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Abstract
Although developing countries are characterized by high average fertility rates, they are as concerned
by childlessness as developed countries. Beyond natural sterility, there are two main types of
childlessness: one driven by poverty and another by the high opportunity cost of child-rearing.
We measure the importance of the components of childlessness with a structural model of fertility
and marriage. Deep parameters are identified using census data from 36 developing countries. As
average education increases, poverty-driven childlessness first decreases to a minimum, and then the
opportunity-driven part of childlessness increases. We show that neglecting the endogenous response
of marriage and childlessness may lead to a poor understanding of the impact that social progress,
such as universal primary education, may have on completed fertility. The same holds for family
planning, closing the gender pay gap, and the eradication of child mortality. (JEL: J11; O11; O40)

1. Introduction

When analyzing population dynamics and fertility in developing countries, researchers
as well as international organizations focus on aggregate measures like population
growth rates or the average number of children per woman. Nothing is said about

The editor in charge of this paper was M. Daniele Paserman.

Acknowledgments: We thank three anonymous referees, M. Bailey, A. Rijpma, H. Strulik, and participants
to conferences in Clermond-Ferrand, Iowa city, Paris, and Utrecht, and to seminars at IFPRI (Washington),
Simon Fraser (Vancouver), Leuven (Belgium), University of Kent, University of Washington, University
of Oregon, Bocconi University, Copenhagen Business School, University of Mannheim, University of
Konstanz, Free University of Brussels, and Tinbergen Institute for their comments on an earlier draft.
Computational resources were provided by the supercomputing facilities of the UCLouvain (CISM/UCL).
This research is part of the ARC project 15/19-063 on “Family Transformations” (French speaking
community of Belgium). de la Croix is a Research Fellow at CEPR. Gobbi is a Research Affiliate at CEPR.

E-mail: t.baudin@ieseg.fr (Baudin); david.delacroix@uclouvain.be (de la Croix);
pgobbi@ulb.ac.be (Gobbi)

Journal of the European Economic Association 2020 18(1):83–133 DOI: 10.1093/jeea/jvy042
c� The Author(s) 2018. Published by Oxford University Press on behalf of European Economic Association.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/jeea/article-abstract/18/1/83/5193476 by guest on 02 M

arch 2020

mailto:t.baudin@ieseg.fr
mailto:david.delacroix@uclouvain.be
mailto:pgobbi@ulb.ac.be
mailto:journals.permissions@oup.com


84 Journal of the European Economic Association

childlessness.1 This gives the impression that women from developing countries always
have (many) children, which is far from reality. For instance, in 2005 in Cameroon,
which belongs to what has been labeled the African Infertility Belt, 17.8% of women
aged between 40 and 54 were childless. These percentages are comparable to those
prevailing in developed countries like Australia (16% in 2011), Sweden (13.4% in
2010), and the United States (18.8% in 2010) for women between 40 and 44 years
old.2 Our paper strongly nuances the idea that, in developing countries, women have
high fertility rates; what we show is that those women who do have children have
many on average, but that many women might not have any children at all.

The small amount of research on childlessness in these countries is even more
surprising when observing that childlessness is very much caused by poverty. This can
arise through different channels. Venereal diseases and pregnancy-related infections
are the most common cause of infertility in developing countries. Malnutrition, lower
chances of finding a stable partner, and higher mortality rates also play a role. Following
the theory of capabilities by Sen and Nussbaum (1993), this cause of childlessness
deteriorates poor people’s capability sets. Eradicating this kind of childlessness should
then be on policy makers’ agendas. Moreover, the presence of this poverty-driven
childlessness may make total fertility increase with the standard of living (as found
by Vogl 2016 for some poor countries), hence making the demographic transition
happen only once a relatively high income or education threshold has been reached.3

Belsey (1976) shows that childlessness can be as high as 40% for a given cohort of
women in some regions or tribes of Sub-Saharan Africa. The presence of high levels
of childlessness among the poor has also been evidenced in other studies such as
Romaniuk (1980), Retel-Laurentin (1974), Poston et al. (1985), Ombelet et al. (2008),
Wolowyna (1977), and McFalls (1979). Frank (1983) estimates that, in Africa, 60%
of the variation in total fertility was due to infertility and that a disappearance of
pathological infertility could make total fertility increase significantly.

When a country takes off, poverty recedes, and a smaller share of its inhabitants
is affected by subfecundity factors leading to childlessness. When it develops further,
the opportunity cost of raising children in terms of foregone labor income rises, and
more citizens do not have children. The decreasing poverty-driven childlessness rates
due to economic development seem to delay the demographic transition predicted by a
model that only takes the intensive margin of fertility into account. Understanding the
roots of childlessness in high fertility environments, that of developing countries, is
the first objective of this paper. This is important for our second objective: evaluating
the demographic impact of social progress due to development when accounting for
the variations in childlessness rates.

1. See for instance the influential contributions of Pritchett (1994a), Bongaarts (1994a), Ezeh, Bongaarts,
and Mberu (2012), and Bongaarts and Casterline (2013), as well as the successive versions of the World
Population Policies reports by the United Nations.

2. Data for developed countries come from the OECD Family Database and from IPUMS International
for Cameroon.

3. This type of childlessness is a Malthusian check, not mentioned in Malthus (1798).
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One major limit of the existing studies on childlessness resides in the impossibility
of measuring poverty-driven childlessness in the data.4 In this paper, we provide a
unified model of marriage, childlessness, and fertility whose deep parameters are
identified using census data from 36 developing countries. This model allows us
to quantify the proportion of women who are childless due to different reasons. It
extends the model proposed by Baudin et al. (2015) in order to take into account
some specificities of fertility decisions in developing countries. These specificities are
unwanted births and child mortality, both being somehow endemic in many countries
that are not necessarily located in Sub-Saharan Africa. The data are also indicative of
assortative matching on the marriage market, a reality we also incorporate into the new
framework as childlessness and marital decisions have to be considered together. On
average, 9.5% of all women are childless. However, childlessness rates differ strongly
across marital status; only 5% of ever married women are childless while around 50%
of single women are.5 This is indicative that the reasons leading to childlessness can be
very different within both populations. Understanding the determinants of childlessness
within both populations is thus crucial, but understanding childlessness at the aggregate
level cannot be done without understanding the determinants of marriage decisions.
To the best of our knowledge, our contribution is the first to explore how childlessness
and fertility adjust to development taking all these elements into account.

More precisely, we distinguish between four types of childlessness. First,
opportunity-driven childlessness stems from the time cost of having children: a
highly educated woman earns high wages and thus faces a high opportunity cost
when she is not at work (see also Gobbi 2013; Aaronson et al. 2014 on this type of
childlessness). Natural sterility refers to the innate biological impossibility of having
children, which does not depend on the level of education or wealth. The two remaining
types of childlessness are driven either by poverty or by mortality. Poverty-driven
childlessness concerns low-educated women and more specifically singles for whom
the poverty burden is the heaviest. For some couples, even though becoming parents
is economically feasible, it can only be done at the cost of impoverishing the couple
too much. Finally, mortality-driven childlessness arises when no newborn children
survive.

4. Censuses never ask childless people why they are childless. Alternative data sets, like the National
Survey for Family Growth in the United States, provide details on people’s reproductive behavior and
motivation. However, these data sets contain a limited number of observations and a significant number of
people provide contradictory answers, preventing analysts from determining the nature of childlessness.
Demographic and Health Surveys ask women about the ideal number of children they would have liked
to have in their lifetime irrespective of their actual number. One could consider that poor childless women
who answer a positive number are childless due to poverty. However, there is no guarantee that the absence
of children in their lifetime is not the result of a decision due to career or matrimonial perspectives rather
than a poverty constraint.

5. This is indicative that childlessness is not a phenomenon that comes from celibacy only. “Spinsters”
as evoked by the literature account for only one-half of childlessness and many of them are not childless.
Definitive celibacy and induced childlessness were a way to regulate fertility in early Western Europe, as
shown by Lesthaeghe (2015) and Olwen (1984).
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Our theory allows assessing whether endogenous childlessness and marriage are
important when one wants to measure the impact of development on fertility in the
long run. The social progress due to development that we study is: primary education
for all, no child mortality, perfect family planning, and gender equality on the labor
market. Unlike the existing economic literature, our framework allows us to analyze
the impact of each social change on the two (intensive and extensive) margins of
fertility (i.e., the fertility of mothers and motherhood rates).

Imposing primary education generally reduces the average fertility of mothers
automatically, as fertility is a decreasing function of education for both single and
married women. This effect is however partly compensated by the effects on marriage
and childlessness. Poverty-driven childlessness declines, which goes against the initial
dampening effect on fertility. On the whole, the drop in childlessness makes the effect
of a generalization of primary education less fertility-reducing than might be expected
on the basis of the intensive margin only.

Together with health policies, family planning is often seen as the workhorse
of development policies; May (2012) estimates that giving access to contraceptives
reduces fertility by between 0.5 and 1.5 children. In our framework, when women
have full control over their fertility, there is less uncertainty concerning the outcome
of marriage. This affects marriage rates positively, especially among low-educated
women for whom the risk of having unwanted births is the greatest. The rise in
marriage rates then reduces the proportion of childless women, which hampers the
expected negative effect of family planning on overall fertility rates. We predict that
imposing a perfect family planning technology reduces fertility by 0.52 children, at
the lower bound of May’s prediction.

The effect of an eradication of child mortality on fertility rates also operates
through adjustments on the marriage market. Keeping the risk of unwanted births
constant, eradicating child mortality increases the uncertainty related to the fertility
outcome of marriage. This reduces the incentives to marry, in particular among low-
educated women who will then more likely be single and hence childless because of
poverty. This highlights a Malthusian type of mechanism pertaining to how mortality
allows regulating fertility. On the whole, we find that improving child survival has the
expected positive but weak impact on net fertility.

Female empowerment also affects the prevalence and composition of childlessness.
The effectiveness of promoting gender equality in lowering fertility rates is generally
amplified, in particular when opportunity-driven childlessness is high. On average,
closing the gender wage gap increases total childlessness, due to an increase in
opportunity-driven childlessness. For the poorest countries, however, which are more
concerned with the type of childlessness that is driven by poverty, the effect goes in
the other direction: closing the gender wage gap decreases total childlessness, due
to its positive income effect. In these countries, the overall effect on fertility is then
weakened when the specificities of the extensive margin of fertility are accounted for.

The rest of the paper is organized as follows. Section 2 describes the data and
shows some relevant facts on childlessness in developing countries. The theoretical
model is described in Section 3. Section 4 displays the identification strategy for the
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parameters of the model. In Section 5, we provide the results on the decomposition
of childlessness and on the effect of education, mortality, family planning, and gender
parity on childlessness and fertility. Section 6 concludes.

2. Data and Facts

After describing data sources, this section provides facts motivating why it is important
not to overlook childlessness in developing countries.

2.1. Data

We use two sources of data. To establish stylized facts about fertility, childlessness,
and marriage, we use census data from developing countries as harmonized by IPUMS
International.6 We also use these data to measure educational homogamy and child
mortality. Information on unwanted births is not available in census data. Hence, we
use Demographic and Health Surveys (DHS) to estimate the proportion of women who
do not control their fertility by country and education level. DHS data also provide
information on the number of children ever born and children who survived. We decide
not to use this source of data for the empirical moments used to calibrate the model
for several reasons: the age range of women is shorter in DHS data than in census data
(it stops at 50 years old), the literature has reported errors on the declaration of births
(Schoumaker 2009), and the number of observations is rather limited. We therefore
only use DHS data for unwanted birth estimates and census data for everything else.

From IPUMS International, we select the latest census from the countries listed in
Table 1, for which the variables “years of schooling” and both “children ever born”
and “children surviving” are available.7 As we are interested in completed fertility, we
accordingly sample women aged 40–54.8 We choose this age range because women
are at the end of their fertility-life cycle and are not too old, so that the sample does
not suffer from selection due to mortality. For men, we first compute the distribution
of ages for the men married to our sampled women and drop the lowest and highest
5% of the distribution, in order to eliminate outliers. The sample of men are all men
from the final age range (and varies across countries).

In the data, individuals can be married (legally or consensually), monogamously
for most, single, divorced, separated, or widowed. Our theory focuses on two margins:
marrying versus staying single, and having children versus remaining childless. We

6. These “data are especially valuable for studying trends and differentials in the core demographic
processes and have become a major source for the reports of the U.N. Population Division” Ruggles et al.
(2015).

7. More details about data selection are provided in Appendix A.1.

8. In Jamaica, Mali, and Vietnam, women over 49 are not asked the question relative to childbirth. In
South Africa, women over 50 are not asked the question. Hence, we respectively limit the sample to 40–49
and 40–50 in these countries.
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TABLE 1. Continent and country codes, country names, census year, percentage of married women
(% M.W.), completed fertility of married and single mothers, and childlessness rates among married
and single women.

Country Country Census % Mothers’ fertility Childlessness

code name year M.W. Married Single Married Single

A ARG Argentina 1991 0.90 3.18 2.30 0.07 0.74
m BOL Bolivia 2001 0.88 4.70 3.00 0.03 0.30
e BRA Brazil 2000 0.91 3.49 1.70 0.05 0.78
r CHL Chile 2002 0.82 2.96 2.00 0.03 0.37
i COL Colombia 2005 0.78 3.34 2.40 0.06 0.39
c CRI Costa-Rica 2000 0.84 3.75 2.91 0.03 0.33
a DOM Dom. Rep. 2010 0.95 3.39 2.66 0.04 0.57

ECU Ecuador 2010 0.85 3.68 2.49 0.05 0.42
HTI Haiti 2003 0.92 4.77 3.38 0.07 0.44
JAM Jamaica 2001 0.61 3.78 3.39 0.05 0.14
MEX Mexico 2010 0.88 3.51 2.17 0.03 0.53
NIC Nicaragua 2005 0.87 5.02 3.61 0.02 0.28
PAN Panama 2010 0.87 3.44 2.53 0.04 0.48
PER Peru 2007 0.90 3.87 1.82 0.03 0.36
SAL Salvador 2007 0.77 3.84 2.80 0.04 0.26
URY Uruguay 1996 0.90 2.90 2.31 0.06 0.67
VEN Venezuela 2001 0.82 3.93 3.32 0.03 0.33

A CAM Cameroon 2005 0.82 4.98 3.90 0.17 0.22
f GHA Ghana 2010 0.96 4.71 3.00 0.08 0.46
r KEN Kenya 1999 0.92 6.27 4.13 0.03 0.21
i LBR Liberia 2008 0.86 5.27 4.18 0.11 0.26
c MAR Morrocco 2004 0.91 4.86 0.06
a MLI Mali 2009 0.93 5.08 3.67 0.14 0.48

MWI Malawi 2008 0.98 5.30 4.24 0.05 0.39
RWA Rwanda 2002 0.94 5.63 3.45 0.02 0.31
SEN Senegal 2002 0.92 5.34 3.68 0.04 0.38
SLE Sierra Leone 2004 0.89 4.62 4.14 0.09 0.47
TZA Tanzania 2002 0.94 6.07 4.26 0.04 0.20
UGA Uganda 2002 0.94 6.30 4.78 0.05 0.25
ZAF South Africa 2001 0.75 3.61 2.81 0.05 0.17
ZMB Zambia 2010 0.96 5.64 3.13 0.09 0.52

A IDN Indonesia 1995 0.98 4.09 0.04
s KHM Cambodia 2008 0.94 4.38 3.01 0.03 0.92
i THA Thailand 2000 0.92 2.64 0.06
a VNM Vietnam 2009 0.94 2.69 1.29 0.02 0.89

WBG Palestine 1997 0.91 7.39 0.04

Notes: Averages are weighted. For Morocco, Indonesia, Thailand, and Palestine, the Census only provides
information on completed fertility for married women.

abstract from additional margins, such as staying married versus divorcing, having
more than one wife versus being monogamous, and remarrying after widowhood versus
staying single once widowed. We therefore adjust the sample to reflect the concepts
of the model. We accordingly remove polygynous, divorced, separated, and widowed
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men and women from the sample. Polygynous couples face a different problem than
monogamous ones, whereas divorced and widowed women experienced a change in
family status during their reproductive lifetime, which likely affected their fertility
decisions.9 By not accounting for these categories, we neglect the possible interactions
between all these different marital statuses.10 Cohabitation is very common in the
English-speaking Caribbean.11 We thus treat single women who are in a consensual
union as if they were married.

In each country, we divide the population into 19 education categories at most,
each category corresponding to the number of years of schooling. The variable “years
of schooling” goes from none or preschool to 18 years or more. Table 2 shows the
distribution and the average for the years of schooling by country for women. For some
countries, the number of years of schooling has a maximum value of 12 or 13 years,
which leads to underestimating the actual years of schooling for those who have a
postsecondary education. This is true for Cambodia, Kenya, Peru, Sierra Leone, South
Africa, Tanzania, and Uganda. For these countries, the years of schooling are adjusted
using the information provided by the international recode variable of educational
attainment. Appendix A.1 carefully explains how we made these changes. Table E.1
in the Online Appendix provides the total number of men and women in the sample.

2.2. Childlessness in Developing Countries

Using the selected sample from IPUMS International, we compute childlessness rates
and the number of children ever born to mothers. Both variables are constructed from
the children surviving variable to account for child mortality. Table 1 highlights strong
intercountry differences in both the fertility of mothers and childlessness rates. High
fertility rates can be found in Cameroon, Kenya, Tanzania, or Palestine, whereas the
levels are much lower in Argentina, Brazil, Vietnam, or Chile, whatever the marital
status of mothers. The same kind of variability applies to childlessness rates. Regarding
the childlessness of married women, some countries like Cameroon, Liberia, and Mali
have high childlessness rates, together with high fertility rates of married mothers. This
indicates that countries where fertility is high can also have the highest childlessness
rates.

First, we compare the relationships between the average completed fertility of
mothers and average education, and average childlessness rates and average education
across countries. The left panels of Figures 1 and 2 show that the fertility of mothers
decreases as education increases, for both married and single women (with R2 of 39%

9. Appendix A.1 discusses marriage regimes and the likelihood of being in multifamily households for
some particular countries where specific marital statuses that we do not consider might be relevant.

10. de la Croix and Mariani (2015) show how the intensity of polygyny depends on within and across
gender inequality in a given society. Any policy is expected to affect marriage rates through this margin.

11. In Jamaica, many women who are coded as singles are in fact in a consensual union (only those who
are formally married are coded as married). Roberts (1957) reports that 11% of women and 22% of men
aged 45–54 are in common-law marriages in Jamaica.
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TABLE 2. Distribution and average of years of schooling by country—female.

Region Country Years of schooling

0–4 5–8 9–12 13+ Average

America ARG Argentina 0.21 0.44 0.23 0.12 7.83
BOL Bolivia 0.56 0.17 0.15 0.13 5.46
BRA Brazil 0.54 0.19 0.17 0.10 5.97
CHL Chile 0.14 0.27 0.37 0.21 9.40
COL Colombia 0.30 0.32 0.22 0.16 7.30
CRI Costa-Rica 0.22 0.42 0.20 0.16 7.54
DOM Dominican Rep. 0.30 0.24 0.27 0.19 8.05
ECU Ecuador 0.19 0.31 0.27 0.23 8.90
HTI Haiti 0.84 0.10 0.05 0.02 1.59
JAM Jamaica 0.01 0.26 0.35 0.38 11.34
MEX Mexico 0.23 0.27 0.34 0.17 8.16
NIC Nicaragua 0.51 0.23 0.17 0.10 5.31
PAN Panama 0.12 0.28 0.33 0.27 10.03
PER Peru 0.28 0.18 0.41 0.12 7.96
SAL Salvador 0.50 0.19 0.20 0.10 5.59
URY Uruguay 0.12 0.45 0.27 0.15 8.16
VEN Venezuela 0.22 0.34 0.43 0.01 7.39

Africa CAM Cameroon 0.40 0.41 0.13 0.06 5.14
GHA Ghana 0.50 0.09 0.30 0.11 5.44
KEN Kenya 0.59 0.27 0.12 0.02 3.83
LBR Liberia 0.77 0.08 0.12 0.03 2.42
MAR Morrocco 0.78 0.10 0.09 0.04 2.15
MLI Mali 0.89 0.07 0.02 0.02 1.08
MWI Malawi 0.66 0.27 0.06 0.01 3.15
RWA Rwanda 0.79 0.17 0.04 0.00 1.99
SEN Senegal 0.77 0.12 0.07 0.04 2.18
SLE Sierra Leone 0.81 0.10 0.07 0.03 1.79
TZA Tanzania 0.70 0.26 0.03 0.01 2.82
UGA Uganda 0.70 0.21 0.05 0.04 2.96
ZAF South Africa 0.33 0.28 0.36 0.03 6.65
ZMB Zambia 0.40 0.37 0.15 0.08 5.53

Asia IDN Indonesia 0.46 0.35 0.16 0.02 4.82
KHM Cambodia 0.70 0.20 0.09 0.00 3.27
THA Thailand 0.81 0.07 0.08 0.04 4.83
VNM Vietnam 0.16 0.31 0.47 0.06 8.00
WBG Palestine 0.40 0.25 0.26 0.09 6.12

and 47%, respectively). For childlessness (right panels of Figures 1 and 2), there is no
clear relationship (R2 of 11% and 1%), which we believe is due to the different reasons
for childlessness within these countries.

An important feature of the extensive and intensive margins of fertility is that
they do not display a similar pattern with respect to the education of women. Figure 3
shows the average fertility of mothers and childlessness rates with respect to education,
averaging over all women in the sample. Childlessness first decreases and then increases
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FIGURE 1. Completed fertility of mothers and education (left), and childlessness rates and education
(right), averages by country for married women.

FIGURE 2. Completed fertility of mothers and education (left), and childlessness rates and education
(right), averages by country for single women.

with education, for both single and married women. On average, childlessness attains
a minimum at 9 years of schooling for married women and at 7 years of schooling
for single women.12 On the contrary, the fertility of mothers decreases monotonically
with education. On average, fertility decreases by 0.13 children for an additional year
of mothers’ education among married women and by 0.11 among single women. This
shows that there is something crucial to understand by distinguishing between the two
margins of fertility.

Considering the U-shaped relationship between education and childlessness shown
in Figure 3, we now assess how much of it is driven by cross-country variation. For
example, it could be that the U-shape relationship arises because low-educated women
are concentrated in Sub-Saharan Africa where childlessness is high, whereas highly

12. This feature does not rely on aggregation across countries. The U-shaped pattern of fertility with
respect to female education for married women is present for 19 of the 36 countries considered. For single
women, the U-shape appears in 19 out of 32 countries (data on the fertility of single women is not available
everywhere).
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FIGURE 3. Completed fertility of mothers and childlessness of women, by years of schooling.

FIGURE 4. Global childlessness rates by years of schooling.

educated women are concentrated in middle-income countries such as Argentina. In
Figure 4, we compare the global childlessness rate Ce by number of years of schooling
e in the data (solid line) to the global childlessness rate computed as if there was no
variation in childlessness within countries (dotted line), xCe

. Let us explain how these
measures are constructed. The global childlessness rate for women with e years of
education is computed as

Ce �
X

j

!e
j

h
mej Cej

married C .1 � mej /Cej
single

i
;

where mej is the marriage rate of women with e number of years of schooling in
country j, Cej

married is the childlessness rate of married women in country j with e years

of education, Cej
single is the childlessness rate of single women in country j with e

years of education, and !e
j is the weight of country j within the population of persons

having e years of schooling. The sample on which the sum is computed includes all
32 countries for which data on singles’ fertility is available. The global childlessness
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rate without within-country variation, xCe
, is computed as

xCe �
X

j

!e
j

"
mej

X
e

 j
e Cej

married C .1 � mej /
X

e

#j
e Cej

single

#
;

where  j
e (resp. #j

e ) denote the share of persons having e years of schooling among
married (resp. single) women in country j. Comparing Ce and xCe

in Figure 4, we
observe that for low education levels, the dotted line is almost flat with respect to
education categories. For higher education levels, it is increasing with education, but
much less than in the data. This confirms that neglecting within-country variations
and relying on between-country variations alone does not allow to generate the global
U-shape.

A similar decomposition can be used to underline the importance of marriage rates
to understand childlessness (as stressed in the Introduction). In Figure 4, we show a
third pattern, which represents global childlessness rates (dashed line) as if there was
no within-country variation in marriage rates. Such childlessness rate, denoted yCe

, is
computed by assuming that all education categories have the same marriage rate:

yCe �
X

j

!e
j

"
Cej

married

X
e

 j
e mej C Cej

single

 
1 �

X
e

 j
e mej

!#
:

Here too the U-shaped pattern is less marked. In particular, assuming constant marriage
rates would lead us to underestimate childlessness rates for highly educated women.
It is partly because they are more often single than the average woman that they have
higher childlessness rates.

In the context of developing countries, the nonlinear relationship between
childlessness and development has been documented by Poston and Trent (1982) in a
slightly different way. They document a U-shaped relationship between childlessness
and the development level of countries: childlessness in developing countries is high
because a high proportion of women are affected by factors leading to subfecundity
and consequently remain childless, whereas in developed countries, women face a
higher opportunity cost in terms of foregone income when they raise their children
and therefore decrease their fertility or even stay childless. As a country develops,
childlessness decreases down to a minimum level and then increases because of the
higher opportunity cost of having children. Using the average level of education as a
proxy for development, our facts confirm those of Poston and Trent (1982).

Both margins of fertility can therefore adjust differently to development and this is
important when computing the effect of a social program such as universal education,
for instance. For countries that are mostly affected by the poverty-driven type of
childlessness, such a program might increase fertility rather than have the expected
negative effect from the intensive margin.
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3. Theory

This section exposes our theory of endogenous childlessness rates. This will then be
used to quantify the channels through which different development trends affect total
fertility when taking into account the specificities of the extensive margin. To keep
notation light, we abstract from country specific indexes. All variables and parameters
are country specific, but we consider one country at a time.

3.1. Setup

We consider an economy populated by heterogeneous adults, each being characterized
by a triplet: sex i D fm, f g, education e, and nonlabor income a. Marriage is a two-
stage game. In the first stage, agents are matched with an agent of the opposite sex
from their own country. They decide to marry or to remain single. A match will end
up in a marriage only if the two agents choose to marry. In the second stage of the
game, they discover, at no cost, whether they are sterile (with probability �i) or fecund
(with probability 1 � �i), and, for couples, whether they are able to control fertility
(with probability �) or not (with probability 1 � �). We consider that single women
have full control over their fertility.13 Next, agents decide how much to consume and,
eventually, how many children to give birth to, if any.

Preferences are identical across education levels and genders. The utility of an
individual of gender i is

u.ci ; n/ D ln.ci /C ln.nC �/; (1)

where ci is the individual’s consumption, n the number of children who survive to
adulthood, and � > 0 a preference parameter.

We assume that each newborn has a country-specific probability q(ef) of surviving
to adulthood, which depends on the education of his/her mother. This probability is
independent from the number of children born and from the marital status of the
mother. The more educated a mother is, the smaller the probability for a newborn of
dying: q0(ef) > 0.14 As in Sah (1991), the number of surviving children n follows a
binomial distribution such that the probability that n children survive out of N births
is written:

P.njN/ D
 
N

n

!
Œq.ef /�

nŒ1 � q.ef /�N �n: (2)

13. Cleland et al. (2006) show that among 18 Sub-Saharan countries, the median percent of single women
reporting no sexual intercourse was about 60% and that single women were more likely to use any method
of contraception than married women.

14. The survival rates of children might also depend on the father’s education. We can study this
relationship in our sample from census data for married women. A linear probability model shows that
the mother’s education e

f
is twice as important as the father’s education e

m
in determining survival. It also

shows some substitutability between parents’ education levels, as the effect of an interaction term e
f
� e

m
is negative for most countries.
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Both N and n are integers. This way of modeling mortality allows us to introduce
uncertainty regarding a household’s number of children. An alternative to this method
is the one used in Leukhina and Bar (2010) in which households choose the number
of surviving children. However, their framework cannot explain the share of women
that remain childless due to mortality. One feature of binomial distributions is that
events are independent, meaning that the survival of a child is independent from the
survival of his/her siblings. Facing this type of uncertainty, parents will either have a
precautionary demand for children (overshooting of fertility) or restrain their fertility
to limit the potential number of child deaths (undershooting).15

To model couples’ decision making, we assume a collective decision model
following Chiappori (1988). Spouses negotiate on cm, cf, and n. Their objective function
is

W.cf ; cm; n/ D � u.cf ; n/C .1 � �/ u.cm; n/;

where � is the wife’s bargaining power. Following de la Croix and Vander Donckt
(2010), � depends on relative earning power and is given by

� � 1

2
� C .1 � �/

wf

wf C wm

: (3)

We specifically assume that the negotiation power of spouses is bounded, with a lower
bound equal to �=2, and positively related to their relative wage. The boundedness
of the bargaining power function comes from the legal aspect of marriage: spouses
have to respect a minimal level of solidarity within marriage. wi denotes the wage
of a person i that increases with education. Wages are exogenous and computed as
follows:

wf D � expf�ef g; wm D expf�emg; (4)

where � is the Mincerian return of one additional year of education and � denotes
the gender wage gap. Wages measure earning power, either from home production,
agriculture, or as an employee.16

In the last stage of the game, once the marriage decision has been made, each person
or couple maximizes their expected utility. In addition to the constraints imposed by
their reproductive abilities, they will have to respect two additional constraints. First,
beyond natural sterility, a woman has to consume at least Oc in order to be able to give
birth:

cf < Oc ) N D 0: (5)

15. Following Baudin (2012), we can directly deduce from the individual utility function that parents
will have a precautionary demand only if parameter � is not too high. The exact condition to observe a
precautionary demand of children is � < q(e

f
)N.

16. Looking at the variable “Occupation, ISCO general” that records a person’s primary occupation
according to the major categories in the International Standard Classification of Occupations scheme for
1988, we find that a majority of Latin American women in our sample work as “service workers and shop
and market sales”. In Africa and Asia, a majority of women work as “agricultural and fishery workers”.
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This assumption is discussed in Baudin et al. (2015) and accounts for the fact that
lower-income groups are more often exposed to causes of subfecundity than the rest of
the population, due to malnutrition, exposition to unhealthy environments, and risky
behavior.

The second type of constraint is a budget constraint. We assume that each adult
is endowed with a nonlabor income ai > 0 drawn from a log-normal distribution
Ln � N .m; 	2/ where m is the mean of ln (ai) and 	2 its variance. The nonlabor
income corresponds to the income that is uncorrelated with education. The total
nonlabor income for a couple equals af C am. Each household has to pay a goods
cost, 
, which is a public good within the household. This type of cost is commonly
assumed in the literature and gives some incentive to form couples (e.g., Greenwood
et al. 2016).

We assume that single women can have children whereas single men cannot. The
time endowment is 1 for married people and 1 � ıi for singles. ıi is the time cost that
individuals lose due to their singleness. Single men’s consumption cm equals income
minus the household goods cost:

cm D .1 � ım/wm C am � 
:
Single women can have children; their budget constraint is

cf C �nwf D .1 � ıf /wf C af � 
: (6)

Each fecund individual has to share time between child-rearing and working. Having
children entails a time cost �n.17 If single, the mother has to bear the full time-cost
alone. Given the time constraint �n � 1 � ıf , the maximum number of children a
single woman can have is

NNS D
�
1 � ıf
�

�
2 N:

When married, the husband bears a share 1 � ˛ of the child-rearing time. The total
nonlabor income of a couple net of cost is a D am C af � 
. Their budget constraint
is

cf C cm C �n.˛wf C .1 � ˛/wm/ D wm C wf C a: (7)

The maximum fertility rate of a married woman equals

NNM D
�
1

˛�

�
2 N:

DEFINITION 1. B.n/ denotes the remaining income of a couple having n surviving
children:

B.n/ D .1 � ˛�n/wf C .1 � .1 � ˛/�n/wm C a:

17. We assume a child who does not survive does not cost parents anything. Relaxing this assumption
neither changes our results, nor affects the estimates of childlessness rates in Section 4.
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We now solve the game backward, starting from the last step: the choice of fertility
and consumption given the marital status.

3.2. Behaviors in the Last Stage of the Game

Although the fertility behaviors of single men, naturally sterile women, and couples
who are unable to control their fertility are simple to analyze, the behaviors of fertile
women or households are more complex. Since a woman cannot have children if she
consumes less than Oc, N is potentially limited by income. A fecund single woman or
a fecund couple can then be in one of three different cases: unconstrained fertility,
poverty-driven childlessness, and limited fertility.

3.2.1. Single Men, Sterile Women, and Sterile Couples. As men cannot have children
if single, they consume all their income minus the household goods cost. Their indirect
utility then equals

Vm � u..1 � ım/wm C am � 
; 0/:
A single woman who is infertile has the same behavior as a single man and her indirect
utility equals

zVf � u..1 � ıf /wf C af � 
; 0/:
Finally a couple who cannot have children will share the household income such that
cf D �B.0/ and cm D .1 � �/B.0/. The indirect utilities of a man and a woman in a
sterile marriage are respectively equal to

zUf � u.�B.0/; 0/ and zUm � u..1 � �/B.0/; 0/:

3.2.2. Fecund Single Women. The expected utility of a single woman who is not
sterile and gives birth to N children is written:

EnŒu.cf ; n/jN� D
NX

nD0

P.njN/u.cf ; n/:

Unconstrained Fertility. This case arises when

af � 
C .1 � ıf � � NNS /wf � Oc;
which means that even if she has the maximal number of surviving births, she can
consume at least Oc.18 In this case, she can give birth to N 2 Œ0; NNS � and her optimal

18. Notice from (6) that when a
f

� � � Oc, working is not necessary to have the maximal number of
children.
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fertility rate N �
S is such that

N �
S D argmax

N 2Œ0; NN
S

�

EnŒu.cf ; n/jN�

D argmax
N 2Œ0; NN

S
�

NX
nD0

P.njN/u.wf .1 � ıf � �n/C af � 
; n/:

When af � 
C .1 � ıf � � NNS /wf < Oc, the fertility rate of a single fecund
woman is limited by her income. She may then either be in the poverty-driven
childlessness or in the limited fertility case.

Poverty-Driven Childlessness. Sterility can arise when the woman is naturally sterile
but also when af � 
C .1 � ıf � �/wf < Oc, meaning that she is too poor to have at
least one surviving child while consuming at least Oc. In such a situation: N �

S D 0 and
cf D af � 
 C (1 � ıf)wf.

Limited Fertility. When af � 
C .1 � ıf � �/wf � Oc, a single woman can have

children but the number of children is limited by her income. Let us define MNS as the
maximal number of surviving children a single woman can give birth to in the present
case:

MNS 2 N �
$
.1 � ıf /wf C af � 
 � Oc

�wf

%
:

We can then determine her optimal fertility as

N �
S D argmax

N 2Œ0; MN
S

�

EnŒu.cf ; n/jN�

D argmax
N 2Œ0; MN

S
�

NX
nD0

P.njN/u.wf .1 � ıf � �n/C af � 
; n/:

Notice that the three situations described previously cannot exist simultaneously. We
can then denote the expected well-being of a fertile single woman as

Vf D EnŒu.wf .1 � ıf � �n/C af � 
; n/jN �
S �:

3.2.3. Fecund Couples Controlling their Fertility. The expected weighted sum of
utilities of a nonsterile couple equals:

EnŒW.cf ; cm; n/jN� D
NX

nD0

P.njN/W.cf ; cm; n/:

As for single women, the fertility of couples is potentially limited by the income of
spouses.
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Unconstrained Fertility. This case arises when the remaining income of the couple
after having the maximal feasible number of children NNM remains greater than Oc. This
condition is written: B. NNM / � Oc. In this case, the couple can choose their optimal
number of births between zero and NNM such that

N �
M D argmax

N 2Œ0; NN
M

�

EnŒW.cf ; cm; n/jN�

D argmax
N 2Œ0; NN

M
�

NX
nD0

P.njN/W.�B.n/; .1 � �/B.n/; n/:

Let us now focus on poorer couples for whom B. NNM / < Oc, so that reaching NNM

is not feasible. In this situation, the income of the household will determine whether
the couple is subject to poverty-driven childlessness or to a limitation in terms of the
total number of births.

Poverty-Driven Childlessness. When

B.1/ D .1 � ˛�/wf C .1 � .1 � ˛/�/wm C a � Oc
thenN �

M D 0 and spouses share their total income as a function of negotiation powers
such that fcf ; cm; ng D f�B.0/; .1 � �/B.0/; 0g. This kind of sterility arises when the
couple is so poor that if they had one surviving child, their income would then be
smaller than Oc.19

Limited Fertility. When

B.1/ D .1 � ˛�/wf C .1 � .1 � ˛/�/wm C af C am � 
 > Oc;
a couple can have children but their maximal number of children is smaller than NNM

as it is limited by their income. We denote the maximal feasible number of births as
MNM ; whenN D MNM , the wife’s consumption is close to Oc and the husband’s to zero:

MNM D
$

wf C wm C a � Oc
�.˛wf C .1 � ˛/wm/

%
:

The optimal behavior of a couple with limited fertility is then written:

N �
M D argmax

N 2Œ0; MN
M

�

NX
nD0

P.njN/W.cf ; cm; n/:

The Œ0; MNM � set can be rewritten Œ0; QNŒSŒ QN; MNM � where

QN �
$

wf C wm C a � Oc
�

�.˛wf C .1 � ˛/wm/

%
:

19. When B.1/ D Oc, the woman can have one child but then her husband has zero consumption.
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As long as n � QN , �B.n/ � Oc, which means that the potential income of the household
is high enough to raise the n children without depriving spouses of consumption. Once
n becomes higher than QN , the husband has to give his wife part of his consumption
in order to enable her to consume Oc. If such a behavior can be optimal up to a point,
once the husband’s consumption is too close to zero, the couple necessarily decides
not to have children to prevent a situation of pauperized parenthood. This situation of
childlessness is driven by poverty.

As in the case of single women, the situation that prevails for a fertile couple
depends on spouses’ income and only one of the previous cases prevails for a given
set fwm, wf, ag. We then denote

U f � EnŒu.cf .n/; n/jN �
M �

the expected well-being of a woman in a fecund marriage, whereas

Um � EnŒu.cm.n/; n/jN �
M �

is the expected well-being of the husband.

3.2.4. Fecund Couples Who Do Not Control Fertility. With probability 1 � �, a
couple is unable to control their fertility.20 In this case, we assume that spouses have
as many children as they can. Such a situation is relevant only if the total income
of the family is sufficient to allow the woman to consume Oc; couples with incomes
such that B.1/ � Oc are not concerned by uncontrolled fertility (they are concerned by
poverty-driven childlessness). For the others, their number of children, denoted bN ,
equals:

bN D
� MNM if B. NNM / <

Oc
�NNM otherwise:

Once maximal fertility has been reached, each spouse’s consumption is

fcf ; cmg D
� f Oc; wf C wm � �.˛wf C .1 � ˛/wm/

bN � Ocg if B. NNM / � Oc
�

f�B. NNM /; .1 � �/B. NNM /g otherwise
:

In the first case, the husband has to give his wife some of his consumption in order to
allow her to have the maximal number of children. Such a situation is not optimal as the
couple did not choose it. This will be important when a man evaluates the opportunity
to marry the woman he has been matched with on the marriage market: if his potential
bride has a high probability of not controlling her fertility, he has a high probability of
becoming a poor father. This reduces his incentive to marry; this effect will be strong
among poor men.

The wife’s and the husband’s expected well-being are denotedbU f � EnŒu.cf .n/; n/jbN�;
20. See Bhattacharya and Chakraborty (2017) for a model with an explicit contraception technology.
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bUm � EnŒu.cf .n/; n/jbN�:
3.3. First Stage: Marriage Decisions

In the last stage of the game, agents know whether they are sterile or not, and whether
they are able to freely determine their number of children. Nevertheless, they have
to decide to marry or to remain single before obtaining this information and hence
calculate the expected value of a marriage offer. We denote Mf .ef ; af ; em; am/ the
value of accepting a marriage offer from a man endowed with em and am for a woman
with an education ef and a nonlabor income af:

Mf .ef ; af ; em; am/ D
�
�f C .1 � �f /�m

� zU f

C
�
1��f �.1��f /�m

� �
�.ef /U

f C.1 � �.ef //bU f
�
;

where �f and �m respectively describe the percentage of females and males who are
naturally sterile. For a man with an education em and a nonlabor income am, the value
of a marriage offer coming from a woman endowed with fef, afg is

Mm.em; am; ef ; af / D
�
�m C .1 � �m/�f

� zUm C
�
1 � �m � .1 � �m/�f

�
�
�
�.ef /U

m C .1 � �.ef //bUm
�

C ";

where " 2 R is a scale parameter accounting for a potential gender-specific surplus in
marriage. When " > 0, males enjoy marriage more than females, everything else being
equal, whereas the reverse is true when " < 0. S.ei ; ai / denotes the expected value of
being single with education ei and nonlabor income ai. This is written respectively for
a woman and a man:

S.ef ; af / D �f
zV f C .1 � �f /V

f ;

S.em; am/ D V m:

A match on the marriage market will end up married only if both partners are
willing, that is to say if and only if

Mf .ef ; af ; em; am/ � S.ef ; af / and Mm.em; am; ef ; af / � S.em; am/: (8)

In Appendix D, we study the case in which only the consent of the groom is needed
for a marriage to occur.

Some properties of the model will be crucial to fit the stylized facts presented in
the previous section. The U-shaped pattern of childlessness in the data is related to
the coexistence of the various types of childlessness and the way their intensity varies
with education. Natural sterility is not at stake here as we have assumed it is uniformly
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distributed across the population.21 On the contrary, poverty-driven childlessness arises
when income is not sufficient to allow the woman to consume at least Oc. It therefore
decreases with income and explains why total childlessness decreases with education
at low levels of education. Finally, opportunity-driven childlessness arises when,
despite being fertile and not facing a binding economic constraint on their decisions,
single women or couples decide not to have children. Those who are concerned by
this situation are women earning high salary incomes, who hence have a greater
opportunity cost of raising children. Opportunity-driven childlessness is responsible
for the increasing pattern of childlessness rates, at high levels of education. Notice that
better-educated mothers also reduce their number of births (i.e., the intensive margin
of fertility).

Concerning the pattern of marriage rates observed in the data, the following
elements are important. First, the risks of sterility as well as of unwanted pregnancies
can be powerful incentives to stay single. Sterility can be natural but also due to
poverty. This implies that a poor man has a low incentive to marry a poor woman
since the risk of being sterile due to poverty is great. Furthermore, marrying a woman
with low education increases the risk of losing control over fertility when married.
For a rich man, this only means having many children, whereas for a poor man, it
means suffering consumption deprivation. This mechanism has a negative impact on
the degree of assortativeness. On the other hand, the sharing rule within marriage
affects the degree of assortativeness positively.

Child mortality is also crucial to marriage decisions. The risk of ending up with zero
children due to mortality lowers men’s willingness to marry since having children is the
main advantage of marriage for a man. In this case, the single woman or the couple is
neither naturally nor socially sterile. For any woman endowed with ef and giving birth to
N children, the probability of being childless due to mortality is P(0jN) D (1 � q(ef))

N.
If the law of large numbers applies, the proportion of women who are childless because

of child mortality in each category of education equals
P NN

M

N D0 �fN;e
f

g.1 � q.ef //N,

with �fN;e
f

g describing the proportion of women with an education level equal to ef

who have N births. As the probability that a newborn survives is positively correlated to
his/her mother’s education, mortality-driven childlessness is not uniformly distributed
across the population. It is not necessarily greater among low-educated women than
among highly educated women. Indeed, low-educated women face a higher risk that
each of their children will die but have a higher fertility rate when they are not sterile,
whereas highly educated women face a lower risk but have fewer children.

Marriage decisions matter to understand how economic and demographic shocks
may alter the fertility and childlessness rates of single and married women in an
asymmetric way. For instance, let us assume that child mortality rates decrease
significantly. For single women, the effect of such a shock on childlessness depends

21. If the law of large numbers applies, a share �
f
of single women will be sterile, whereas the share of

sterile couples will be higher and equal to �
f
C (1 � �

f
)�

m
. The prevalence of natural sterility depends on

education only indirectly through the marriage rate.
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heavily on the type of match in the marriage market. In the eyes of highly educated,
rich men, this shock increases the attractiveness of low-educated women, as the risk to
end up childless due to child mortality is reduced. Thus, everything else being equal,
the reduction in child mortality rates should increase the marriage rate of low-educated
women. This increase will however give rise to an important selection effect: women
who will accept new marriage offers are those who rely more on marriage to escape
extreme poverty (those with the lowest nonlabor income). Since the remaining single
women are those who relied less on marriage to have children, childlessness rates
may be lower after the mortality shock. Now, in the eyes of low-educated men, low-
educated women become less attractive. Indeed, high child mortality rates operate as a
Malthusian positive check on women not controlling their fertility, hence, limiting the
final number of children as well as the risk of pauperization faced by poor men. As they
have lost attractiveness, some low-educated women who should have married become
poor single women, thus potentially childless. For married women, the impact of a
positive mortality shock on childlessness is unambiguously negative as fewer families
are decimated by child mortality.

4. Identification of the Parameters

Here, we estimate the parameters of the theory developed in Section 3 from the data
in order to provide results on the decomposition of childlessness and the effect of
development on fertility.

4.1. A Priori Information

Natural Sterility. Some parameters are fixed a priori. The two sterility parameters, �f
and �m, are fixed at 1%. The percentage of naturally sterile couples, �f C (1 � �f)�m,
is then equal to 1.9%. This allows us to match the lowest childlessness rates in our
sample (Nicaragua, Rwanda, and Vietnam).22

Wages. To compute wages, we need to know the parameters �, which is the Mincerian
return of one additional year of education, and � , which denotes the gender wage gap.
10% is a usual yardstick for the Mincerian return to years of schooling. Evidence for
developing countries is however mixed. Old evidence shows that the rates of return
to investment in education in developing countries are above this benchmark. Recent
country-specific studies, however, find lower returns, closer to 5% (see the survey

22. The ideal population to measure sterility among couples is one in which marriage is associated with
the desire to have children, women marry young, do not divorce (e.g., because of sterility), are faithful to
their husbands, and live in a healthy environment. The closest to this ideal are Hutterites. According to
Tietze (1957), who studies sterility rates among this population, we should set the percentage of naturally
sterile couples, �

f
C (1 � �

f
)�

m
, at 2.4%. In our sample here, couples from Nicaragua, Rwanda, and

Vietnam are even less childless than Hutterites.
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of Oyelere 2008 for Africa). As we impute this return starting from the first year of
education, we have decided to be relatively conservative and set �D 0.05. A robustness
analysis to this assumption is provided in Appendix D where we use the values provided
in Montenegro and Patrinos (2014) instead. Country-specific gender wage gaps � are
computed from the Global Gender Gap Report (Hausmann et al. 2013) normalizing
the measure to 1 for Iceland, the country with the smallest gap in the world. For a few
countries (Haiti, Rwanda, Sierra Leone, and Palestine), data are not available, and the
sample average (0.794) was imputed to them. All the resulting gender wage gaps are
shown in Table E.4 in the Online Appendix. All wages are finally normalized so that
the maximum wage (that of a man with 18 years of schooling) is equal to one for each
country.

Survival Rates. We use IPUMS data to compute survival rates per education
category in each country. For each woman in the data, we know how many children
she gave birth to and how many of them survived. The ratio between the total
number of surviving children and the total number of births gives a measure for
the synthetic survival rate, which includes both child and young adult mortality.
The relationship between mothers’ education and survival rates is increasing in all
countries.

Assortative Matching. There are many ways of measuring assortativeness in marriage
(Greenwood et al. 2014). In Baudin et al. (2015) (in Appendix C.8), we introduce an
exogenous way to generate the observed degree of assortativeness by assuming, as
in Fernández-Villaverde et al. (2014), that a fraction of the female population draws
a possible match from their education category, whereas the remaining women draw
from the total population. This assumption is well suited when the number of education
categories is not too large, and therefore puts several subcategories together. Here,
instead, we assume that the meeting probabilities depend on the distance between the
two people’s education. More precisely, we assume that the percentage of meetings
between women of education ef and men of education em is given by

m.ef ; em/ D p.ef /q.em/e
��je

f
�e

m
j
sf .ef /s

m.em/; (9)

where s f(ef) and sm(em) are respectively the shares in the population of women and
men with ef and em years of schooling. Parameter  is a measure of assortativeness.
With  D 0, the matching is random and m(ef, em) D s f(ef)s

m(em). The m(ef, em)
can be seen as elements of a 19 � 19 contingency table describing who matches
whom as a function of education. The p(ef) and q(em) are scale factors that allow the
rows and the columns of the contingency table to sum up to sm(em) and s f(ef), and
depend on .

For each country, the calibrated measure of assortativeness, , is obtained by
maximizing the Mantel r statistics between the underlying contingency table of
matches and the observed contingency table of marriages. The Mantel r statistics
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is a measure of the correlation between the two matrices. This procedure will lead to
a light overestimation of assortativeness. Indeed, maximizing the correlation between
a match matrix and a marriage matrix leads to the right degree of assortativeness
if accepting the match is random. The model however generates some degree of
endogenous assortativeness, through the fact that the bargaining power depends on
relative education levels, leading to a too large degree of assortativeness in the artificial
economy. The degree of endogenous assortativeness is very small though, so this is
not an important issue.

Appendix B.1 describes the procedure in more detail and provides the calibrated
measures of assortativeness, , in each country. Appendix D shows the estimation of
the parameters in the absence of assortativeness ( D 0).

Unwanted Births. DHS data allows us to estimate the proportion of women who
do not control their fertility. We denote a woman as not able to control fertility if
she declares that her ideal fertility is at least two fewer children than her completed
fertility and if she believes that her partner did not want more children than she did.
This last requirement gives us confidence that the difference between the number of
children ever born and the ideal number of children is not the outcome of a rational
household decision in which, for instance, the husband has a higher ideal number of
children, together with a higher bargaining position. We use this variable to predict
the probability for a woman with ef years of schooling of not controlling her fertility
in country j. Online Appendix E.2 discusses alternative measures of unwanted births
and provides details on the sample construction.

The literature about desired fertility and family planning (see, for instance, Pritchett
1994a) reports the existence of an ex post rationalization bias, due to women declaring
their ideal number of children in conformity with their actual number of children.
Such a bias undoubtedly exists in our measure and could lead to underestimating
the probability of experiencing an undesired birth. We discuss this issue in Online
Appendix E.2 where we provide five alternative measures for uncontrolled fertility.
In order to evaluate the importance of this potential bias, Appendix D provides a
robustness check of the estimation and the results, when a woman is considered as not
controlling her fertility if she believes that her partner did not want more children than
she did (similarly to the benchmark definition), but she had at least one more child
than her declared ideal fertility.

Notice finally that the number of countries for which DHS data on unwanted births
is available is lower than the number of countries for which we have census data (25 out
of 36 countries). The country codes of the countries for which both census and DHS
data are available are in bold in Table E.1 in the Online Appendix. For the countries
for which we did not have the DHS data, we had to make an assumption regarding
the proportion of women who do not control their fertility. As detailed in Online
Appendix E.2.1, the countries where there is no DHS data are given the probability
of not controlling fertility from the country where the fertility rates with respect to
education are the most similar, within the same continent.
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4.2. Minimum Distance Estimates

We next identify the remaining 11 parameters of the model using the simulated method
of moments (SMM). The moments are the marriage rates of men and women, the
completed fertility of mothers, and the childlessness rates among both single and
married women, for the 19 education categories.23 As there is an equal number of men
and women in the model, we adjust the marriage rate of men to equal the marriage
rate of women in each economy. This sums to 114 moments per country. The objective
function to minimize is given by

f .p/ D Œd � s.p/� ŒW � Œd � s.p/�0 ; (10)

where p is the vector of the parameters of the model, d denotes the vector of empirical
moments and s the vector of simulated moments, depending on the parameters. W is
a diagonal weighting matrix with 1=d2 as elements, implying that we minimize the
sum of squared deviation in percentage terms. The minimization is performed under
the constraint of reproducing the aggregate marriage rate perfectly. We impose this
constraint in order to compute the aggregate childlessness rates with the right weights
of single and married people.

To compute the simulated moments, we consider a large number of women
(100,000) for each category of education. For each woman, we draw her nonlabor
income from a log-normal distribution Lognormal.m; 	2/. The nonlabor income ai has
a mean denoted ˇ D exp fm C 	2=2g. The parameter 	 is the standard deviation of the
underlying normal distribution of ln ai. For each woman in each category of education,
we also draw a potential husband of a certain education category, with a probability
given in equation (9).24 For each level of men’s education, the nonlabor income is
drawn from the same distribution as for women. Each woman, given her education
and country, also faces survival probabilities for her children, and a probability of not
controlling her fertility, as detailed in the previous section. Given these probabilities,
we compute the expected utility when married and single, and the expected utility of the
possible husband we have drawn for her. We thus obtain a decision about marriage for
each person. Then, drawing realizations for mortality and fertility control shocks, we
compute her actual fertility. For each category of education for women, we therefore
obtain a large number of decisions about marriage and fertility that we can average,
and calculate the simulated moments.

We estimate the parameters for each country separately. As nothing guarantees
that the objective function to minimize, f(p), is a well-behaved concave function of
the parameters, we base the estimation on a global optimization method. We use the
genetic algorithm developed by Charbonneau (1995), which allows global extrema to
be found in highly nonlinear optimization problems where there exists a large number

23. Tables E7–E12 of the Online Appendix show the exact values of the empirical moments.

24. Appendix D studies the robustness of the results when we assume a random matching marriage
market instead.
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of local extrema. This makes our estimation robust to the initial guess on the parameters
we feed into the algorithm.

To further support the precision of our estimates, we also compute bootstrapped
standard errors. First, we draw 100 random new samples with replacement from the
original data for each country. Each resample is of equal size of the original one but the
frequency of each observation changes. For each of these resamples we generate the 114
moments per country and estimate the corresponding parameters. In this estimation,
we applied the global optimization method only once and then re-optimized for each
bootstrapped sample moment with the local optimization algorithm. For each country,
we compute the mean and the standard deviation of the parameters estimated from
the 100 resamples. These means and standard deviations of the sampling distributions
give us bootstrapped estimates of the mean and standard error of the sample statistics.
The results are reported in Tables E.17–E.19 in the Online Appendix for all countries.
We next aggregate over countries by averaging the parameters using the countries’
specific weights. The third and fourth columns of Table 3 show the mean and standard
errors of these averages. The last column of Table 3 shows the between country
standard deviation. Figures E.17–E.19 in the Online Appendix show the empirical and
simulated moments, using the estimated values of the parameters for each country, and
then aggregating country-specific simulated moments.

Let us now interpret the average values of the parameters, their standard error, and
their cross-country variation. The time cost for one child, �, the share of child-rearing
supported by women, ˛, and the time cost of being single for women, ıf, imply an
upper bound on fertility of 7 children for married women and 5 for single women.
The difference between the time costs of being single for men and women, ım and ıf,
is noteworthy (and it is present in a large majority of countries): it implies that the
gain from marriage in terms of time accrues mostly to men, who seem less efficient
than women at managing their lives when single. The mean of the nonlabor income,
ˇ, the minimum consumption level to be able to procreate, Oc, and the goods cost to
be supported by a household, 
, should be interpreted in light of the normalization for

TABLE 3. Identified parameters, average values.

Description Mean SE of the between
mean country SD

Time cost for one child � 0.188 0.001 0.014
Mean of the nonlabor income ˇ 0.406 0.005 0.173
Preference parameter � 9.367 0.067 1.055
Min. consumption level to be able to procreate Oc 0.354 0.002 0.130
Goods cost to be supported by a household 
 0.281 0.003 0.138
Share childrearing supported by women ˛ 0.783 0.004 0.126
Time cost of being single (men) ım 0.197 0.002 0.116
Time cost of being single (women) ıf 0.077 0.002 0.097
Bargaining parameter � 0.442 0.011 0.293
Std. error of the natural log of nonlabor income 	2 0.420 0.005 0.143
Scale parameter (male marriage surplus) " 0.128 0.003 0.055
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FIGURE 5. Left panel: identification of Oc (solid gray) and ˛ (dashed gray). Right panel: identification
of ıf (solid gray) and ım (dashed gray).

wages. Their values imply that a single woman with average nonlabor income (0.537)
and no education (wf D 0.306) cannot have more than three children, whereas paying
the cost 
 and consuming Oc, she then is in the “limited fertility case” of Section 3.2.2.
Nevertheless, this does not prevent the noneducated single women from the poorest
countries from being childless because of their poverty. Finally, " > 0 suggests that
men have a higher surplus from marriage than women.

The estimated standard errors of the parameters are small. The reason is as follows.
The moments used to estimate the parameters are computed from census data, and thus
rely on a large sample of individuals. The moments computed from each resample in
the bootstrap procedure are thus relatively close to each other. The small size of
the standard errors suggest that small perturbations in the data lead to very similar
estimated parameters and therefore that the model is well-identified.

Figure 5 sheds light on how some of the parameters of the model are identified from
the data. The black lines of the left and right panels respectively show the relationship
between the childlessness rates of married women and years of schooling, and the
relationship between female marriage rates and years of schooling, aggregating the
simulated moments across countries. The other lines show how the slopes of the
relationships change when we change some of the parameters. For a change in each
parameter, we keep all the others constant at their estimated values. This allows to infer
from which empirical moments each parameter is identified. Appendix B.2 shows how
each of the eleven parameters of the structural model is identified from the data.

The left panel of Figure 5 shows how the slope of the relationship between
childlessness and education changes after we respectively set the share of child-rearing
supported by women, ˛, equal to one, in all countries, or we increase the minimum
consumption level to be able to procreate, Oc, by 23% on average. A higher Oc increases
poverty-driven childlessness, but leaves opportunity-driven childlessness unchanged.
A higher ˛, on the contrary, mostly affects opportunity-driven childlessness.25 We can

25. To be precise, Appendix B.2 shows that changing ˛ and Oc also affects marriage decisions. A higher ˛

gives a man an extra incentive to accept a marriage with a low-educated woman, as his opportunity cost in
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FIGURE 6. Theoretical versus empirical childlessness rates. Morocco, Indonesia, Thailand and
Palestine are excluded as we do not have the information on the childlessness of singles for them.

then infer that Oc is identified from the decreasing part of the U-shaped relationship
between childlessness and the education of married women, whereas ˛ is identified
from the increasing part of the U-shaped relationship.

The right panel of Figure 5 shows how the slope of the relationship between female
marriage rates and education is affected when we respectively increase the time cost of
being single for men, ım, and for single women, ıf, by 0.1 on average, all else kept at
the estimated values. A higher ıf increases the incentives for highly educated women
to marry because, for them, time is the most expensive. A higher ım makes men more
willing to accept low-educated women in order to gain time. We can therefore conclude
from this that ıf is identified from the slope of the female marriage rates for highly
educated women and ıf is identified from the slope of the female marriage rates for
low-educated women.

Figure 6 illustrates the fit of the structural model in terms of childlessness rates. We
correlate the observed level of childlessness with the simulated one. The model explains
97% of the variation in childlessness across countries. In Online Appendix E.4.2.2,
we compare the fit of our structural estimation to that of an ad-hoc linear regression
model in order to appreciate the power of our quantitative approach. We show that
the discipline imposed by our theoretical approach leads to a rather limited loss of
fit, whereas it allows to both decompose childlessness into its four components and
estimate the relationship between fertility, childlessness, and development.

The last column of Table 3 shows that, for some of the structural parameters, there
is quite substantial between-country variations. Looking further in Appendix C at the
intercountry variability of our estimated parameters, we show it may be related to

terms of foregone income due to child-rearing diminishes. A higher Oc has the opposite effect: men are less
willing to marry low-educated women, as they would have to provide too much in terms of consumption
to their wives.
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deep-rooted factors in comparative economic development stressed by the literature.
We show that the minimum consumption level required to be able to procreate, Oc, relates
negatively to the quality of institutions, proxied by the percentage of the population
that was European or from European descent by 1900 from Acemoglu, Johnson, and
Robinson (2002). The share of the child-rearing time supplied by women, ˛, can be
positively associated to matrilocal postmarital residence rules (from Alesina et al.
2013). How much intrahousehold bargaining depends on relative wages, which is
accounted for by parameter � , is also associated to patrilocal postmarital residence
rules.

5. Results

We now decompose the estimated rates of childlessness into its four components
and assess how social changes affect total fertility rates when accounting for the
different causes of childlessness. As a reminder, opportunity-driven childlessness
happens when a woman is able to have at least one child, but prefers not to have
any. Formally, this happens when B.1/ > Oc and N �

M D 0 for married women and
when af � 
C .1 � ıf � �/wf > Oc and N �

S D 0 for single women. Poverty-driven
childlessness arises when having one kid is not affordable, that is when B.1/ � Oc
for couples and af � 
C .1 � ıf � �/wf � Oc for single women. Finally, mortality
driven childlessness occurs when a woman has a positive number of births, but none of
these survives. Formally, this happens when B.1/ > Oc,N �

M > 0 but n D 0 for couples,
and af � 
C .1 � ıf � �/wf > Oc, N �

S > 0 but n D 0 for singles.

5.1. Decomposition of Childlessness

We show the decomposition of the sources of childlessness for the 36 developing
countries considered in Table 4. We also show the decomposition when we aggregate
all countries (line ALL) and when we aggregate all the countries for which we have
both DHS and census data (line DHS). On average, we estimate that 3.5% of women are
childless because the opportunity cost of child-rearing is too high. The remaining part
of childlessness is due to poverty and natural reasons. 2.3% of women are childless
because of poverty and 0.5% because all their children died. Argentina, Uruguay,
Colombia, and Chile have the highest levels of opportunity-driven childlessness,
respectively 11.0%, 9.7%, 7.4%, and 7.0%. Poverty-driven childlessness is the main
reason of childlessness in Mali (12.6%), Cameroon (11.8%), Sierra Leone (8.5%), and
Liberia (6.9%). Mortality-driven childlessness is not a major cause of childlessness. It
however reaches the highest levels in Sierra Leone (1.9%) and Ghana (1.7%).

Figure 7 correlates the two main types of childlessness, poverty-driven
childlessness and opportunity-driven childlessness, with the mean education level of
each country. From the left panel, we see that a one-year rise in school-life expectancy
reduces poverty-driven childlessness by 0.68 percentage points on average. There
are four main outliers with unusually high levels of poverty-driven childlessness given
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TABLE 4. Decomposition of childlessness into its four components (%), by country.

Geographical details Types of childlessness Total childlessness

Country name O.D.C.a P.D.C.b M.D.C.c N.S.d Simulated Data

A Argentina 11.0 0.3 0.9 1.9 14.0 13.8
m Bolivia 1.0 2.3 0.7 1.9 5.8 6.1
e Brazil 5.4 3.5 0.8 1.9 11.6 11.9
r Chile 7.0 0.0 0.3 1.8 9.1 8.9
i Colombia 7.4 3.2 0.4 1.8 12.7 12.8
c Costa-Rica 4.0 1.5 0.2 1.8 7.6 7.5
a Dom. Rep. 1.6 2.8 0.6 1.9 6.9 7.1

Ecuador 4.9 2.0 0.5 1.9 9.2 10.1
Haiti 2.8 2.3 0.9 1.9 7.9 10.0
Jamaica 5.0 0.0 0.1 1.6 6.7 8.4
Mexico 4.0 2.7 0.3 1.9 8.9 8.9
Nicaragua 1.2 2.2 0.2 1.9 5.5 5.5
Panama 1.1 2.5 0.1 1.9 5.6 5.5
Peru 1.3 2.0 0.2 1.9 5.4 5.9
Salvador 3.6 3.3 0.4 1.8 9.0 9.4
Uruguay 9.7 0.0 0.7 1.9 12.3 12.3
Venezuela 5.3 0.0 0.2 1.8 7.3 8.3

A Cameroon 2.3 11.8 0.8 1.8 16.7 17.8
f Ghana 4.9 1.2 1.7 1.9 9.7 9.8
r Kenya 0.1 1.9 0.2 1.9 4.1 4.0
i Liberia 3.0 6.9 1.2 1.9 12.9 12.7
c Morrocco 2.6 0.1 0.5 2.0 5.2 5.2e

a Mali 0.5 12.6 1.1 1.9 16.1 16.3
Malawi 1.0 1.1 1.4 2.0 5.5 5.9
Rwanda 0.0 1.8 0.1 1.9 3.8 3.5
Senegal 0.5 2.9 0.5 1.9 5.8 6.9
Sierra Leone 1.2 8.5 1.9 1.9 13.4 13.5
Tanzania 0.0 3.7 0.3 1.9 5.9 5.4
Uganda 0.1 3.1 0.7 1.9 5.8 6.0
South Africa 1.9 3.4 0.2 1.7 7.3 8.4
Zambia 1.5 5.5 1.2 1.9 10.1 10.3

A Indonesia 0.0 1.7 0.4 2.0 4.1 4.2e

s Cambodia 0.9 4.9 0.4 1.9 8.2 8.8
i Thailand 3.4 0.0 1.1 2.0 6.5 5.7e

a Vietnam 3.3 1.8 0.2 1.9 7.2 7.2
Palestine 2.3 0.0 0.5 2.0 4.7 4.0e

ALL 3.5 2.3 0.5 1.9 8.2 8.3
DHS 2.9 2.6 0.5 1.9 7.9 8.1

Notes: ALL is an aggregate estimation for all 36 countries. DHS provides the aggregated estimates for the
childlessness decomposition for countries with data in both DHS and IPUMS.

a. Opportunity-driven childlessness;

b. Poverty-driven childlessness;

c. Mortality-driven childlessness;

d. Natural sterility;

e. Childlessness rates for married only.
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FIGURE 7. Estimates for poverty-driven childlessness (left) and opportunity-driven childlessness
(right).

their level of development: Cameroon, Mali, Sierra Leone, and Liberia. These countries
belong to a region labeled the African Infertility Belt due to the high prevalence of
childlessness. The part of childlessness that is driven by a high opportunity cost emerges
along with economic development. A one-year rise in school-life expectancy increases
opportunity-driven childlessness by 0.67 percentage points.

Figure 7 confirms the intuitions of Poston and Trent (1982) according to whom,
as a country develops, childlessness decreases to a minimum level due to the decrease
in subfecundity, and then increases due to reasons that affect the fertility decisions of
women in developed economies (high opportunity cost).

5.2. Comparative Statics

In addition to decomposing fertility according to its margins, we quantify the impact
on completed fertility of four aspects of social progress that come along with
development. We study the social progress targeted by most national, international,
and nongovernmental organizations: achieving universal primary education,26 putting
an end to unwanted births,27 eradicating child mortality,28 and closing the gender wage
gap.29 We focus on how endogenous adjustments of marriage and childlessness may
counterbalance the adjustments of the intensive margins of fertility.

26. The second goal of the Millennium Development Goals was to “ensure that by 2015, children
everywhere, boys and girls alike will be able to complete a full course of primary schooling”.

27. Fact sheet# 351 of the World Health Organization states that family planning is key to slowing
unsustainable population growth and the resulting negative impacts on the economy, environment, and
national and regional development efforts.

28. Target 4.A of the Millennium Development Goals is reducing the under-five mortality rate by two-
thirds, between 1990 and 2015.

29. “Achieving our objectives for global development will demand accelerated efforts to achieve gender
equality and women’s empowerment. Otherwise, peace and prosperity will have their own glass ceiling.”
(Hillary Clinton, January 2012).
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The completed fertility in the population F can be decomposed as

F D m .1 � Cmarried/ nmarried C .1 � m/ .1 � Csingle/ nsingle;

where m is the marriage rate, C is the childlessness rate, and n is the fertility of
mothers. The long-term impact of a shock or a policy on completed fertility does not
only depend on the effect on the fertility of mothers, but also on how marriage rates and
childlessness rates are affected. Figures 8–10 summarize the aggregate implications
for m, C, and n of the four scenarios.

In order to see the importance of endogenous marriage rates and childlessness rates
when computing the effect of development on completed fertility, F, we compute the
partial change in fertility as

�Fp D m .1 � Cmarried/ �nmarried C .1 � m/ .1 � Csingle/ �nsingle

FIGURE 8. Fertility of married (left) and single (right) mothers. Benchmark (black), universal
primary education (gray), perfect family planning (dashed gray), no mortality (dashed black), and
gender equality (dotted gray).

FIGURE 9. Childlessness rates of married (left) and single (right) women. Benchmark (black),
universal primary education (gray), perfect family planning (dashed gray), no mortality (dashed
black), and gender equality (dotted gray).
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FIGURE 10. Marriage rates of women (left) and men (right). Benchmark (black), universal primary
education (gray), perfect family planning (dashed gray), no mortality (dashed black), and gender
equality (dotted gray).

and compare it to the total change, which also accounts for changes in marriage and
childlessness:

�F D �Fp C ..1 � Cmarried/ nmarried � .1 � Csingle/ nsingle/ �m

� m nmarried �Cmarried � .1 � m/ nsingle �Csingle:

Table 5 compares the variation in completed fertility predicted by our model �F to
�Fp.30 The latter depicts a situation in which childlessness and marriage rates are
fixed to their benchmark values.31 We discuss the impact of each change on completed
fertility, F, and each of its components, m, C, and n, one by one.

Universal Primary Education. We suppose that everybody is endowed with at least
completed primary education. All those who had less than 7 years of schooling in our
original simulation now have 7 years. A first impact of this change is reducing poverty-
driven childlessness drastically. At the aggregate level, poverty-driven childlessness is
divided by more than four, receding from 2.3% in the benchmark to 0.8% (Table E.21 in
the Online Appendix). The reduction of poverty-driven childlessness is quantitatively
important in the most affected countries such as Sierra Leone, for which poverty-driven
childlessness is reduced from 8.5% to 4.3% . At the aggregate level, childlessness
decreases from 8.2% to 6.5% (Table E.21 of the Online Appendix).

The effect of universal primary education on the intensive margin of fertility
is also negative due to the increased opportunity cost of child-rearing. Figure 8
indicates that, on average, the fertility of mothers drops because the vast majority

30. For illustration purposes, we show only 17 of the 36 countries. The complete list can be found in
Table E.20 of Online Appendix. The countries considered here are those for which we have DHS data on
unwanted births, on the fertility of single women, and where there are more than 20,000 married women.

31. As the equilibrium on the marriage market has no impact on individual decisions, this way of
calculating the marginal contribution of our mechanisms is valid.
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TABLE 5. Impact on completed fertility (in %) of social progress in the case where childlessness and marriage
are endogenous (�F=F) and in the case where childlessness and marriage are fixed to their benchmark values
(�F

p
=F).

Country Bench Universal Perfect No child Gender
fertility primary education family planning mortality wage equality

F �F=F �Fp=F �F=F �Fp=F �F=F �Fp=F �F=F �Fp=F

BOL 4.07 0.63 �0.63 �10.20 �11.46 11.13 17.70 �4.68 �4.81
BRA 3.25 �4.96 �7.20 �29.12 �30.19 1.87 4.69 �13.02 �7.13
COL 3.10 �0.23 �1.54 �9.22 �8.37 3.42 3.38 �15.52 �9.35
DOM 3.47 �3.69 �5.19 �9.87 �10.87 2.88 3.39 �13.26 �11.31
HAI 4.33 �8.08 �7.87 �17.60 �16.07 12.52 11.74 �9.73 �5.54
NIC 3.73 1.79 �0.20 �5.06 �5.75 7.88 7.86 �5.95 �4.81
PER 3.68 1.30 �0.10 �7.55 �8.01 4.91 4.96 �13.91 �10.78
URY 2.91 �0.72 �1.54 �28.04 �28.38 2.12 1.55 �25.96 �6.26
GHA 3.61 �6.48 �8.02 �24.18 �23.63 6.80 6.00 �11.08 �6.55
KEN 5.40 �0.46 �1.68 �8.12 �9.40 8.10 11.62 �5.75 �6.90
MWI 4.56 �4.19 �4.94 �16.62 �15.96 12.55 19.54 �6.20 �5.50
RWA 5.31 2.61 1.85 �7.86 �9.46 14.38 28.67 �0.89 �2.58
UGA 5.37 �2.05 �3.95 �11.46 �12.01 3.74 14.63 �2.33 �3.54
ZAF 3.69 0.73 �0.84 �2.72 �2.83 5.91 5.52 �7.00 �4.37
ZMB 4.32 �1.65 �3.13 �12.25 �11.96 7.38 10.28 �12.37 �10.93
KHM 3.71 �7.93 �11.88 �21.37 �24.44 1.48 4.59 �18.56 �13.64
VNM 3.05 0.26 �1.20 �24.66 �26.03 1.13 1.36 �14.32 �10.74
ALL 3.54 �1.56 �3.02 �16.40 �16.92 5.03 6.06 �12.97 �8.21
DHS 3.57 �1.32 �2.91 �14.68 �14.95 5.76 6.98 �12.03 �8.81

of women are now more educated, and that the fertility of mothers decreases with
education.

The comparison between �F=F and �Fp=F in Table 5 brings an important result.
At the aggregate level, completed fertility would be reduced by 3.02% if marriage
and childlessness were invariant. Including these two margins divides this effect by
more than two as the final reduction of completed fertility is only 1.56%. Nevertheless,
there is a strong heterogeneity across countries, which we can break down into three
main situations. For the first group of countries, the endogeneity of childlessness
and marriage weakens the negative impact of the generalization of primary education
on mothers’ fertility, as we see on average. This happens, for instance, in Brazil,
Ghana, Malawi, and Cambodia where it reduces completed fertility, in line with
the predictions of the standard Beckerian fertility models. For the second group of
countries, the impact of generalizing education on the intensive margin of fertility is
negative, but including the effects on childlessness and marriage rates makes completed
fertility increase. This is the case for instance in Bolivia, Nicaragua, South Africa,
or Vietnam. The last group is composed of countries that are strongly affected by
Malthusian behaviors like Rwanda, where the generalization of education increases
the fertility of mothers; this rise is magnified by the reduction of poverty-driven
childlessness.

We conclude that generalizing primary education reduces poverty-driven
childlessness and only has a limited effect on completed fertility. To the best of our
knowledge, such a result has not yet been underlined in the economic literature that
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has not considered endogenous childlessness and marriage to discuss the impact of
education on fertility in developing countries.

Perfect Family Planning. The second type of progress concerns a fully efficient
contraceptive behavior in developing countries. For the sake of illustration, we set the
percentage of couples able to control fertility � equal to 1, making unwanted births
disappear. The fertility of married mothers accordingly decreases and the childlessness
of married women increases, in particular for the low educated (left panels of Figures 8
and 9). When married women do not have unwanted births, there is less uncertainty
concerning the outcome of marriage (mortality remains) and everybody is also more
willing and likely to marry, especially the low educated who incurred a higher risk
(the dashed gray line of Figure 10 is above the black line). The rise in marriage
rates decreases childlessness rates among low-educated single women (right panel
of Figure 9). This happens because marrying a low-educated woman becomes less
risky. A selection into marriage occurs among low-educated women; those with the
lowest nonlabor income are more prone to accept marriage than those with a high
nonlabor income (who rely less on marriage to be protected against poverty and
poverty-driven childlessness). This selection leaves low-educated women who are
less concerned with poverty-driven childlessness single. This reduces the prevalence
of poverty-driven childlessness among single women. On the whole, poverty-driven
childlessness slightly decreases from 2.3% to 2.1% at the aggregate level (Table E.22
of the Online Appendix).

Taking all these effects into account, eliminating unwanted births lowers completed
fertility from 3.54 to 2.96 children per woman on average for all countries.
This drop of 0.58 children lies at the lower bound of prediction of May (2012)
concerning the efficiency of family planning on reducing fertility. Our structural
approach clearly argues in favor of a prudent estimation of the efficiency of family
planning.

At the country level, we find that the effect of perfect family planning on total
fertility is always negative, but differs across countries. In countries where the
percentage of unwanted births is high (for instance, Peru, Rwanda, or Vietnam), then the
effect of family planning on completed fertility is lower when endogenous responses of
childlessness and marriage are accounted for than when they are not. In other countries,
such as Colombia, Haiti, Ghana, Malawi, and Zambia, the endogenous adjustments of
childlessness and marriage magnify the impact of family planning policies. In these
countries, the prevalence of unwanted births is relatively high among highly educated
women. Thus, if they no longer experience unwanted births, a significant share of
these women remain childless because of the high opportunity cost, which diminishes
completed fertility.32

32. This result is in line with Baudin and Gobbi (2016, Chap. 24) who argue that nowadays, most African
countries need population policies that affect the deep determinants of fertility rather than the proximate
ones, whereas this is not the case in Asian countries like Vietnam. The main reason behind this result is
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Notice that perfect family planning technology does not necessarily reduce
completed fertility the most in places where unwanted births are most common. For
instance, in Bolivia, on average women have a higher probability of having unwanted
births than in Brazil (0.37 against 0.28 from Table E.5 in the Online Appendix),
but family planning reduces completed fertility by 10.2% in Bolivia and by 29.1%
in Brazil. This is because although more Bolivian women can choose their fertility
optimally, Brazilians decrease their fertility more strongly.

Eradication of Child Mortality. Let us now consider how eliminating child mortality
(q( � ) D 1) affects completed fertility. Figure 8 shows that the reduction of mortality
increases the fertility of mothers, in particular for the poorly educated. The effect
is of the order of half a child for a mother with no education. In addition to this
effect, marriage and childlessness rates vary. Childlessness among married women
decreases, whereas it increases among single women (Figure 9). The explanation we
can derive from the theory is the following. Child mortality rates are higher among
poorly educated women who are also more likely to experience unwanted pregnancies.
Child mortality then “helps” families who have more children than what is optimal
to regulate their size. A reduction in mortality rates then increases the risk in terms
of potential consumption loss for males from marrying low-educated women; this is
especially important for poor males. This makes a man less likely to accept a marriage
offer from a low-educated woman, but it also means that a low-educated woman is less
likely to accept any offer (Figure 10). Indeed, when single, a woman does not have
unwanted births. This implies that low-educated women are more likely to be single and
hence childless. The theory predicts that poverty-driven childlessness increases from
2.3% to 5.8% after this shock (Table E.23 of the Online Appendix). This highlights
an interesting mechanism regarding how mortality allows to regulate fertility. This
mechanism is in line with Malthusian theory according to which child mortality has
some “virtues”. Without better family planning, reductions in child mortality can
therefore be costly for poor women.

At the aggregate level, completed fertility increases from 3.57 to 3.78 (fertility
increases on the intensive margin but decreases on the extensive margin). Including
the effects on marriage and childlessness rates decreases the impact that the intensive
margin of fertility has on completed fertility. Eradicating child mortality has a limited
impact on completed fertility at the aggregate level, but a dramatic one in countries that
are strongly concerned by child mortality. For example, in Brazil, the disappearance of
child mortality increases completed fertility by 1.9% when accounting for the changes
in marriage and childlessness rates, whereas otherwise we predicted an increase of
4.7%. The difference is even bigger in Rwanda, where child mortality is the most
prevalent. In Rwanda, eradicating child mortality increases completed fertility by 0.76
children. Childlessness in Rwanda increases with the drop in mortality mainly because

that African countries have been the main recipients of family planning programs over the last decades.
DHS data shows indeed that unwanted births are much more prevalent in Vietnam than in Mali.
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of poverty-driven childlessness, which increases from 1.8% to 12.4% (Table E.23 of
the Online Appendix). This counteracts the rise in the fertility of mothers that, alone,
would have increased completed fertility by 1.52 children per woman. Hence, our
theory predicts that, in some countries, the eradication of mortality goes hand in hand
with an increase in poverty-driven childlessness, which reflects a pauperization among
uneducated women.

The impacts of an eradication of child mortality together with better family planning
on completed fertility stress the importance of uncertainty for family decisions such
as marriage and fertility.

Female Empowerment. The last comparative static exercise that we consider removes
the gender wage gap on the labor market. To fix ideas, this implies that � goes from 0.79
to 1.00 in the average country (but from 0.67 to 1.00 in Morocco, which is the country
with the strongest gender gap). In other words, gender equality becomes similar to
that in Iceland all over the world.33 Beyond making women richer, such a change also
increases women’s bargaining power � . In this last sense, it empowers women within
their couple.34

The first direct effect of female empowerment is to make women relatively richer
than in the benchmark. This implies that the gains from marriage are lower and
hence, women marry less, except those who are very low educated (Figure 10, left
panel). The effect on fertility rates is negative due to a higher opportunity cost of
raising children for both single and married women (Figure 8). In addition, Figure 9
shows that the effect on childlessness is positive for all categories of women; it
is almost absent for the low educated, but strong for the highly educated. From
Table E.23 of the Online Appendix, we learn that, on average, closing the gender
wage gap increases total childlessness from 8.2% to 12.0%. Opportunity-driven
childlessness rises from 3.5% to 7.2% and poverty-driven childlessness declines
from 2.3% to 1.8%. At the country level, the overall impact on childlessness
depends on whether the decline in poverty-driven childlessness compensates for the
increase in opportunity-driven childlessness. In Mali, for example, closing the gender
wage gap decreases poverty-driven childlessness from 12.6% to 7.6% and increases
opportunity-driven childlessness from 0.5% to 4.8%, making childlessness rates remain
unchanged.

Overall, smaller gender wage gaps prove to be very effective in reducing fertility
rates. Here, we highlight a channel, childlessness, which amplifies the effect of the
intensive margin on average fertility, for most countries, and in particular for those
where the opportunity-driven part of childlessness is large. In some few countries,

33. Notice that the gender equality we deal with is of the type “economic participation and support”, and
is not related to “educational attainment”, or to “health and survival”, which are other important dimensions
of gender discrimination.

34. Another way to empower women consists in sharing child-rearing time equally between women and
men. To analyze this policy in a meaningful way, one should model the time use choice of households (see
Gobbi 2018 on this issue).
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where poverty-driven childlessness matters more, like Bolivia, Kenya, Rwanda, or
Uganda, the reduction of poverty-driven childlessness however hampers the effect of a
lower gender wage gap on fertility compared to what it would be if only the intensive
margin of fertility changed.

6. Conclusion

We look at the extensive margin of fertility, how it changes with economic development,
and how the impact of social changes on completed fertility is nuanced when accounting
for the different reasons why women are childless.

Childlessness is endogenous to development. In the poorest countries, it is mostly
driven by poverty, which reflects situations in which the fecundity of women is affected,
thus leaving them childless. This situation echoes Malthus’s preventive check. In more
developed countries, women remain childless mainly because the opportunity cost in
terms of foregone labor income is high.

We propose a methodology that allows us to distinguish between the different
reasons for women’s childlessness. It is based on estimating the structural parameters
of an economic model in which both men and women decide whether to marry and
how many children to have. This estimation is carried out by a simulated method of
moment, in which the empirical moments used in the estimation include the fertility
of mothers, childlessness, and marriage rates for 36 developing countries.

Comparing the breakdown of childlessness into its causes across countries, we
show that when a country develops, poverty-driven childlessness diminishes. However,
opportunity-driven childlessness rises, driven by the high opportunity cost of having
children for more educated individuals.

The endogeneity of childlessness matters for the impact of development on
completed fertility, and therefore, on population growth. Imposing universal primary
education is commonly expected to reduce fertility in developing countries. We find
that indeed it has a negative impact on the intensive margin of fertility, but that it
also makes poverty-driven childlessness less likely. On average, fertility rates may not
decrease after such a change and will probably increase in countries where Malthusian
checks are still at play nowadays.

Family planning strongly diminishes completed fertility on average, even when
we include how it affects marriage and childlessness. This confirms the usual effect
advocated by development agencies. However, at the country level, marriage and
childlessness can diminish the negative impact that family planning has on completed
fertility. This is because marriage rates increase and poverty-driven childlessness
decreases, as low-educated women can now more easily find a husband.

Higher gender equality on the labor market also has a strong negative impact on
completed fertility. On average, it is magnified by the response of childlessness due to
the increase in opportunity-driven childlessness. In the least developed countries, this
is not the case though, as the drop in poverty-driven childlessness may counteract the
effect on the intensive margin of fertility.
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Appendix A: Details on the Data

A.1. IPUMS-International

Country Selection. We select all the latest censuses available in IPUMS International
that include the variables “years of schooling” and both “children ever born” and
“children surviving”.

Some countries were previously selected and dropped afterwards. This is the case
of Guinea and Nepal. We dropped the 1996 Guinea census data because it did not allow
women to give a polygynous response to the question on marriage. Consequently, 0%
of women aged 40–54 were reported as being in a polygynous marriage, whereas
45.6% of men were (see Table E.3 of the Online Appendix). This prevents us from
distinguishing between monogamous unions (on which we focus the analysis) and
polygynous unions. The 2001 Nepal census data used to be in IPUMS international
but was removed because of sampling weight errors.

For South Africa, the “Community Survey 2007” has information on the three
variables “years of schooling”, “children ever born”, and “children surviving”. We
use the census of 2001 instead as it provides information for 10% of the population
(instead of 2%). Moreover, in the 2007 community survey, the number of children ever
born seems to be inverted with the number of children that survived for a substantial
number of women (2,712 women aged between 40 and 54 have more children that
survived than ever born). Given that these are crucial variables for our analysis, this
guided our choice in selecting the census rather than the community survey.

Finally, IPUMS recently added the 2011 census for Costa Rica. Since the details
are not yet provided in the “sample characteristics” webpage (https://international.
ipums.org/international/sample_designs/sample_designs_cr.shtml), we decided not to
update our data.

Marital Types and Multifamily Households. The proportion of men and women in
each type of marital status, by country, can be found in Table E.3 of the Online
Appendix.

Polygyny is present in Cameroon, Kenya, Liberia, Mali, Rwanda, Senegal, Sierra
Leone, and Uganda. The highest percentages of polygynous unions among women
are 50.6% in Senegal and 46.5% in Mali. The fertility of mothers involved in
monogamous unions is slightly higher than that of women involved in polygynous
unions. Childlessness is in general higher for polygynous women.

The 2002 Rwanda Census data shows that 30.3% of 40–54 year old women were
widowed (compared to 3.9% for men). This is much higher than in any other country.
Our results for Rwanda may therefore suffer from some biases, as dropping 30% of
the sample may induce a large selection bias. Another extreme case is the Dominican
Republic, where 25.8% of women are in the separated/divorced/spouse absent category.
Among these, 70.7% are separated from a consensual union.

Multifamily households, even though they exist, are not the norm for any level
of education. 95.2% of women in our sample are in a household composed of only
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one family. The percentage is however lower in some specific countries. In Rwanda,
Senegal and Tanzania, the percentage of women who are in households composed by
more than one family is respectively 19.9%, 20.9%, and 22.5%. In these three countries,
half of those women living in households composed by more than one family did not
go to school (so it’s around 10% among the “no school” of these countries). Among
singles, 90.1% of women live in a one family type household.

Education Levels. For some of the countries in the sample, the variable on years of
schooling had a top code of 12 or 13. For these countries, we added 2 years of schooling
to the required number of years to achieve high school for individuals who had com-
pleted secondary education and had a postsecondary technical education or completed
some college. For those who had completed university, we added 4 years of schooling.

More precisely, Cambodia, Kenya, Nigeria, Sierra Leone, South Africa, and
Zambia have a top code of 13 years of schooling. For all these countries, we
give 16 years of schooling to all the observations who completed university. In
Cambodia, Nigeria and Zambia, we give a value of 14 years of schooling to those
who had a postsecondary technical education. Peru’s top code is 12. We give 13 years
of schooling to those who had a postsecondary technical education and 15 years to
those who had completed university. Bolivia, Brazil, Indonesia, Liberia, and Palestine
have a top code of 17 years. We do not change the classification for these countries.
For Haiti, there were observations coded as having completed secondary education but
with less than 11 years of schooling. We dropped these observations. For Jamaica, we
dropped: the observations with more than 5 years of schooling and coded as having
completed less than primary education, the observations with less than 6 years of
schooling and coded as having completed primary, the observations with less than
11 years of schooling and coded as having completed secondary, and the observations
with less than 14 years of schooling and coded as having completed university.

Tables E.14 and E.15 of the Online Appendix show the final education shares for
each country.

Mistakes. We drop women who had declared to have less children born than children
that survived from the sample. This concerns one observation in Jamaica and Uruguay,
715 observations in Senegal and 14 observations in Vietnam.

A.2. DHS data

For more than two decades, demographers have discussed the way to measure the
difference between desired and completed fertility. The debate between Pritchett
(1994a, b) and Bongaarts (1994b) about undesired births has been magnified by their
opposition on the need for family planning programs in developing countries. These
authors have focused on the proportion of births that are not desired, paying however
little, or even no attention to the proportion of women experiencing unwanted births
that is what we focus on in this paper.
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Here we provide six alternative measures of “uncontrolled fertility”. For estimating
all the measures, we have only considered monogamous married women.

A.2.1. Different Measures. The first measure we propose considers that a woman,
over 40, is unable to control fertility if the number of children ever born to her is at least
two more children than her declared ideal number.35 Under this measure (measure 1),
half of the women are unable to control fertility. One major weakness of this measure
is that the difference between the number of children ever born and the ideal number
of children can be the outcome of a rational choice. It could, for instance, reflect that
the husband has a higher ideal number of children together with a higher bargaining
position.36 Measure 2 accounts for this weakness and is the one we choose for the
estimation. To account for the perceived desired fertility of husbands, we use the
answer to “whether the respondent believes her partner wants the same number of
children, more children or fewer children than she wants herself”.37 Measure 3 uses
the same definition as measure 2 except that the differential between completed fertility
and the ideal number of children must be at least three instead of two.

Measure 4 relies on the idea that a woman who does not control fertility has a very
large number of children ever born. This measure is simply the percentage of women
over 40 who had at least nine children while their ideal number of children is below
or equal to four. The percentages are small compared to alternative measures. The
correlation between measures 1 and 4 equals 0.84.

To account for ex post rationalization bias, we propose measure 5 and measure 6.
Measure 5 focuses on women aged between 35 and 40 who had a birth within the last
three/five years before the DHS study.38 We consider that these women did not control
fertility if they answered “not at all” to the question of whether the child born in the
last three/five years was wanted at the time, later or not at all (question v367). The
correlation between measures 1 and 5 equals 0.67.

Measure 6 relaxes measure 2 by assuming that a woman does not control fertility
if she had at least one more child than her declared ideal number. Using measure 2
instead of measure 2 leads to the estimations presented in Appendix D. Interestingly
enough, reducing the number of extra births from 2 to 1 does not necessarily mean
that the probability for not controlling fertility is higher. Let A1 be the event “having
at least one child more than the ideal number” and A2 “having at least two child more

35. The ideal number of children is given as the answer to “[What is] The ideal number of children that
the respondent would have liked to have in her whole life, irrespective of the number she already has.”
We then use the number of births rather than with the number of surviving children because it includes the
children who did not survive.

36. Ashraf et al. (2014) find that facilitating family planning services reduces births, in particular among
women having a husband who desires more children than themselves.

37. Responses for beliefs regarding husbands fertility intentions is not available for Ecuador, Mexico,
and Thailand. Across the remaining 22 countries where data about male’s perceived desires are available,
we find that the coefficient of linear correlation between measures 1 and 2 is 0.77.

38. We do not include very young women because the probability for a woman who is not able to control
fertility of facing an unwanted birth increases with age.
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than the ideal number”. As A2 � A1, we know that P(A1) > P(A2). Let B denote the
event “husband doesn’t want more children than I do”. What we measure with our
uncontrolledness concept is simply P(An \ B). Then we have

P.A1 \ B/ D P.BjA1/P.A1/;

P.A2 \ B/ D P.BjA2/P.A2/:

In our dataset, we find P(A1 \ B) < P(A2 \ B) what is satisfied if

P.BjA1/ <
p.A2/

p.A1/
P.BjA2/:

Even if (p(A2)=p(A1)) < 1, the previous condition can be fulfilled and requires that
the probability to share the same ideal number of children with husband is much
smaller among women having only one more child than her ideal number of children
than among those who have at least 2 more children than her ideal number of births.
Measure 6 may nevertheless correct for the ex post rationalization bias as now, even if
a woman increases her ideal number of children to make it close to her actual number,
the only possibility for her not to be considered as not controlling her fertility is to
make both numbers equal.

Appendix B: Identification

B.1. Assortative Matching

The distribution of women and men across the 19 education categories, given in
Tables E.14 and E.15 of the Online Appendix are described by the vectors s f and sm.

The meeting matrix M is a 19 � 19 matrix where each element m(ef, em) describes
the proportion of meetings of women with education ef and men with education em in
the economy. For each individual to meet one and only one person, this matrix should
satisfy a set of 2 � 19 D 38 restrictions:

8em W
19X

e
f

D1

m.ef ; em/ D sm.em/; (B.1)

8ef W
19X

e
m

D1

m.ef ; em/ D sf .ef /: (B.2)

With random matching, we have

m.ef ; em/ D sf .ef /s
m.em/;

and the 38 constraints (B.1) and (B.2) are naturally satisfied by the fact thatP
e
f
sf .ef / D 1 and

P
e

m
sm.em/ D 1.

D
ow

nloaded from
 https://academ

ic.oup.com
/jeea/article-abstract/18/1/83/5193476 by guest on 02 M

arch 2020



124 Journal of the European Economic Association

TABLE B.1. Calibrated values of .

Country  Country  Country  Country 

ALL 0.125 HTI 0.108 GHA 0.058 UGA 0.088
DHS 0.098 JAM 0.088 KEN 0.110 ZAF 0.225
ARG 0.090 MEX 0.120 LBR 0.060 ZMB 0.088
BOL 0.098 NIC 0.128 MAR 0.100 IDN 0.163
BRA 0.150 PAN 0.138 MLI 0.110 KHM 0.098
CHL 0.118 PER 0.100 MWI 0.080 THA 0.138
COL 0.135 SAL 0.100 RWA 0.070 VNM 0.140
CRI 0.120 URY 0.138 SEN 0.100 WBG 0.070
DOM 0.090 VEN 0.160 SLE 0.078
ECU 0.110 CAM 0.118 TZA 0.115

Assortative matching can be captured by the following assumption:

m.ef ; em/ D p.ef /q.em/e
��je

f
�e

m
j
sf .ef /s

m.em/:

The exponential term inflates the meeting probabilities when i and j are close.
Parameter  parametrizes this inflation. The terms p(ef) and q(em) are 38 scale
factors that are introduced in order to satisfy (B.1) and (B.2). Without these terms,
m.ef ; em/ D e

��je
f

�e
m

j
sf .ef /s

m.em/, but (B.1) and (B.2) do not hold, implying that,
in some education categories, there are individuals who do not meet anyone, whereas
in some others, there are individuals who meet more than one partner.

When  D 0, we retrieve random matching, and the solution to (B.1) and (B.2)
yields p(ef) D # and q(em) D 1=# , where # is an arbitrary real number (a natural
normalization is p(1) D 1, implying # D 1).

B.2. Identification from SMM

To illustrate how parameters are identified from the data, we show the effect of changing
each parameter on the simulated moments for the total sample in Figures E.4–E.7 in the
Online Appendix. For each figure, the top panel shows the marriage rates of females
(left) and males (right), the middle panel shows the childlessness rates and completed
fertility of mothers for married women, and the bottom panel shows the childlessness
rates and completed fertility of mothers for single women. For each parameter change,
we keep all the other parameters fixed to their estimated values (third column in
Table 3). For illustration purposes, we provide smaller or larger changes depending on
which parameters we study.

Figure E.4 of the Online Appendix shows how a 7% increase in � and setting � D 1

(hence setting � D 1) changes the simulated moments. The changes on the curves allow
us to infer that � is identified from the concavity of the female marriage curve (top left
panel). A higher � means a higher bargaining weight for the less educated person in a
couple, who in the marriage market will then be rejected more often if low educated.
This increases the number of poor women among the single and, hence, childlessness.
Parameter � is identified from the mean level of fertility of both single and married
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women, and from the increasing part of the relationship between childlessness and
education.

Figure E.5 of the Online Appendix shows the same exercise with ıf and ım. Here,
we increase ıf and ım by 0.1. As already mentioned in the main text, both parameters are
identified from the relationship between marriage rates and education. ım is identified
from the slope of the relationship between male marriage rates and education (top
right panel). A higher ım leads men to marry more, so that they will accept a match
with a low-educated women more often, which allows the alleviation of social sterility.
Similarly, ıf is identified from the slope of the relationship between female marriage
rates and education (top left panel).

Figure E.6 of the Online Appendix shows the effect on the simulated moments of an
increase of 26% for the mean of the nonlabor income ai, of 0.27% for
, and of 7% for �.
Parameter � is identified from the increasing part of the U-shaped relationship between
the childlessness of married women and education (an increase in �makes children less
valuable). Parameter 
 is identified from the mean values of marriage rates: a higher 

increases the gains from marriage and hence the average marriage rate increases (top
panel). The mean of the nonlabor income, ai, is identified from the average fertility
rate: a higher nonlabor income allows having more children, all else being equal.

From Figure E.7 of the Online Appendix, we can provide intuitions on the
identification of Oc and ˛. We increase Oc by 0.23% on average and set ˛ to one in all
countries. Oc is identified from the decreasing part of the U-shaped relationship between
childlessness and the education of married women, and from the marriage rates of low-
educated women. A larger Oc implies that more women will remain socially sterile and
also that poor women are less attractive in the marriage market since the husband will
have to use more of his income to allow her to have children. ˛ is identified from the
increasing part of the U-shaped relationship between childlessness and the education
of married women, and the slope of the relationship between the completed fertility of
married mothers and education (middle panels). In married couples, a larger ˛ makes
the opportunity cost of raising children more dependent on the wife’s education, which
is reflected in how fast fertility declines as the wife’s education increases.

Figure E.8 of the Online Appendix shows how the aggregated simulated moments
change when we increase " by 64% and the standard error of the distribution on the
nonlabor income by 45%. We can infer from the changes that a higher " is identified
from the slope of the relationship between female marriage rates and education since
men are more likely to marry low-educated women. The standard error of the nonlabor
income is identified by the level of marriage rates; a higher standard error means
that, within each category of education, individuals are less alike and therefore reject
marriage offers more often.

Appendix C: Intercountry Variability of Estimated Parameters

Can we explain the variability of our estimates using measurable factors that
differ across countries? We estimate the relationship between our estimated values
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of parameters Oc, ˛, and � , and the deep-rooted factors in comparative economic
development stressed by the literature:

pj D a0 C a1European Settlersj C a2Matrilocalj C a3Patrilocalj CXj C "j

(C.1)
where subscript j denotes a country. p denotes the estimated value of the parameter
from Section 4.2. There are three main explanatory variables. As most of the countries
studied have been colonies of European countries, the first explanatory variable,
“European Settlers”, measures the percentage of the population that was European
or from European descent by 1900. These data come from Acemoglu et al. (2002).
As in Acemoglu et al. (2002), we use the proportion of European settlers in the
population as a proxy for the current quality of institutions. The second and third
variables, “Matrilocal” and “Patrilocal”, respectively measure the proportion of a
country’s ancestors with matrilocal and patrilocal postmarital residence rules. These
data are taken from Alesina et al. (2013).

X denotes the control variables, which include: continental dummies, the share
of individuals who are Catholic and Muslim in the population from Alesina et al.
(2013), a dummy variable that takes the value one for the countries for which we do
not have information on the fertility of single women and zero otherwise, the GDP
per capita for the year of the census considered expressed in PPP current dollars (data
from World Bank), and the logarithm of the mortality rates of soldiers, bishops, and
sailors living in the colonies between the 17th and 19th centuries, from Acemoglu
et al. (2002). We use this last control variable, the mortality rate of settlers, as a way
to measure reproductive conditions in the past. It may be the case that environments
where mortality was very high two centuries ago have imposed a natural selection,
allowing only the fittest women to reproduce.39

Table C.4 shows the results of estimating equation (C.1) by OLS. The first column
of the estimated coefficients shows the results when the dependent variable is Oc. We
find a significant negative association between the percentage of the population that
was European and the minimum consumption threshold that allows a woman to have
a child. This result suggests that in places where Europeans settled most, which in
our case is true for Argentina, Chile, and Uruguay, they promoted better institutions,
which tend to reduce the value of the threshold level of Oc. Notice that this effect goes
beyond an effect of GDP per capita, as we control for the latter.

The second column shows the estimates of the coefficients in equation (C.1) when
the dependent variable is ˛. This parameter is positively associated to the proportion
of ancestors with matrilocal postmarital residence rules. Such past rules of location
after marriage thus seem to have contributed to a social norm implying a high time
share supplied by women in rearing children. For instance, Nicaragua, Panama, and
Venezuela, both have a high prevalence of matrilocal roots and a high share of time
supplied by women.

39. The use of the variable measuring the log-mortality of settlers should be taken with caution as these
data have been strongly criticized by Albouy (2012).
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TABLE C.4. Deep roots of Oc, ˛, and � .

Dependent variable

Oc ˛ �

European settlers �0.004�� �0.002 0.004
(0.002) (0.002) (0.003)

Matrilocal 0.107 0.285�� �0.084
(0.133) (0.108) (0.232)

Patrilocal 0.115 0.009 �0.487���
(0.079) (0.064) (0.137)

Controls YES YES YES
Religion YES YES YES
Continental dummies YES YES YES
Observations 33 33 33
R-squared 0.386 0.484 0.593
Adjusted R2 0.106 0.250 0.408

Notes: Standard errors in parentheses. ��p < 0.05; ���p < 0.01.

The last column shows the results when the dependent variable is the estimates
for � . In our theoretical model, � denotes the bounds of spouses’ negotiation power
within marriage. The higher � , the less marriage surplus the spouse with the higher
wage can extract. This parameter should then also correlate to variables describing
the functioning of marriage institutions. We find that countries where the estimates
for � are high have a smaller share of the population that respects patrilocal location
rules after marriage. This suggests that the prevalence of patrilocal rules seems to have
durably opened the possibility for men (who are more often those who earn more in
our dataset) of extracting more surplus from marriage. Countries in which patrilocal
rules seem to matter for the low values of � are for instance Jamaica and Morocco.

Finally, a word of caution. In all that precedes, the number of observations is small,
implying that all the statistical tests have low power.

Appendix D: Robustness Analysis

In this appendix, we study the robustness of our analysis to some major changes in
assumptions. In each case, we reestimate the parameters under the new assumption
and redo the comparative statics of Section 5.2. We first study robustness to the choice
of the Mincerian return �. Instead of using a rate of return of education of 5% in
all countries, we take the country specific returns rates collected in Montenegro and
Patrinos (2014). Second, we look at the robustness to the assumption on marriage.
In the main text, we assume that both spouses have to agree to marry for a marriage
to take place (see equation (8)). Here we assume a more sexist society where only
the consent of the groom is needed. Third, we compare the results to the case where
the matching in the marriage market is random. Finally, we change the measure of
unwanted births, assuming that a woman does not control fertility if she had one more
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TABLE D.1. Different values of the return to schooling � for given years.

� Year � Year

ARG 7.8 1992 GHA 12.5 2012
BOL 10.4 2001 KEN 16.9 2005
BRA 14.3 2001 LBR 12.4a

CHL 13.2 2003 MAR 10.0 1998
COL 11.3 2005 MLI 13.0 1994
CRI 9.3 2000 MWI 9.8 2010
DOM 9.5 2010 RWA 17.5 2005
ECU 7.8 2010 SEN 11.8 2011
HTI 8.3 2001 SLE 4.2 2003
JAM 11.1 2001 TZA 15.2 2000
MEX 10.1 2010 UGA 16.9 2005
NIC 7.7 2005 ZAF 16.5 2001
PAN 10.0 2010 ZMB 12.6 2010
PER 10.6 2007 IDN 12.1 1998
SAL 8.4 2007 KHM 4.3 2008
URY 10.9 1996 THA 16.0 2000
VEN 9.2 2001 VNM 9.4a

CAM 11.6 2007 WBG 1.4 1998

Note: a. Value for the region (Table 3a in Montenegro and Patrinos 2014).

child than her declared ideal and she believes her husband did not want more children
than her (measure 6 of Table E.5 in the Online Appendix).

D.1. Higher Returns to Education

Table D.1 displays the Mincerian return to schooling from Montenegro and Patrinos
(2014) together with the year for which they are estimated. The results obtained under
this alternative way of measuring � are compared to the benchmark result in Table D.2.
With the new � the people with low education are much poorer relatively to the highly
educated ones: indeed the wage for a woman with no education is now 0.10 instead of
0.31 (remember that the wage of the highest degree of education for men is normalized
to one). As a consequence, the parameters measuring good costs, 
 and Oc, are lower.
The higher value of � also modifies the incentives to accept a marriage offer. In
particular, it makes highly educated women less willing to match with lowly educated
men. To counterbalance this effect, the estimated ıf is higher, making singleness more
painful to educated women.

Concerning the fit of the model, we report the average value of the minimized
objective function f(p) for all countries, and the R2 of the fit of childlessness across
countries (regression in Figure 6). We see that with the new value of � the global fit is
worse, but that cross-country childlessness is still matched as well as before.

The way development affects childlessness is not altered by the new estimation, as
the slopes of the relationship between opportunity-driven childlessness and education
(bottom panel of Figure 7) and between poverty-driven childlessness and education (top
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TABLE D.2. Results under different assumptions for all countries aggregated.

Benchmark Higher � Sexist Random �0
marriage match

Parameters—mean over countries
ˇ 0.477 0.464 0.554 0.471 0.449
	 0.506 0.090 0.118 0.092 0.519
� 9.518 8.999 8.539 8.060 9.427
Oc 0.342 0.212 0.276 0.264 0.319

 0.302 0.252 0.240 0.241 0.291
˛ 0.754 0.786 0.786 0.830 0.759
� 0.184 0.188 0.178 0.190 0.182
ım 0.141 0.141 0.202 0.131 0.132
ıf 0.080 0.161 0.029 0.196 0.074
� 0.545 0.701 0.614 0.693 0.537
" 0.125 0.080 0.074 0.080 0.106
� 0.050 0.111 0.050 0.050 0.050
 0.111 0.111 0.111 0 0.111

f(p)—average 1.943 2.355 25.113 3.002 1.832
R2 0.971 0.973 0.393 0.914 0.758

Development and Childlessness
∂ opp.-driven=∂ schooling 0.67 0.52 0.40 0.51 0.47
∂ pov.-driven=∂ schooling �0.68 �0.64 �0.52 �0.57 �0.40

Decomposition of childlessness (ALL)
Opp.-driven 3.5 2.4 4.7 2.4 3.6
Poverty-driven 2.3 3.6 1.3 3.5 2.9
Mortality-driven 0.5 0.2 0.5 0.1 0.6
Natural sterility 1.9 1.9 1.9 1.9 1.9

Comparative Statics
Education �F=F �1.56 0.44 �1.71 �1.33 �1.91
Education �Fp=F �3.02 �1.48 �2.82 �3.08 �3.15
Planning �F=F �16.40 �8.81 �16.23 �16.49 �16.50
Planning �Fp=F �16.92 �8.82 �16.53 �16.93 �16.81
Health �F=F 5.03 7.50 5.02 5.27 4.75
Health �Fp=F 6.06 7.39 6.05 6.17 5.39
Empowerment �F=F �12.97 �7.35 �10.05 �12.92 �14.99
Empowerment �Fp=F �8.21 �5.34 �8.36 �7.49 �9.52

panel of Figure 7) are almost unchanged. Moreover, the decomposition of childlessness
is mildly modified, with more poverty-driven childlessness with the higher �.

Finally, considering the comparative statics, the results from Section 5.2 still
hold. The effect of education on fertility is reversed by accounting for all margins.
It remains true that neglecting the endogenous response of marriage and childlessness
has a negligible effect on the impact of better family planning and that it leads to
underestimating the effect of promoting gender equality on fertility. However, the
impact of lower mortality on fertility is not affected by neglecting the extensive margin
and the marriage response under the assumption of higher values of �.
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D.2. Sexist Society

The second robustness exercise replaces the assumption that a match on the marriage
market will end up married only if both partners are willing:

Mf .ef ; af ; em; am/ � S.ef ; af / and Mm.em; am; ef ; af / � S.em; am/;

by the assumption that a match will end up married only if the man is willing:

Mm.em; am; ef ; af / � S.em; am/:

This change of assumption has major consequences on the estimation. In the
benchmark, the population of single women was composed of poor women who were
denied marriage, and rich women who refused marriage. Now, only the first category
subsists.

Despite the fact that we reestimate the parameters under the new assumption, the
fit of this version of the model is awful. The property that poverty-driven childlessness
decreases, and opportunity-driven childlessness increases with development is kept,
whereas the decomposition of childlessness leads to a higher estimate for the
opportunity-driven component. The comparative static exercises lead however to quite
comparable results.

We conclude that assuming a sexist society by just disregarding the interest of
women in marriage is a bad assumption. In societies where the bride has no say, it
might remain true that her interest is somewhat taken into account by her father, as in
Doepke and Tertilt (2009).

D.3. Random Matching

The benchmark model assumes assortative matching, along education levels.
Alternatively, here for each woman in each category of education, we draw a potential
husband from the empirical distribution of education levels among men.

Results are presented in the column “random matching” of Table D.2. The fit of
the model deteriorates a little but all the results remain valid with this assumption.
The estimates of opportunity-driven childlessness decreases and that of poverty-driven
childlessness increases, as more poor women will be rejected from the marriage market
under this assumption. The results on whether including the endogenous responses of
marriage and childlessness matters for the comparative statics remain all valid and
qualitatively the same to the benchmark.

D.4. Alternative Measure of Unwanted Birth

The last column in Table D.2 shows the robustness of the results when changing the
measure of unwanted births. We now assume that a woman does not control fertility
if she had one more child than her declared ideal and she believes her husband did not
want more children than her. The new probabilities not to control fertility are denoted
by �0.
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Again, the results are robust to changing the measure of unwanted birth. The
quality of the fit is not altered as well as the decomposition of childlessness. One direct
interpretation of this result is that, if measure 6 corrects for the ex post rationalization
bias, this latter had no impact on our estimation. The main change is that now the effect
of family planning on fertility is amplified, both when accounting for the endogeneity
of marriage and childlessness and when not, this result mainly due to a weighting
phenomenon.
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