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1. Introduction

Since the Industrial Revolution in the middle of the 18" century, the growth rates of per-
capita income in Western Europe have increased markedly. This unprecedented income growth
has been associated with a rapid demographic transition. Crude birth rates and fertility rates
increased in most Western European countries until the second half of the 19" century (Galor
2005).> A dramatic acceleration in the pace of income and population growth then followed in
other regions as industrialization spread globally.

Since the late 19" century, fertility rates have rapidly declined. In the post-Malthusian era,
economic growth was associated with the acceleration of human capital accumulation. There was
strong growth in average educational attainment worldwide for men in the first stage and then for
women throughout the 20" century. Human capital accumulation thus contributed to the rapid
decline in fertility rates. The rise in average education level, especially that of women, raised the
opportunity costs of childbearing and thereby lowered fertility (Becker 1960; Becker and Lewis
1973). Moreover, technological progress increased demand for human capital and led parents to
have fewer but better educated children (Galor and Weil 2000).

This study investigates empirically the determinants of fertility rates across countries and
over time. Many studies have analyzed the determinants of fertility rates by estimating the
relationship between fertility rates and socioeconomic factors. This study goes beyond previous
works as it examines the determinants of fertility rates for a long-term period (over 120 years) by
using a newly constructed panel data set consisting of fertility rates, infant mortality rates, per-

capita income, and male and female educational attainment for 43 countries from 1890 to 2010.

! Galor (2005) describes three distinct regimes that have characterized the process of economic development over
the long-run period of human history: the Malthusian Epoch, the Post-Malthusian Regime, and the Sustained
Growth Regime.
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Only a few studies, including Herzer et al. (2012), Murtin (2013), and Barro and Lee (2015),
have empirically analyzed the determinants of fertility by using long-term cross-country data. Yet,
these studies do not use comprehensive data on historical fertility rates and infant mortality rates.
To bridge this gap in the literature, by using a variety of sources, this study compiles data for
historical crude birth rates and infant mortality rates for a group of 43 countries since 1890 at
five-year intervals. In the sample, 21 countries have complete data throughout the sample period
from the 1890s and all the other countries have continuous data between 1930 and 2010.?

Among the potential determinants of fertility, this study highlights human capital for men and
women at different education levels (primary, secondary, and tertiary) and its effect on fertility
decisions for a large number of countries in the long run. For this, it uses the recent data set on
educational attainment constructed by Lee and Lee (2016), disaggregated by gender and
education level from 1870 to 2010.

The remainder of this paper is organized as follows. Section 2 reviews the theories and
empirical evidence of the determination of fertility rates. Section 3 describes the data and
empirical methodology adopted for the analysis and presents the empirical findings with their

interpretations. Finally, Section 4 concludes.

2. Theories and Empirical Evidence of Fertility Determination
According to existing theories, the effect of income on fertility rates is predicted to be mixed.
As suggested by Malthusian theory, demand for children increases with income level given the

argument that higher income makes raising children more affordable to parents and society. By

2 There are exceptions that have missing observations, mostly during the World War 11 period. See footnote 6 and
Appendix 1.
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considering children to be “durable consumer goods,” most modern theories of demographic
transition and economic growth predict that income has a positive effect on demand for children
(“income effect”). However, raising children is costly not only in terms of monetary inputs, but
also in terms of time inputs. The opportunity cost of parents’ time is most crucial for raising
children. As the relative price of children increases with economic development, demand for
children among parents falls (“substitution effect”). If the negative substitution effect dominates
the positive income effect, economic development is associated with decreasing fertility (and
increasing otherwise). That is, the net effect of income on demand for children is negative since
the cost of nurturing and educating each child becomes more expensive as income rises.

Families face the trade-off between having more children and having fewer, but better
educated, children (Becker 1960; Becker and Lewis 1973; Becker and Barro 1988). Becker
(1960) argues that as income increases, demand for both the quantity and the quality of children
increases, whereas the income elasticity of quality outweighs the income elasticity of quantity.

Evidence on the relationship between income and fertility is also mixed. Earlier studies find
that family size is negatively correlated with income. In the United States, for example, Becker
(1960) observes that most data support this negative relationship. Becker et al. (2010) find a
negative relation between enrolment rates in primary schools and fertility rates in Prussian
counties in the late 19™ century, supporting the trade-off between the quantity and quality of
children. By contrast, other studies find a positive empirical relationship between household
income and fertility (e.g., Heckman and Walker 1990; Schultz 1997). Lindo (2010) finds that a
large, permanent, and negative income shock due to the husband’s job displacement has a
negative impact on fertility. Murphy (2015) finds that income is positively correlated with

fertility rates during the demographic transition in France, after controlling for education and
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mortality rates.

Theoretical models also suggest a negative relationship between women’s relative wage rate
and fertility. Because women are usually expected to spend more time on childrearing than men,
a rise in women’s relative wage leads to a much higher increase in the opportunity cost of
women’s time than that in average household income. In this context, higher female educational
attainment, which contributes to reducing the relative gender wage gap and raising the
opportunity cost of women, can reduce fertility. Galor and Weil (1996) suggest that economic
development is associated with a reduction in the comparative advantage of men in production,
thus increasing the opportunity cost of childrearing for women.

Better educated women are more likely to be aware of birth control methods and may also
have greater bargaining power, thereby making their husbands consent to use contraceptives. An
additional effect may come from the fact that teenage girls have a lower probability of getting
pregnant than if they are not in school. However, the postponement of childbearing away from
school years may have a negligible effect on total fertility over the lifetime of women.

On the contrary, more education for women can increase the educational attainment and
income of their partners through assortative mating (Behrman and Rosenzweig 2002). A higher
permanent income can make parents increase fertility if the income effect dominates the
substitution effect. Highly educated women can substitute a significant part of their own
parenting time with other people’s time by purchasing market services to raise children and run
their households, thereby enabling them to have more children (Hazan and Zoabi 2015).

Most of the empirical literature strongly supports the negative effect of a woman’s education
and relative wage on fertility. Schultz (1985) shows that the ratio of women’s to men’s wages

contributed to the fertility decline across Sweden between 1860 and 1910. Ainsworth et al. (1996)
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find that the primary and secondary education of girls has a negative relation with fertility and a
positive relation with contraception use in 14 Sub-Saharan African countries. A study of Nigeria
shows that primary educated girls tend to have fewer children (Osili and Long 2008). Murphy
(2015) also finds that women’s educational attainment had an adverse effect on fertility rates
during the demographic transition in France. Amin and Behrman (2014) show that more
educated women tend to have fewer children, using twin data in the United States.

However, other studies show more nuanced results. For instance, Barro and Lee (1994) find
that the relation between fertility and female schooling is negative for low values of schooling,
while the relation becomes positive for higher values, using panel data on sample countries.
Shang and Weinberg (2013) show that highly educated women in the United States have tended
to have more children, especially in older age, since the 1990s, controlling for other factors.
Hazan and Zoabi (2015) find that the cross-sectional relationship between women’s education
and fertility in the United States between 2001 and 2011 is U-shaped and that the change in the
relative cost of childcare accounts for much of the U-shaped pattern. McCrary and Royer (2011)
compare mothers born just before and after the school entry date in the United States and
conclude that female education has an insignificant effect on fertility.

There is a negative association between mortality and fertility when parents target an ideal
family size (Kalemli-Ozcan 2003; Soares 2005). A higher infant mortality rate raises the number
of births required to achieve a given number of survivors. Eckstein et al. (1999) find that the fall
in child mortality has been the primary cause of the reduction in fertility in Sweden since the
mid-19" century. Angeles (2010) shows that mortality changes have accounted for a major part
of the fertility reductions in a number of countries since 1960.

Some studies consider the effect of the political and social environment on fertility decisions
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(Przeworski 2000). For example, Beer (2009) finds that compared with autocracy, democracy is
more likely to support gender equality and therefore promote labor participation among women.
In turn, higher labor participation and wage rates for women are expected to lower fertility in
countries with a high degree of democracy. Further, a society that is democratic and has lower
corruption is more likely to provide resources for reproductive health and family planning.

The empirical literature on the determinants of fertility rates provides diverse findings
depending on population size in different regions and time periods as well as empirical strategies.
Hence, exploring the average relationship between per-capita income, infant mortality rates,
educational attainment, and fertility rates across countries and in the long run is an interesting
issue. However, few studies assess the determinants of fertility by using long-term cross-country
data, notably because of data limitations. The longitudinal study by Herzer et al. (2012), using
panel cointegration techniques and panel data on 20 countries spanning from 1900 to 1999, finds
that mortality reduction and income growth contribute to the fertility decline. Murtin (2013)
investigates the determinants of the demographic transition in the 20" century and finds primary
schooling among the adult population to be most significant determinant of fertility rates. He
uses an unbalanced sample of 70 countries, but only 16 advanced economies have complete data
since 1870. Barro and Lee (2015) also attempt to explore the determinants of fertility, using
unbalanced panel data on 40 countries since 1875, and find negative effects of female education
on fertility, especially for countries with lower educational attainment. However, data for only 17

countries of the sample are available from 1945.

3. Estimation of Fertility Rates

A. Data and Estimation Method



The basic empirical model is represented by

Fert;y =a+ f1logy;: + B2 log yl-z’t +yMort;, + ¢Demo; + SEduc;, + &4 (1)
where Fert;, is the fertility rate measured as the logarithm of the crude birth rate of country i in
period t,® y;, is the country’s per-worker GDP at the beginning of the period, Mort;, is the
infant mortality rate, Educ;; denotes the average years of schooling among the total, male, and
female populations aged 15-64, and Democ;; is a democracy indicator as a measure of political
development. For the education variable, we also use educational attainment disaggregated by
gender and education level: primary, secondary, and tertiary. The specification includes period
dummies to control for common shocks to (common trends in) fertility rates in all countries.

Our regression of specification (1) applies to a panel set of cross-country data for 43
countries over 24 five-year periods from 1890 to 2010, corresponding to the periods: 1890-1894,
1895-1899. . ., 2000-2004, 2005-2009. Thus, the panel data set considers information that
varies across time and country.

One concern in the empirical specification is that any effect from the explanatory variables
may reflect reverse causation to them from fertility. For example, the relationship between
contemporaneous fertility and infant mortality could be interpreted as fertility influencing infant
mortality. This problem can be addressed by adopting the instrumental variable (IV) estimation
technique. Note that this reverse causality may not be a serious concern for the education
variables because average years of schooling for the adult population would be unaffected by
contemporary fertility or educational investment decisions.

Omitted variable bias is the other concern. If we do not control for all the important factors

explaining fertility rates, the estimates of the explanatory variables could be biased. For example,

® Historical data are scarce for total fertility rates compared with crude birth rates.
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religious and cultural factors, which are omitted from the specification because accurate
measures are lacking, can affect not only fertility but also female educational attainment. This
problem can be avoided by employing country fixed effects. If we assume that an omitted
variable varies by country but is constant over time, the inclusion of a country fixed-effects term
would eliminate this source of endogeneity bias.

To reduce bias sourced from reverse causality and omitted variables, this study thus employs
the IV panel estimation with country fixed effects. The IV technique controls for the possible
simultaneity problem when the explanatory variables are endogenously determined. Instruments
are mostly lagged values of the independent variables.* As previously mentioned, the fixed-
effects estimation technique is adopted under the assumption that unobserved country
characteristics that influence fertility rates and are also correlated with explanatory variables are
invariant over time.

Historical per-capita GDP data are sourced from Maddison (2010). I use Barro and Ursua’s
(2012) macroeconomic data set to fill in missing observations.® Data on crude birth rates are
compiled from three major sources: Reher (2004), the Committee for International Cooperation
in National Research in Demography (1975), and the World Bank’s World Development
Indicators (WDI) (World Bank 2013). Additionally, I compile data prior to 1950 from the League
of Nations (various years), World Heritage Encyclopedia (2016), and various national statistical

publications. Data from United Nations (2015) are also used to fill in missing observations for

* Although the use of lagged values as instruments can address the problem of endogeneity to some extent, it is not
satisfactory if there is strong serial correlation in the explanatory variables. However, it is practically difficult to
construct an array of fully convincing exogenous instruments in this panel structure.

® The five countries are Egypt, Greece, Mexico, New Zealand, and Venezuela. Barro and Urstia (2012) construct
per-capita GDP data that cover 42 countries and are available from at least 1913 and in many cases from 1870 or
earlier (www.rbarro.com/data-sets). By using the Barro and Ursla per-capita GDP data as the main source along
with the Maddison data in the regressions, the main results remain the same.
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the period after 1960.

The historical data on infant mortality rates are compiled from Abouharb and Kimball (2007),
Birn (2005), the Committee for International Cooperation in National Research in Demography
(1975), Valaoras (1960), and national statistical publications. Additionally, I update the data on
infant mortality rates by using the World Bank’s WDI.

To construct per-worker GDP, | use data on population structure by age from Mitchell (20033,
2003b, 2003c), United Nations (1955), and League of Nations (various years) for the period prior
to 1950. Data from United Nations (2015) are used to construct the working age population from
1950.

Average years of school attainment for the overall population, women, and men are sourced
from Lee and Lee (2016), who present a data set on educational attainment, disaggregated by
education level (primary, secondary, and tertiary) and gender, for 111 nations and former
colonies at five-year intervals from 1870 to 1945. By combining the historical estimates with the
information from Barro and Lee (2013), they construct a complete time series of educational
attainment up to 2010.

The measure of democracy is the Polity indicator, which is constructed as democracy less
autocracy (converted from a -10 to +10 scale to a 0-1 scale, with 1 representing the highest level
of democracy) (Polity 1V Project 2016).

The full sample is composed of 43 countries that have historical data on per-capita GDP,
fertility, mortality, educational attainment, and democracy since 1890. All sample countries have

continuous data on per-capita GDP, fertility, mortality, and educational attainment from 1930 and
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21 countries have complete data throughout the sample period, starting from the 1890s.°
Appendix 1 lists the 43 countries.

Since the late 19" century, there has been a sharp decline in fertility rates globally along with
remarkable growth in per-capita income and average educational attainment as well as a
narrowing of the gender gap in average educational attainment. Figure 1 shows that crude birth
rates have declined steadily in selected countries in Western Europe as well as in other regions
since 1890. The figures in Appendix 2 present the changes in fertility rates for individual
countries, most of which show a similar trend. In some countries, fertility rates declined during
the Second World War and recovered quickly thereafter. The fall in fertility rates is also
associated with the decrease in mortality rates (Figure 2).

<INSERT FIGURES 1 & 2 HERE>

Economic, social, and political developments led to a rapid expansion of educational
attainment for the overall population in the late 19" century and the 20™ century (Figure 3).
Primary education began to spread globally in the first half of the 20" century, and secondary
and tertiary education expanded in the latter half of that century (Barro and Lee 2015). Moreover,
the acceleration in human capital accumulation occurred along with a narrowing of the gender
gap in educational attainment worldwide in the 20" century (Figure 4).

<INSERT FIGURES 3 & 4 HERE>
During the modern economic growth era, unprecedented income growth was also associated

with political developments. There was a broad tendency toward improvement in democracy

® The observations of per-capita GDP are missing in Poland and Romania during the Second World War period.

Crude birth rates are not available for China for 1935-1944 and Venezuela for 1895-1904. The democracy variables

are missing for earlier years in a number of Asian countries: China (1937-1945), India (-1949), Korea (1911-1947),

Taiwan (-1949), and Sri Lanka (-1947). The sample includes interpolated data on crude birth rates for Greece

(1915-1919, 1920-1924) and infant mortality rates for Greece (1915-1919, 1920-1924) and Taiwan (1945-1949).
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globally in the 1990s, despite some deterioration during the World Wars. For many developing
countries, political rights began to improve only from the 1980s (Figure 5).
<INSERT FIGURE 5 HERE>

Figure 6 examines whether the panel data confirm the theoretical predictions. Figure 6a
shows that fertility, measured as the log of crude birth rates, is negatively related to per-capita
income. Figure 6b indicates a strong positive relationship between infant mortality and fertility.
Figure 6¢ demonstrates that fertility is negatively related to educational attainment. Figures 6d
and 6e demonstrate that fertility decreases with both male and female education. Owing to the
high correlation between average years of schooling for men and for women, the relationships in
Figure 6d and 6e look similar. Finally, Figure 6f shows that fertility is negatively related to level
of democracy, although the relationship is weak. By using Figure 6, it is thus hard to prove the
causal relationships between these explanatory variables and fertility. To assess which variables
are important factors for fertility changes, regression analysis is therefore conducted.

<INSERT FIGURE 6 HERE>

B. Regression Results

Table 1 presents the regression results in which the dependent variable is fertility, measured
as the log of crude birth rates in period t, averaged over 1890-1894,..., 2005-2009. In 1890—
1894, the mean of the dependent variable was 3.5, corresponding to a crude birth rate of 33.2; in
2005-2009, the mean was 2.6, or a crude birth rate of 13.5. The regressions are applied to an
unbalanced panel of 43 countries over the 24 five-year periods from 1890 to 2010. | adopt a
fixed-effects 1V estimation technique to control for the unobserved country-specific factors.

<INSERT TABLE 1 HERE>
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Column 1 in Table 1 includes the log of real per-capita GDP, its square term, total years of
school attainment for the total population aged 15-64, and the infant mortality rate, as the
independent variables. The results show a nonlinear effect of per-capita income on fertility. The
coefficients of per-worker GDP and its square term are negative and positive, respectively. This
configuration of coefficients indicates an initial decline and a subsequent rise in fertility with
income, when the other variables are controlled for: the linear term of -0.606 (s.e. = 0.130) and
squared term of 0.0349 (s.e. = 0.0072) imply that for low-income countries that operate in the
range below a breakpoint of per-capita GDP of $4,637 per year (in 2005 U.S. dollars), an
increase in income lowers fertility, for the given values of the other explanatory variables
including education and infant mortality rates. In total, 23% of countries included in the
regressions were in this range.

The negative impact of income on fertility rates implies that parents substitute quality of
children for quantity with rising income. The substitution effect from the increased value of
parents’ time surpasses the income effect. However, it seems that the substitution effect
dominates only in low-income countries, for the same levels of educational attainment. This
regression result may indicate that the positive income effect eventually exceeds the negative
substitution effect.” The positive income—fertility relationship may also reflect the greater
availability of affordable childcare and high-fertile immigrants in high-income countries.

The results show a positive effect of infant mortality on fertility. The estimated coefficient of
infant mortality is positive and statistically significant. This positive relationship suggests that

parents need a small number of births to achieve the targeted number of children surviving into

" Murtin (2013) adds a cubic term of log per-worker income and finds that its estimated coefficient is positive,
implying that the positive effect of income on fertility is accelerating in higher-income countries. However, its
estimated coefficient is statistically insignificant in the sample of the balanced panel of 16 countries. In our analyses,
the estimated coefficients of the cubic term appear negative and often statistically insignificant.
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adulthood.

Further, there is a strong negative effect of overall schooling on fertility. The estimated
coefficient is negative and statistically significant, -0.0422 (0.0087). The higher education level
is, for the given income and infant mortality, the lower is the fertility rate.

Column 2 adds level of democracy as an independent variable into the specification. There is
strong evidence of a negative effect of democracy on fertility. This evidence seems to support
that more democratic environments tend to reduce fertility by providing lower gender imbalance
and higher female labor force participation. Although the magnitude becomes smaller, the
estimates of other explanatory variables are the same.

Columns 3 and 4 add primary, secondary, and tertiary education separately. The estimated
coefficients of the primary and secondary schooling variables are negative and statistically
significant: -0.064 (0.010) and -0.033 (0.014). By contrast, the tertiary education term is positive
and statistically insignificant: 0.0029 (0.055). Hence, the negative effect of schooling on fertility
occurs mostly through educational attainment at the primary and secondary levels. Column 4
also shows the significant negative effect of democracy on fertility.

In Columns 5-8 of Table 1, the schooling variables for men and women are entered
separately, with level of democracy controlled for. Column 5 includes average years of schooling
for men and women. The estimated coefficient of the average years of schooling of women, -
0.0571 (0.0143), is negative and statistically significant, whereas that of men, 0.0152 (0.0141), is
statistically insignificant. Hence, female education alone has a strong negative effect on fertility
rates.

The negative effect of female education on fertility must reflect the rising opportunity cost of

time for women. Women who obtain more education are more likely to have knowledge of birth
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control and greater intrahousehold bargaining power. On the contrary, the positive, although
statistically insignificant, effect of male schooling on fertility may suggest that the substitution
effect on fertility from a higher value of a man’s time is negligible because men, especially in
developing countries, tend to spend a small proportion of their time on childrearing.

Column 6 includes the primary, secondary, and tertiary schooling of women and the average
schooling years of men. The estimated coefficients of female educational attainment at the
primary and secondary levels are negative and statistically significant. On the contrary, those of
female educational attainment at the tertiary level are positive and statistically insignificant.
These results indicate that the negative effect of female education on fertility is more pronounced
at the primary and secondary levels. The positive relation between a woman’s tertiary education
and fertility may support the argument that higher household income (which is not captured by
average per-capita income) helps tertiary-educated women buy childcare services in the market.
The effect of the average schooling years of men on fertility remains statistically insignificant,
for the given female education and income.

Column 7 includes the primary, secondary, and tertiary schooling of men and the average
schooling years of women. The estimated coefficient of women’s average years of schooling is
negative and statistically significant. The estimated coefficients of male primary and secondary
education are positive, while that of male tertiary education is negative; however, all the
estimated coefficients are statistically insignificant.

Column 8 includes primary, secondary, and tertiary education for women and men.® When
all six female and male educational attainment variables enter together, the estimated coefficients

of female primary and secondary education are negative and statistically significant, while those

® There is a high correlation between male and female education at each education level. For example, the
correlation between male and female tertiary educational attainment is 0.97.
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of male primary and secondary education are positive and statistically insignificant. Hence, the
educational attainment of women at the primary and secondary levels has a strong negative effect
on fertility rates. Interestingly, in this specification, the estimated coefficient of female tertiary
education is positive and statistically significant, while that of male tertiary education is negative
and statistically significant. Thus, given the same level of male educational attainment, an
increase in a woman’s attainment at the tertiary level raises fertility rates. The estimated
coefficients of female and male tertiary education are of a similar magnitude with the opposite
signs: 0.243 (0.106) and -0.252 (0.104), respectively. Hence, an increase in both male and female
tertiary education by an equal amount does not have a significant effect on fertility, while an
increase in the ratio of female-to-male tertiary education leads to higher fertility. This finding
may suggest that a society with greater gender equality in educational attainment at the tertiary

level provides a better environment for childbearing and childrearing.

4. Concluding Remarks

This study assesses what determines fertility rates in the long run, using a newly constructed
panel data set consisting of fertility rates, measured in crude birth rates, infant mortality rates,
per-capita income, and male and female educational attainment for 43 countries from 1890 to
2010 at five-year intervals.

Since the late 19™ century, fertility rates have declined rapidly along with significant
mortality decline, strong income growth, and the acceleration of human capital accumulation.
Unprecedented income growth has also been associated with global progress in spreading
democracy, although democracy deteriorated in many countries during some periods.

The empirical analysis confirms the causal relationships between economic, social, and
16



political developments and fertility rates. The panel regression results show that per-capita
income, infant mortality, educational attainment, and political development have significant
effects on fertility rates. There is also strong evidence of the negative effect of female
educational attainment at the primary and secondary levels on fertility rates.

The interactions among income, human capital accumulation, and fertility rates have played
an important role in many countries’ industrialization and demographic transitions. Our research
identifies the important role of human capital accumulation, especially attained by women, in
demographic transition through fertility decisions for over a century of human history.

Many governments have pursued policy measures to improve female education and reduce
gender inequality in education. These policies contribute to improving the quality of labor as
well as social welfare, thereby promoting economic growth. However, there is concern that some
policies may lower fertility rates, thus reducing long-term growth potential. Against this
background, this study shows that an increase in the ratio of a woman’s education at the tertiary
level relative to a man’s raises fertility rates, rather than reducing them. This finding suggests
that in a society with greater gender equality, highly educated women can have a better
environment for childbearing and childrearing.

Owing to the limited availability of the historical data set used in this study, it is unable to
assess the impact of government policies and social environments on fertility rates and the exact
mechanism through which economic, social, and political developments affect fertility rates. A
more accurate assessment would require long-run micro-level data and better quality measures of

economic, social, and political developments.
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Table 1 Cross-country Panel Regressions for Fertility, 1890-2010

(1) (@) ©) (4)
Log(initial per-worker GDP) -0.606***  -0.629*** -0.321* -0.519%**
(0.130) (0.133) (0.172) (0.179)
Log(initial per-worker GDP) squared 0.0349***  (0.0381*** 0.0183* 0.0317***
(0.00724)  (0.00741)  (0.00977) (0.0103)
Log(Infant mortality rate) 0.279***  0.293***  (0.285***  (0.298***
(0.0234) (0.0253) (0.0242) (0.0262)
Democracy indicator -0.129*** -0.121***
(0.0332) (0.0360)
Total school years, -0.0482***  -0.0422***
15-64 aged (0.00820)  (0.00874)
Total primary school years, -0.0641*** -0.0487***
15-64 aged (0.0102)  (0.0109)
Total secondary school years, -0.0326**  -0.0334**
15-64 aged (0.0138) (0.0142)
Total tertiary school years, 0.0293 -0.0228
15-64 aged (0.0551) (0.0584)
No. of obs. 901 857 901 857

Notes: The regressions are applied to an unbalanced panel consisting of data from 43 countries
over the 24 five-year periods from 1890 to 2010. A fixed-effects IV estimation technique is
employed to control for the unobserved country-specific factors. The dependent variable is the
log of total fertility rates averaged over 1890-1894, 1895-1990. . ., 2005-2009. Per-worker GDP
is for 1890, 1895, . . ., 2005. The values for 1889, 1894, . . ., 2004 are used as instruments. Other
regressors are averages over periods, with lagged values used as instruments. Period dummies
are included. Standard errors are in parentheses. Significance levels: * p < 0.1, ** p < 0.05, *** p

<0.0L.
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(5) (6) (7) (8)
Log(initial per-worker GDP) -0.573***  -0.394**  -0.563*** -0.346*
(0.134) (0.188) (0.166) (0.190)

Log(initial per-worker GDP) squared 0.0350***  0.0245**  0.0345***  (0.0218**

(0.00744)  (0.0108)  (0.00953)  (0.0110)
Log(Infant mortality rate) 0.282***  0.280***  0.286***  (0.276***

(0.0254) (0.0264) (0.0264) (0.0267)
Democracy indicator -0.123***  -0.108***  -0.124***  -0.108***

(0.0330) (0.0360) (0.0352) (0.0359)
Female school years, -0.0571*** -0.0558***
15-64 aged (0.0143) (0.0146)
Male school years, 0.0152 0.0162
15-64 aged (0.0141)  (0.0144)
Female primary school years, -0.0662*** -0.0780***
15-64 aged (0.0156) (0.0219)
Female secondary school years, -0.0572*** -0.0668**
15-64 aged (0.0199) (0.0340)
Female tertiary school years, 0.0193 0.243**
15-64 aged (0.0559) (0.106)
Male primary school years, 0.0126 0.0273
15-64 aged (0.0160) (0.0202)
Male secondary school years, 0.0196 0.0377
15-64 aged (0.0165) (0.0326)
Male tertiary school years, -0.00220 -0.252**
15-64 aged (0.0581) (0.104)
No. of obs. 857 857 857 857
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Figure 1 Change in Crude Birth Rates, Selected Economies, 1890-2010
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Figure 2 Changes in Infant Mortality Rates, Selected Economies, 1890-2010

a. France, Italy, the Netherlands, Norway, Sweden, and the United Kingdom
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Figure 3 Trends in Educational Attainment for the Population Aged 15-64, Selected
Economies, 1890-2010

a. France, Italy, the Netherlands, Norway, Sweden, and the United Kingdom
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Figure 4 Trends in Gender Ratios in Educational Attainment Worldwide, 1890-2010
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one observation over the whole period at five-year intervals.
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Figure 5. Evolution of Democracy, 1890-2010.
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Notes: The figures are the simple averages of the democracy index (on a 0-1 scale, with 1
representing the highest level of democracy) among the sample of 43 countries that have at least
one observation over the whole period at five-year intervals. The group of “advanced countries”
includes Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden,
Switzerland, the United Kingdom, and the United States.
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Figure 6. Relationships of Log Crude Birth Rates with Income, Infant Mortality,
Educational Attainment, and Democracy, 1890-2010
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c. Average Years of Schooling
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Appendix 1. Sample of the 43 Economies used for the Regressions

Country Data Available Since Country Data Available Since
Argentina 1890-1894 Ireland 1925-1929
Australia 1890-1894 Italy 1890-1894
Austria 1890-1894 Japan 1890-1894
Belgium 1890-1894 Mexico 1900-1904
Bulgaria 1925-1929 Netherlands 1890-1894
Canada 1900-1904 New Zealand 1890-1894
Chile 1890-1894 Norway 1890-1894
China® 1925-1929 Philippines 1905-1909°
Colombia 1920-1924 Poland” 1930-1934
Costa Rica 1925-1929 Portugal 1900-1904
Cuba 1930-1934 Republic of Korea 1925-1929
Denmark 1890-1894 Romania” 1930-1934
Egypt 1925-1929 Spain 1890-1894
El Salvador 1925-1929 Sri Lanka 1900-1904
Finland 1890-1894 Sweden 1890-1894
France 1890-1894 Switzerland 1890-1894
Germany 1890-1894 Taiwan 1905-1909
Greece 1890-1894 United Kingdom 1890-1894
Guatemala 1925-1929 United States 1905-1909
Honduras 1930-1934 Uruguay 1895-1899
Hungary 1925-1929 Venezuela® 1890-1894
India 1910-1914

Notes: a The sample does not include the period of 1935-1944 because crude birth rates are not
available.

b The sample does not include the periods of the World War 11 (1940-1944, 1945-1949) because
per-capita GDP data are not available.

¢ The sample does not include the period of 1895-1904 because crude birth rates are not
available.
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Appendix 2: Trends of Crude Birth Rates for Individual Countries, 1890-2010
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