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Abstract
Concerns over the prospects of explosive demographic growth led to concerted efforts to engineer
fertility reductions in the developing world, while skeptics argued that economic development was
the best way to hasten fertility decline. Now that fertility declines have occurred in many countries
can either side claim victory? Or was demographic pressure simply self-regulated by links
between mortality and fertility changes? Using country-level data and a methodology inspired by a
series of seminal articles by Preston, I assess the impact of economic change on both fertility and
mortality and the independent effect of mortality on fertility between the 1960s and the 1990s.
Aggregating country-level estimates into six regional population projections from 1950 to 2000, I
translate these impacts on demographic variables into population size impacts. Although economic
development accounted poorly for either mortality or fertility changes, the prevailing population
growth was not that different from the growth predicted had economic development alone
influenced demographic trends. The main reason appears to be an association between mortality
and fertility levels that offset the initial effects of mortality declines outpacing economic growth.
Together, the effect of economic change on both mortality and fertility declines and the effect of
mortality on fertility predicted reasonably well actual population size in year 2000, suggesting
only a modest influence of any additional factor.

Keywords
Economic development; Family planning programs; Fertility decline; Mortality decline;
Population growth

Introduction
At the onset of this new century, fertility has declined in many of the less-developed areas of
the world, and in many cases, these declines occurred sooner and faster than anticipated.
While many mid-twentieth century demographers worried about the increase in population
growth rates, world population grew significantly in the second half of the twentieth century
but no faster than had demographic rates remained constant at their mid-century levels
(Heuveline 1999). Fast fertility declines promptly followed fast mortality declines to relieve
population pressure and keep population growth nearly unchanged, on average, during the
past fifty years. This could suggest self-regulating demographic mechanisms but hardly any
population in the contemporary developing world has been left to the operation of
homeostatic mechanisms. These declines were not only accompanied by massive structural
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transformations, by also by concerted efforts to diffuse the ‘population bomb’ (Ehrlich
1968).

Several decades of active research on fertility transitions have tried to disentangle the
separate contributions of pure demographic pressure, economic development and social
engineering. Recent reviews of what demographers have learned in the process are far from
heartening. Mason, in particular, identified several ‘errors in our thinking’ (1997: 445) about
fertility transitions, among which studying fertility transitions in isolation from mortality
transitions (also see Hirschman 1994), and focusing too narrowly on the onset of fertility
decline and the factors explaining the onset at the particular time they occurred.

This paper represents an attempt to move in the opposite direction by taking stock of the
past half-century of demographic changes in the developing world, re-assessed in broad
strokes perhaps at the cost of oversimplification and disregard for local idiosyncrasies. The
same analytical approach is used to study recent fertility declines and earlier mortality
declines, namely Preston’s (1975) decomposition of mortality reductions into economic and
other (residual) factors. After updating Preston’s mortality decomposition, the main factors
in recent fertility transitions are similarly decomposed into three broad categories: economic
development, mortality change, and other (residual) factors. To further link mortality and
fertility changes, a common gauge to evaluate both transitions is developed, relating the
impact of different factors on fertility, mortality, or both, to their effects on today’s
population size. More specifically, counterfactual projections are formulated between 1950
and 2000 to compare the demographic impact of economic development, residual mortality
decline, and residual fertility decline throughout the second half of the twentieth century.
These simulations shift the emphasis from the causal relationships between different sets of
factors to their cumulative contributions throughout the second half of this century to
today’s world population.

The results suggest that economic development accounts for nearly half of demographic
changes in the less-developed regions over the past half-century. Given the very coarse
measure of structural changes that constitutes the growth of the average economic output per
person and the current disregard for the demographic transition theory, these results may
seem to provide unusual support for the theory’s basic tenets. Perhaps even more
surprisingly, these estimates suggest that nearly a third of fertility transitions were linked to
mortality declines in excess of the mortality impact of economic development (thereafter
referred to as residual mortality declines). This leaves relatively little room for residual
factors in fertility declines (thereafter referred to as residual fertility declines), in other
words, factors that would contribute to fertility declines independently of economic and
demographic factors. The analyses presented below do not deny to these factors a possibly
important role in the onset of fertility transitions, but indicate that overall they did not
substantially alter population growth in the developing world during the second half of the
twentieth century.

Fertility transition theories
After World War II, Western demographers became more involved in international issues
(Szreter 1993; Hodgson 1988, 1991), as many gradually broadened their interest from their
respective domestic populations to the demographic issues in what French demographer
Alfred Sauvy in 1952 christened the ‘Third World’ (Bairoch 1992). These demographers
soon became aware of the magnitude of the on-going demographic changes in regions now
known as LDRs (less developed regions). The scientific study of the relationships between
economic development and population growth emerged as an important sub-field of
demography, but most demographers had already taken it as an article of faith that fast
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population growth in poor countries was ominous in many ways (Hodgson & Watkins
1997). Therefore, they turned to the historical demographic fertility transitions of the West
to gain a general understanding of these transitions and to shed light on the prospects for
fertility transitions in the rest of the world. In the process, earlier observations and analyses
(Landry 1934; Thompson 1929) were re-formulated, most notably by Notestein (1945) and
Davis (1948), and they became widely known as the demographic transition theory. The
founding paradigm of international demography was not very encouraging, however, as it
indicated that the fertility transition would result from structural changes linked to a general
‘modernization’ process, but suggested no particular way to hasten the process.

In the following decade, many demographers’ skepticism retreated in front of the perceived
urge to curb population growth in the developing world (Demeny 1988; Hodgson 1983).
These concerns reached beyond the initial circle of demographers to become an eminent
topic of international policies and public discourse (Wilmoth & Ball 1992) and, within
another decade, the international family planning movement was in full swing. External
factors are often credited for changing demographers’ views on the potential success of
these programs (Szreter 1993; Hodgson 1988). But new demographic knowledge also
contributed to that change. Although mid-century demographers anticipated the emerging
population growth of the developing world, they largely underestimated it. When Notestein
and his contemporaries worried about the imminent growth of the world population, they
had in mind about four billion people in the year 2000.1 The 1958 assessment is the first
round of United Nations projections to hit close to the target for the year 2000, slightly over
six billion people. What had improved from the early-1950s rounds was not the
methodology, nor the analysts’ foresight on future trends, but the demographic data on the
worldwide conditions of the time (Keilman 1998). These data enabled demographers to fully
realize the pace of mortality decline as well as that ‘spectacular reductions of death rates
[were achieved] without any great change in economic conditions’, ushering in a ‘changing
relationship between population growth and economic progress’ (Durand 1958: 36).2

Preston (1975) substantiates this observation and shows that probably no more than 20% of
mortality declines between the 1930s and the 1960s is due to economic development during
that period.

Population growth then appeared as a population problem. While the demographic transition
theory suggested a transitory period of strong population growth between the time when
development-related changes would reduce mortality and the time when such changes would
in turn lower fertility, that growth was perceived as a symptom of development. As
mortality decline appeared disconnected from economic progress, it seemed that population
growth could precede economic progress and thus hinder further development, prevent the
‘adjustment’ of fertility, and perpetuate itself. From this perspective, many subsequent
population policies and programs can be seen as attempts to correct the effects of the
emancipation of population growth from economic trends, based on the conviction that the
balance should be restored by seeking ways to also ‘dissociate’ fertility trends from
economic development. In other words, demographic processes had been ‘tampered’ with –
via successful attempts to improve human health – and some demographic order had to be
restored through further interventions. But health intervention programs that contributed to

1The first United Nations projections did not go beyond year 1980, but Woytinsky (1958) extrapolated these projections to 2000.
According to his computations, the early United Nations projections suggested that world population would reach 3.8 billion (based on
the United Nations 1951 assessment) or perhaps 4.3 billion (based on the 1954 assessment) in the year 2000. The author also cites
projections by Greiling (1954) of world population ‘on the assumption of population growth in different areas at a constant annual
rate.’ Even those projections only reached a world population size of 4.6 billion in the year 2000, suggesting that the actual population
growth in some of the ‘different areas’ was significantly underestimated at the time.
2The view summarized here by Durand has been expressed since 1955 by many others. For example, see Stolnitz (1955) or Davis
(1956) as quoted in Hodgson (1988: 544).
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the ‘population problem’ by improving survival chances also pointed at a solution. The
success of these programs suggested that some of the personal health behavior and medical
technologies of the West could be inexpensively dispatched and diffused to many areas of
the world without requiring profound changes or ‘modernization’ to the societies in
question. Though Caldwell (1997) argues that ‘demographic pressure intertwined with ideas,
ideologies and organized assistance both in nineteenth-century Europe and the developing
countries of the second half of the twentieth century’, the international family planning
movement reached a higher level of institutional organization in the later period. While
evaluations of the past performance of family planning programs are almost as old as these
programs themselves (e.g., Berelson et al. 1966), hardly any consensus has emerged in
respect to the real magnitude of their impact on fertility (Tsui et al. 1992). The direct
measurement of this impact raises a number of troublesome issues that contributed to
generate at times heated debate (Bogue & Tsui 1978, 1979; Demeny 1979a, 1979b) that has
continued to the present (Potts 1997; Pritchett 1994; Bongaarts 1994). Meanwhile, the
demographic transition theory has been ‘dramatically shattered’ by subsequent analyses of
past European fertility transitions (Alter 1992: 13) and recent fertility declines in developing
countries. The once ‘iconoclast’ view that these structural transformations (economic
development, industrialization, urbanization) played a minor role in most fertility transitions
has gradually gained acceptance (Cleland & Wilson 1987).

The evidence to be accounted for is clearly challenging as demographic changes during the
past fifty years exhibit more diversity than similarities. Fertility transitions in particular have
occurred under very different demographic and economic conditions (Heuveline 1999;
Bongaarts & Watkins 1996). Possibly the only common trait of recent fertility declines is
that in each case they have been preceded by a rapid mortality decline. Hirschman (1994:
228) thus suggests that we study fertility declines more generally in terms of how
‘demographic equilibria’ are ‘reestablished after mortality declines.’ While the demographic
transition theory did not initially postulate that mortality had any immediate, independent
effect on fertility, Davis (1963) underscores mortality decline as the central motivation for
reducing family size in a late reformulation of the theory. Periodical re-investigations of a
potential mortality-fertility link (summarized in Montgomery & Cohen 1998; Preston 1978)
contributed largely to skepticism about such mechanisms and mortality decline plays no part
in most recent theories of fertility decline (Mason 1997). As Galloway, Lee & Hammel
(1998) point out, all demographers agree that in the long term fertility must adjust to
mortality change and that in the short term they are largely independent. The important
research question is what happens in the mid-term, defined by these authors as 5 to 30 years.

Data and methods
Decomposition of mortality change at the national level

The mortality decomposition followed Preston’s seminal work on the relationship between
mortality and national income levels, and its change over time. In several papers, Preston
(1975, 1980, and 1985) discusses the difficulties in assessing the impact of national income
(or its rate of change) on the rate of change of life expectancy at birth. One of the main
difficulties lies in the fact that while there is a strong relationship between national income
and mortality indicators at any time, this cross-sectional relationship has itself been
changing due to other factors and possibly new influences. Estimating the impact of
economic development on mortality reduction in a particular country from any cross-
sectional relationship between income and mortality would only be acceptable had this
cross-sectional relationship remained invariant over time. On the contrary, Preston clearly
documented that between the 1900s and the 1960s, the estimated regression line changed
and most notably shifted upward over time. For any given income level, a country is
estimated to have lower mortality (higher life expectancy) in more recent years.
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Preston (1975) derived a simple technique to take stock of both the strong cross-sectional
relationships between mortality and income and the dynamics of these relationships. This
technique rests on the estimation of the cross-sectional relationship between national income
per capita and life expectancy at birth at two different times. I re-assessed the empirical
relationship between an aggregate indicator of mortality (life expectancy at birth for both
sexes, denoted e0(0), data from United Nations 1999) and an indicator of national income
(purchasing power parity or PPPs, denoted Y, data from Summers & Heston 1991) for the
most recent thirty-year period.3 Using a logistic function, the estimated relationship is of the
following form:4

(1)

The proportion of the increase in life expectancy attributable to increases in average national
income was also assessed as in Preston (1975). Preston reasoned that the increase in life
expectancy estimated from the 1960s relationship used with (a) the 1962 PPPs versus (b) the
1992 PPPs as inputs reflects the impact of economic development had other factors
remained unchanged. That impact can also be estimated from the 1990s relationship using
(c) the 1962 PPPs versus (d) the 1992 PPPs. Preston suggested to use the average of (b)–(a)
and (d)–(c) as the estimate of the increase in life expectancy that would have occurred if
only economic development had had an effect on mortality. On the contrary, the difference
between estimated life expectancies using the 1962 PPPs and (a) the 1960s relationship
versus (c) the 1990s relationship can be interpreted as the impact of the other factors holding
economic levels constant. Again, the same interpretation can be made of the difference
between the values derived from the 1992 PPPs and (b) the 1960s relationship versus (d) the
1990s relationship, and the average of (c)–(a) and (d)–(b) is taken. Preston (1980, 1985) also
discuss other estimation approaches that provide similar conclusions about the relative
contribution of different types of factors, and the decomposition outlined above remains the
most appealing owing to its simplicity and fair robustness.

Decomposition of fertility change at the national level
While Preston’s estimates have been widely accepted and often cited as a fair approximation
of the role of economic development in modern mortality transitions, no such consensual
work exists in fertility research. But Bongaarts & Watkins (1996) observed that Preston’s
findings about the changing relationship between national income and mortality levels is
relevant to contemporary fertility transitions. While fertility levels are inversely associated
with national income levels at any given time, the relationship has changed over time with
lower fertility being now associated with a given income level. Thus counterfactual fertility
declines – had they kept pace with economic growth – can be estimated by a strategy similar
to that used for mortality, based on the estimation of the empirical relationship between
economic and demographic levels at two different points in time. The only difference
introduced here is to explicitly isolate mortality change from the ‘other’ (non-economic)
factors in order to measure the independent impact of mortality declines on fertility declines.

3The most recent period for which life expectancy estimates are available at this writing is 1990–1995 (in most cases 1995–2000
indicators are projected from previous trends but not estimated from actual data yet). These estimates were compared to the PPPs for
1992 with updated data for 1992 (Penn World Tables, Mark 5.6) from the website of the National Bureau for Economic Research,
www.nber.org/pwt56.html. As in Preston (1975), the early 1990s relationship was compared to that estimated thirty years earlier by
relating the 1960–1965 life expectancies at birth and 1962 PPPs.
4I used a slightly different specification from Preston’s in that he used a constant numerator value (80 years), while the numerators
here are estimated from the data and the estimated value allowed to change between the 1960s and the 1990s. The rationale for fixing
the numerator was that changes might be bound by some asymptotic upper value but the validity of this assumption is now
questionable in view of recent further declines in mortality.
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More precisely, the logarithm of the total fertility rate (TFR) was regressed on life
expectancy at birth and PPPs:

(2)

Again the relationship was estimated both with early 1960s and early 1990s data. As most
developed countries had already completed their fertility transition by the early 1960s, only
data from the developing countries were used in this part of the analysis.

As for mortality, the fertility decline attributable to the joint mortality and national income
changes can be assessed by comparing the TFR estimates obtained from the relationship
estimated for the 1960s and (a) the 1960s life expectancies and PPPs or (b) the 1990s life
expectancies and PPPs. Another estimate for the same quantity can be obtained by
comparing TFRs (c) and (d) derived with the same input data but the relationship estimated
for the 1990s. The fertility decline attributable to increases in national income alone can also
be assessed separately, by accounting first for the impact of national income changes on life
expectancy at birth, as estimated in Equation (1). To do so, four other TFR estimates are
obtained from either the 1962 or PPPs and either the 1960s or the 1990s estimated
relationships to predict life expectancy from Equation (1), then TFR from Equation (2). The
TFR predicted from the 1960s relationships using (e) the 1962 PPPs versus (f) the 1992
PPPs are compared. As before, similar estimates can be obtained based on the 1990s
relationships in Equations (1) and (2) and the average of the estimates based on the 1960s
and the 1990s relationships is taken.

Assessment of the corresponding population impact at the regional level
The assessment of the demographic impact of various factors is based on a comparison of
different population projections using either the prevailing mortality and fertility rates or
some alternative assumptions. The projections follow the standard female-dominant cohort-
component approach (Keyfitz 1968; Shryock & Siegel 1975), elaborated by Whelpton (1928
and 1936), though the approach could be traced back to Cannan (1895). Given the data
preparation involved in each single projection, it was not possible to carry country-specific
projections for each country and national population projections were only prepared for
China and India. Other countries were grouped in four regions: sub-Saharan Africa, Latin
America and the Caribbean, ‘Other LDR-East’ (which consists of the other developing
countries in East and Southeast Asia, and the Pacific), and ‘Other LDR-West’ (which
consists of the other developing countries in South- and West-Asia, and North Africa). Note
that the partial unavailability of data prevented the analysis from starting before 1950, which
unfortunately truncates the study of mortality decline in certain regions.

For each region, one alternative series of life expectancy at birth for each sex, and two
alternative series of total fertility rates were prepared. The proportion of life expectancy
increase and TFR decrease attributable to increases in national income and the proportion of
TFR decrease attributable to increases in both national income and life expectancy at birth
were computed for each of the six regions. The regional proportions were obtained as
averages of the model predictions for each country with available data in both periods. The
regional average of national life expectancy at birth uses annual numbers of births by
country as weights, while for total fertility rates, the mid-period total size of the female
population of each country is used as weight.5 The regional proportions were then applied to

5For a discussion of several approaches to average life expectancy at birth, see Lutz & Scherbov (1992). For TFRs, the number of
women of reproductive age by country may appear as a more appropriate weight but the proportion of all women that are of
reproductive age is fairly invariant across populations (Preston, Heuveline & Guillot 2001: 94).
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derive a new set of life expectancy at birth (M1) and TFR estimates (F1) representing
demographic changes attributable to increases in national income (scenario S1). A second set
of TFR estimates (F2) representing fertility declines attributable to increases in both national
income and life expectancy at birth was combined with prevailing life expectancy estimates
(scenario S2). Within each region, the same proportion of the actual increase in life
expectancy at birth was assumed to apply in each five-year interval from 1955 to 2000. In
addition, the age-pattern of mortality was assumed to remain within a family of model life-
tables at different mortality levels, (e.g., United Nations Latin American pattern for Latin
America and the Caribbean) throughout the projection (1950–2000). Perhaps a more
satisfactory assumption would have been to assume the gradual disappearance of regional
mortality idiosyncrasies with mortality declines, i.e., a convergence toward a standard set of
age-pattern, such as Coale and Demeny ‘West’ family of model life-tables. Alternative
projections with different age-patterns are discussed in the sensitivity analysis section below
and suggest that the results are fairly robust to different specifications of the mortality age-
pattern.

As for mortality, fertility assumptions F1 and F2 assume within each region, a constant
relative contribution of the different factors to actual TFR decline in each five-year interval
after the onset of fertility decline. To formulate the fertility assumptions corresponding to
these estimated proportions, actual fertility rates were kept unchanged up to the period when
the TFR peaked in each region. From the peak to the last period, 1995–2000, age-specific
fertility rates were assumed to change by a fixed proportion of their actual change, with the
estimated relative contributions used as the prorating factors.6 As these operations are
applied separately to each age-specific fertility rates, the age-distribution of fertility differs
across fertility assumptions. To test the sensitivity of the results to different assumptions
about the age-pattern of fertility, an alternative set of projections was also prepared with the
prorated regional TFRs and the same age-pattern across fertility assumptions.

The formulation of these counterfactual assumptions is admittedly coarse – as partly
required by the global scope adopted in this part of the analysis – and there is, of course, no
ultimate test of the external validity of the corresponding projections. A sensitivity analysis
based on alternative estimates and projection assumptions provides, however, some sense of
the reliability of the results and of the validity of the conclusions derived therefrom. The
decomposition into three sets of factors is not the most sophisticated methodologically but
seeks robustness rather than precision. The first set of factors is referred to as ‘economic
progress’ and is measured here, perhaps restrictively, by change in national income levels.
The other two sets of factors are not clearly defined by this procedure and are therefore open
to interpretation. Specifically, the second set of factors are the non-economic factors that
contributed to the residual mortality declines, thus lowering mortality and indirectly
lowering fertility through reduced mortality. The third set of factors are those that
contributed to the residual fertility declines, thus lowering fertility independently of any
development or mortality effect. Public health programs, international eradication efforts,
and the diffusion of health behaviors were early and widely acknowledged as the main non-
economic factors of mortality declines. As discussed above, there is much less agreement to
date about the residual factors of fertility declines, but the potential impact of family
planning programs falls into this category.

6This approach implicitly assumes that other factors only influences the pace of fertility decline after its onset but not the time of that
onset. A more realistic analysis would also incorporate the potential impact on the timing of the onset of fertility decline as well.
Bongaarts & Watkins (1996) show that the onset of fertility decline has occurred at lower economic development over time. The issue
is further discussed in the sensitivity analysis section below, but also see Mason (1997) on the excessive attention paid to predicting
the exact timing of the onset of fertility declines.
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Finally, care needs to be exerted in interpreting such short-hand terms as, for instance,
‘contribution’ and ‘accounted by’. If for example, mortality was found to decline twice as
fast as predicted had mortality levels remained in a fixed relationship with economic levels,
the corresponding claim would be that mortality would have declined by one half of its
actual decline had the same economic development prevailed and had no other factors
influenced mortality declines. But the claim is not that economic growth caused half of the
mortality changes. That actual contribution should be estimated by different methods that
properly take into account the timing of changes in national income and mortality levels.7 In
the discussion below, terms such as ‘contribution’ might be used to avoid too many
cumbersome periphrases such as ‘what it would have been had no other factors played any
role’, but the more precise meaning always applies.

Sensitivity analysis
The demographic projections model used here is deterministic, not stochastic. This model
applies proportion (i.e., rates) to specific age-and-sex groups, rather than probabilities to the
individual members of each group, and there is no uncertainty involved in relating the model
parameters to its demographic outcomes. But uncertainty certainly appears in the choice of
the most likely value of any model parameters, in particular when estimating the value of
mortality or fertility rates under different assumptions (counterfactual scenarios). And it is
possible to study how the demographic outcomes vary under different model parameters.
The probability distribution of any demographic outcome could even be estimated from the
probability distributions of each parameter, the simulation of many random draws for each
parameter value, and the distribution of outcomes corresponding to each set of drawn
parameter values.

Notwithstanding the difficulty of defining a probability distribution for each projection
parameter, the time-intensive process of preparing the projection inputs for each region and
putting together the corresponding outputs severely constraints the number of simulations
that can be carried on. Short of deriving confidence intervals for the projection results, it is
possible to delineate the range of plausible outcomes by studying the results corresponding
to extreme values of the main parameters and to alternative assumptions. Two alternative
fertility assumptions to F1 and to F2 were prepared in which the proportion of fertility
declines attributable to increases in national income were measured from Equations (1) and
(2) estimated either for the 1960s or for the 1990s rather than from the average of the two.
While in F1 and F2, each age-specific fertility rate is estimated separately with the effect of
producing different age-pattern of fertility over time, a third alternative to each fertility
assumption is based on the same TFRs but a constant age-pattern of fertility in each region.
Similarly, two alternative mortality assumptions to M1 were prepared, corresponding to
different estimates of life expectancy at birth derived from Equation (1) estimated either for
the 1960s or for the 1990s, while a third alternative only modifies the age-pattern
assumptions. Specifically, this third alternative uses a common, standard set of model life-
tables (i.e., Coale and Demeny ‘West’ model) instead of a specific age-pattern in each
region. One dimension that is not investigated here is the possible uncertainty in available
data on prevailing economic and demographic levels. Using one of the three alternatives for
M1, F1, and F2 at a time led to six alternative projections for scenario S1 and three
alternative projections for scenario S2.

7A further example might be in order with respect to the distinction made here. Imagine that based on economic changes between
1960 and 1990, life expectancy at birth is predicted to increase, say, from 60 years to 65 years. Other factors have quite possibly
caused life expectancy to raise to 65 years before any economic growth occurred. In this case then, economic growth did not cause life
expectancy gains. But we still predict that it would have raised life expectancy by five years had there not been other factors. In
designing the counterfactual projections, this hypothetical contribution is what matters, not the actual cause of mortality change.
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Results
Mortality decomposition

The estimated relationship for the early 1960s is:

whereas for the early 1990s it is as follows:

8

The difference with the 1990s estimates confirms a continued upward shift in the
relationship between mortality and income levels (Figure 1).

The corresponding decomposition is illustrated in Table 1, with the average across all
countries with data for both periods in the less developed regions.

The results of country-specific decompositions averaged by region are shown in Table 3,
together with the mortality assumption M1 that represents a slower pace of mortality decline
after 1950–1955, consistent with the proportion attributable to increase in average national
income in each region. On average for the less developed regions, the pace of mortality
decline is reduced by one half (50.1%, Table 1), but the relative importance of economic and
other factors varies across regions. The share of actual declines consistent with economic
growth is lowest in sub-Saharan Africa (25.5%) and largest in ‘Other LDR-East’ (58.7%).
Regional variations are more even in absolute terms, the difference between the prevailing
and alternative estimates of life expectancy at birth ranging from ten to fifteen years. While
increases in national income accounted for less than half of mortality decline in most
regions, the relationship between mortality and national income seems to have changed
little, that is merely shifted upward over time. This is reflected in the very narrow estimation
band obtained when comparing regional estimates obtained with either the 1962 or the 1992
relationship, the difference in life expectancy at birth being less than one year in 1995–2000
across regions. This finding provides support here for an analytical strategy that can in
general be problematic, that is estimating the impact of economic change on mortality
change from cross-sectional data.

Fertility decomposition
The estimates for the two periods were the following:

In 1960–1965, the relationship is still weak among developing countries. As very few
countries have entered a fertility transition, fertility levels show little association with
income and mortality levels (if developed countries are added, however, r2 increases to

8As there is no constant in the estimated three-parameter logistic function, the r2 coefficient is high but does not carry the usual
meaning. The fit of the regression can nevertheless be assessed from the correlation between the predicted life expectancy and the
actual values: 0.811 for the 1960s and 0.897 for the 1990s.
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0.61). By 1990–1995, the relationship is much stronger. The shift observed by Bongaarts
and Watkins is also found here with the increase in the coefficients for both income and
mortality levels over time (in absolute terms). For a country with a life expectancy at birth of
60 years and a PPP of $2,000, for example, the predicted TFR would decline from 5.67 in
1960–1965 to 4.40 in 1990–1995.

The fertility decompositions are illustrated in Table 2, with the average across all countries
with data for both periods in the less developed regions. The estimated share of fertility
change consistent with increases in national income alone as estimated above, is also about
one-half, on average for the less developed regions (52.4%, Table 2).

The results of the country-specific decompositions averaged by region are shown in Table 3,
together with the fertility assumption F1 that represents a slower pace of fertility decline
after 1950–1955, consistent with the proportion attributable to increase in average national
income in each region. Regional diversity plays even a greater role than with respect to
mortality decline, and regional estimates range from 23.7% in Latin America and the
Caribbean to 60.8% in China. With actual mortality rates substituted for the counterfactual
rates, fertility rates F2 represent the larger share of the actual fertility declines consistent
with prevailing changes in both national income and mortality levels (71.4% on average for
the six regions, Table 2). The difference between assumptions F1 and F2 illustrates the
fertility decline attributable to faster mortality declines net of increases in national income.
When the actual mortality declines are substituted, the contribution of other factors is
reduced by about one-fifth of actual fertility declines, from 47.6% to 28.6%.

Regional estimates of the share of past fertility declines attributable to increases in both
economic and mortality levels range from 45.3% in Latin America and the Caribbean to
80.0% in India and 100% in sub-Saharan Africa.9 In absolute terms, the other factors are
estimated to have had most impact on total fertility rates in Latin America and the Caribbean
(−1.79 child per woman). The absolute contribution of other factors in China (−1.39 child
per woman) might appear surprisingly low given the strength and documented impact of
national population policies. But again what is estimated by comparing prevailing and
counterfactual fertility rates is not quite the fertility reduction caused by the other factors.10

The result is in fact consistent with the body of literature suggesting that while national
population policies undoubtedly contributed to the exceptionally fast pace of demographic
changes in China, some important changes were to be expected even in the absence of such
programs (Guo 1996; Lavely & Freedman 1990; Banister 1987; Whyte & Parish 1984). The
impact is more moderate in other developing regions (from 0.57 to 0.93 child per woman)
and again, none was found in sub-Saharan Africa.

There is yet much more uncertainty in these fertility estimates than in the mortality estimates
as revealed by the fairly wide estimation range obtained when either the 1962 or the 1992
relationship is used. This is not too surprising to the extent that in 1962 many countries had
not started their fertility decline and the relationship to mortality and income levels was
weak, while in 1992 stronger gradients can clearly be observed. As it is likely that this
gradient has monotonically strengthened from 1962 to 1992, it is also reasonable to assume

9The actual estimates for sub-Saharan Africa were above 100%, that is the TFR predicted from national income and life expectancy at
birth estimates with the 1960–1965 relationship was 5.08, lower than the actual TFR (5.51). Residual factors could arguably have
contributed to increase fertility levels in the region and to resist rather than to contribute to their decline. An overestimation appeared
more likely and the contribution was thus set at 100% and the corresponding TFR at 5.51.
10For instance Feeney & Wang (1993) found that about 70% of the 1970–1977 fertility decline was explained by policy alone. As
noted by the authors and explained above in Note 7, the fertility change attributable to policy alone declines over time and the authors
estimate 50% of the 1970–1987 decline to be attributable to policy alone. Our 30-year estimate is lower still (23%), in part because of
the longer timeframe. It is also possible that increases in national income contributed more to the later declines from 2.34 in 1987 to
about 1.8 today.

HEUVELINE Page 10

Popul Res Policy Rev. Author manuscript; available in PMC 2014 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



that the cumulative impact of, say, economic growth on fertility between 1962 and 1992 is
within the range of the estimates obtained from either the 1962 or the 1992 relationship.
Comparing the estimated 1995–2000 TFRs in assumption F1 depending on which
relationship is used, the largest range is found in China (±1.20) and much more modest ones
in other regions (±0.67 in ‘Other LDRs-East’, less in other regions). The estimates of the
joint impact of economic and mortality change on fertility (assumption F2) are also quite
different depending on the relationship being used. But the net impact of the residual
mortality declines that measured by the difference in TFRs F1–F2 is more consistent
whether the 1962 or the 1992 relationship is used. The largest range for the net impact of the
residual mortality decline across regions is [−1.48; −0.50] in ‘Other LDRs-West’. As further
discussed in the sensitivity analysis section below, these extreme values are likely outside
any reasonable confidence interval for the exact value of the impact but they do illustrate the
lesser precision of the fertility estimation compared to the mortality estimation above.11

Population impact
Population projections translate the counterfactual changes in demographic rates into a
population size impact. Table 4 compares the different scenarios: (1) prevailing rates,
scenario S0, (2) prevailing mortality and fertility changing according to national income and
life expectancy at birth, assumption F2, scenario S2, and (3) rates changing according to
increases in national income alone, assumptions M1 and F1, scenario S1. The difference
between the two counterfactual scenarios (S2 and S1) translates the impact of the residual
mortality decline net of increases in national income. The difference between prevailing
demographic changes and the second alternative scenario (S0 and S2) represents the
demographic impact of the residual fertility decline net of increases in national income and
life expectancy at birth.

Even if residual mortality declines independently induced some fertility reductions, they are
expected to have accelerated population growth. The results are consistent with this
anticipation; the overall estimated impact of these residual declines is a 10.7% population
increase in the less developed regions. Perhaps surprisingly, the estimated impact would be
highest in sub-Saharan Africa. Although mortality levels remain high in this region,
mortality decline significantly outpaced economic growth and, as a result, population size in
year 2000 is 18.3% higher according to these estimates. The impact of the residual mortality
decline is also higher than average in China (13.1%), where mortality decline has indeed
been exceptionally fast. The decline is least consequential in Latin America and the
Caribbean and in the ‘Other LDR-East’, which reflects less the magnitude of mortality
reductions in these regions than the fact that substantial reductions would have been
expected from economic development alone.

Overall, the mortality impact on population size appears limited given the rapid mortality
gains of the less developed regions. Durand’s observation that population growth was due to
mortality reductions that were achieved without much economic progress is probably more
relevant to earlier periods than for the period under study here. Data were unavailable to
begin this analysis at an earlier date in most of the developing world, but high population
growth rates in the 1950s readily attest to earlier mortality declines. On average, the less
developed regions were already growing at 2.0% per year in the 1950–1955 period. A full

11There is one apparent anomaly in the estimation range for the contribution of residual mortality decline to fertility decline in sub-
Saharan Africa, with the average estimate (−0.82) being higher than both the 1962 and the 1992 estimate (−0.54 and −0.65
respectively). This is because both the 1962–1992 average estimate and the 1992 estimate of the contribution of economic growth and
mortality decline were above 100% (see Note 9), and both were set to one. Contrary to what would happen with the actual estimates,
the difference with the contribution of economic growth alone then becomes larger for the average estimates than for the 1992
estimates.
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account of the demographic impact of the residual mortality decline should rightly include
earlier periods – only a truncated effect is captured here. This truncation seems particularly
important for Latin America and the Caribbean, where the 1950–1955 average growth rate
was already 2.8% per year.12 Even in the second half of the century, the overall effect of
accelerated mortality declines might be slightly underestimated. As health interventions with
the highest cost effectiveness are typically prioritized by donor agencies, the contribution of
non-economic factors can be expected to decline during the transitions, and the evidence is
consistent with this expectation (Palloni 1990; Preston 1985). The use of a single ‘average’
estimate per region between the 1960s and the 1990s might be a slight underestimate of the
average for 1950–2000, as both the pace of the decline and the non-economic contribution
were greater in earlier periods. Even if the procedure led to some underestimation, the
limited impact on population size of the mortality shift is largely due to the offsetting effect
of the induced fertility reduction (associated with on average one-fifth of recent fertility
declines).

The comparison between the prevailing demographic outcomes (scenario S0) and those of
the scenario S2 with prevailing mortality but reduced fertility change provides an assessment
of the demographic impact of residual fertility reductions. The total impact for the
developing regions is about −550 million (−10.0%), a magnitude similar to that of the
residual mortality decline. Sharp regional differences exist with respect to the extent that
population growth was lowered by residual fertility changes. The corresponding impact of
these residual factors on population size is greater in China (16.9%) and in Latin America
and the Caribbean (18.2%). But the impact is quite modest (about 5%) in India and the
‘Other LDR-West’ and even estimated to be negligible in sub-Saharan Africa.

With respect to residual fertility declines, the less-developed regions seem to fall into two
different groups. In India, Asia west of India, and Africa, these residual factors contributed
little to curb population growth (less than 4% on average). Population trends since 1950
seem to correspond largely to what could be expected from economic growth, mortality
reductions, and their relationship to fertility change. In other regions (Latin America and the
Caribbean, and Asia east of India, including China), the residual factors independently
contributing to fertility change were more consequential, resulting in more than 15%
decrease in population size, on average, by year 2000. In the first group, a further distinction
can be drawn between countries where some fertility decline has taken place within limits
consistent with the pace of economic growth and mortality change (some countries in ‘Other
LDR-West’)13 and countries where fertility appears quite resistant to these changes (much
of sub-Saharan Africa). In the second group, countries might need to be similarly contrasted
between those where the impact of other factors was swift (with China as the prototype) and
others where their residual impact has been more gradual (some countries in Latin America
and the Caribbean).14 Even at the level of large aggregate regions, different pathways to
fertility transitions are manifest.

Sensitivity analysis
The results presented in Table 4 correspond to the average estimates of the different
contributions to demographic change and to a set of projection assumptions considered most
reasonable. They thus represent plausible outcomes, but how different would these results be

12Data are in fact available for some countries in Latin America and the Caribbean in the earlier part of the century and for some of
them a slow, gradual mortality decline can be observed as early as 1900 (Palloni 1990).
13For an example of country that seems to fit this characterization, take Iran as described by Raftery, Lewis & Aghajanian (1995).
14For these particular countries, as mentioned in the text, more gradual effects might signal that those began before the period 1950–
2000, in particular for mortality decline whose impact on fertility would then be underestimated while the residual effect of ‘other’
factors would then be overestimated.
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with different estimates and under different assumptions? The results of the sensitivity
analysis presented in Table 5 first suggest more sensitivity to alternative fertility
assumptions than to mortality assumptions. This quite general trait of population projections
is here reinforced by the larger uncertainty surrounding the estimation of the different
contributions to fertility declines than to mortality declines. For the population size of the
developing world, different fertility estimates affect the projection by about ±6% by year
2000 in scenario S1, and by about ±10% in scenario S2. The impact of the different mortality
estimates is quite modest because the mortality estimates are quite close whether the 1962 or
the 1992 relationships are used, as observed above. The age-pattern of mortality has a larger
impact yet reaches 2% in sub-Saharan Africa only. In addition, this is obtained by
substituting another set of model life tables throughout the entire projection period (1955–
2000) while, as discussed, a more reasonable assumption would be the gradual
disappearance of specific regional age-pattern of mortality during the projection period. The
sensitivity to the age-pattern of fertility is also limited, between 1% and 2% on average in
both scenarios.

The rest of Table 5 compares these deviations to the estimated impact of residual mortality
declines and residual fertility declines. The population size reduction attributed to residual
fertility declines (S0–S2, total −542.4 million) appears comparable to the sensibility of the
projection based on scenario S2 (from +545.3 million or −442.6 million). The estimated total
impact for the less developed regions thus ranges from −100 million to −1.0 billion. Across
regions, the estimated net impact of residual fertility declines largely exceeds the uncertainty
range in Latin America and the Caribbean only. In relative terms, the estimated proportional
change to the population size of the developing world in the year 2000 ranges from 2% to
20%. As discussed, the interval provided by these two simulations does not represent a
confidence interval of the outcome but it is extremely likely that the exact value of the
impact lies between these two values. The reason is the expectation that the relationship
changed gradually (monotonically to be precise) between the two dates. The estimate based
on, say, the 1962 value would have been correct had the relationship remained invariant and
changed instantly in 1992, or had it began to change in one direction and then bounced back
so that the 1962 relationship could represent the average on the 1962–1992 period.

Both descriptions appear unlikely and there emerges some confidence (although not
quantifiable in the statistical sense) about the conclusion that the impact of residual fertility
declines on population growth up to the year 2000 was limited. The change of the nature of
the fertility relationship over time also suggests that residual factors reputed to have an
impact on fertility decline may have more influence on the onset of the decline than on the
cumulative decline a couple of decades later. The above results that demonstrate a modest
impact of residual factors on cumulative population growth up to the year 2000 are thus not
incompatible with other studies that emphasized their impact on the onset of fertility decline.
Perhaps countries with strong economic and demographic changes but lacking the influence
of these residual factors experience a delayed onset of fertility but then catch up with faster
declines. If this is the case, this procedure (using the estimated cumulative contribution to
reduce prevailing fertility change by the same ratio in each period) slightly underestimates
the impact of the residual factors by ignoring their timing effects. It is not necessary to
model anew the magnitude of this effect because such a timing effect amounts to assuming
that in the absence of these residual effects the transition from the 1962 relationship (i.e.,
prior to most fertility declines) to the 1992 relationship would have been delayed. The
corresponding impact is thus intermediary between the average estimate (10%) and the one
obtained with the 1962 relationship throughout (20%). These considerations suggest that the
upper half of the range (10–20%) is more likely than the lower half and that the most
plausible impact might be slightly a few percentage points higher than computed from a
single contribution from the onset to the year 2000.
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As for the impact of residual mortality decline, the estimation range is substantially
narrower. The estimated impact on the total population of the less developed regions by
2000 (523 million) would increase to 759 million or decrease to 383 million if solely based
on the 1962 or the 1992 relationships rather than on a combination of the two. In relative
terms, the corresponding interval around the 10.7% estimate is [7.9%,15.6%]. This range
represents mostly the uncertainty about the compensating impact of mortality on fertility,
however. As discussed above, there are reasons to also suspect that the use of a single
estimate for the average contribution of economic growth to mortality declines throughout
the 1950–2000 period led to slightly underestimate the impact of residual mortality decline.

Discussion
Should pieces of the ‘shattered’ demographic transition theory be saved?

Until the middle of the twentieth century, most population analysts viewed demographic
regimes as dependent on structural changes and population growth as a positive symptom of
economic progress. At that time, demographers noted that mortality transitions were under
way in areas not experiencing any significant changes in economic conditions, however, and
they promptly recognized that sustained population growth would result. For the remainder
of this century, whether fertility transitions could also be induced without significant change
in the economic environment would become a topic of intense debate. Meanwhile, the threat
of a population explosion appeared such that population policies were designed to attempt
just that. Family planning programs were aimed at dissociating fertility declines from
development in a way much like public health and medicine had allowed the emancipation
of mortality declines from development.

The results presented here were not designed as tests of any specific theory, but were
intended to document with broad strokes the impact of the main factors behind demographic
changes in the less-developed regions over the past half-century. They suggest that relying
on increases in national income as the main explanation for demographic transitions
accounts for about half of the evidence. This ballpark figure is likely an overestimate since
for reasons discussed above, a slight underestimation of both the impacts of residual
mortality and fertility declines is suspected. But given the current disregard for the
demographic transition theory, even this partial agreement may seem to provide unusual
support for the theory’s basic tenets, especially as the growth of the average economic
output per person is only a very restrictive measure of structural changes envisioned in the
theory.

The second finding is that population growth between 1950 and 2000 was not as much
altered by residual mortality decline as most demographers had expected. For the developing
regions together, the population increase due to residual mortality declines was estimated
slightly above 10%, and the sensitivity analysis ruled out much higher proportions. This is a
surprisingly low figure judging from the not-so-remote fears that as a result of these residual
mortality declines population growth might far outstrip future economic progress. Again,
estimates limited to the second half of the century miss the contribution to population
growth of the mortality transitions in earlier periods for some areas and they underestimate
somewhat the full effect. But the main reason for this surprising finding appears to be that
mortality declines also contributed to fertility declines net of economic factors.

Did mortality decline independently contribute to fertility change?
Regional diversity can not be overemphasized, but on average, residual mortality declines
are estimated to have so far contributed about a fifth to fertility transitions. The suggestion
that mortality decline substantially contributed to fertility decline stands against most recent
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accounts of recent fertility changes and thus requires elaboration. It is probably worth re-
emphasizing at this point that the contributions estimated in this model are not symptoms of
the causal relationships whose search animates most of demographic research. I would argue
with Mason (1997) that much research on fertility transitions has focussed on too narrow a
time scale and too narrowly on the precise causes of the onset of fertility decline. The
emphasis here is not so much what caused fertility to decline when it did, but how much of
the past fertility transitions would have been expected to occur by the end of the twentieth
century, regardless of their possibly different onsets and paces, based on the prevailing
mortality declines.

On this reframed issue, a non-negligible contribution of mortality change to recent fertility
transitions was found, on average. This association between mortality and fertility levels
could be spurious if some third factor not included in the analysis contributed to both
mortality and fertility declines. The argument prima facie is particularly appealing for social
change – female education in particular – but also for family planning, since these services
were often bundled with those of public health, coordinated programmatically and integrated
logistically. If a consensus emerges at all from the wealth of past studies on mortality and
fertility declines, it would be that while a direct, independent effect of mortality change on
fertility change is often found to be weak, ‘child survival and family planning programs play
important complementary roles’ (Cohen & Montgomery 1998: 29). With a simple,
parsimonious model as the one chosen here, such possibilities can never be ruled out.

The regional results do not suggest, however, that the estimated relationships were
contaminated in that way. In spite of a swift mortality decline, the contribution of mortality
to total fertility decline is only estimated at 0.27 child per woman in China, where social
change and family planning programs were strong, but the estimate is 1.10 in the ‘Other
LDR-West’, and 0.82 even in sub-Saharan Africa, regions where plausible confounding
factors were weaker (Table 3). While well aware of the diversity of past transitions and of
the coarseness of an approach that might have somewhat inflated some of the regional
averages, I would like cautiously to advance that there was more independent effect of
mortality change on fertility than usually recognized.15 Even the minimum estimates
suggest that residual mortality decline may have contributed up to 50% to fertility decline in
sub-Saharan Africa, 20% in India and ‘Other LDRs-West’, while the impact is small but
non-zero in the other three regions.

Were family planning programs successful?
With about half of fertility transitions attributable to increases in national income and about
another 20% attributable to residual mortality declines, roughly 30% of recent fertility
declines in the less developed regions remains to be accounted for. The particular impact of
family planning programs has been hotly debated in the literature, but rarely translated into a
population impact. Evaluating the impact in terms of population size rather than in the
customary terms of program targets (e.g., increase in contraceptive use) is more relevant to
the initial rationale of past population policies. Even though the policy rationale has changed
considerably, at least explicitly, the initial ambition of most programs was less to provide
services to deprived individuals than to reduce an alarming population growth fueled by
mortality decline. A notable exception is Bongaarts, Mauldin & Philips (1990) advancing
the figure of 700 million less people in year 2000 due to family planning programs. The

15While this is not the dominant view, the actual record is actually quite mixed. On today’s developing world see, for instance,
Palloni (1990), on Latin America, and Kuate Defo (1998) on Africa. As for the historical data, the argument that mortality didn’t play
a role rests largely on the respective timing of fertility change in France and in Great Britain. The veracity of this time-proven truth is
challenged by recent evaluation of fertility declines both in France (Bonneuil 1997) and in Great Britain (Szreter & Garrett 2000).
Also see the assessment in Galloway et al. (1998).
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residual assessment of 540 million derived here cannot be fully attributed to such programs
as many other factors could have influenced fertility levels – female education to name only
one. This assessment of the residual contribution of ‘other factors’ is based on the estimated
relational shift between fertility levels and indicators of development, a shift that Bongaarts
& Watkins (1996) observe even in countries with weak or non-existent family planning
programs. While family planning programs do not account for all the effect attributed to
residual factors in the above analyses, they could be credited for part of the effect of
mortality on fertility to the extent that they also contributed to reduce mortality (the
spuriousness argument above). In addition, their impact on population might be
underestimated since, as discussed, only cumulative fertility changes were assessed, not the
possible effects on the timing of fertility decline. Even so, the figure of 700 million for the
impact of family planning programs alone seems high compared to an upper bound of 1.0
million for the impact of all residual factors suggested by the sensitivity analysis.16

Another limitation of the above procedure is to ignore potential feedback effects, namely the
impact that a different population growth than the prevailing one might have had on
economic growth or on population policies related to mortality and fertility change. The
positive impact of slower population growth on economic development largely remains an
open research issue, however, and the direction of the corresponding bias, if any, is not
easily anticipated.17 A clearer implication of this assumption common to most assessments
of family planning programs is that the above estimates of reduction in population growth
cannot be used as any ex post demonstration of the potential economic benefits of these
programs, as often incorrectly implied. Since the empirical estimations underpinning these
simulations held prevailing economic growth unchanged, the results cannot be turned
around to demonstrate any positive effect on development.

As long as economic growth is treated as exogenous to demographic trends, the impact of
the different factors can only be discussed in purely demographic terms. To that effect, the
translation of the contribution of different sets of factors on demographic change into a
population size effect provides a common gauge to compare mortality and fertility decline.
As argued here, one of the theoretical foundation of engineering fertility reductions in the
developing world was to put its demographic growth ‘back on track’ after mortality declines
had spurred a demographic growth unrelated to economic development. From that
perspective, the impact of non-economic factors of fertility decline was found to reduce the
population size of the less-developed regions by about 10% in year 2000, and thus, on
average, to nearly balance out the impact of the residual mortality declines. By that standard,
social changes that contributed to these residual fertility reductions have been on average
‘successful’. That the relative impacts of residual mortality and fertility declines seems to
have almost exactly counteracted one another should perhaps not be overemphasized due to
the uncertainty of the estimation procedures. Experiences across the less-developed regions
are also quite different and the average conceals wide disparities. Only in about one-half of

16Note that the figure corresponds to an estimate that family planning programs reduced total fertility rates by 1.2 births per women in
1980–1985. In a more recent paper, Bongaarts (1995) estimates that the family planning programs have reduced total fertility rates by
0.96 births per woman in 1985–1990. Although the author does not translate the latter estimate into population impact, the
corresponding figure should be more compatible with the estimates derived here (Table 3, bottom row).
17A plausible positive impact of slower population growth on economic growth would lead to our overestimating the contribution of
economic change on fertility levels since we used prevailing economic change in the counterfactual simulations. For example,
Creenshaw, Ameen & Christenson (1997) showed that economic development was hindered by the growth of the population under
age 15 and stimulated by the growth of the population above that age. Since the former is clearly related to fertility levels, however,
their argument is just as vulnerable to possible reverse causation as ours. Much of the recent evidences provided about the benefits of
fertility reduction on economic growth have come from Southeast Asian countries. Besides a recent crisis that casts doubts on
economic development being much affected by demographic factors, the timing of economic growth and fertility decline in these
countries do not fit the argument very well, except for the late 1980s–early 1990s, indeed a period of rapid growth following rapid
fertility change. If fertility change is assumed to have no immediate effects but only lagged effects on economic development, the
economic levels used in the above analyses might be too high only in the last one of the three decades covered there (1962–1992).
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these regions did residual fertility decline have an impact comparable to, or larger than that
of residual mortality decline.

Overall, in spite of the uncertainty of the estimation and the regional heterogeneity, the
analyses presented here may contribute to a recently emerging interest in homeostasis
among demographers discussed by Wilson & Airey (1999; also see Mason 1997; Hirschman
1994). These results suggest a different type of homeostasis, however, not one that restores
the initial population size but one that contributes to bring population growth back on the
growth path consistent with increases in national income.
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Figure 1.
Estimated relationship between life expectancy and national income, 1960–1965 and 1990–
1995. n = 91 countries in 1960–1965; n = 127 countries in 1990–1995.
Source: United Nations (1999); Penn Tables 5.6 for PPPs.
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