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Abstract The effect of mortality reductions on fertility is one of the main
mechanisms stressed by the recent growth literature in order to explain de-
mographic transitions. We analyze the empirical relevance of this mechanism
based on the experience of developed and developing countries since 1960.
We distinguish between the effects on gross and net fertility, take into account
the dynamic nature of the relationship, and control for alternative explanatory
factors and for endogeneity. Our results show that mortality plays a large role
in fertility reductions, that the change in fertility behavior comes with a lag
of about 10 years and that both net and gross fertility are affected. We find
comparatively little support for explanations of the demographic transition
based on changes in GDP per capita.
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1 Introduction

The economic mechanisms explaining demographic transitions have attracted
an increasing amount of attention from the profession over the last decade.
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100 L. Angeles

In this paper, we contribute to this ongoing literature by providing an ex-
tensive empirical analysis of one of the most important mechanisms used by
researchers to explain these transitions: the effect of mortality reductions on
fertility.

Probably the main reason behind the regain of interest in the demographic
transition has been the development of what are usually called “unified growth
theories.” This body of theoretical work has extended the traditional post-war
time horizon of previous models of economic growth in order to understand
the passage from a near-zero steady state growth regime in preindustrial times
to a positive steady state growth regime from the Industrial Revolution on-
wards. Most researchers in the area have stressed the role of the demographic
transition in this context as both cause and effect of the transition in growth
regimes.

In order to explain the demographic transition, most papers in the unified
growth literature have made use of the seminal work of Becker (1960) to model
fertility decisions and have featured its most paradigmatic result: the quantity—
quality tradeoff for children. As is well-known, Becker’s result derives from the
assumption that parental utility is a function of both the number of children
they have (“child quantity”) and of the education or human capital of each
child (“child quality”). Since both rearing and educating children are costly, a
tradeoff between these two activities arises.!

In this framework, fertility and child education are two endogenous vari-
ables jointly determined by socioeconomic factors that make child quantity
and child quality more or less attractive. That is where mortality may come
into play.

High mortality makes investments in children’s human capital less attractive
by reducing the expected time horizon over which such capital can be used. In
other words, parents would not want to waste resources in educating children
who are unlikely to benefit from that education because of premature death.
According to this mechanism, falling mortality rates would thus induce a
substitution of child quantity for child quality and could explain a demographic
transition. Among the contributors to the unified growth literature that have
used some version of the above argument, we can count Galor and Weil (1999),
Kalemli-Ozcan (2002, 2003), Lagerlof (2003), Weisdorf (2004), Soares (2005),
Azarnet (2006), Tamura (2006), and Falcao and Soares (2008).2

There are, however, many other factors besides mortality rates that could
explain a shift towards more child quality and less child quantity. Perhaps the
most important ones are the two closely related factors of economic develop-
ment and technological progress. Indeed, a richer and more technologically

Further developments made parental utility dependent not on the children’s human capital but
on the children’s future utility. The results of the model remain similar, however, once we consider
that the children’s future utility is a function of their human capital (Becker and Barro 1988).
2Cervellati and Sunde (2005) also rely on mortality changes to generate a demographic transition,
but their mechanism works through changes in longevity. Hazan and Zoabi (2006) criticize this
part of the literature on theoretical grounds.
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advanced economy may remunerate human capital better, and this would
induce parents to increase their children’s education at the expense of their
number. The seminal paper of Galor and Weil (2000) uses a version of this
argument while Jones (2001), Kogel and Prskawetz (2001), and Hansen and
Prescott (2002) also put the accent on technological change or economic
development, although without featuring a quantity—quality tradeoff.> More-
over, the argument has been extended in a number of directions: economic
development and technological change may make child labor relatively less
effective, reducing the interest of having many children (Hazan and Berdugo
2002), or it may make female labor relatively more effective, shifting women’s
choices towards more market employment and less child rearing (Galor and
Weil 1996).

Other potential factors of the shift in the quantity—quality tradeoff that
have been discussed in the literature include Darwinian evolution (Galor and
Moav 2002) and the effects of trade specialization (Galor and Mountford
2006). It is thus apparent that the unified growth literature is in no short
supply of potential causes for the fall of fertility rates during the demographic
transition. What is more, to the above mentioned candidates, we ought to add
several other factors that have, for a long time, been the focus of attention in
demography.

Demographers were, of course, the first ones to define and study demo-
graphic transitions. In what became known as “classical transition theory,”
demographers stated that a series of changes that could globally be described
as “modernization” would necessarily imply a change in fertility behavior.*
Among the most frequently cited elements of “modernization,” we can include
falling mortality rates, economic development, education, and urbanization.

Demographers have given mortality rates considerable attention as an
explanatory factor of fertility. Three mechanisms that have been used to link
mortality and fertility rates are the physiological effect, the replacement effect,
and the hoarding effect.

The physiological and replacement effects are similar in that both of them
point towards an increased likelihood of pregnancy following the death of
a child. With the physiological effect, this happens by necessity through the
“sudden termination of breastfeeding, which, in turn, triggers resumption of
menses and ovulation and thus increases the period of exposure to a new
conception” (Palloni and Rafalimanana 1999). The replacement effect, on the
other hand, refers to the deliberate actions taken by a couple to have an
additional birth in order to “compensate” for the death of an offspring; maybe
because of the existence of a target family size.’

3In Galor and Weil (2000), it is actually the rate of change of technological progress (and not its
level) that shifts parental choices in fertility.

4See Kirk (1996) for a useful description and commentary of the theory.

5See Ben-Porath (1976) for empirical evidence of the replacement effect.
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The hoarding effect has been the object of more rigorous economic mod-
elling. We talk of a hoarding effect when a family decides to have more births
than their optimal number of children in order to protect themselves against
the possibility of future high mortality in the family. Hoarding is an ex-ante
precautionary measure that arises once the randomness of mortality events is
taken into account and induces families to “insure” themselves against high
mortality scenarios by having more births. Sah (1991) and Kalemli-Ozcan
(2002, 2003) present models of fertility choice in which this effect is at play
and where mortality has a positive effect on both gross and net fertility.°

Besides mortality, demographers have also claimed that the joint effects of
economic development, education, and a change from rural to urban living
would produce a shift in attitudes and preferences that imply lower fertility
choices. An important point to note here is the very different conception that
economists and demographers have of the link between education and fertility.

Economists, as we have seen, link fertility decisions with the educational
levels of the children. Fertility and children’s education are two endogenous
variables jointly determined by a set of exogenous variables. Demographers,
on the other hand, have stressed that fertility decisions may be a function of the
educational levels of parents. In other words, the education of parents would
be an exogenous explanatory factor of fertility. This view emphasizes the idea
that more educated parents would embrace “modern” (or “western”) values
where limiting the size of one’s family is both desirable and morally acceptable.
Less controversially, education also plays an important role in spreading
information about contraceptive methods and encouraging their use.’

In the same vein, economic development and urbanization are thought to
alter the perceptions towards fertility control and emancipate women from
a traditional paternal society in which they were expected to stay at home
and raise children. In the empirical section of this paper, we will control for
several of the aforementioned factors when analyzing the effects of mortality
on fertility.

Alongside this theoretical work, what does the empirical record tell us
about the factors causing changes in fertility? As it turns out, economists’
efforts on the empirical side of the question have been rather modest. Al-
though our understanding of the potential mechanisms affecting fertility is
quite advanced, few attempts have been made to distinguish quantitatively

6Before relying too much on the hoarding effect as an explanation for the mortality—fertility link,
we must note that its magnitude depends rather heavily on the particular modelling assumptions
being made. Several realistic generalizations would eliminate or at least attenuate this effect:
parents would be less likely to hoard children if each birth is costly (as in Cigno 1998) or if they
can take the decision of replacing a child after the occurrence of mortality (as in Doepke 2005).
7For examples of this view in demography, see, inter alia, Bogue (1969), Stolnitz (1964), and Cox
(1970). The idea has also been mentioned by economists such as Schultz (1973) and Easterlin
(1974). A review and criticism can be found in Graf (1979), while Caldwell (1980) takes it into
consideration within a general view of the role of education on fertility.
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important factors from secondary ones. Galor (2005a, b) compares alternative
explanations for the demographic transition but limits himself to a graphical
analysis and does not consider the evidence from developing countries. Most
other papers only provide some “stylized facts” based on the experience of one
or a few developed countries.

Very few papers in economics have provided careful econometric analyses
of the determinants of fertility levels across countries. A notable exception
is Schultz (1994), who analyzes the role of factors such as schooling and
urbanization in this context.® Schultz (1994) does not examine the role of mor-
tality changes, which will be the focus of this paper, and does not control for
economic development as we do here. We also improve on Schultz’s work in
terms of country and time coverage and in the use of more advanced econo-
metric techniques.

Two recent empirical papers that are also related to the present work are
Acemoglu and Johnson (2007) and Lorentzen et al. (2008). These two papers
are mainly concerned with the effect of mortality on economic growth, but
some of their results are relevant for us. Lorentzen et al. (2008) argue that
mortality may affect economic growth through several channels, one of them
being its effects on fertility. To investigate whether this channel is indeed at
work, the authors regress a measure of fertility against the adult mortality
rate and the infant mortality rate, which are included simultaneously. Both
measures are found to exercise a positive, large, and statistically significant
effect on fertility. Acemoglu and Johnson (2007) do not estimate the effect of
mortality on fertility but they do analyze its effect on two related variables:
total population and total number of births. They find that life expectancy
(a negative function of mortality rates) is positively related with both variables
but that the effect on births is stronger. If we consider that fertility rates
are nothing more than ratios of total births to total population, their results
suggest that mortality has a negative effect on fertility, contrary to the findings
of Lorentzen et al. (2008). As we discuss in the next section, the contrasting
results obtained by these two papers may be explained by the fact that none of
them consider the dynamics of the relationship between mortality and fertility.

Besides the above mentioned papers, demographers have also produced a
very large body of empirical work on this subject over the past few decades.
Their analyses, however, have usually suffered from the failure to adopt
econometric techniques that are now common in the economics literature and
control for relevant empirical biases.’

8Earlier contributions by this same researcher are Schultz (1969, 1978).

For instance, a large body of work in demography argues against the importance of socio-
economic factors such as mortality or GDP per capita in demographic transitions (see Coale
and Watkins 1986 for an overview). These analyses do not use panel data techniques such as
the inclusion of fixed effects to control for unobserved country-specific characteristics. Recent
research has shown that controlling for these aspects restores the role of socioeconomic factors
(Brown and Guinnane 2007).
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It is thus apparent that the significant theoretical advances in the study of
demographic transitions by unified growth theorists have not been matched
on the empirical side. We believe that research effort in this area needs to be
reallocated towards more empirical work and act in consequence. This paper
focuses on the role of mortality as a driver for fertility change, but we will also
discuss the effects of other factors that will be included as control variables in
our empirical analysis. Our results show that changes in mortality have a large
and statistically significant effect on fertility over time. Mortality changes go
a long way towards explaining fertility transitions, and they may be the single
largest explanatory factor behind these events.

The rest of this paper is organized as follows. The next section discusses the
empirical methodology to be used and presents the data. Results are discussed
in Section 3, and Section 4 summarizes and offers some concluding remarks.

2 Methodology and data
2.1 Methodology

Our aim is to study how mortality rates affect fertility controlling for other
potential determinants of fertility that have been discussed in the literature.
There are, however, at least three points that ought to be given serious
consideration in an empirical analysis of this nature.

The first point refers to the dynamics of the relationship between mortality
and fertility. This dimension is absent from theoretical models, where it is
always assumed that parents know all relevant mortality rates at the moment
of making their fertility decisions. This may be a natural assumption within
theoretical models but it needs to be revised for empirical work. Since the
early days of the classical transition theory, it has been a natural assumption
among demographers that a lag of several years exists between mortality
declines and the corresponding changes in fertility. Falling mortality rates
are not readily observable for households and it is only after one or two
decades, when cumulated changes become obvious to everyone, that families
might feel confident enough to take them into account in their fertility plans.
Our empirical study allows for this dynamic pattern by using several lags of
mortality rates as potential determinants of current fertility.

Incidentally, the absence of this dynamic dimension may help us understand
why Acemoglu and Johnson (2007) find results in opposition to Lorentzen
et al. (2008). The analysis of birth rates in Acemoglu and Johnson (2007)
covers the period from 1940 until 1980 or 1990. Lorentzen et al. (2008), on
the other hand, run regressions over the period 1960-2000. If we consider,
as Acemoglu and Johnson (2007) long document, that mortality rates began
falling in developing countries only from the 1940s onwards, the lagged
response of fertility would imply that we will not see any effect on this variable
until, say, the 1960s. According to this interpretation, the study of Lorentzen
et al. (2008) would be carried entirely over the period when fertility rates were
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responding to lower mortality, whereas Acemoglu and Johnson (2007) would
be considering a time period whose first half saw no reaction at all.

The second point we make refers to the importance of country-specific
factors that may have a large impact on fertility, such as culture, religion, and
climate. We address this point by including country-specific fixed effects in all
our regressions. This specification is superior to the alternative of including
dummy variables for, say, Muslim countries or African countries, and that for
at least two reasons. First, there are several country-specific characteristics
that we cannot properly measure, such as culture. Second, the fixed effects
specification is less constraining since it allows all Muslim or African countries
to be different from each other.

A third point, finally, is that, even after controlling for all time-invariant,
country-specific characteristics by the inclusion of fixed effects, a regression
of fertility on mortality may be biased by the existence of reverse causality.
Indeed, since the presence of many children implies fewer resources available
per child, we can conjecture that causality may also run from high fertility to
high mortality. We propose to deal with this endogeneity problem by using,
next to traditional regression methods, the GMM methodology of Arellano
and Bond (1991). Note, however, that while an endogeneity problem might
affect the coefficient on contemporaneous mortality, this should not be a
problem for lagged values of mortality. In other words, we may assume safely
that today’s fertility does not have an effect on past values of mortality.

With all of the above in mind, our baseline econometric specification will be
as follows:

fo=ait+ Y Bomis+ Y vixicj+ €in (1)

seS j

where f;, is a measure of fertility for country i at time ¢, m;,_, is a correspond-
ing measure of mortality with a lag of s years, x;, ; are a set of control variables
that also affect fertility, and «; are country-specific fixed effects.

As stated, Eq. 1 will incorporate several lags of the mortality measure in
order to account for the effects of this variable over time. We will use three
versions of Eq. 1 throughout our empirical work: one in which mortality affects
fertility only contemporaneously (S = {0}) and two in which the effect extends
over 10 and 20 years, respectively (S = {0, 10} and S = {0, 10, 20}).!° In each
case, we will be interested not only in the individual coefficients g, but also in
the sum of coefficients ), By, which can be interpreted as the overall long run
effect of a change in mortality rates.

Equation 1 will be estimated under three alternative econometric proce-
dures. The first one will be a standard panel estimation with fixed effects. The

100ther lag structures give similar results. Including lags at 5-year intervals results in
multicollinearity.
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second one will be similar to the first one but will also incorporate time dum-
mies. Time dummies may be important to take into account particular periods
with unusually high or low fertility such as the post-war “baby-boom.” The
third procedure, finally, will be the GMM estimation suggested by Arellano
and Bond (1991). In this procedure, we difference Eq. 1 and instrument the
endogenous regressors in differences with the adequate lags of the regressors
in levels. This estimation strategy relies on the assumption that lagged values
of the regressors are uncorrelated with changes in the error term, which we
will maintain throughout this work.!!

2.2 Data

Two concepts of fertility are usually used in the literature: gross and net
fertility. Gross fertility relates to the number of births per person in the
population, whereas net fertility relates to the number of surviving children
per person. In this context, surviving children are usually understood as those
reaching sexual maturity (and, thus, able to reproduce themselves, in turn).
In this paper, we will explore the consequences of mortality changes on both
gross and net fertility.'?
The measures of gross and net fertility that we use are, respectively:

e The total fertility rate (TFR), which is defined as the number of children
that would be born per woman if she faced the age-specific fertility rates
prevailing in a given country at a given year during each of her child-
bearing years.

e The net reproduction rate (NRR), defined as the number of daughters
that would be born per woman if she faced the age-specific fertility rates

1 A second estimation strategy that has also gained popularity in the literature is the system-GMM
methodology of Arellano and Bover (1995) and Blundell and Bond (1998). We do not apply this
methodology here since the assumption that it requires in our context, namely, that changes in the
regressors are uncorrelated with the country-specific fixed effects, is unrealistic. High fixed effects
correspond to the less-developed countries, and it is to be expected that these countries will also
present the largest changes in variables such as mortality or GDP per capita. As discussed by
Roodman (2007), system-GMM requires that “throughout the study period, individuals sampled
are in a kind of steady-state”; which is clearly not our case since we are analyzing transitions from
high to low fertility.

12Notice that, if mortality has a positive effect on fertility, the effect on net fertility will necessarily
be smaller than the effect on gross fertility. Indeed, if higher mortality leads parents to increase
their number of births, their number of surviving children will increase less than proportionally
because fewer children survive under higher mortality.

A simple formalization of the argument can be provided in a two-period model in which gross
fertility is a positive function of mortality rates, GF(m) with GF' > 0, and mortality takes place
only in the first period. Net fertility would be defined as the number of children surviving to the
second period: NF = (1 — m)GF.

It follows that the elasticity of net fertility with respect to mortality would be eng = eGF — 1255,
where egp > 0 is the elasticity of gross fertility with respect to mortality. In other words, eNF is
necessarily smaller than egr and potentially of negative sign.
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prevailing in a given country at a given year during each of their child-
bearing years and the age-specific mortality rates from her birth until her
child-bearing years.!?

Turning our attention to mortality, we have three alternative measures at
our disposition:

e The child mortality rate, the number of deaths between ages 0 and 5 per
1,000 live births.

e The adult mortality rate, the number of deaths between ages 15 and 60 per
1,000 persons reaching the age of 15.

e Life expectancy at birth, the average number of years that a person would
live if faced with all age-specific mortality rates prevalent in a given country
at a given year. Unlike the two previous measures, life expectancy is a
negative function of mortality rates.

All the theoretical channels linking mortality to fertility that we have dis-
cussed in the first section of this paper predict a positive relationship between
these two variables. Indeed, high mortality should lead to high fertility either
because the death of a child increases the probability that parents will have a
new birth (physiological and replacement effect), or because an environment
of high mortality leads parents to insure themselves by having more children
(hoarding effect), or because high mortality will lead parents to chose child
quantity over child quality (quantity—quality tradeoff). In terms of Eq. 1, we
would thus expect the overall effect of mortality, ) " S, to be positive. Some
of the individual coefficients S, may not be positive though, due to the potential
lagged reaction of fertility.

Regarding our three measures of mortality, life expectancy will be our
preferred measure since it is the only one incorporating mortality rates at all
stages in life. A reason for this preference is that, while the physiological and
replacement effects are caused mainly by mortality during the first years of life,
the hoarding effect and the quantity—quality tradeoff are affected by mortality
at all ages. It may, thus, be the case that only life expectancy will be able to
account for the full effects of mortality changes on fertility.

The control variables that we use, finally, are chosen to take into account
the most relevant factors used in the economic and demographic literatures to
explain fertility transitions.'* These are:

e The level of education in the adult population, as measured by the average
number of years of schooling for the population aged 15 or over

13Since the NRR counts only daughters and the TFR counts sons and daughters, the ratio of NRRs
to TFRs is about 1/2 in developed countries (where mortality rates during childhood are very low)
and considerably less than 1/2 in developing countries.

14There are other potential explanatory factors that have not been included due to lack of
appropriate data. Of particular importance may be the presence or absence of public policies such
as transfer payments and tax deductions for children. Such policies, however, are less relevant for
developing countries, where most of the variation in the data takes place.
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Table 1 Descriptive statistics  y/arigple Mean Standard Min. Max.
deviation

Total fertility rate 4.59 2.08 0.94 8.70

Net reproduction 1.74 0.64 0.45 3.31
rate

Child mortality 105.50 90.76 3.0 500.0

Adult mortality 271.28 150.48 56.73 889.04

Life expectancy 58.32 12.50 23.60 80.53

Average years 4.87 291 0.09 12.05
of schooling

GDP per capita 7.90 1.10 5.35 10.38
(in logs)

Urban ratio 44.08 24.36 1.40 100.0

e The level of economic development, as measured by the country’s GDP
per capita (measured in logs)
e The level of urbanization, as measured by the urban ratio

An important point is that our education variable measures average school-
ing in the adult population. It does not, therefore, correspond to the edu-
cational concept in the quantity—quality framework but to the educational
concept in the demographers’ classical transition theory. This is only natural
since, as we have argued, in the quantity—quality framework, fertility and
children’s education are both endogenous variables; it would be wrong to
estimate the effect of one on the other. In classical transition theory, on the
other hand, parental education is an exogenous determinant of fertility, and its
inclusion as an exogenous regressor is thus correct.

Economic development, as we have discussed, has figured prominently
both in the economists’ and in the demographers’ explanations of fertility
decline, while urbanization has been considered only by demographers as
an important factor. According to the theoretical mechanisms previously
reviewed, we should expect a negative coefficient for all our control variables.
Indeed, demographers would argue that higher levels of education, economic
development, and urbanization contribute to the change in attitudes that bring
about fertility decline. Economists would argue that economic development
makes investments in human capital more attractive and tips parental choices
towards less child quantity and more child quality.'

The source for our measures of gross and net fertility, child and adult
mortality, life expectancy, and the urban ratio is the United Nations’ Common
Database. This source provides us with 11 quinquennial observations per
country from 1955 to 2005.'% The average number of years of schooling is taken

150ne might note, however, that economists have also proposed other mechanisms linking
economic development with fertility that do not work through the quantity—quality tradeoff. For
example, children can be regarded as “normal goods,” and higher incomes would lead parents to
increase fertility.

16For life expectancy, there are no observations for 2005. We have used linear interpolation to fill
in the gaps in the data for child mortality, adult mortality, and life expectancy.
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from Barro and Lee (2000) and also consists of quinquennial observations,
but these cover the period 1960-2000. Quinquennial observations of GDP per
capita from 1955 to 2005 are taken from Maddison (2006). Our regressions
cover up to 118 countries over the period 1960-2000.!” Most developing coun-
tries experienced a demographic transition, or the initial stages of one, during
this period.

Table 1 presents descriptive statistics for all the variables, and Table 2
is a matrix of correlations among variables. A fertility transition is usually
understood as the passage from a TFR of around six children per woman to
two or fewer children per woman. NRRs are typically at or below replacement
level (one surviving daughter per woman) following a demographic transition;
down from levels of two or more. All our regressors are clearly correlated
with gross and net fertility, although mortality and education present stronger
correlations than GDP per capita and the urban ratio, and the correlations are
stronger with gross than with net fertility.

3 Empirical results

We start by analyzing the effects of child mortality on TFRs (Table 3) and
on NRRs (Table 4). These and each of the following tables report the results
of nine regressions since we estimate each relationship using three economet-
ric procedures and, for each procedure, three alternative lag structures for
mortality.

The first result that emerges from Table 3 is that the time dimension is in-
deed important in the relationship between mortality and fertility. Columns 1,
4, and 7 would lead us to think than there is a contemporaneous effect of child
mortality on fertility, but this coefficient is statistically significant only when
the lagged values of mortality are not present. Once we include the 10-year
or 20-year lags of child mortality, we obtain an intuitive dynamic pattern with
very mild effects contemporaneously and strong effects arriving with a 10-year
lag. We also observe that the effect “dies out” after 10-years, with a small
residual effect being reported for the 20-year lag.

The inclusion of time dummies alters results only marginally, as a compar-
ison of columns 1-3 with columns 4-6 shows. In both cases, the total effect of
child mortality on gross fertility after 20 years, the sum of coefficients ) f;,
is close to 0.0125. This number implies that a rise in child mortality of one
standard deviation would produce an increase in TFRs of 1.13 children per
woman, a large and meaningful effect. The size of the effect is reduced in the
GMM estimates, though it remains clearly statistically significant.

7Most variables are available for as many as 152 countries, but the data on education severely
reduce this number. It is still the case, though, that all major developing and developed countries
are included in our regressions.
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The magnitude of the effect that we find is in the same range of the estimates
in Lorentzen et al. (2008). These authors find that one standard deviation in
infant mortality would produce a change in TFRs of 0.73.!8 The difference be-
tween our estimate and theirs may be explained by two factors: first, Lorentzen
et al. (2008) include adult mortality and infant mortality simultaneously,
whereas we have only child mortality in our regressions. Second, Lorentzen
et al. (2008) only use contemporaneous mortality, whereas we include lagged
values. As Table 3 makes clear, studying the effect of mortality on fertility
using only contemporaneous mortality rates would give us a much reduced
effect.

Turning to our control variables, education and the urban ratio appear to
have a sizeable effect on fertility while GDP per capita turns out to be a
much weaker predictor of fertility. Our measure of education is statistically
significant in all regressions, and its value is maintained when we include
time dummies or when we use the GMM methodology. With a coefficient of
around —0.300, a one-standard-deviation increase in education is associated
with a decline in TFRs of 0.87. The urban ratio is also significant in the first
six columns but loses significance in some GMM regressions. The size of
its coefficient implies an effect on fertility of roughly similar size to that of
education.

The coefficient of GDP per capita, which has the expected negative sign in
columns 1 and 3, is considerably reduced when the 10-year lag of mortality
is included and ends up becoming positive and not significant when the 20-
year lag of mortality is added. In the GMM regressions, GDP per capita is
never significant, and its coefficient is always positive. These results are a strong
indication of a weak role of GDP per capita when compared with mortality or
education.

In Table 4, we turn our attention to the effects of child mortality on net
fertility. The results are consistent with those presented in Table 3. Table 3
revealed that, once we include lagged values of child mortality, the contempo-
raneous effect of child mortality on gross fertility is small and not statistically
significant, in accordance with the hypothesis that families need some time
to “internalize” changes in the socioeconomic environment. It follows that
a rise in child mortality should decrease net fertility contemporaneously.
The reason is simply that higher mortality rates will decrease the number of
surviving children immediately; there is no lag for this effect. This is indeed
the case in our results, as the negative and strongly significant coefficients on
contemporaneous mortality in all columns of Table 4 clearly show.

This negative effect of child mortality on NRRs is reversed after 10 years, as
is denoted by the positive and statistically significant coefficients on the lagged

18My own calculations using the results in column 6, Table 9 from Lorentzen et al. (2008).
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values of mortality. The overall effect, however, appears to be close to zero.
Even the equations that include 10- and 20-year lags of child mortality estimate
that the overall effect after 20 years is just about positive but not statistically
significant. GMM estimates conserve this same pattern but once again reduce
the effect of mortality in most regressions.

Regarding the rest of the variables, results are once again consistent with
education being always significant and large, the urban ratio usually significant
and with a somewhat smaller effect, and GDP per capita being not significant
once mortality lags are included.

When we use adult mortality instead of child mortality in the regressions
of Tables 3 and 4, we obtain essentially the same results. The overall effect of
a one-standard-deviation increase in adult mortality on TFRs is 0.75, whereas
the overall effect on NRRs is, as in the case of child mortality, close to zero
and not statistically significant. The coefficients of the control variables suffer
only minor changes. We do not report these results for conciseness, but they
are available upon request.

To summarize our results up to this point, we have found that the overall
effect of mortality rates on gross fertility is, as expected, large and positive
but that the overall effect on net fertility is close to zero. The dynamics of the
process are in line with demographers’ predictions: gross fertility reacts with
a lag of about 10 years to mortality changes. This lagged reaction implies that
net fertility will initially fall, and, in our estimates so far, its subsequent rise
roughly compensates for this initial movement.

The above results have been obtained by considering either child mortality
rates or adult mortality rates as the explanatory factor of interest. As we have
argued before, however, both the hoarding effect and the quantity—quality
tradeoff suggest that fertility choices will depend on mortality rates at all
ages, not just on mortality rates early or late in life. It is thus important to
consider how these results change when using life expectancy as our measure
of mortality rates.

Table 5 reports the effects of life expectancy on gross fertility, while Table 6
contains the corresponding results for net fertility. In these two tables, we
have premultiplied life expectancy by the factor (—1) in order to have a
positive function of mortality rates and, thus, coefficients of similar sign to
those obtained in Tables 3 and 4.

The results in Table 5 have many similarities with those reviewed in Table 3,
but also some interesting differences. Changes in life expectancy do not affect
TFRs contemporaneously once lagged values are taken into account, as was
the case with child mortality rates. On the other hand, the effects of life
expectancy do not “die out” after 10 years but have a similar or even larger
effect at 20-year lags than at 10-year lags. Correspondingly, the overall effect
of mortality rates on gross fertility after 20 years is larger with life expectancy
than with child mortality. The sum of s coefficients in columns 3, 6, and
9 predict an overall decline of TFRs of between 1.61 and 2.01 children per
woman following a one-standard-deviation increase in life expectancy. We
interpret this result as evidence that mortality rates at all stages in life matter
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for fertility decisions and that all the potential mechanisms linking these two
variables are likely to be at work."

With respect to all other variables, their effects remain very similar: ed-
ucation always has a negative and statistically significant effect, GDP per
capita is not robust to the inclusion of all lags of mortality or to the GMM
estimation, and the urban ratio is somewhere between these two. In addition,
we remark that the use of life expectancy instead of child mortality has tended
to produce smaller coefficients for most control variables: the size of the effect
of education is up to a third smaller than what it was in Table 3, and for the
urban ratio, the reduction can be even larger. We hypothesize that the effect
of the omitted post-childhood mortality rates in Table 3 was partially taken up
by our control variables.

When we turn our attention to net fertility (Table 6), the results are
affected in consequence. We find again the intuitive result that net fertility is
negatively related to contemporaneous changes in mortality rates, as denoted
by the negative and statistically significant coefficient on the nonlagged level
of life expectancy. The changes in parental behavior that follow over the next
20 years, however, are now found to more than compensate this initial effect.
In our three estimation procedures, the sum of coefficients becomes positive
and statistically significant once we extend the lag length to 20 years. This sum
of coefficients takes values between 0.026 and 0.037, implying an overall rise
of NRRs of between 0.32 and 0.46 for a one-standard-deviation increase in life
expectancy, a large and meaningful effect.

Our results using life expectancy suggest that changes in mortality are a
large, and possibly the largest, cause of changes in fertility rates; only parental
education has effects of similar magnitude in some regressions. If we take the
regressions that include fixed effects, time dummies, and up to 20-year lags
as our benchmark and we calculate the effect on TFRs of a one-standard-
deviation change in each exogenous variable, we find that the effect of life
expectancy, 2.01, is much larger than the effects of parental education (0.63),
urbanization (0.41), and GDP per capita (0.03). The same calculation for the
NRRs reveals an effect of life expectancy of 0.46 against effects of 0.35 for
parental education, 0.07 for the urban ratio, and 0.07 for GDP per capita.

4 Conclusions

This paper contributes to the ongoing research effort improving our under-
standing of demographic transitions. The unified growth literature has pro-
duced many valuable theoretical contributions in this area, but we are lacking

19Unfortunately, it is beyond the scope of this paper to estimate the relative importance of
the different mechanisms linking mortality to fertility. All we can say at this point is that the
physiological and replacement effects would not be sufficient to explain our results since life
expectancy has an effect larger than child mortality and adult mortality remains significant when
included alongside child mortality (this last result is not shown in the tables).

@ Springer



118 L. Angeles

empirical studies to help us differentiate between first- and second-order
mechanisms. We advance in that direction by analyzing in detail the role of
mortality as a cause of fertility reductions while controlling for other promi-
nent factors used in the economic and demographic literatures.

Our main results can be summarized as follows:

1. Mortality changes have a large impact on fertility reductions and can
account for a major part of the fertility change characterizing demographic
transitions. This result is obtained controlling for alternative explanatory
factors of fertility, country-specific fixed effects, time dummies, and using
the GMM methodology of Arellano and Bond (1991) to control for
endogeneity.

2. Both gross and net fertility are affected by mortality. The overall effect
on net fertility becomes large and statistically significant once we take into
account mortality rates at all ages by using life expectancy.

3. Gross fertility reacts to mortality changes with a lag of about 10 years; the
effects continue to be felt after 20 years. Net fertility has an initial negative
relationship with mortality; the direction of the effect being reversed after
10 years.

4. Compared with other factors, the effect of mortality is larger than those of
GDP per capita and the urban ratio. Only parental education has an effect
of similar magnitude in some regressions.

Turning back to the theoretical literature, our results bring support to
the large part of the literature emphasizing the role of mortality changes
but, at the same time, sides against the equally large part of the literature
whose mechanisms are based on changes in GDP per capita or, more often,
technological change. While the link between technological change and GDP
per capita might be tenuous in the short run, over a time horizon of several
decades like the one considered here a strong link can be reasonably expected.
We must be cautious, however, before ruling out economic development as
a potential cause of fertility change. While we have found a small or even
inexistent direct effect of GDP per capita on fertility, many indirect channels
might be in place. In particular, economic development might be a major cause
of mortality reductions and would, therefore, affect fertility through this last
variable.

Acknowledgements I am greatly indebted to two anonymous referees for comments and sugges-
tions. All remaining errors are, of course, mine.
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