Fertility decline has resulted entirely from declines in
progression to higher-order births. Progression from first to second
birth, in particular, shows the impact of the one-child family pro-
gram. In 1979, the year the program was introduced, 95 percent
of all women were progressing from first to second birth. By 1984,
after the policy had been in effect for only five years, progression to
second birth had been reduced to 63 percent. That year, however,
marked a relaxation in the policy, and progression to second birth
rose continuously through 1987, the last year of the series, at which
point it stood at 76 percent.

Progression to both first and second births was essentially con-
stant through 1979, whence the great fertility decline of the 1970s
was due entirely to declines in third- and higher-order births. Pro-
gression from second to third birth declined by more than half be-
tween 1974 (88 percent) and 1985 (42 percent), and progression from
third- and higher-order births to fourth- and higher-order births de-
clined from 67 to 31 percent over the same period.

6.5 Scenarios for Future Fertility Change

The foregoing analysis of fertility decline in China indicates that gov-
ernment policy and programs played a major role in these trends.
(For a more detailed assessment see Feeney and Wang, 1993:92-95.
On population policy in China, see Chen and Kols, 1982; Tuan,
1982; Greenhalgh, 1986, 1990, 1993; Hardee-Cleaveland and Ban-
ister, 1988; Zeng, 1989; and Kaufman et al, 1989. See also the
ethnographic accounts of Huang, 1989; Moser, 1983; and Potter and
Potter, 1990.) The rapidity of the fall in age at marriage following
the relaxation of administrative controls circa 1980 strongly suggests
that the earlier rise in age at marriage was in substantial part due to
explicit government policy, specifically to the later (wan) marriage
component of the wan-shi-shao policy. The sudden decline in pro-
gression from first to second birth following the introduction of the
one-child family program in 1979 and the subsequent rise following
the relaxation of 1984 are even stronger evidence that this particular
component of fertility decline was due largely to government policy.
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The structure of China’s birth-planning efforts and the attention
and resources allocated to them make this remarkable effectiveness
more plausible than it might otherwise be. Government policy was
effective despite imperfect implementation. Substantial proportions
of men and women married beneath the prescribed ages in the 1970s,
for example, but the encouragement to later marriage did result in
a very substantial increase in mean age at marriage. Even at the
peak of its effectiveness to date, the one-child family program saw
well over half of all Chinese women having two or more children,
but the program nonetheless had a substantial and continuing effect
on fertility levels.

In considering future fertility trends, then, it makes sense to em-
phasize the role of government policy. The centerpiece of China’s
current birth-planning efforts is still the one-child family policy in-
troduced in 1979, but this simple statement conceals a more com-
plicated demographic reality. One-child families have been realized
among most of the urban population, with progression from first to
second birth in recent years between 10 and 20 percent (Feeney and
Wang, 1993:Table 6.5). The one-child family remains the official
population policy in rural areas as well, but numerous adaptations
belie the “one-child” label, and progression from first to second birth
in recent years has been around 85 percent. At the national level,
progression from first to second birth in rural areas rose from a low
of 63 percent in 1984 to 76 percent in 1987 (Figure 6.7), with a
continued increase indicated.

This discussion of scenarios is limited to high and low extremes
for the next two decades. A high trajectory is obtained by assuming
a continued relaxation of the one-child family policy, with progres-
sion from first to second birth rising to about 95 percent, the level
observed before the introduction of the policy in 1979; and with
progression from second to third birth rising modestly from 47 to
62 percent, both plausible extrapolations of recent experience. This
yields total fertility rates rising from 2.3 in 1987 to 2.5 in 1990, to
2.7 in 1995 and 2000, and finally to 2.8 in 2005.

A low trajectory is obtained by assuming implementation of
the one-child policy in rural as well as urban areas, but assuming
both a somewhat higher level of progression from first to second
birth than has been achieved in cities (30 percent as opposed to
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about 15 percent recently) and a slower rate of decline (15 years for
rural areas as compared with only four years for cities). Progression
from second to third birth is assumed to decline as well, though the
very low values of progression from first to second birth make this
relatively unimportant. This yields total fertility rates falling from
2.3 in 1987 to 2.2 in 1990, to 1.7 in 1995, to 1.5 in 2000, and finally
to 1.4 in 2005.

Between now and the beginning of the next century, we expect
fertility in China not to exceed 2.7 children per woman or to fall
below 1.5 children per woman.[9]

6.6 Conclusion

For most countries in the world, consideration of future fertility
levels focuses on how rapidly fertility will decline. The success of
China’s birth-planning policies urges us to consider the possibility
of rising fertility, for to say that government policies have been suc-
cessful is to say that fertility under less restrictive policies would
be higher. Our analysis of the Chinese situation suggests that fer-
tility might rise as high as 3 children per woman over the next 20
years, an eventuality that could occur if the one-child family policy
were relaxed to the point of allowing second children in essentially
all families that wanted them. At the other extreme, a relatively
successful implementation of the one-child policy in rural as well as
urban areas might bring fertility down to between 1 and 1.5 children
per woman. It should be emphasized that these are both improba-
ble extremes. We would be very surprised to see fertility go outside
of this range, and not at all surprised to see it fluctuate modestly
around levels of 2 to 2.5 children per woman.

There is very little basis for speculation about the longer-term
future of fertility. The only thing that can be said with any sem-
blance of scientific support is that world demographic trends to date
suggest that a plausible range is between 1.5 and 3 children per
woman. It is a reasonable supposition that levels and trends of fer-
tility over the past few decades contain information about the likely
trends over the next few decades, and that is the basis of our con-
clusions about fertility in China through the early years of the next
century. Recent levels and trends cannot plausibly be expected to
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contain any information about detailed levels 50 or 100 years into
the future, however. Assumptions about these more distant levels
must either be regarded as purely formal or be made on some basis
other than a study of recent levels and trends.

Notes

[1]

[2]

[5]

[6]

[7]

Since fertility decline occurs during different periods in different coun-
tries, it makes little sense to compute rates of decline for the same
period for all countries. At the same time, choosing a suitable time
period over which to compute a rate of decline involves an element of
judgment, if not of arbitrariness. The periods shown in Table 6.1 have
been selected by examining the plot of the TFR trend in each country.
Because we are interested in showing how different China is from other
countries, we have chosen periods to give larger rather than smaller
rates of declines for all other countries.

“Conventional” total fertility rates means rates calculated from age-
specific birth rates. These are to be distinguished from total fertility
rates calculated from period parity progression ratios, discussed in Sec-
tion 6.3.

Columns 3 and 4 of Table 6.3 show mean age at first marriage calcu-
lated directly as the mean of all first marriages occurring during the
indicated year. Column 5 shows mean age at first marriage calculated
from first marriage probabilities, i.e., for the period nuptiality table,
for the given year. The former statistic is more readily computed and
more common. The latter has the advantage of being uninfluenced by
changing age distribution. All three series show a sharp rise in mean
age at marriage. Comparing the plot of the nuptiality table values
(not shown) with Figure 6.4 shows sharp divergences between the two
types of means. See Feeney and Wang (1993:70-71) for discussion of
these differences and their significance.

The 1982 survey included women less than exact age 68 years; the 1988
survey, women less than exact age 58 years.

The evidence of this is given below in the form of period parity pro-
gression ratios for progression from marriage to first birth. See Table
6.5 and the corresponding text discussion.

The approximation assumes that parity progression ratios beyond p,
are identically equal to p,. Although not in the least realistic, the
approximation 1s very good as long as p, is not too large, which in
practice means not much over one-half. The 1-p,, arises from a geo-
metric series, as a little algebra readily shows.

The reasons for this are beyond the scope of the present discussion; for
more information see Feeney and Lutz (1991:186-187).
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[8] The value shown for the proportion of married women having a first
birth is probably too high, one of the relatively few imperfections in
the data from the 1982 One-per-Thousand Survey. See Feeney and
Wang (1993:71) for a discussion of evidence.

[9] Since this was written, 1990 census data have become available. The
analysis given in Feeney et al. (1992) indicates that fertility decline
resumed after 1987, falling to 2.02 children per woman (period parity
progression ratio TFR) for the year ending June 30, 1990.
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Appendix Table 6.1. Annual first marriages and births by order.

Birth order

Year M 1 2 3 4 5 6 7 8

1987 11,605 11,951 7,283 2,619 1,022 321 145 107 55
1986 12,237 10,055 6,624 2319 897 418 193 95 59
1985 10,624 8,937 5416 2151 754 298 275 143 48
1984 9,851 9,147 5056 2,325 975 442 290 89 59
1983 9,044 9,161 5,060 2,148 923 547 348 113 59
1982 10,001 10,459 5,491 2,702 1,391 663 398 223 53
1981 10,516 9,332 4,097 2,607 1,406 842 357 285 94
1980 9,850 7,289 4,662 2,395 1,369 674 328 219 61
1979 8,036 6,923 5365 3,564 1,874 1,080 649 266 183
1978 7,048 6,256 4,935 3,218 2,111 1,014 580 416 216
1977 5,947 5596 4,661 3,276 1904 1,252 676 389 234
1976 6,376 5,948 4,719 3,995 2,122 1435 894 628 334
1975 5,191 5,117 4,975 3,785 2,594 1650 1,156 533 365
1974 5,559 5643 5459 4,058 2896 2,140 1,378 909 425
1973 5,430 5,288 5213 4,161 3,164 2,366 1,524 1,004 510
1972 5,193 4,985 4,824 4,046 3,332 2,512 1,699 1,029 560
1971 4,964 5,193 5383 4,151 3,832 2,609 1,616 971 530
1970 5,586 5,680 4,568 3,841 3,882 2,527 1,809 852 479
1969 5,956 5,141 4,150 4,384 3,129 2,186 1,548 826 407
1968 6,047 5,298 4,761 5109 3,645 2,512 1,459 829 382
1967 5,226 3,781 4,020 4,030 2,592 2,077 1,001 547 191
1966 4,047 4,225 5425 3,869 2,689 1,912 1,107 448 193
1965 3,827 4,241 4,836 3,285 2,650 1,707 821 351 143

Source: 1988 Two-per-Thousand National Fertility and Birth Control Survey.

Appendix Table 6.2. Annual first marriages and births by order.

Birth order

Year M 1 2 3 4 5 6 7

1981 10,673 9,912 5,486 2,971 1,498 779 461 233
1980 9,779 7,504 4,858 2,699 1,482 690 389 222
1979 7,993 7,542 5,704 3,470 2,025 1,061 688 340
1978 7,166 6,713 5178 3459 1,980 1,220 671 431
1977 6,489 6,178 4,892 3,575 2,108 1,323 835 527
1976 6,399 6,004 5,224 3,837 2,468 1,565 1,058 709
1975 5,731 5,572 5,132 4,097 2,742 1,924 1,270 835
1974 5530 5834 5579 4374 3,117 2271 1,597 1,056
1973 5,213 5,389 5,628 4,294 3,415 2,606 1,841 1,186
1972 5,350 5,500 5,488 4,195 3,702 2,914 2,119 1,356
1971 5435 5891 5343 4,449 4,126 3,245 2,208 1,480
1970 5,942 6,092 5029 4,713 4,285 3,187 2459 1,580
1969 6,583 5,643 4,447 4,927 4,130 3,121 2,262 1,493
1968 6,293 5618 5319 5586 4,400 3,276 2522 1,729
1967 4,929 4,007 4,758 4,571 3,403 2,706 2,028 1,302
1966 4,172 4,689 5864 4,730 3,798 3,121 2,445 1,551
1965 3896 4,687 5,579 4,197 3,601 3,062 2,316 1,494

Source: 1982 National One-per-Thousand Population Fertility Sampling Survey.






Editor’s Note for Part 11

The material presented in Part II shows that fertility has started to
decline in virtually all countries of the world. Even countries that
until recently showed very high fertility levels seem to have entered
the fertility transition toward low average fertility. The majority
of developing countries are in the middle of this transition process.
China is most advanced, followed by Latin America and Southeast
Asia; Africa is least advanced in this process. Research on desired
family sizes, as stated in surveys, also suggests further fertility de-
clines as do Asian success stories in government population policy
and family planning.

Fertility is assumed to decline further in the future in all re-
gions except in China, where fertility has already reached such a
low level that one could even infer a slight increase if the one-child
policy is relaxed in the future. In all other developing regions, dif-
ferences between high- and low-fertility scenarios mostly reflect dif-
ferent assumed speeds of decline. But the ultimate fertility level
to be reached at the end of the transition process is also an open
question. There seems to be little substantive justification to assume
that eventually fertility will stay at the replacement level of two sur-
viving children per woman. Accordingly the low-fertility scenarios
assume below-replacement fertility by 2030 in all regions except in
sub-Saharan Africa, where fertility was still above six children per
woman in 1990; the high scenarios assume a retardation of decline
and fertility around three children in 2030.

A more detailed justification of the numerical assumptions is
given in Chapter 15.
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Chapter 7

Mortality Trends in
Developing Countries:
A Survey

Birgitta Bucht

In preparing population projections for low mortality developed
countries with good statistics, mortality assumptions are considered
the least problematic, at least for short-term projections, because
mortality rates tend to change slowly. In developing countries, as-
sumptions about future mortality trends are much less certain, even
for short-term projections, because of the inadequacy of reliable in-
formation on past levels and trends.

This chapter reviews past levels and trends of mortality in de-
veloping countries, makes assumptions about future trends made by
the United Nations, compares past assumptions with actual perfor-
mance, and concludes with a review of recent and possible future
changes in the pace of mortality decline. Mortality assumptions
made more recently by the World Bank are also reviewed.

The review of past levels and trends is based on mortality es-
timates prepared for the World Population Monitoring, 1993 (UN,
1994) as well as the latest United Nations population estimates and

The views and opinions expressed in this paper are those of the author and do
not necessarily reflect those of the United Nations.
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projections, World Population Prospects: The 1992 Revision (UN,
1993).

7.1 Levels and Trends of Mortality
Since 1950

Considerable progress has been made in reducing mortality in the
less developed regions in recent decades. Over a period of 35 years
from the early 1950s to the late 1980s, the average expectation of life
at birth in the less developed regions is estimated to have increased
20 years, from about 40.7 in 1950-1955 to 60.7 in 1985-1990 accord-
ing to the United Nations latest world population estimates and pro-
jections (Table 7.1). The difference between the more and the less
developed regions narrowed during this period, from 25 years in the
early 1950s to 13 years in 1985-1990. Life expectancy is projected
to further increase to 71.2 in 2020-2025, and the difference between
the more and the less developed regions is expected to reduce to
seven years. There is a considerable degree of heterogeneity, how-
ever, at the regional and subregional levels and differences among
countries are even larger as will be discussed below. Progress has
been slowest in Africa and life expectancy is still estimated at only
about 50 years in East, Central, and West Africa. Mortality is some-
what lower in North and Southern Africa where life expectancy is
estimated at 59 and 60 years, respectively, in 1985-1990. In Asia,
estimates of life expectancies at birth in 1985-1990 are generally
higher and range from 57 in South Asia to 70 in East Asia. (It
should be noted that the latter region includes Japan, which is a
developed country.) There was little regional diversity in Asia in
the early 1950s, with life expectancy estimated at 39 in South Asia,
41 in Southeast Asia, and 43 in East and West Asia. The estimates
for the Latin American regions are still higher on the average and
fall within a narrow range: 66 in South America and 68 years in
the Caribbean and Central America. Among the developing regions
of Oceania, life expectancy ranges from 57 years in Melanesia to 69
years in Polynesia.

It should also be noted that the estimates shown in Table 7.1, in
particular those for the 1980s, are a mixture of estimates and pro-
jections and may be revised as more recent data become available.
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Table 7.1. Estimated and projected life expectancy at birth, world
and major areas and regions: 1950-2025.

Life expectancy (years)

Major area 1950- 1960- 1970- 1980- 1990- 2000~ 2010- 2020-
and region 1955 1965 1975 1985 1995 2005 2015 2025
World 464 524 579 614 64.7 675 70.2 725

More developed regions® 66.0 69.8 71.1 72.7 74.6 76.2 77.5 78.6
Less developed regions® 40.7 47.4 54.5 58.6 62.4 65.5 68.6 71.2

Africa 37.7 419 46.1 49.6 53.0 56.2 61.1 65.6
East Africa 36.2 40.7 44.8 46.8 49.0 51.6 58.0 63.6
Central Africa 36.0 39.6 43.9 479 51.0 53.3 59.3 65.4
North Africa 41.7 46.2 51.1 56.2 61.0 65.2 68.4 71.1
Southern Africa 44.2 49.2 534 57.5 625 66.9 T70.1 72.5
West Africa 35.6 39.4 43.3 47.3 51.1 54.8 59.1 63.4

Asia 41.0 48.1 56.1 60.5 64.8 68.1 71.1 734
East Asia 42,9 514 64.1 68.8 71.7 73.9 751 77.3
Southeast Asia 40.6 46.4 51.9 58.0 63.3 67.3 704 72.9
South Asia 388 449 49.5 544 594 639 67.7 70.5
West Asia 43.2 50.3 56.5 61.7 66.4 69.6 72.1 74.3

Europe 65.7 69.9 71.5 734 752 76.8 78.0 79.1
Eastern Europe 62.7 68.6 70.1 705 71.3 73.3 74.8 76.3
North Europe 69.2 71.2 723 74.0 76.0 77.5 786 79.6
South Europe 63.4 686 71.4 741 76.1 775 786 79.5
Western Europe 676 708 71.8 743 764 778 789 799

Latin America 514 56.9 61.1 65.0 68.0 70.3 72.0 73.3
Caribbean 52.0 584 63.1 66.2 68.8 70.8 725 73.7
Central America 49.3 56.6 61.5 65.5 69.4 719 73.6 T74.8
South America 52.0 56.8 60.7 64.6 67.4 69.6 714 72.7

North America 69.0 70.1 715 74.7 76.1 775 T78.8 79.8

Oceania 61.1 64.8 66.8 704 726 746 T76.4 77.9
Australia-New Zealand 69.5 70.9 71.7 75.0 76.7 78.0 79.0 80.0
Melanesia 37.5 45.1 504 54.8 58.5 62.3 66.1 694
Micronesia 475 52.6 57.5 62.6 67.3 T71.0 73.7 75.9
Polynesia 55.9 59.9 63.9 68.0 70.8 73.0 74.9 76.5

USSR (former)® 64.1 69.2 68.6 679 704 724 74.1 75.5

“More developed regions comprise North America, Japan, Europe, Australia—
New Zealand, and the former USSR.

®Less developed regions comprise all regions of Africa, Latin America, Asia (ex-
cluding Japan), and Melanesia, Micronesia, and Polynesia.

“Including Armenia, Azerbaijan, Belarus, Georgia, Moldova, Russia, Ukraine,
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. Estonia,
Latvia, and Lithuania are included in North Europe.

Source: UN, 1993:Table A.15.
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Table 7.2. Distribution of developing countries® with relatively
reliable data according to the reference period of latest estimate,
since 1970.

Number of Number of countries

countries Prior 1975— 1980- 1985
Region in region  Total to 1975 1979 1984 and later
With estimates of life expectancy at birth
Africa 51 16 3 4 7 2
Asia and Oceania 42 23 - 5 5 13
Latin America 27 23 5 3 9 6
Total 120 62 8 12 21 21
With estimates of infant and child mortality
Africa 51 36 2 9 12 13
Asia and Oceania 42 31 - 3 5 23
Latin America 27 27 - - ) 22
Total 120 94 2 12 22 58

%Countries with an estimated population of 300,000 or more in 1990.
Source: UN, 1994,

The availability of data on mortality in developing countries has im-
proved considerably during the past two decades. Vital registration
is gradually becoming more complete, particularly in Latin Amer-
ica and East Asia. Data that permit estimation of infant and child
mortality have been widely collected in censuses and surveys, in
particular those conducted by the World Fertility Survey program
(WFS) and more recently by the Demographic and Health Surveys
(DHS). Despite these improvements, lack of reliable data continues
to be a serious handicap in the analysis of mortality in developing
countries. Table 7.2 shows the distribution of countries with rela-
tively reliable data since 1970 together with the reference period of
the latest estimate. With regard to recency of data, less than half
of the countries have any data referring to 1985 and later. This is
because the results of the 1990 censuses have not yet been analyzed.
However, estimates for the second half of the 1980s have success-
fully been provided by DHS for countries covered by that survey.
Twenty-six countries have no mortality data since 1970. Obviously,
countries for which data on mortality are available may not neces-
sarily be representative of other countries since mortality conditions
are likely to be worse in countries lacking data. There are no recent
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surveys or registration data, for example, in countries affected by
war or civil strife. The countries without any national-level data,
however, form only about 4 percent of the total population of the
less developed regions, so that even large errors in the country esti-
mates will not affect the regional totals very much.

Although the data situation has improved in Africa, it is still
more problematic there than in other less developed regions to es-
timate levels and trends. The only countries in sub-Saharan Africa
with reliable systems of vital registration from which life tables can
be derived are three small island countries in the Indian Ocean:
Mauritius, Réunion, and the Seychelles. All three countries have
reached low levels of mortality with life expectancies now above 69
years. Most of the available information in mainland sub-Saharan
Africa refers to child mortality. Few countries have adequate data
on adult mortality.

Mortality is high throughout most of sub-Saharan Africa, but
there is variation among countries in terms of both levels and trends.
Child mortality has generally been most severe in West Africa, a fact
attributed both to the level of socioeconomic development and to
environmental factors (Blacker, 1991). Although differences with
the other regions have narrowed, West Africa as a whole still has
the highest child mortality on the continent. Sierra Leone, a West
African country, exhibits the highest mortality ever measured in
a contemporary country: a probability of dying by age 5 of 364
per 1,000 in 1971, declining to 334 per 1,000 in 1981 according to
the 1974 and 1985 censuses. Gambia and Mali in West Africa and
Malawi in East Africa which had similarly high levels of child mor-
tality in the 1970s have experienced larger improvements, but the
latest estimates of mortality under the age of 5 for these countries
are still above 240 per 1,000. The lowest mortality in mainland sub-
Saharan Africa has been achieved by Kenya and Zimbabwe in East
Africa and Botswana in Southern Africa. The low child mortality
in Botswana (65 per 1,000 in 1984) may be explained, in addition
to its impressive economic growth during the 1970s and 1980s, by
the high proportion of women receiving prenatal care and immu-
nization with tetanus toxoid, the high proportion of births delivered
by trained health personnel, and the high immunization coverage of
children (Lesetedi et al., 1989; World Bank, 1992). Immunization
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coverage and proportions of women receiving prenatal care are also
high in Kenya and Zimbabwe (Kenya, 1989; Zimbabwe, 1989).

The countries of North Africa have experienced more rapid mor-
tality declines with an acceleration in the decline since the mid-1970s
or late 1970s. In Algeria, the only country in the region with a
series of life tables derived from vital registration, life expectancy
increased slowly from 53 in 1970 to 57 in 1978 and then to 64 in
1985, an annual increase of one year. Life tables after 1985 are
not yet available, but later data on infants show that mortality has
continued to decline. The latest official life table for Egypt refers
to 1975-1977, when life expectancy at birth was estimated at 53
years. Later data on infant and child mortality show that mortality
has declined rapidly since then: mortality fell by more than half
between 1976 and 1986. In Tunisia, which currently has the lowest
infant and child mortality rates in North Africa, the decline has been
equally impressive, from an under-five mortality of 204 per 1,000 in
1968-1969 to 65 per 1,000 in 1983-1987 according to a 1968-1969
demographic survey, the 1975 census, and the 1988 DHS.

Asia presents the most varied picture among the developing re-
gions, both in terms of levels and trends in mortality and in terms
of availability and quality of data, reflecting very diverse histories
and levels of development.

East Asia has achieved the lowest mortality levels in the region.
The main reason here is obviously the remarkable progress achieved
by China. Life expectancy in China was estimated at 41 in 1950-
1955, reached 68 in 1981 and despite the high level continued to
increase to 72 in 1986, an annual increase of almost a year; infant
mortality was estimated at 195 per 1,000 in 1950-1955, reached 35
in 1981 and 22 in 1986. The other countries of the region with
available data, Hong Kong and the Republic of Korea, have also
successfully reduced their mortality levels. According to its civil
registration data, Hong Kong now has the lowest mortality among
all developing countries with a life expectancy in 1987-1989 of 77
years (80 for females and 74 for males) and an infant and under-five
mortality of 7 and 9 per 1,000, respectively.

Southeast Asia is characterized by a wide disparity of mor-
tality levels and trends. Brunei Darussalam, peninsular Malaysia,
and Singapore have achieved mortality levels comparable to those
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of developed countries with life-expectancy estimates above 70.
Progress has also been made in other countries of the region, partic-
ularly in Thailand where expectation of life at birth reached 66 in
1985-1986 and in the Philippines where it reached 64 in 1987-1989.
On the other hand, the region includes countries such as East Timor,
Cambodia, and Lao People’s Democratic Republic where mortality
is believed to be high and life expectancy estimated to be below 50
years.

South Asia exhibits the highest mortality levels and has expe-
rienced the slowest decline in Asia, although one country in that
region, Sri Lanka, has attained relatively low mortality: life ex-
pectancy was 69 in 1980-1981, and is now estimated to exceed 70.
Afghanistan has the highest mortality in the region which is not
surprising in view of the social and political circumstances of that
country. Although mortality is still high in the three largest coun-
tries of the Indian subcontinent — Bangladesh, India, and Pakistan
— the levels have been declining. In Bangladesh, life expectancy
increased from 48 in the late 1970s to 56 in 1987. In India, life ex-
pectancy was estimated at 53 in 1981-1983. More recent data from
the Sample Registration System show that infant mortality has con-
tinued to decline, from 107 per 1,000 in 1981-1983 to 94 per 1,000
in 1988. The latest data for Pakistan give a life expectancy of 60 in
1984-1988, an increase from 53 in 1972-1981.

In West Asia, several countries have experienced very rapid de-
clines, not only the small oil-producing countries of the region, but
also countries such as Jordan, the Syrian Arab Republic, and Turkey.
Cyprus and Israel have the lowest mortality in the region with life
expectancies above 75, followed by Kuwait where life expectancy was
estimated at 72 in 1984-1986. The only country with high mortality
in the region is Yemen, where infant and under-five mortality were
162 and 237 per 1,000, respectively, according to the 1979 WFS.

As mentioned earlier, Latin America has achieved lower mor-
tality levels than Africa and Asia. The mortality decline in the
Caribbean Islands is particularly impressive with levels of life ex-
pectancy reaching those of the developed countries despite lower
levels of economic development. Life expectancy at birth is esti-
mated to be above 70 in all islands except the Dominican Republic
and Haiti. In Cuba and Puerto Rico life expectancy was 75 in
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1985-1986 and 19861988, respectively, the highest in Latin Amer-
ica. To give an example of the mortality decline that has occurred
in some of those countries, life expectancy at birth in Barbados
increased from 57 in 1950-1955 to 72 in 1980. Infant mortality de-
clined from 132 per 1,000 in the early 1950s to 13 per 1,000 in the
late 1980s, or by over 90 percent. On the other hand, the decline has
been slow in the Dominican Republic and Haiti. Under-five mortal-
ity in Haiti was still estimated at 193 per 1,000 in 1983, higher than
in many African countries.

Two countries in Central America — Costa Rica and Panama -
have also achieved very low levels of mortality with life expectan-
cies above 70. In Mexico, the largest country of the region, life
expectancy at birth increased from 61 in 1970 to 66 in 1980 and is
now believed to be close to 70.

In South America, the lowest mortality levels are observed in
Argentina, Chile, Uruguay, and Venezuela. In Chile, life expectancy
at birth increased from 62 to 71 during the 12-year period between
1970 and 1982, and infant and child mortality declined by almost
70 percent during the same period. Recent data show a continuing
but slower decline during the 1980s. Bolivia and Peru, on the other
hand, have the highest mortality in the region, but like all South
American countries, have experienced substantial mortality reduc-
tions. In Bolivia, for example, the probability of dying by age 5
declined by almost half between 1972 and 1988, from 254 to 130 per
1,000. In Brazil, the largest country of the region, with half its pop-
ulation, the mortality decline has been moderate. Life expectancy
at birth increased from 58 in 1970 to 62 in 1976-1980 and may be
above 65 at present.

Mortality has also declined steadily in the developing countries
of Oceania, and some countries have achieved low levels of mortality.
In Guam, Micronesia, life expectancy was estimated at 73 in 1979-
1981 and infant mortality at 11 per 1,000 in 1985-1987. The only
countries where mortality is still high is Kiribati, a small island in
Micronesia, where under-five mortality was estimated at 123 in 1981
according to the 1985 census and in Papua New Guinea, Melanesia,
where under-five mortality was estimated at 96 in 1976.

The United Nations has recently completed a review of child
mortality since the 1960s in developing countries with an estimated
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1990 population of 1 million or more (UN, 1992). Among the coun-
tries with adequate estimates of the probability of dying by age 5 for
two points in time between 1960 and 1985, altogether 79 observa-
tions, child mortality declined by about 3 percent per annum. Asia
and Latin America both experienced rates slightly above this aver-
age, whereas the rate of decline in Africa was only about 2 percent
per annum. These figures may be somewhat different, however, if
data for all countries were available. In sub-Saharan Africa, there
are a few countries where available data show that child mortality
declines may have stalled or even increased, although the observed
trend could be due to poor data quality. Data are so defective in
some countries, not only in Africa, that it is not really possible to tell
how mortality has evolved. In many countries outside sub-Saharan
Africa with sufficient data to indicate a change in trends, child mor-
tality decline appears to have accelerated in the late 1970s and in
the 1980s.

7.2 Assumptions about Future Trends
in Mortality

The United Nations has prepared global population projections
since the 1950s. The details of the projections have expanded over
time with improvements in data and methods of analysis and with
the utilization of computer technology. Detailed mortality assump-
tions by country were first made in 1968. The assumptions are
formulated in terms of life expectancy at birth and age and sex
patterns of probabilities of surviving, corresponding to the different
levels of life expectancy at birth. The age-specific survival ratios
needed for the projections are derived from appropriate model life
tables. For countries with reliable data on mortality by age and
sex, that information is used to complement the derivation of the
required survival ratios. A national life table for a given date is
used as a base for the projections, and, as mortality is projected to
decline, it is assumed that the mortality rates of the national life
table will gradually approach those of a model life table. This pro-
cedure has been referred to as the “modified method” of mortality
projection (UN, 1977a). For countries without reliable mortality
data by age and sex, the mortality rates are taken directly from



156 Birgitta Bucht

the model life tables selected for the projections. The Coale and
Demeny regional model life tables (Coale and Demeny, 1966, 1983)
and, since the 1988 assessment, the United Nations model life ta-
bles for developing countries (UN, 1982) are used in preparing the
United Nations projections.

One of the roles of the United Nations projections is to pro-
duce comparable global and interregional prospects of population.
To maintain comparability in the assumptions of mortality between
regions and among countries within regions, a uniform procedure
is used for all countries. The assumptions about life expectancy at
birth are made to follow models of mortality improvement. These
models have been developed on the basis of data from countries
with reliable death statistics and have been revised and modified
as new data have become available, reflecting the most recent ob-
servations about mortality decline. It has generally been assumed
that life expectancy at birth would increase by half a year annu-
ally until life expectancy for females reaches 55, 62.5, or 65 years,
followed by a slowdown in the gain thereafter. In countries where
evidence suggests that the mortality decline has been faster or slower
than the model implies, the assumptions have been adjusted. The
most recent working model, which was developed for the 1988 as-
sessment and summarized in Table 7.3, introduces three variations
in the speed of improvement and labels them fast, middle, and slow
models.

In the model developed for the 1973 assessment, it was assumed
that the highest female life expectancy that could be attained would
be 77.5 years, the value given as maximum in the Coale-Demeny re-
gional model life tables, and the highest male life expectancy, 72.6
years, the value given as maximum in the first United Nations model
life tables (Table 7.4). In the 1978 assessment, the maximum life
expectancies were raised to 80 for females and 73.5 for males. In
the 1982 assessment, the maxima were further raised to 82.5 years
for females and 75 for males. The Coale-Demeny regional model
life tables were extrapolated to incorporate survival ratios corre-
sponding to these higher levels of life expectancies. The most recent
model, developed for the 1988 assessment, represents a major revi-
sion in terms of long-range mortality assumptions. The highest life
expectancies at birth were extended to 87.5 for females and 82.5 for
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Table 7.3. Working model for mortality improvement, quinquen-
nial gains (in years) in life expectancy at birth (°e,) according to
initial level of mortality.

Initial Fast Middle Slow
mortality level Male Female Male Female Male  Female
55.0-57.5 2.5 2.5 2.5 2.5 2.0 2.0
57.5-60.0 2.5 2.5 2.5 2.5 2.0 2.0
60.0-62.5 2.5 2.5 2.3 2.5 2.0 2.0
62.5-65.0 2.3 2.5 2.0 2.5 2.0 2.0
65.0-67.5 2.0 2.5 1.5 2.3 1.5 2.0
67.5-70.0 1.5 2.3 1.2 2.0 1.0 1.5
70.0-72.5 1.2 2.0 1.0 1.5 0.8 1.2
72.5-75.0 1.0 1.5 0.8 1.2 0.5 1.0
75.0-77.5 0.8 1.2 0.5 1.0 0.3 0.8
77.5-80.0 0.5 1.0 0.4 0.8 0.3 0.5
80.0-82.5 0.5 0.8 0.4 0.5 0.3 0.3
82.5-85.0 - 0.5 - 0.4 - 0.3
85.0-87.5 - 0.5 - 0.4 - 0.3

Source: UN, 1989:Table 1.4.

Table 7.4. Limit life expectancies in United Nations working mod-
els of mortality decline.

Assessment year Male Female
1973 72.6 77.5
1978 73.5 80.0
1982 75.0 82.5
1988 82.5 87.5

Sources: UN, 1977b:11; 1981:3; 1985:10; and 1989:15.

males. In order to extend the model life tables to the new maxi-
mum life expectancies, working life tables with life expectancies of
87.5 for females and 82.5 for males were constructed by using the
reduced values of age-specific probabilities of dying (gz) available
from countries that now have the lowest mortality rates. The high-
est levels of survival of each of the nine model life tables (West,
North, South, and East model of the Coale and Demeny regional
model life tables and General, Latin American, Chilean, Far East-
ern, and South Asian model life tables of the United Nations) were
linked individually with the age-specific survival ratios derived from
the working life table so that survival ratios of other intermediate
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mortality levels could be obtained through interpolation (UN, 1989).
These survival ratios have been used in the 1988, 1990, and 1992
revisions of the population projections.

Several developing countries have now surpassed the maximum
life expectancy for females of 77.5 assumed in 1973. Only one coun-
try, Hong Kong, is currently estimated to have a life expectancy
above 80 for females, the maximum assumed in 1980, although sev-
eral other countries, mainly small island countries, have reached life
expectancies close to that level. No country has yet reached the
limit for females set in 1982, but two developed countries — Japan
and Sweden — have surpassed the limit assumed for males, 75 years.

The most recent United Nations projections have taken into
account the effects of the acquired immunodeficiency syndrome
(AIDS) pandemic for 15 high prevalence countries in sub-Saharan
Africa. The number of deaths related to AIDS is estimated and
projected using an epidemiological model developed by the World
Health Organization (Chin and Lwanga, 1991). In applying the
model at the United Nations, it is assumed that there are no new
adult human immunodeficiency virus (HIV) infections after 2005;
mother-to-child infections do continue to occur after this date and
AIDS deaths follow for many years thereafter due to the long latency
period between HIV and AIDS. This assumption has little effect on
projected AIDS mortality until after 2015. The estimates of deaths
due to AIDS by age and sex, for each five-year period, are then in-
tegrated into the existing (non-AIDS) model life tables, producing
a set of life tables which incorporates the risk of dying from AIDS
and which are used for the projections.

The World Bank has published projections in recent years;
the first results were published in World Development Report 1978
(World Bank, 1978). Detailed results of the projections have only
been published since 1984 in World Population Projections, various
years. The base-year mortality estimates used in the World Bank
projections are mainly obtained from the United Nations, but meth-
ods used to prepare assumptions about future trends are different.
In the 1984 to 1987-1988 assessments, life expectancy at birth was
projected with a model using past patterns of relationships between
the change in life expectancy, the level of life expectancy, and the
female primary school enrollment ratio. Two different schedules of
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annual increments in female life expectancy were developed: one for
countries with female primary school enrollment less than 70 percent
and another for those where the enrollment is 70 percent or more.
For a given expectation of life at birth, survival ratios for males and
females were derived from the Coale and Demeny regional model
life tables. In the more recent projections, a different procedure
has been used to project mortality (Bulatao and Bos, 1989). Life
expectancy and infant mortality are projected separately using lo-
gistic functions, taking into account past trends and socioeconomic
factors. The logistic function is determined so that life expectancy
rises most rapidly from a level of 50 years and increasingly slowly
at higher levels. Rates of change are estimated from past rates of
change and from the female secondary school enrollment ratio or,
in a few cases where data on school enrollment are not available,
from the percent urban. Maximum life expectancies were assumed
to be 90 for females and 83.3 for males. Life tables are selected
from the Coale-Demeny regional model life tables combining differ-
ent levels to give exactly the desired infant mortality rate and life
expectancy. Coale and Guo’s (1989) new extended model life tables
are used at low levels of mortality. The most recent World Bank
projections have also taken into account the effects of AIDS, apply-
ing an epidemiological model developed by Bulatao (1991) and Bos
et al. (1992).

The World Bank assumptions show more variation among indi-
vidual countries than do those assumed by the United Nations, and
indicate, on average, slightly faster decline at lower levels of life ex-
pectancy and slower decline at higher levels. Mortality assumptions
for the less developed regions according to different United Nations
and World Bank assessments are shown in Tables 7.5 and 7.6.

7.3 Comparison of Past Assumptions with
Actual Performance

Since the United Nations has a long series of population estimates
and projections, assumptions made in past projections can be com-
pared to more recent assumptions and to actual performance. Table
7.5 shows estimated and projected life expectancies at birth for
the less developed regions for different periods available from the
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Table 7.5. Estimated and projected life expectancy at birth for less
developed regions, both sexes, according to different United Nations

assessments.

Year 1980-1985 1985-1990 1990-1995 2020-2025
1968 58.0 60.6 63.0 -
1973 56.7 58.7 60.7 -
1978 57.1 59.2 61.1 -
1980 57.0 58.9 60.7 69.6
1982 56.6 58.2 60.0 68.9
1984 57.3 59.1 60.8 69.5
1988 57.6 59.7 61.5 70.4
1990 59.4 61.4 63.3 71.6
1992 58.6 60.7 62.4 71.2

Sources: UN, 1973:Table A.2.1; 1977b:Table 41; 1979; 1981:Table A-15; 1985:Ta-
ble A-15; 1986:Table A-15; 1989:Table 15; 1991:Table 44; and 1993:Table A-15.

Table 7.6. Estimated and projected life expectancy at birth for
less developed regions, both sexes, according to different World Bank
assessments.

Year 1980-1985 1985-1990 1990-1995 2020-2025
1984 59.5 61.2 62.8 70.7
1985 59.4 61.1 62.8 70.8
1987-1988 - 61.4 62.9 70.3
1989-1990 - 62.1 63.6 69.3
1992-1993 - 61.9 63.2 71.1

Sources: Vu, 1984, 1985; Zachariah and Vu, 1988; Bulatao et al., 1990; and Bos
et al., 1992.

different series of United Nations projections prepared between 1968
and 1992. The projected life expectancy at birth for the less devel-
oped regions as a whole has turned out to be reasonably accurate
in each revision carried out over a quarter of a century. In 1968,
when detailed projections were first performed for each country, life
expectancy at birth was projected to be 60.6 in 1985-1990 for the
less developed regions. In 1992, it was estimated at 60.7 for the
same period. The long-range projections show a small and gradual
improvement in assumed mortality levels over time. In 1980, life
expectancy at birth was projected to be 69.6 in 2020-2025. In 1992,
it was projected to be 71.2 in the same period.
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It is remarkable that the projected life expectancy for the less
developed regions has changed so little despite large revisions for
individual countries. Country estimates have been raised or lowered
as new data have become available and with new and better methods
of estimating mortality. Several countries have experienced unfore-
seen and almost spectacular gains in the life expectancy at birth,
most notably China, the most populous country in the world. The
1968 mortality assumption for China, a life expectancy of 62 years
in 1985-1990, was surpassed by 10 years. The mortality decline has
been slower than projected in a sufficient number of countries, how-
ever, to offset the more rapid decline in others so that the regional
averages have not changed much. For the more developed regions, in
contrast, the projected life expectancies have gradually been revised
upward.

It should be noted that the sudden increase in life expectancy
at birth between the 1988 and the 1990 revisions is partly the result
of a new method of calculating life expectancy at the regional and
global levels from country-specific figures. In the earlier revisions,
regional and global life expectancies were estimated by weighing the
country-specific life expectancy figures by the number of births. This
method provided unbiased estimates only when countries within the
region had similar age structures and similar levels of fertility. Be-
ginning with the 1990 revision, the method was changed to exactly
calculate survival ratios (and hence life expectancies) at the regional
and country levels by aggregating deaths and population by age and
sex at the country level (UN, 1991:91).

7.4 Possible Changes in the Pace of
Future Mortality Decline

There has been some concern that the deteriorating economic con-
ditions since the mid-1970s in many developing countries would lead
to a slowdown or stagnation in the mortality decline because of a
reduction in expenditures on social services implemented to cope
with the economic crisis. There is no evidence yet of such a change
except possibly for a few countries in sub-Saharan Africa where the
mortality trends are difficult to interpret. In countries with nega-
tive growth of GDP per capita from 1965-1980 or 1980-1990 (World
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Bank, 1992) and with sufficient data to estimate mortality trends,
for example, Senegal in sub-Saharan Africa and several countries in
Latin America, mortality has continued to decline without change.
However, one cannot rule out the possibility that the deterioration
in economic conditions and reduced spending on health could have
a delayed effect on mortality in some countries.

A most important measure that is likely to have a substan-
tial effect on mortality trends in the near future is the child sur-
vival programs that have been implemented during the 1980s by
governments and international organizations. These programs have
consisted mainly in making a few simple and low-cost technologies
widely available, in particular immunization and oral rehydration
therapy (ORT). When the World Health Organization launched its
Expanded Programme on Immunization in 1974, it was estimated
that less than 5 percent of children in the developing world were
immunized (UNICEF, 1989). In 1985, the coverage had increased
to around 30 percent for measles and 40 percent for the other tar-
geted diseases. Since then, many countries have sharply increased
their coverage, and it is estimated that by 1990 between 79 and 90
percent of infants were vaccinated against the target diseases. Im-
munization of women against tetanus still lags behind at about 56
percent (UNICEF, 1992). Awareness and use of oral rehydration
therapy have also increased substantially. These efforts should have
an important impact on child mortality, and favorable results have
already been reported in a number of countries. However, since the
programs have only recently gained momentum in many countries
and since data for the late 1980s are still not available in many coun-
tries, the full impact of these programs cannot yet be measured.

Other factors that will affect child survival in the future are
increasing education of women and declines in fertility, with a re-
duction in high-risk births. Reduced fertility is also likely to have
indirect positive effects on a child’s survival chances because a family
with fewer children can allocate more resources per child, including
parental care and attention, food, schooling, and access to health
services. There is also a reduced risk of infection of children in
smaller, less-crowded households. Maternal mortality which is high
in many developing countries is also lowered with fertility declines.
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In the near future, the outlook in general indicates a continua-
tion of the mortality decline. Among the helpful factors will be, in
addition to those mentioned above, further improvements in educa-
tion, medical research, training of health personnel, and the spread
of democracy which will enable people to put pressure on govern-
ments to improve health services.

Several developing countries have reached mortality levels com-
parable to those in the developed countries, even in countries where
the levels of economic development are far behind those of the devel-
oped countries. There is no reason that the mortality declines will
not continue and that other countries will follow, barring of course
wars, famines, and other catastrophes.

This does not mean that it is going to be easy to achieve contin-
ued impressive improvements. The progress in sub-Saharan Africa
is likely to still lag behind that of the other developing regions.
Apart from the droughts and famines that are plaguing substantial
parts of Africa at the present time and the civil strife that exists
not only in Africa but also in Asia, there are two important con-
cerns: the AIDS epidemic and the spread of chloroquine-resistant
malaria. Both are likely to have a particularly devastating effect in
sub-Saharan Africa. Environmental problems of various kinds ag-
gravated by population growth, such as water scarcity and loss of
agricultural land and cutbacks in food production, could also lead
to increased risks to health.
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Chapter 8

Mortality in Sub-Saharan
Africa: Trends and
Prospects

Michel Garenne

Interest in the population growth of the Third World began after
World War II, owing mostly to the growing concern for population
pressure and its possible effects upon the world economy, ecology,
and political balance. The sources of the high rate of population
growth were the fast-declining mortality and to a lesser extent the
increasing natality. The primary concern was with Asia, in partic-
ular China and the Indian subcontinent, and with Latin America,
in particular Central America. Somewhat later, the demography of
sub-Saharan Africa became a subject for research.

The first systematic studies of African populations took place
in the early 1960s. A team of researchers working at Princeton
University published the first comprehensive account of African de-
mography in 1968 (Brass, 1968). At about the same time, a group
of French demographers published a summary of their experiences
and findings on tropical Africa, with emphasis on the sample sur-
veys conducted by the French National Statistical Office (INSEE)
beginning in 1954 (GDA, 1967). Since this pioneer period, only a
few syntheses on the population dynamics of the region have been
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published. Mandjale (1985) analyzes infant and child mortality. Van
de Walle et al., (1988) review the state of African demography. The
collection of work edited by Feachem and Jamison (1991) focuses on
morbidity and mortality.

Fertility in Africa experienced minimal fluctuations over the
past 50 years, whereas mortality underwent a major decline, cre-
ating considerable potential for population growth. The decline in
mortality has been documented only recently in a systematic way
(Hill and Hill, 1988; Hill, 1991; Timaeus, 1991). However, there
is a growing concern that the mortality decline will not continue,
and may even be reversed under new conditions such as the AIDS
epidemic.

This chapter reviews the available evidence of mortality decline,
before and after independence, and discusses the future of mortal-
ity. It focuses on the countries of continental sub-Saharan Africa
listed in Table 8.1. The islands such as Cape Verde, Sao Tome and
Principe, Mauritius, and the Seychelles have very different popula-
tion dynamics, and data from Madagascar are too poor to be used.

8.1 The Colonial Period: 1920-1959

8.1.1 Mortality trends

Data from the end of the colonial period (1920-1959) are very scarce,
and there is virtually no data available on tropical Africa prior to
1915. The only long-term series available come from Dakar and
Saint-Louis, two cities in Senegal, where a high-quality vital reg-
istration system has been maintained. The vital registration data
from Saint-Louis were analyzed in a PhD dissertation (Diop, 1990),
and the vital data from Dakar were discussed in a recent paper
(Garenne et al., 1993). In Dakar, there was clear evidence of a de-
cline in mortality since at least 1920, the 1915-1919 period being se-
riously disturbed by the 1918 influenza world epidemic as well as by
a local plague epidemic. In Saint-Louis, mortality has been declining
steadily since 1930, the earliest date for which data were analyzed
(Figure 8.1). In both cases, the crude death rates at the begin-
ning of the series were among the highest recorded, and were only
slightly lower than the crude birth rate: CDR = 35/1000 in Dakar
during the 1920-1924 period, and CDR = 36/1000 in Saint-Louis
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Table 8.1.
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Reconstructed levels and trends in child mortality in

continental sub-Saharan Africa, by country and period: probability
of dying before age 5, ¢(5), per 1,000.

Country <1960 1960 1965 1970 1975 1980 1985
Angola 360 - - - - - -
Benin 360 - - 255 240 200 -
Botswana - 175 160 140 120 90 60
Burkina Faso 420 315 295 275 255 220 215
Burundi - 270 240 220 220 210 175
Cameroon 290 - 235 220 185 -~ -
Central Afr. Rep. - 325 295 245 - - -
Chad 340 310 - - - - -
Congo, People’s Rep. 290 200 165 140 - - -
Cote d’Ivoire - - 265 245 210 165 140
Equatorial Guinea - - - - - - -
Ethiopia - 235 230 225 220 - -
Gabon 350 250 - - - - -
Gambia - 350 345 310 275 240 -
Ghana 370 220 210 185 170 155 160
Guinea (Conakry) 380 - - - - - -
Guinea-Bissau 300 - - - - - -
Kenya 260 210 185 165 145 125 100
Lesotho - 200 195 185 175 - -
Liberia - 280 270 255 245 235 220
Malawi - 360 345 335 320 285 -
Mali 385 - - - 360 310 250
Mozambique 260 - 280 280 280 - -
Namibia - - - - - - -
Niger 300 - - - - - -
Nigeria - - - - - 195 190
Rwanda - 240 220 220 220 220 -
Senegal 375 300 295 285 265 220 190
Sierra Leone - 400 385 366 - - -
Somalia - - 240 225 210 - -
South Africa - - - - - - -
Sudan - 220 205 170 150 145 135
Swaziland 240 230 220 215 - - -
Tanzania 260 240 235 225 215 -~ -
Togo 350 300 245 220 200 180 160
Uganda 245 225 195 180 175 185 185
Zaire 285 - - - 235 210 200
Zambia - 220 190 180 165 150 -
Zimbabwe - 160 155 145 140 135 95

Source: Adapted from Hill, 1992.
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Figure 8.1. Crude death rates in Dakar and Saint-Louis (Senegal):
vital registration 1915-1989. Source: Garenne et al., 1993.

in 1930-1934. It is reasonable to conclude that mortality began to
decline dramatically during the period just following World War 1.
This finding is confirmed by the fact that the population increased
significantly between 1920 and 1960, as shown by the series of ad-
ministrative censuses in Senegal (Becker and Martin, 1983).

Other evidence is available in early censuses and from the retro-
spective questioning of mothers. In Ghana, the probability of dying
before the fifth birthday, ¢(5), was estimated at 380/1000 in 1933
and has been declining since then. In Angola, ¢(5) was estimated
at 356 in 1926 (Hill, 1991). Again, these values are very high, and
they probably no longer exist in any country of the continent.

By 1960, when most countries obtained independence, major
differences in infant and child mortality already existed among coun-
tries. The quotient ¢(5) ranged from 160/1000 in Zimbabwe to
400/1000 in Sierra Leone ( Table 8.1). These large differences among
countries were attributed primarily to the level of development (for
instance, Zimbabwe and Botswana were countries much wealthier
than the average) and to a certain extent to the environment: the
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highland countries of East Africa were reputed to have fewer cases
of malaria and therefore a lower mortality rate (Blacker, 1991). The
classic exception to this pattern was Malawi, a country known to
have a high prevalence of malnutrition and vitamin-A deficiency
(Feachem and Jamison, 1991).

8.1.2 Socioeconomic change

Reasons for the mortality decline during the 40 years following
World War I are poorly understood. Colonial powers opened roads
in most of Africa, sometimes railways, which have drawn most of
the villages out of their isolation. One noticeable consequence of
improving communications, well documented in the past in Europe
and also in the 20th century in India (Davis, 1951), is the drastic
reduction in the number of famines. In northern Senegal in the
19th century, there were famines every three to four years (Chas-
tanet, 1982). Severe famines virtually disappeared after World War
I, with the exception of the year 1942, and, although food short-
ages continued to occur with the same frequency, they became far
less acute. Colonization also brought to Africa the monetary econ-
omy, in particular the following cash crops — peanuts, coffee, cocoa,
rubber — which gave the peasants the power to purchase what they
needed.

Cities were rare and small in Africa prior to 1900. However, they
developed rapidly thereafter, which subsequently provided for the
opening of schools and the creation of an elite branch of Africans who
had a modern education. The level of modern education has been
shown to be closely associated with mortality decline throughout
the world (Caldwell, 1986).

8.1.3 Public health

In addition to improving socioeconomic conditions, considerable ef-
forts were made to improve public health. Health programs focused
on diseases affecting the expatriate community, especially adults,
but they were directed to the whole population as well. Modern
hospitals were built at the turn of the century. Local dispensaries
soon followed in the secondary towns. The water supply was treated
in cities at about the same period (1928 in Dakar).
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Newly developed vaccines against tuberculosis (BCG), yellow
fever, smallpox, and the plague became available and widely used,
even in the most remote villages. As a consequence, the last three
of these deadly diseases were under control by 1960. Tuberculosis
was more difficult to control, mostly because the BCG has a low effi-
cacy but also because the disease has a more complex epidemiology.
Major efforts were also made to control syphilis and yaws, as well
as trypanosomiasis. The control of syphilis and other infectious dis-
eases reached a new dimension with the marketing of antibiotics just
after World War II. Synthetic antimalarial drugs became available
in 1945 in most of tropical Africa. Malaria control programs started
also after World War II, and, although they failed to achieve their
goals, they certainly contributed to mortality decline and perhaps
to an increase in fertility.

8.2 Evolution since Independence:
1960-1992

8.2.1 Recent trends in mortality

After 1960, a relatively large amount of data concerning mortality
became available: censuses with retrospective questions, sample sur-
veys (prospective or retrospective), maternity histories in the World
Fertility Survey (WFS), and the Demographic and Health Surveys
(DHS). These surveys provide levels and trends in child mortality at
various points in time from which a history of mortality decline can
be reconstructed (Hill, 1989, 1991; Cantrelle et al., 1986; Garenne
et al., 1985). Results of this reconstruction are shown in Table 8.1.

Among the countries listed in Table 8.1, data are satisfactory
in more than half of the cases and indicate a 40 percent decline in
q(5) between 1960 and 1985, from an average of 275 in 1960 to an
average of 165 in 1985. This represents a rapid decline in mortality.
In England and Wales, it took about 85 years to achieve the same
decline.

Some countries did not seem to enjoy the favorable evolution of
the majority. For instance, Uganda was rather advanced in 1960,
but failed to continue along its path; mortality trends may have even
been reversed after 1975. Although less dramatic a case, mortality
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Figure 8.2. Under-five mortality risk, West Africa: 1926-1980.
Source: Hill, 1991.

decline seems to have stopped in Ghana after 1980. Ghana had
virtually the same mortality as Kenya in 1960, but had a 60 percent
higher mortality in 1985 (see Figures 8.2 and 8.3).

Adult mortality has also been studied, from retrospective ques-
tions and from direct estimates from sample surveys (Timaeus,
1991). Adult mortality data are available in 21 countries, but
only a few provide trends over time. Convincing evidence ex-
ists of an increase in adult survival in Benin (1967-1978), Congo
(1962-1971), Cameroon (1945-1976), Sudan (1960-1974), Kenya
(1955-1975), Uganda (1955-1965), Tanzania (1958-1968), Zim-
babwe (1973-1979), and Swaziland (1960-1974). For those coun-
tries on the average, life expectancy at age 15 increased by about
10 years between 1960 and 1980, from around 45 years to approxi-
mately 55 years. The only two exceptions in this study were Lesotho
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Figure 8.3. Under-five mortality risk, East Africa: 1926-1980.
Source: Hill, 1991.

and Botswana, for which no change was visible during the period
studied, which is surprising.

8.2.2 Socioeconomic correlates

Despite the poor quality of both demographic and socioeconomic
data and the numerous missing values, various socioeconomic vari-
ables appear to be significant correlates of child survival. Feachem
and Jamison (1991) found a significant correlation between the level
of infant and child mortality and income, measured by the GNP per
capita in 1987, as well as with secondary school enrollment. A sys-
tematic review of these correlations was undertaken by Trani (1992),
using all the available evidence from socioeconomic data published
by the World Bank (Tables 8.2, 8.3, and 8.4).

In the linear simple regressions, seven variables appear sig-
nificant: two measures of income (index of GDP/capita and
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Table 8.2. Values of socioeconomic indicators: 1984-1990.

Country Pop Urb GNP FLFP Lit Phys Nurse Cal Prim Sec IGDP ¢(5)
Benin 4,741 37.7 390 47.4 74 15940 1750 2145 63 16 5.0 187
Botswana 1.254 27.5 2040 34.9 29 6900 700 2269 116 33 19.3 59
Burkina Faso 9.016 9.0 330 46.2 87 265250 1680 2061 32 6 199
Burundi 5.470 5.5 210 47.3 66 21030 4380 2253 70 4 151
Cameroon 11.941 41.2 940 33.3 44 2161 111 27 10.0 123
Centr.Afr.R. 3.036 46.7 390 45.7 60 1980 67 11 156
Chad 5.679 29.5 190 21.1 75 38360 3390 1852 51 6 223
Congo, PR 2.277 40.5 1010 38.8 37 2512 12.8
Céte d'Ivoire  12.233 40.4 730 34.2 57 2365 19 8.2 140
Eq. Guinea 0.417 28.7 330 39.9

Ethiopia 51.18312.9 120 37.4 38 78770 5390 1658 36 15 1.6 216
Gabon 1.135 45.7 3220 37.3 38 2790 270 2396 0.0
Gambia 0.875 23.2 260 40.3 206
Ghana 14.870 33.0 390 39.7 40 20460 1670 2209 73 39 153
Guinea-Bissau 0.981 19.9 180 40.8

Kenya 24.368 23.6 370 399 41 10050 1973 93 23 5.2 87
Lesotho 1.771 20.3 470 43.4 26 18610 2307 112 25 165
Liberia 2.560 45.9 450 30.2 65 9350 1380 2270 35 215
Madagascar 11.620 25.0 230 39.3 33 9780 2101 97 19 3.4
Malawi 8.504 11.8 200 41.2 59 11340 2009 72 4 3.2 211
Mah 8.461 19.2 270 16.2 83 25390 1350 2181 23 6 2.5 248
Mauritania 1.969 46.8 500 22.2 11900 1180 2528 52 16
Mozambique 15.784 26.8 80 474 62 1632 68 5 291
Namibia 1.780 27.8 23.8 1889

Niger 7.666 19.5 310 46.7 86 39670 460 2340 30 7

Nigeria 117.510 35.2 270 34.8 58 6440 900 2039 62 16 6.2 193
Rwanda 7.113 7.7 310 47.7 53 35090 3690 1786 64 6 3.0 204
Senegal 7.428 384 710 39.3 72 2030 1989 59 16 6.5 186
Sierra Leone 4.137 32.2 240 32.7 71 13620 1090 1806 53 18 2.6
Somalia 6.284 36.4 150 38.7 88 16080 1530 1736 169
Sudan 25.191 22.0 520 21.9 10190 1260 1996 49 20 130
Swaziland 0.789 33.1 840 38.8 199
Tanzania 24.518 32.8 120 479 24980 5490 2151 66 4 2.3 199
Togo 3.638 25.7 410 36.4 59 8700 1240 2133 101 24 164
Uganda 17.358 10.4 220 41.1 43 2013 77 8 183
Zaire 35.564 39.5 230 35.5 39 12940 1800 2034 76 22

Zambia 8.122 499 480 29.0 24 7150 740 2026 97 4.3 117
Zimbabwe 9.809 27.6 640 34.6 26 6700 1000 2232 128 51 88 79

Pop = population (million), Urb = percent urban, GNP = GNP /capita (US$), FLFP
= female labor force participation, Lit = percent adult illiterate, Phys = number of
people/physician, Nurse = number of people/nurse, Cal = caloric consumption/capita
(cal), Prim = primary school enrollment, Sec = secondary school enrollment, IGDP =
index of GDP/capita (USA=100), ¢(5) = mortality age 0-4 per 1000 live births.
Source: Hill, 1992, and World Development Indicators.
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Table 8.3. Mean annual changes in socioeconomic indicators dur-
ing the 1970-1990 period, per 1,000 people per year.

Country Pop Urb GNP Phys Nurse Cal Prim Sec ¢(5)
Benin 29 36 63 37 20 03 26 72 40.6
Botswana 35 59 137 73 170 06 25 104 65.7
Burkina Faso 24 23 70 -67 48 05 42 77 46.9
Burundi 25 41 54 51 27 -02 43 60 41.2
Cameroon 30 35 82 03 7 73  53.9
Centr. Afr. R. 24 21 63 -01 7 74 477
Chad 22 48 32 33 73 -10 17 77 27.8
Congo, PR 32 11 71 05

Cote d’Ivoire 40 19 49 01 50 55.1
Eq. Guinea 19 4 -

Ethiopia 29 20 34 -06 5 -03 51 87 8.1
Gabon 41 29 79 54 12

Gambia 32 22 47 41.6
Ghana 27 6 22 =21 42 06 2 47 33.8
Guinea-Bissau 31 14 6

Kenya 38 41 52 15 -04 23 76  58.8
Lesotho 25 43 77 4 05 7 79 18.3
Liberia 30 28 23 16 28 03 -06 30.9
Madagascar 27 29 15 4 -05 17 37
Malawi 32 34 60 75 -04 21 30 40.7
Mali 23 15 67 37 48 07 -01 17 29.3
Mauritania 24 61 51 59 14 60 120
Mozambique 26 77 - -02 26 22 -5.1
Namibia 28 20 - 00

Niger 31 42 33 26 137 08 43 84
Nigeria 29 28 29 80 101 -03 28 50 2.0
Rwanda 33 44 82 38 37 03 8 47  21.5
Senegal 29 07 58 10 -09 16 35 38.6
Sierra Leone 22 29 20 11 74 -04 26 55
Somalia 28 24 25 44 50 09 38.3
Sudan 28 15 77 44 52 03 22 69  35.0
Swaziland 32 61 56 11.6
Tanzania 30 79 09 -07 =51 07 31 30 17.1
Togo 29 34 53 52 73 04 26 68 47.4
Uganda 29 13 7 —06 6 30 22.1
Zaire 29 13 -04 52 -02 3 64
Zambia 33 25 4 24 109 -00 26 43.8
Zimbabwe 31 25 36 9 -1 04 6 93  48.7

Pop = population, Urb = percent urban, GNP = GNP/capita, Phys = number of
physician/capita, Nurse = number of nurse/capita, Cal = caloric consumption/capita,
Prim = primary school enrollment, Sec = secondary school enrollment.

Source: World Development Indicators.
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Table 8.4. Elasticities of ¢(5) with respect to various socioeconomic
indicators, in 36 countries of continental tropical Africa: 1980-1990.

Standardized

coeflicient P R?
Index of GDP/capita (US=100) -0.745 0.002*  0.556
Secondary school enrollment -0.734 0.000¢ 0.539
Primary school enrollment -0.711 0.000° 0.506
% Adult illiterate 0.590 0.002%  0.348
GNP/capita -0.517 0.006%  0.267
Population/physician 0.499 0.030¢  0.249
Mean caloric consumption —0.460 0.018¢  0.211
Population/nurse 0.524 0.080 0.179
Export of agricultural products 0.287 0.155 0.082
% Urban population -0.201 0.306 0.040
Exports of fuel, minerals, and metals  —0.138 0.586 0.019
% Female in labor force 0.091 0.645 0.008

“P < 0.05.
Source: Trani, 1992.

GNP/capita), three measures of education (literacy and primary
and secondary school enrollment), one measure of public health
(the number of physicians), and one measure of nutrition (caloric
consumption). Owing to the poor quality of the data, no further
analysis could be done. However, these correlations indicate that
the mortality decline is part of the whole development process, and
that countries doing well in economic and social terms are also doing
well in mortality terms. There were, however, a number of outliers
in the regression analysis. Countries such as Sierra Leone, Gambia,
and Malawi have a mortality higher than expected; this was the
case already in 1960. Countries such as Kenya, Botswana, and Zim-
babwe have a lower than expected mortality, and they were among
the lowest mortality countries in 1960 (see Figures 8.4 and 8.5).

8.2.3 Public health and primary health care

Modern health infrastructures developed significantly after 1960 and
the number of health personnel per capita also increased. In par-
ticular the number of physicians per capita increased by about 100
percent during the 1960-1985 period and the number of nurses per
capita, by 373 percent. In Botswana, the number of physicians
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Figure 8.4. Under-five mortality risk and GNP per capita in 27
countries of sub-Saharan Africa, 1964-1979. Source: Feachem and
Jamison, 1991.

per capita has multiplied by 6.2 and the number of nurses by 70.
Botswana has 38 times more physicians per capita than Burkina
Faso. Hence, there is little wonder why Botswana has the lowest
mortality.

Major health programs were also implemented in Africa after
1960. The interest of the health authorities and of donor agen-
cies shifted from tropical diseases affecting adult mortality toward
maternal and pediatric care. Major efforts were made to provide
new vaccines, in particular vaccines against measles and poliomyeli-
tis. After 1978, selective primary health care strategies were im-
plemented throughout the continent. Emphasis was on the treat-
ment of diarrhea, using oral rehydration therapy, and to a certain
extent on growth monitoring. More recent efforts focused on in-
creasing vaccination coverage, on the treatment of acute respiratory



Mortality in Sub-Saharan Africa: Trends and Prospects 179

40 - Bur - Burundi
i Tan - Tanzania
38 - Sierra Leone Rwa -Rwanda
36 |
34 Gambia
Malawi
x 2 -
K]
=
m —
£
§€ 28 [~ Burkina Faso Mozambique Senegal Liberia
EZ 26
L]
%3 24 |- Central African Republic
[}
2 22 |- Rwa Bur Tan
o
20 - Uganda
Sudan Cameroon
18 - Lesotho
NigeriaZambia
16 -
Kenya
14 - Zimbabwe Congo
12 Botswana
10 L1— { | 1 1 1 I l l | ] |
0 4 8 12 16 20
Level of secondary education
(percent)
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infections (ARI), on the use of antibiotics, on essential drugs, and
on the financing and management of the primary health care sys-
tems. Little is known yet about the exact impact of these strategies.
However, it is certain that, when well implemented, they can have a
dramatic effect on a child’s survival, as exemplified in a number of
small-scale case studies (Lamb et al., 1984; Garenne et al., 1991).

8.3 Prospects

The recent history of sub-Saharan Africa indicates a major mortality
decline, virtually universal, which began probably as early as 1920
in the most advanced countries. The decline was faster in certain
countries than in others. A clear association exists between the
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pace of the mortality decline, the general level of socioeconomic
development, and the intensity of public-health efforts.

8.3.1 Sociopolitical factors

There are documented examples of countries experiencing a stagnant
or even reverse mortality trend. These countries went through major
political turmoil, and usually the changes in the trends are seen 5 to
10 years after the political crisis erupted. The level of sociopolitical
organization seems therefore to be the most crucial determinant of
mortality trends. It also determines the economic performances and
the level of social investments.

Our picture of African mortality may even be optimistically bi-
ased, since the demographic situations of the most critical cases are
not documented. For instance, recent reports of a major famine in
Somalia claim that the life of one-third of the population is threat-
ened. The demographic effect of the recurrent famines in Ethiopia
has been poorly documented, and the little we do know leads to
serious worries (Seaman, 1987). Relatively little is known about
the situation in southern Sudan, which has been under the pres-
sure of a civil war for more than three decades. The recent Su-
danese data cover only the northern part of the country. The same
is true for Angola and Mozambique, also amid the turmoil of civil
wars. Griffiths (1988) displays a striking map of Africa: famines,
political unrest, and civil wars occur simultaneously in the same
countries and in the same regions. The future of African mortality
may be divided into two categories: countries which do well and
continue on their rapid trend toward low mortality situations, and
countries which are so disturbed politically and economically that
any improvements in the mortality situation will be postponed to
an unforeseeable future (see Figure 8.6). International aid seems to
reinforce this dichotomy rather than to diminish it. For instance,
USAID, the most active agency for child survival programs, has a
red list of countries for which it will not intervene. They are of-
ten the poorest and the most desperate of all. On the other hand,
countries which are democratic, and in general are developing more
rapidly, receive more international support than the others.
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8.3.2 Epidemiological factors

Tropical Africa is also experiencing a profound sociological and epi-
demiological transition. The emergence of the modern economy de-
stroyed most of the traditional agricultural and economic systems
and perturbated the ecological balance between population and re-
sources. It led to massive migration flows and to a very rapid ur-
banization. In Senegal, more than half of the population now lives
in cities or large towns, whereas at the turn of the century 99 per-
cent of the population was rural and no city accounted for more
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than 5000 inhabitants. In Mauritania, 80 percent of the population
became urban in less than one generation.

This pattern of migration has been favorable to the rapid spread
of communicable diseases, in particular sexually transmitted dis-
eases, as happened with syphilis at the onset of economic develop-
ment in Europe, and for the same reasons (Shorter, 1990). The
AIDS epidemic is the leading source of concern in this respect. The
dynamics of the AIDS epidemic has been affected by the existence
of the network of international truck drivers (in Tanzania—Kenya-
Uganda), by the emergence of urban commercial sex workers, and
by the appearance of large communities of single male migrants in
cities, like in Abidjan. The spread of AIDS is probably the most
important negative factor affecting the future of mortality decline
in sub-Saharan Africa. Projections made of the mortality of future
generations are alarming: up to 50 percent of the population of cer-
tain countries or regions may have AIDS as a cause of death. The
death rates may even exceed the birth rates in the most extreme
situations, reversing the pattern of population growth (Anderson,
1991). The AIDS epidemic has another major consequence: the dis-
ruption of families, by the death of one or both parents, exposing
new orphans to the multiple risks of infection, malnutrition, and
accidents. Closely related to AIDS, there is also a risk of increasing
mortality from tuberculosis, as already shown in developed countries
(Murray et al., 1990).

The massive implementation of modern medicine has also af-
fected the ecology of certain diseases. This is the case for malaria,
as more and more cases of strains resistant to chloroquine are doc-
umented (Bradley, 1991). Malaria has always been a leading cause
of death in Africa. Although there is no documented evidence on
increasing malaria mortality, resistant malaria strains may lead in
the future toward an increase in deaths attributed to this disease.
Furthermore, the wide-scale use of antimalarial drugs may have led
to a decline in natural immunity. This in turn may make certain
populations vulnerable to major outbreaks of malaria, such as what
happened in Madagascar in 1988.

Cholera came back in 1971 to Africa, after some 80 years of
absence. The index case was brought by plane to Conakry, Guinea,
an example of a new pattern of spread of communicable diseases.
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Since then, cholera has become endemic in most of tropical Africa,
and seems also to have become a leading cause of death, at least in
the Sahel of West Africa.

The vaccination coverage against yellow fever has dropped
markedly in many countries. Recent outbreaks have taken place in
Nigeria, and will occur again unless vaccination coverage increases
dramatically. Although rare, the plague still exists in Madagascar
and occurs occasionally on the east coast of Africa.

With changing lifestyles and urbanization, new diseases will also
emerge or develop from increasing risk factors or changing ecological
conditions. Smoking habits are increasing in Africa, with the help of
the massive commercial campaigns by tobacco companies. Obesity,
rare in the villages, has become prevalent in cities, and may be
linked with a probable increase in the prevalence of diabetes. Car
accidents are also becoming a significant cause of death, and African
roads are among the most dangerous in the world.

8.4 Discussion

The past trends of mortality in Africa have been induced by trans-
fers of technology from the West, which have affected virtually all
countries in the continent in a short period of time. Public health,
nutrition, economic development, and modern education seem to
have been the key determinants in mortality change. However, the
future of mortality in Africa is hard to determine and even harder to
quantify. There are reasons for believing that the major mortality
decline of the past 30 years will not be followed by a compara-
ble decline in the next 30 years in all the countries of continental
sub-Saharan Africa. Most likely, the major differences that already
exist between countries will prevail, and may even increase. Some
will continue along their successful routes to low mortality and oth-
ers will see their health transition stop or even be reversed for some
period of time. Besides the sociopolitical conditions, a critical factor
will be the spread of the HIV virus in the general population.

The control that the countries have over the health of their
population is also a function of their research capacity to identify
new problems and to choose the most appropriate solutions in time.
Essential national health research has been seen recently as one of
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the top priorities for developing countries (ENHR Report, 1990,
1991). Data information systems to identify and tackle new diseases
and new health problems may be an important component of the
success of health policies in the future. The AIDS epidemics could
have been smaller in size if similar and appropriate steps had been
taken at its onset.
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Chapter 9

Projection of the
Mortality Impact of
AIDS in Africa

John Bongaarts

The human immunodeficiency virus (HIV) began spreading widely
around 1980, and it has now reached every corner of the world. This
rapidly growing epidemic is considered an unprecedented health
threat because AIDS, which follows HIV infection, results always
in fatal illness, and the prospects for a cure or a vaccine in the near
future are not good (Anderson and May, 1992). The speed with
which the epidemic has spread is particularly disturbing. The num-
ber of reported AIDS cases worldwide doubled annually for most
of the 1980s. By early 1991 more than 1 million AIDS cases had
occurred among adults (WHO, 1991). Further large increases in
the epidemic are essentially inevitable because millions more are al-
ready infected with HIV and the large majority of these individuals
are expected to develop AIDS eventually. Moreover, new infections
continue to occur. WHO expects the total number of AIDS cases
to rise to 9—10 million among adults and 4-8 million among infants
by the end of the century.

The African continent is more severely affected by this epidemic
than any other major part of the world. More than two out of
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three adult AIDS cases and more than nine out of ten pediatric
cases have occurred in Africa (WHO, 1991). In some urban areas of
Central Africa more than 20 percent of the general adult population
is already infected. A large proportion of all sexually active adults
in Africa and elsewhere must be considered at risk of infection with
HIV.

The future course of the epidemic is highly uncertain and the
subject of considerable controversy. A variety of computerized
mathematical models have been developed to project the future
course of the AIDS epidemic and its demographic impact (UN,
1991a). A review of these different approaches is not attempted
here, but it should be noted that the range of projections is very
wide. Some investigators (e.g., Anderson et al., 1991) conclude that
the epidemic will be sufficiently severe in a few decades to cause
a decline in population size in parts of Africa. Results obtained
by others (e.g., Bos and Bulatao, forthcoming) indicate that even in
the countries with the highest infection levels, the annual population
growth rate will be reduced by only a fraction of 1 percent.

The overall objective of this chapter is to obtain estimates of
plausible upper and lower boundaries of the mortality impact of the
AIDS epidemic in Africa by the end of this century. A brief review
of recent trends in the epidemic and the causes of intra-country
variation is presented first. This is followed by an application of a
computer simulation model to project alternative scenarios for the
future HIV epidemic and its mortality impact in Africa.

9.1 Recent Trends in HIV Infections and
AIDS Cases Worldwide

The number of AIDS cases reported to WHO is the most widely
available statistic used for monitoring the evolution of the epidemic.
Although some conclusions can be drawn from levels and trends in
the number of AIDS cases, this indicator can be highly misleading
for two reasons. First, underreporting is a serious problem in some
countries, particularly in Africa, due to the unwillingness to recog-
nize this disease, lack of diagnostic facilities, and a reluctance on the
part of medical personnel and governments to report the full extent
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of the epidemic. According to WHO (1991) only about one out of
every ten AIDS cases in Africa has been reported. Second, the in-
terval between infection with HIV and the onset of AIDS is long -
nearly a decade on average. As a result, trends in AIDS cases can
be very different from trends in HIV infections and one cannot draw
firm conclusions about the former from the latter. The epidemic
in the USA provides an example of this problem. The number of
new AIDS cases (which are fairly completely reported in the USA)
rose steadily during the early 1980s suggesting a continuous spread
of the disease. However, since the mid-1980s, HIV seroprevalence
rates among homosexuals as well as in sentinel groups representative
of the general population have shown little increase, thus suggesting
that the incidence of HIV infections has been declining and that the
epidemic has not been spreading rapidly in recent years except in
certain high risk populations such as IV drug users and their part-
ners (Brookmeyer, 1991; Centers for Disease Control, 1987). This
conclusion is consistent with a leveling off in the annual number of
new AIDS cases in the early 1990s. To assess future trends in an
AIDS epidemic it is clearly preferable to monitor HIV infection rates
rather than to rely on extrapolation of reported AIDS cases.

Unfortunately, reliable HIV seroprevalence estimates based on
national samples of the general population are virtually nonexistent
in Africa (Uganda is the only exception). Seroprevalence data are
often only available for specific subpopulations (e.g., prostitutes or
pregnant women). Many surveys are taken in settings such as hospi-
tals and clinics where blood samples can be obtained relatively eas-
ily. Estimates of HIV prevalence in the general population are there-
fore typically based on data from pregnant women or blood donors.
While certainly subject to error, this procedure gives reasonable
approximations in most countries. Another problem with existing
seroprevalence data is the focus on urban populations, which are
definitely not representative of a country as a whole. In most coun-
tries where both rural and urban estimates are available, the former
is only a fraction of the latter.

Estimates of seroprevalence are available from the HIV/AIDS
Surveillance Data Base maintained by the Center for International
Research at the US Bureau of the Census (1991). The distribution
of countries by level of infection is given in Table 9.1.
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Table 9.1. Urban HIV seroprevalence in African countries.

Percent of low-risk

adult population Countries
> 10% Burundi, Malawi, Rwanda,
Cote d’Ivoire, Uganda, Zambia
5-10% Central African Republic, Congo,
Kenya, Tanzania, Zaire
2-5% Ethiopia, Gabon, Ghana,
Namibia, Sierra Leone, Zimbabwe
< 2% 40 other countries

Seroprevalence rates of over 10 percent in urban areas of a few
countries are extremely high and not found anywhere else in the
world. On the other hand, in 40 African countries the epidemic
has thus far affected less than 2 percent of the adult population. It
should be emphasized that these are urban estimates. Countrywide
data are rarely available, but they should be much lower because
the large majority of Africans live in rural areas. For Africa as a
whole WHO (1991) estimates a total of 6 million infected individ-
uals. With an adult population of 353 million, in mid-1990 (UN,
1991b) the average seroprevalence among adults in the continent is
therefore 1.7 percent.

Figure 9.1 plots trends in a few capital cities where repeated
measurements have been made since 1985. In most cases the trend
is firmly upward, indicating a continuing spread of HIV. Interest-
ingly, in one instance, Kinshasa, seroprevalence has stabilized and in
three other cities, Kampala, Nairobi, and Abidjan, prevalence rates
among pregnant women appear to be growing slower in recent years
than in the mid-1980s. Given the unreliability of some estimates it
would be inappropriate to conclude that epidemics in these cities
are approaching a plateau, but the absence of continued explosive
growth is somewhat encouraging.

9.2 Determinants of Geographic Variation
in the Spread of HIV

Available HIV seroprevalence data demonstrate clearly that the
AIDS virus has spread rapidly in some African countries, while in
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Figure 9.1. Trends in HIV seroprevalence among pregnant women
in selected capital cities in Africa.

other parts of Africa HIV seroprevalence is still low or negligible.
The causes of these geographic differences are not well understood,
but they are probably due to variations in the following factors:

e The timing of the onset of the epidemic. In the unlikely case
that all African populations are equally susceptible to an HIV
epidemic, differences in HIV seroprevalence at one point in time
could be due to the later introduction of HIV in the coun-
tries with low current levels of infection. However, all popu-
lations would then eventually be expected to experience similar
epidemics.

e  Sezual behavior. Sexual mobility is necessary for the spread of
HIV because an HIV epidemic cannot occur in a population in
which all or nearly all sexually active adults live in monoga-
mous unions. The frequency of sexual contact with individuals
other than a permanent partner and the frequency of change in
partners are therefore important determinants of the size of the
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epidemic. Although data on sexual behavior are often lacking
or unreliable, it appears likely that there are substantial differ-
ences in sexual behavior between countries and between urban
and rural areas within countries.

o  The prevalence of infectious agents. Infections with viruses and
parasites (e.g., hepatitis, cytomegalovirus, herpes simplex, tox-
oplasmosis) are common in Africa. Quinn et al. (1986, 1987)
suggest that exposure to these agents results in a chronic acti-
vation of the immune system, which in turn may lead to greater
susceptibility to HIV infection.

o Sezually transmitted diseases (STDs) that cause genital ulcers.
In African case-control studies, the presence of genital ulcers in
both men and women is correlated with the rate of infection
with HIV (Simonson et al., 1988; Plummer et al., 1987, 1991).
Substantial variation in the prevalence of STDs and hence in
the presence of genital ulcers may be inferred from demographic
evidence on variation in the levels of infertility among African
populations (Frank, 1983).

o  The absence of male circumcision. A case-control study of men
attending a clinic for sexually transmitted diseases in Nairobi
found that uncircumcised males were significantly more likely
to be infected with HIV than circumcised controls (Simonson
et al., 1988). Supporting evidence for this possibly crucial role
of circumcision is provided by Bongaarts et al. (1989). In this
study a review of the anthropological literature yielded esti-
mates on circumcision practices for 409 African ethnic groups
from which corresponding national estimates were derived. A
strong correlation (r = 0.9) was found between the estimated
national proportion of males who were not circumcised and the
HIV prevalence in capital cities. Enhanced viral survival un-
der the foreskin and the more frequent occurrence of balanitis
(inflammation of the glans of the penis) may be responsible for
the increased susceptibility to HIV among uncircumcised males
(Piot et al., 1988; Fink, 1986).

o (Glender differences in sexual activity. While premarital or extra-
marital sexual mobility of males is socially acceptable in most
African populations, this behavior is much less tolerated among
women. Moreover, important differences exist among societies
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in sexual permissiveness for girls and women. In much of Africa,
women enter a permanent marital union at an early age and,
once married, are expected to remain faithful. The implication
of this behavior pattern is that males engage in premarital and
extramarital sex with relatively few promiscuous women, mostly
prostitutes. Seroprevalence in this small group of women with
high sexual activity rates therefore rises quickly to a high level
in the early years of the epidemic. This in turn leads to higher
rates of HIV infection among their male partners than would
have been the case had sexual activity been less concentrated
among these females. In contrast, in a few other societies — e.g.,
cities of Zaire and Tanzania — women are permitted greater sex-
ual freedom and the pool of potential female sexual partners
is relatively larger. Paradoxically, the more equal levels of ex-
tramarital sexual activity of males and females in these cities
could, other things being equal, produce lower rates of infection
with HIV.

Although a lack of detailed measurements prevents a quantita-
tive assessment of the roles played by these explanatory variables,
it is likely that all have contributed to current differences in the
severity of the epidemic. Differences in these behavioral and epi-
demiological factors (usually referred to as cofactors) need not be
large to cause epidemics of widely varying sizes. In fact, relatively
modest differences in transmission risks or sexual behavior can make
the difference between epidemics that are self-sustaining and those
that are not. The former are referred to as epidemics with a re-
productive rate above 1.0 while the latter have reproductive rates
below 1.0. (The reproductive rate, R, is defined as the number
of new infections caused by one infected individual over his or her
lifetime.) In populations in which R exceeds 1, epidemics grow ex-
ponentially once the virus has been introduced. Examples of such
epidemics are found among homosexuals and IV drug users in the
USA and among heterosexuals in many African cities. In contrast,
no such epidemics occur in populations with reproductive rates be-
low 1. This is true even if the virus is introduced repeatedly. The
AIDS epidemic is apparently not self-sustaining among US hetero-
sexuals who are not IV drug users because HIV seroprevalence in
this group has remained stable at a fraction of 1 percent despite
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the presence of highly infected core groups of homosexuals and IV
drug users (Centers for Disease Control, 1987). Similarly, it is quite
possible, indeed probable, that substantial parts of rural Africa still
have reproductive rates below 1. In areas where this is the case, in-
fections can occur through contacts with infected individuals from
nearby cities or countries, but HIV seroprevalence can be expected
to remain at a low and relatively stable level. An illustration of this
phenomenon may be found in Rwanda. Kigali is experiencing one
of the most severe epidemics found anywhere in Africa, but in ru-
ral Rwanda (which is close to the capital in this small country) HIV
seroprevalence is only 2 percent (Godefroid et al., 1988). A large dif-
ference between the reproductive rates of urban and rural Rwanda is
the most likely explanation for this contrast in HIV seroprevalence
levels.

Important policy implications follow if these untested hypothe-
ses for the causes of the geographic variation in the size of epidemics
prove to be largely correct. At present much of the effort to control
the spread of AIDS is focused on high-risk groups in urban areas,
i.e., on prostitutes and their clients. Where the reproductive rate in
these groups is large (e.g., over 10), even a successful intervention
program that cuts the rate in half (e.g., by promoting widespread
use of condoms) would only put a small dent in the epidemic. On
the other hand, if one could identify populations with a reproduc-
tive rate just above 1 (which implies that they are at risk of experi-
encing substantial future epidemics), then a successful intervention
program might reduce the reproductive rate below 1, thus prevent-
ing the occurrence of an epidemic. Intervention strategies aimed
at changing sexual behavior or cofactors among all sexually active
males and females in both rural and urban areas may therefore be
more effective in the long run than highly targeted control efforts.

As demonstrated in Section 9.3, the future course of an AIDS
epidemic depends to a large extent on which of the above causes of
the geographic variation in epidemic sizes predominates.

9.3 A Summary of the Projection Model

The objective of the AIDS simulation model discussed in this section
is to make long-range projections of the annual incidence and the
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prevalence of HIV infection and AIDS, as well as of the number of
AIDS deaths in a population with given epidemiological, behavioral,
and demographic characteristics. In addition, projections provide
estimates of the impact of AIDS on a variety of demographic vari-
ables, including the population size and growth rate, age and sex
structure, and birth and death rates. The model is highly complex
and only a few key features can be described here (see Bongaarts,
1989, for further details).

The overall model is based on a demographic framework into
which a number of epidemiological submodels are integrated. This
framework consists essentially of a standard cohort-component pro-
jection model that uses single-year cohorts and single-year projec-
tion increments instead of the more conventional five-year intervals.

With this conventional demographic structure as a basis, the
population is then stratified into different sexual behavior groups.
Sexual behavior, and hence the risk of HIV infection, varies widely
among subgroups within a population. To take into account this
heterogeneity in sexual activity, each cohort is divided into the fol-
lowing strata:

e Males. Heterosexuals with high sexual mobility (e.g., clients
of prostitutes); partners in monogamous unions; and sexually
inactive males.

e Females. Prostitutes and other females with high sexual mobil-
ity; monogamous partners of sexually mobile males; partners in
monogamous unions; and sexually inactive females.

Homosexuality and IV drug use, which apparently do not con-
tribute significantly to the spread of the epidemic in Africa, are not
considered. Heterosexual contact is therefore the main route of HIV
transmission. At the core of the epidemic are prostitutes (or other
females with high sexual mobility) and their male clients. These
two groups infect one another, thus producing a self-sustaining epi-
demic. From these core groups infection spreads to others, primarily
because male clients of prostitutes usually also have sexual contact
with their spouses or other females (polygamy is common in parts
of Africa). These females, in turn, can infect their newborns either
in utero or at birth and perhaps through breast-feeding as well.

The distribution of individuals among the different sexual be-
havior groups changes as each cohort ages. After being sexually
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inactive until early adulthood, cohort members enter one of the sex-
ual behavior groups and over time may switch between them. In
addition to keeping track of the distribution of individuals among
these groups, the model allows the rate of sexual activity to change
as the cohort ages.

The model is completed by adding the epidemiological com-
ponents. This requires a further stratification of each cohort and
each sexual behavior stratum into subgroups with different infec-
tion/disease states. Three such states are included in the model:
uninfected, infected, and AIDS. Sets of differential equations de-
scribe the rates at which the numbers of individuals in these states
change over time. The key events associated with transfers between
infection/disease states are:

e HIV infection. The probability of infection in a given period
is assumed to depend on the frequency of sexual contact, the
prevalence of infection in and the infectiousness of the contact
group (having sex with a prostitute is more risky than having
sex with one’s spouse), and the rate of partner change (for ex-
ample, marital disruption and remarriage). The infectiousness
of a partner is a function of gender (male-to-female transmission
is apparently more efficient than the reverse), cofactors, stage
of disease (individuals with AIDS or symptomatic HIV diseases
such as ARC are most infectious), and the use of condoms.

e AIDS onset. The incubation period — i.e., the interval between
infection with HIV and the onset of AIDS —is a key determinant
of the demographic impact of the epidemic. In the model this
highly variable incubation interval is described with a gamma
distribution. The mean of this distribution is 9.3 years, and
90 percent of infected individuals are assumed to be at risk of
contracting AIDS. These parameters were obtained by fitting
a cumulative gamma distribution to observed proportions pro-
gressing to AIDS in a cohort of homosexuals in a San Francisco
city clinic (Hessol et al., 1987).

o Death from AIDS. The interval between the onset of AIDS and
death is assumed to be exponentially distributed, and all AIDS
cases are assumed to die eventually. The average survival time
for an AIDS patient is assumed to be 1.5 years.
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In the discussion of HIV infection routes, only sexual and perina-
tal transmissions have been mentioned thus far. Other modes of HIV
transmission do exist in Africa, but they are believed to contribute
only a minority of infections. Piot and Carael (1988) estimate that
perhaps 5 to 10 percent of HIV infections among adults are due
to transfusions with infected blood. This percentage is probably
higher among infected infants and children. In addition, injections
with contaminated needles (e.g., for vaccinations) may cause some
infections although this is difficult to document conclusively. These
factors are also included in the model, but their effect is assumed to
decline over time, because inexpensive screening tests will make it
possible to reduce infection from blood transfusions in the future.

9.4 The Relationship Between HIV
Seroprevalence and AIDS Mortality

A set of model simulations was carried out to determine the mortal-
ity effects of epidemics of different sizes. Before presenting the main
results of this exercise, selected findings of an earlier application
of the model are examined briefly. The objective of this previous
application was to project the future course of epidemiological and
demographic variables in a hypothetical Central African country
with a severe HIV epidemic (Bongaarts, 1988). Table 9.2 presents
the principal input parameters for this simulation. Figure 9.2 plots
the projected trajectory of HIV seroprevalence for the period 1975-
2000. The epidemic is assumed to have started in 1975, and by 1987
seroprevalence had reached 11 percent among adults, a level roughly
comparable with that of Uganda. The projection to the year 2000
indicates substantial further growth of the epidemic, approaching a
plateau with HIV seroprevalence at 21 percent by the end of the
century. Figure 9.2 also plots the corresponding trend in AIDS
mortality (measured in AIDS deaths per 1,000 total population).
The rise in AIDS mortality occurs several years after the increase in
seroprevalence. In the model AIDS mortality is estimated at 3.5 per
1,000 population in 1987, and by the end of the century it triples to
10.5. About three-quarters of this mortality occurs among adults,
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Table 9.2. Input parameters for the illustrative projection of an

HIV/AIDS epidemic in Africa.

Disease progression

Average duration of incubation period (years)

Average interval between AIDS onset and death (years)

Proportion infected at risk of developing AIDS

Sezual behavior

Monthly frequency of sexual contact before marriage
highly mobile males/females

Monthly frequency of sexual contact after marriage
highly mobile males/females

Monthly frequency of sexual contact between spouses

Proportion highly mobile before marriage (males/females)

Proportion highly mobile after marriage (males/females)

Age at marriage

Annual risk of marital disruption

Proportion remarrying

Average number of wives per married male

Determinants of infectiousness

Standard transmission risk per contact
male to female/female to male

Cofactor multiplier (highly mobile/other)

Infectiousness multiplier for ARC and AIDS cases

Frequency of contact multiplier for AIDS cases

Proportion using condoms

Nonserual transmission

Probability of perinatal transmission

Proportion of infections among infants/adult females
due to blood transfusion

Demographic structure

Initial population size (millions)

Initial population growth rate (percent)

Initial life expectancy at birth in years (male/female)

Annual increment in life expectancy (male/female)

Annual decrement in fertility rate (births per woman)

9.3
1.5
0.9

10/25

4/100

8
0.4/0.2
0.2/0.02
20

0.02

1.0

1.25

0.001/0.0005
3.0/1.5

10.0

0.0

0.1

0.35
0.2/0.1

100.0
3.0
44/47
0.3/0.3
0.02

Source: Bongaarts, 1988.

with the remainder occurring among children. Three key conclu-
sions are drawn from this particular simulation of a severe epidemic

(Bongaarts, 1988):

1. HIV seroprevalence will roughly double between 1987 and 2000.
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Figure 9.2. Model projection of HIV seroprevalence and AIDS
death rate for a severe African epidemic.

2. Rapid changes in HIV seroprevalence and AIDS mortality occur
in the first 25 years of the epidemic, but thereafter relatively
stable levels are achieved for these variables.

3. AIDS mortality causes a substantial decline in the population
growth rate, but, given the high birth rates that exist in much of
Africa, the rise in the crude death rate is insufficient to produce
negative population growth.

Most countries in Africa are experiencing epidemics that are
less severe than the one just described. To obtain simulations of
epidemics of different sizes, model input parameters related to sex-
ual behavior and cofactors were varied. Two findings from these
simulations are noteworthy. First, the AIDS death rate was directly
related to the size of the epidemic. Figure 9.3 plots the relationship
between these two variables in the year 2000. Interestingly, the effect
of epidemic size on AIDS mortality is close to linear. As a simple
rule of thumb, the number of AIDS deaths per 1,000 population in
the year 2000 is about half of the HIV seroprevalence among adults
in that year. For smaller epidemics mortality is slightly lower than
this rule implies, but the resulting modest overestimate of AIDS
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Figure 9.3. Estimated relationship between AIDS death rate and
adult HIV seroprevalence in 2000.

mortality was considered acceptable. Second, the patterns of change
over time in seroprevalence and A