DISCUSSION PAPER SERIES

IZA DP No. 11531

Girls and Boys: Economic Crisis, Fertility,
and Birth Outcomes

Soohyung Lee
Chiara Orsini

MAY 2018

DISCUSSION PAPER SERIES

IZA DP No. 11531

Girls and Boys: Economic Crisis, Fertility,
and Birth Outcomes

Soohyung Lee

Sogang University and IZA

Chiara Orsini

London School of Economics and Political Science

MAY 2018

Any opinions expressed in this paper are those of the author(s) and not those of IZA. Research published in this series may
include views on policy, but IZA takes no institutional policy positions. The IZA research network is committed to the IZA
Guiding Principles of Research Integrity.
The IZA Institute of Labor Economics is an independent economic research institute that conducts research in labor economics
and offers evidence-based policy advice on labor market issues. Supported by the Deutsche Post Foundation, IZA runs the
world’s largest network of economists, whose research aims to provide answers to the global labor market challenges of our
time. Our key objective is to build bridges between academic research, policymakers and society.
IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion. Citation of such a paper
should account for its provisional character. A revised version may be available directly from the author.

IZA – Institute of Labor Economics
Schaumburg-Lippe-Straße 5–9
53113 Bonn, Germany

Phone: +49-228-3894-0
Email: publications@iza.org

www.iza.org

IZA DP No. 11531

MAY 2018

ABSTRACT
Girls and Boys: Economic Crisis, Fertility,
and Birth Outcomes*
We investigate the impact of an economic downturn on natality and birthweight for
newborns when parents prefer sons. We examine South Korea, unexpectedly hit by the
Asian financial crisis in 1997. For identification, we exploit regional and time variation in the
crisis, focusing on women who were already pregnant when the downturn began. We find
that the number of girls would have been 2 percent higher absent the crisis and that birth
outcomes for girls were no better than those for boys, findings that differ from the TriversWillard Hypothesis. This relative disadvantage of girls is more severe among newborns who
have at least two older siblings.
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1.Introduction
Economists have long been interested in studying how economic incentives affect households’ fertility
decisions and infant health. For example, researchers around the world report systematic changes in
fertility in response to unemployment (e.g., Adsera, 2005, for 13 EU countries; Dehejia and LlerasMuney, 2004, for the US), income and government transfers (e.g., Gonzales, 2013 for Spain; Lovenheim
and Mumford, 2013, for US), and wealth shocks and economic uncertainty (e.g., Dettling and Kearney,
2014 for the US; Chevalier and Marie, 2015, for Germany). Furthermore, the literature reports that
economic conditions in utero can impact health at birth (e.g., Bozzoli and Quintana-Domeque, 2014, for
Argentina; Lindo, 2011 for the US; Currie, 2011 for an overview of various studies).
Our paper contributes to this rich literature by examining the interaction between parental choices
and involuntary biological forces in shaping fertility and health outcomes at birth in response to an
economic downturn experienced in utero in a setting where parents have a preference for sons.1 In such an
environment, adverse economic conditions can affect fertility and birth outcomes through the following
two sets of factors. On the one hand, parents may change their investments in the well-being of a child in
utero depending on the gender of the child. For example, parents may maintain nutritional intake if the
child is of their preferred gender but may not do so otherwise, which could lead to differential health
outcomes depending on gender. In extreme cases, such gender-specific changes in parental investments
may result in a relative increase in miscarriages of children who are not of the preferred gender, leading to
a change in sex ratio at birth and a possible change in health at birth by gender. Furthermore, if abortion is
available, parents may respond to an economic downturn by disproportionally having an abortion when
expecting children who are not of their preferred gender, a mechanism leading to a change in sex ratio at
birth. On the other hand, biological factors outside of parental control can affect children in utero
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Two strands of studies in the literature examine the role of the business cycle, more specifically the role of
economic downturns, on fertility and health at birth. One strand studies the fertility response and health at birth by
focusing on children who were in utero when the business cycle changed. The other strand examines the fertility
response in terms of changed conception rate and health at birth. In our paper, for identification purposes as we
explain in detail below, we focus on understanding the role of a severe and exogenous economic downturn on
fertility and health at birth by focusing on children who were already in utero when the crisis started.
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differently by gender. Theories of biological selection suggest that males are more fragile than females in
utero (Trivers and Willard, 1973; Krackow, 2002), which, in turn, suggests an increase in the fraction of
newborn girls as a consequence of an economic downturn, although the theories provide no unanimous
prediction of health at birth. The interaction between these two sets of factors leads to ambiguous
predictions regarding the impact of adverse economic conditions on sex ratios and health at birth for boys
and girls, implying that the net effect of an economic downturn on fertility and birth outcomes is an
empirical question, which we examine in the remainder of this paper.
We exploit the 1997 financial crisis that unexpectedly affected South Korea and caused severe
economic difficulties. We examine how the interaction between biological forces and parental choices
may have shaped gender composition and health at birth as a consequence of this economic downturn. To
the best of our knowledge, examining the interaction between these two types of forces in a setting with a
son preference is new to the literature. For example, none of the studies on developed countries mentioned
above examine the role of business cycles in an environment with a gender preference. Although a strand
of the literature in development economics examines the gender-specific impact of economic conditions
on fertility and birth outcomes (e.g., Chakraborty, 2015; Qian, 2008), it does not examine the interaction
between parental preferences and biological factors. Our focus on a developed country such as Korea
allows us to accurately measure the response of fertility and health-at-birth to the crisis because Korea has
a well-developed civil registration system. In principle, our research question could be examined in other
countries that experienced a dramatic change in economic conditions and that are characterized by a son
preference. For instance, several developing countries, such as India, China, Pakistan, and Vietnam, are
known for a strong son preference and skewed sex ratios. However, the civil registration systems in
developing countries reportedly fail to record many infants in a timely fashion (or at all), which would
make it difficult to precisely measure the impact of severe downturns on fertility and health at birth
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(World Bank/WHO, 2014).2 Furthermore, because South Korea is a high-income country, our findings
are helpful in understanding how the impact of a severe economic downturn may affect gender
composition and health at birth in developing countries with a preference for sons once such countries
become more developed.
The crisis in South Korea provides us with a clean identification strategy to measure the causal
impact of the economic crisis on fertility and birth outcomes of children in utero when the crisis started.
The economic shock was very severe and largely unforeseen (International Monetary Fund, 2003),
because, in the thirty years prior to the crisis, South Korea had strong economic growth, high savings
rates, and a balanced budget in the public sector. However, the crisis reduced GDP per capita by 30
percent, and unemployment rates rose by a factor of 3. The crisis was not only unexpected and severe, but
its severity differed over time and across regions. We use such time and regional variation for
identification. Our identification strategy is related to the strategy used by the literature on economic
cycles and health that has used geographic variation in the severity of the business cycle as a quasiexperiment:3 we measure the severity of the crisis with the surge in unemployment rates relative to their
long-term values for each region. For each newborn in our sample, we calculate the average of this
unexpected rise in unemployment rates during the 9 months before birth and use it as a proxy for the
economic difficulties a newborn was unexpectedly exposed to while in utero. Using this time and regional
variation, we identify the impact of the crisis on the fraction of newborn girls. Our empirical models allow
for possible heterogeneous impacts based on number of older siblings (i.e., parity of a newborn), subperiod, and parents’ socioeconomic status. We provide the empirical evidence supporting the plausibility
of our identification strategy and find supporting evidence for it.
2

According to a recent report (World Bank/WHO, 2014) almost 230 million children under the age of five are not
registered in vital statistics records. Of these, 85 million are estimated to live in Sub-Saharan Africa and 135 million
in Asia and the Pacific.
3
The most famous study to use geographic variation in the severity of the business cycle as a quasi-experiment to
study health outcomes (specifically mortality) was Ruhm (2000). Since then, a large body of literature has used
geographic variation in the business cycle to look at several health outcomes in various countries. Although we also
use geographic variation in the severity of the crisis as a quasi-experiment, our region-specific measure of the
severity of the shock is unique to our setting and, as explained in the main text, takes into account that we focus on
pregnant women as well as the unique Korean setting of lack of downturns for a very long time before the crisis.
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Regarding the sample for our empirical analysis, we use birth records from January 1998 to
August 1998, data containing information on births of children who were already in utero when the
economic crisis affected South Korea. We select such a sample because, for our identification, it is crucial
to distinguish unexpected shocks from expected ones. Because prior to the 1997 crisis South Korea had
shown stable economic conditions, it is reasonable to assume that people made their decisions – including
decisions regarding whether to have a child – based on those stable economic trends. By studying only
children who were already conceived before the crisis, we can create a measure of the unexpected shock
faced by parents as the difference between the long-term trends and the actual economic measures during
the crisis.4
We find that between January and August 1998, the economic crisis reduced the number of girls
by 2 percent. This substantial reduction is driven by the decline in the number of girls among newborns
who have two or more older siblings, and this pattern is more pronounced among those born between May
and August 1998. This reduction in girls’ natality can be explained by the effect of sex-selective abortion
outweighing the effect due to biological forces.5 Specifically, in South Korea, the desire to have a son
drives parents to have multiple children, implying that mothers who already have two children are likely
to have a stronger son preference than those who have one child or no children. Furthermore, the health
risk or monetary cost of abortion is small if it is performed at an early stage of pregnancy, which can
explain why we find a stronger impact of the crisis on gender composition at birth among newborns
between May and August 1998 relative to those born between January and April. However, the impact
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In contrast, we have little information regarding the basis on which people may have made their fertility decisions
once the crisis started and economic measures became volatile. For example, unemployment rates started to surge
and GDP per capita plummeted in the first quarter of 1998 but started to recover in the second quarter. Given the
sudden change in economic circumstances, people may have formed their expectations of future economic
conditions using different rules, such as a Bayesian updating rule, last-period condition (myopic rule), or other
behavioral methods. Without a strong assumption about individuals’ beliefs, for babies conceived after the onset of
the crisis, researchers cannot distinguish unexpected economic shocks from expected economic conditions, which is
crucial for identification.
5
See Chung and Das Gupta (2007) and Section 2.3 for details regarding the son preference in South Korea. In
another paper, we examine the impact of the Great Recession on gender composition at birth for Asian populations
in the United States (see Lee and Orsini, 2017). Compared to non-Hispanic Whites, we find that the share of boys
among Chinese Americans increased during the Recession. However, we do not find the same pattern for Korean
Americans.
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due to parental responses does not always outweigh the impact of biological factors. For example, when
we examine newborns with one older sibling, the crisis increased the fraction of newborn girls by 1
percentage point during the first four months of 1998, a finding consistent with the impact of biological
forces outweighing the impact due to parental responses. Our findings suggest that even in a country as
developed as Korea, a severe economic shock may trigger sizable effects on outcomes at birth due to
biological factors, even for those affected by the crisis at a relatively advanced stage of pregnancy. We
further investigate the impact of the crisis on birthweight and find that, even conditional on being born,
girls’ birthweight is not higher than boys’ birthweight. Our results also suggest that designing proper
fertility incentives that incorporate changes in economic booms and busts may be worth considering for
countries with a son preference.
2. Institutional Background
2.1 The 1997 Financial Crisis in South Korea
The Asian financial crisis unexpectedly affected South Korea in December 1997 and brought about a
sharp economic downturn until the economy stabilized at the end of 1999. Before the onset of the crisis,
South Korea had been one of the world’s fastest growing economies, with an average annual growth
between 7 and 9 percent, a balanced government budget, and modest annual inflation rates. Based on
these macroeconomic indicators, the International Monetary Fund’s (IMF) pre-crisis surveillance
concluded that Korea was unlikely to become a victim of the financial crisis that had started affecting
Southeast Asia in the summer of 1997 (e.g., International Monetary Fund, 2003).
However, the crisis eventually spread to South Korea as well, and commentators suggest that the
main cause of the Korean crisis was a liquidity shortage in the corporate sector. The liquidity problems
caused bankruptcies of major firms, and the financial markets – stock prices and the value of the Korean
currency – plummeted as a result. After fierce policy debates, on November 21, 1997, the Korean
government decided to request financial aid from international organizations; the request was granted on
December 3, 1997 (see Table O.1 in Online Appendix). The impact of the financial crisis on the Korean
economy was enormous: firms had difficulty securing funds, explaining the soaring interest rates at the
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end of 1997. Unemployment rates sharply increased at the beginning of 1998 and peaked in early 1999.6
Figure 1 shows monthly unemployment rates and interest rates in South Korea since 1990.
Unemployment rates show some seasonality but are stable around 3 percent before the onset of the crisis,
and rise significantly afterwards. Corporate bond interest rates skyrocketed at the end of 1997. These time
trends are consistent with the widely held view that no one could have predicted the crisis until the value
of Korean currency plummeted in late 1997 (Demetriades and Fattouh, 1999, International Monetary
Fund, 2003). See additional information in Online Appendix B.
2.2 Perception of the Crisis in South Korea
At the onset of the crisis, most people in South Korea viewed the worsening economic conditions at the
end of 1997 as a serious and potentially long-lasting threat to their country. The bailout conditions
imposed by international creditors required severe reduction in public spending, liquidation of marginal
banks and large-scale firms, and facilitation of workers’ layoffs. As well documented in local media,
South Koreans perceived the crisis as an event difficult to overcome and with severe long-term
consequences, comparable to the loss of sovereignty to Japan in 1910, which brought severe hardships to
many Koreans until the country gained independence in 1945. The view of the crisis as a long-term shock
is well represented by a civil movement that started at the time of the crisis. This movement, called the
Grassroots Movement, encouraged people to donate their gold and gold jewelry to help the government
buy out the foreign debts to remove the bailout conditions.7 See Figure B.1 in the Online Appendix
showing the long lines of people waiting for their turn to donate gold. The total value of gold collected in
the first quarter of 1998 was over 220 million US dollars, equal in value to 6.8 percent of total export
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Such an increase in the unemployment rates was partially due to conditions imposed by international lenders, who
asked the Korean government to facilitate exit from the market of insolvent or inefficient firms. This “restructuring”
was extensively implemented in mid-1998 and 1999. At the end of 1999 the government repurchased all urgent loans
from the IMF, and stopped withdrawing stand-by loans from the IMF by December 1999. In June 2000 the Korean
government had a final policy consultation with the IMF as a part of a stand-by arrangement, and it finally managed
to clear all outstanding IMF credits in August 2001.
7
The Grassroots Movement was initiated by a Protestant pastor, Kim Jee-Gil, on December 3, 1997, and soon
spread across the entire country.
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during the same period, exceeding the value of automobile exports.8 These episodes suggest that, at the
beginning of the crisis, many were likely to view it as a permanent shock. Even if some did not perceive it
as a permanent shock, many were likely to experience credit constraints, because the financial crisis dried
up liquidity in the Korean financial market and consumer lending was rare, especially without proper
collateral.9
2.3 Son Preference and Sex-Selective Abortion in Practice
The roots of the son preference in Korea date back to the Choson Dynasty, which lasted from 1392 to
1910. The Choson Dynasty was established based on the societal views of neo-Confucianism, which
supported a kinship system with the main characteristic of promoting loyalty to the household, the
lineage, and the dynasty. The Choson Dynasty adopted a rigid patrilineal system in which the male head
of a household had unchallenged authority. Only sons could carry the family lineage, and thus family
members exerted pressure on their kin to bear sons. In more recent times, the rules of patrilineal society
were embedded in the Korean Civil Code in 1958, which specified that the eldest son holds the family
headship and that inheritance follows the male children. Over time, various legal changes were introduced
to improve gender equality. However, the revision process is still ongoing. For example, the law that only
a man can represent a household had been maintained until the beginning of 2008.
Given Korea’s widely held son preference, it is not surprising that sex ratios at birth started to
become unbalanced when prenatal sex-screening became available in 1984. South Korea provides
national health insurance to its residents, and prenatal care is widely available to pregnant women. As part
of such care, women have access to ultrasound tests to determine the sex of the unborn child (Park et al.
2008). Even though the law strictly restricts abortions to cases of threats to the mother’s life and rape
within 26 weeks of pregnancy, abortion is widely performed. For example, a quarter of all pregnancies are
8

Numerous news media reported on the Korean volunteer movement. Examples can be found at the following
websites: http://news.heraldcorp.com/view.php?ud=20130503000336&md=20130510102830_BL(in Korean)
http://news.bbc.co.uk/2/hi/world/analysis/47496.stm (in English)
9
Although South Korean households showed a high savings rate before the crisis (15.6 percent of disposable
income in 1997 was saved), the liquidity constraints were severe. A few major banks and many credit unions were
foreclosed because they failed to renew their debts. At that time, there was no formal insurance program protecting
the households’ savings. Liquidity injected by the government was prioritized to renew corporate debts.
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reportedly terminated by illegal abortions (Choi et al., 2010), and approximately 40 percent of married
women have had at least one abortion (Korea Ministry of Health and Welfare, 2005).
Abortion is costly in monetary terms and can harm maternal health as well. Furthermore, both
these costs of abortion are higher if abortion is performed at a later stage of pregnancy. Couples need to
pay for an abortion out of pocket, and our online search suggests that the cost ranges from 300 to 6,000
US dollars, depending on the gestation period.10 Additionally, abortion can cause death, medical
complications including uterine perforation, and emotional stress. For example, the mortality rate due to
abortion is 0.6 per 100,000 operations if the operation is conducted within the first two months of
gestation; the rate doubles every 2 additional weeks of gestation (Korea Ministry of Health and Welfare,
2005).11 Despite the wide use of sex-selective abortion since the spread of ultrasound screening, South
Korea had shown improvement in girls’ natality relative to boys before the 1997 crisis started.12 Sen
(1992) reports that the natural sex ratio at birth is around 105 boys per 100 girls, a number that implies
that, without sex-selective abortion, girls should account for around 48.8 percent of newborns. When the
crisis affected South Korea, the improvement in girls’ natality started reversing. In 1998, girls were only
47.6 percent of newborns, and, among newborns with two older siblings, the fraction of newborn girls
decreased by 2 percentage points, from 42.8 percent in 1997. As time passed, girls’ disadvantage in
natality slowly decreased, reaching its pre-crisis level in 2003, and continued to decrease in the following
years, so that in 2014 girls were 48.7 percent of newborns.
3. Conceptual Framework
We view the impact of the economic crisis on fertility and health at birth as the outcome of the interaction
of two channels. One channel includes factors that parents can change to affect their unborn child such as
10

We could not find any estimate of monetary costs in existing studies or government documents, which may not be
surprising because abortions are mostly used for illegal purposes. The average monthly earnings per household were
around 4,000 US dollars in 2014, suggesting that the monetary cost of abortion can be sizable. We also find that the
monetary cost can be higher for unmarried women/teenagers because some clinics charge more in exchange for
exempting patients from parents’ or partner’s approval.
11
See more information in Coleman (2010).
12
For example, girls accounted for 48 percent of newborns in 1981, but after the ultrasound screening technology
was adopted in 1984, the fraction of newborn girls dropped, reaching 46.4 percent in 1993. However, this share
increased back to 48.0 in 1997.
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abortion, changes in consumption and exercise, and the use of medical services. The other channel
includes factors that parents cannot directly control. For example, adverse circumstances may elevate
maternal stress levels, shown to be important determinants of the health of children in utero.
3.1 Factors under Parental Control
This section builds upon the conceptual framework in Dehejia and Lleras-Muney (2004), who examine
the impact of unexpected income shocks on fertility rates and health of newborns. Their framework
carefully illustrates that unexpected permanent income shocks or temporary shocks under credit
constraints have ambiguous impacts on fertility and health outcomes because such shocks generate two
counteracting responses. On the one hand, a decline in income may induce people to desire fewer children
and could even make it difficult to invest in the health of a newborn. On the other hand, such shocks may
not only decrease mothers’ opportunity costs of having a child but can also reduce consumption of goods
that could be harmful to a child (e.g., drinking and smoking).
We introduce a son preference into that framework by assuming that parents consider the net
benefit of having a girl to be smaller than the net benefit of having a boy.13 If children are normal goods,
then the economic crisis may reduce parents’ desired number of children. If so, given the lower net benefit
of having a daughter compared to having a son, parents will be more likely to decide to undergo an
abortion when expecting girls than boys. Therefore, all else being equal, the likelihood of undergoing an
abortion when expecting a girl will be higher among parents who have a stronger son preference, and this,
in turn, suggests that sex-selective abortion may appear among newborns of higher parity. This higher
propensity to use sex selective abortion for higher parity pregnancies can be understood by remembering
that the desire for sons in Korea drove the likelihood of having more than one child. Indeed, Larsen et al.
(1998) report that among mothers who already have at least two children, the likelihood of having another
child is at least 35 percentage points higher if the youngest child is a girl. Their finding implies that, in our
13

We are uncertain what factors make the net benefit of having a child vary by the child’s gender. It may be due to
parents’ pure preference or a reflection of the gender difference in monetary benefits that children of different
genders bring to their parents. For example, the net cost of raising a daughter can be higher than the cost of raising a
son when, because of cultural and legislative norms, parents rely more on a son than a daughter when they become
old and require help from their offspring.
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sample, pregnant women who have a larger number of existing children are likely to have strong son
preference, and thus are expected to show strong sex-selective abortion in response to the crisis. Therefore,
we expect a stronger response among newborns of higher parity.14
The cost of abortion is another factor to examine in trying to understand parental decisions,
because abortion – regardless of the gender of the unborn child – will be more likely for those parents
who face a lower cost. As discussed in Section 2.3, both the monetary and health costs of abortion are
higher the more advanced the pregnancy is at the onset of the crisis. Furthermore, the opportunity cost of
using money for abortion may vary by a pregnant woman’s socioeconomic status as well as the number of
her existing children. For example, if a pregnant woman is credit constrained, she is less likely to be able
to have an abortion compared to her counterpart with some savings. Relatedly, if a pregnant woman has
multiple children to feed with little means and she is credit constrained, she may use the money to support
her existing children, instead of using it for an abortion. In reality, the relationship between abortion and
parents’ socioeconomic status is ambiguous because a mother with more savings is more likely to be
educated and face a higher opportunity cost of having a child. For these reasons, we will examine possible
heterogeneous effects of the crisis based on how far along in the pregnancy women are, and we will
consider maternal education as a proxy for parents’ socioeconomic status.
The economic crisis may affect health outcomes at birth through multiple channels. For example,
it is possible that parents may selectively use abortion when children in utero are unhealthy to avoid
medical expenses for those children. If this possibility is true, then the crisis will induce more abortions of
unhealthy fetuses, leading to healthier newborns. Besides this possible selective abortion, there are several
channels through which the crisis may affect newborn health, and the net impact of these channels is
ambiguous. Adverse economic shocks may reduce consumption of health-damaging goods (e.g. alcohol or
cigarettes), leading to an improvement in health at birth. However, the crisis may also reduce
consumption of health-improving goods such as a nutritious diet, which, in turn, can adversely impact

14

In our empirical analysis, we cannot examine the heterogeneous impact of the crisis based on the gender of older
siblings because our dataset does not include the sex composition of older siblings (Section 4 describes our dataset).
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measures of health at birth. In principle, the responses described above can be heterogeneous depending
on the gender and parity of the child as well as a family’s socioeconomic status.
3.2 Factors outside Parental Control
Several factors outside direct parental control can affect fertility and the health of newborns. For example,
uncertainty and economic difficulties due to a crisis may increase maternal stress levels, and a child who
is exposed to high levels of stress in utero is more likely to suffer poor health. Such an impact on health
may be different for male and female fetuses, an insight coming from a long tradition in theoretical
biology. For example, both Trivers and Willard (1973) and Krackow (2002) hypothesize that female
fetuses dominate their male counterparts in terms of survivability. In fact, both studies suggest that if a
fetus’s health is below the minimum health level for survival, biological forces will terminate the
pregnancy, so that the mother can have another chance to get pregnant with a healthy child. Thus, when
they are exposed to adverse environments in utero, more males than females will be naturally aborted,
increasing the fraction of newborn girls.
However, the two studies propose different biological mechanisms generating opposite
predictions in terms of health outcomes of newborns. According to Trivers and Willard (1973), adverse
environments raise the minimum health threshold while the distribution of fetuses in terms of survivability
remains the same. As males are, on average, weaker than their female counterparts, they are more likely to
be aborted due to the raising of the minimum threshold for survival. This mechanism is commonly
referred to as culling. In contrast, Krackow (2002) suggests that adverse environments do not change the
minimum health level for survival, but the entire distribution of survivability shifts to the left (i.e., fetuses
have weaker health). Even if the extent to which the distribution shifts is the same across genders, more
male fetuses will be aborted because they are, on average, less healthy than females. This mechanism is
called scarring. For a detailed explanation, see Catalano and Bruckner (2006).
In principle, culling and scarring can be simultaneously present, leading to clear predictions
regarding changes in the sex composition at birth (i.e. an increase in the fraction of girls) and ambiguous
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predictions on health outcomes as a consequence of the financial crisis. 15 We conjecture that, everything
else being equal, these biological factors may vary according to the number of children a mother already
has: the more children she already has, the greater the stress the same intensity of the crisis may inflict on
her, because, for example, she needs to meet the needs of both her existing children and her unborn
child.16
3.3 Empirical Predictions
To sum up, our conceptual framework suggests that the fraction of newborn girls should increase if the
effects of the crisis due to factors outside parental control dominate the effects due to parental choices.
However, if the latter dominates, the crisis may decrease the fraction of newborn girls, especially among
those who have a larger number of older siblings and whose mothers were at an early stage of pregnancy
when the crisis started.
4. Data
4.1 Data Source and Outcomes of Interest
For the purpose of our study, it would be ideal to have a representative dataset that includes births,
abortions, and parental behavior during pregnancy such as consumption patterns, smoking, drinking, and
prenatal care. Such a dataset would allow us not only to estimate the impact of the crisis on overall
fertility but also to assess the importance of each mechanism behind our results, such as parental response
in terms of abortion, changes in consumption during pregnancy, and the biological factors hypothesized
by the Trivers-Willard and scarring hypotheses. Unfortunately, such a dataset does not exist in South
Korea. The lack of a representative dataset on abortion is not surprising given that abortion is illegal as a
means to control fertility. Also, for the period covered by our study – 1997 and 1998 – there is no
15

Various studies present empirical evidence of changes in the sex composition of newborns when mothers face
adverse conditions while pregnant. To mention just a few examples, the literature has considered terrorist attacks
(Catalano et al., 2006), increased alcohol consumption (Nilsson, 2016), anxiety (Subbaraman et al., 2010), and
pollution (Sanders and Stoecker, 2015).
16
Buckles and Kolka (2014) show that in the US mothers pay less attention to their unborn children if they already
have children to take care of. For example, mothers are 7 percent less likely to take prenatal vitamins in a fourth or
higher-order birth pregnancy than in a first pregnancy and are 11 percent less likely to receive early prenatal care. If
this finding applies to our setting, it implies that a child born of higher parity (i.e. a child who has older siblings) can
be particularly vulnerable to external shocks while in utero.
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representative micro-level dataset that can inform us about parental behavior regarding consumption and
prenatal care visits.
The available dataset closest to the ideal one is an administrative dataset that includes detailed
information on births but lacks information on abortions or prenatal behavior. Part of the information
reported on birth certificates is published in the annual birth record issued by the Korean Statistical
Office, and such data is our primary data source. Micro-level data from birth certificates contain
information on the sex of newborns, their birth weight, and birth parity, as well as parental characteristics
including age, education, marital status, and the location of residence. Due to the data limitation, we can
estimate the overall effect of the crisis on fertility using birth records, but we cannot separately measure
the impact of each factor (e.g., parental behaviors using abortions or other health behavior).
When conducting fertility analysis, our primary outcome variable is the dummy variable
indicating whether a newborn is female. We focus on this outcome because it highlights the differential
impact on natality by gender and makes use of the detailed child-level information in our data. As a
separate analysis, we examine the number of births by aggregating birth records in cells defined by region
and month (and some parental information). This additional analysis informs us about the impact of the
crisis on the total number of births of boys and girls.
4.2 Sample, Measure of Economic Shocks, and Summary Statistics
We restrict our analysis to children in utero at the onset of the crisis, namely those born between January
and August 1998, in order to cleanly identify the impact of the crisis. For our identification, it is crucial to
distinguish unexpected economic difficulties caused by the crisis from expected economic conditions.
This is because before the 1997 crisis, the South Korean economy had continuous economic growth with
stable economic indicators. For instance, unemployment rates were around 2 to 3 percent. Therefore, it
may be reasonable to assume that individuals make their decisions based on the long-term trend of those
indicators and any deviation from the long-term trend is likely to be viewed as a “surprise”. However,
when the crisis started, the economic indicators such as unemployment rates, interest and exchange rates,
widely fluctuated. It is therefore difficult for researchers to model how individuals updated their
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expectations during the crisis. For example, some individuals may use a myopic updating rule by setting
their expectations of economic conditions equal to the conditions in the previous period; others may use
Bayesian-style updating rules; others may not update their expectations at all. Therefore, without a strong
assumption about individuals’ beliefs, researchers cannot distinguish unexpected economic shocks from
expected economic conditions, which is crucial for identification.
For the individuals in our sample, we create a measure of long-term unemployment rates to proxy
for the economic conditions that a couple expects during pregnancy. We regard any deviation of the actual
unemployment rates during the crisis, compared to the long-term trend, as an unexpected shock due to the
crisis. Specifically, for each region by month, we calculate the average of unemployment rates from 1989
to 1996. Because the unemployment rates show seasonality but are stable at around 2 to 3 percent, this
calculated average is considered an expected long-term unemployment rate.17 With this in mind, for a
newborn born in a given month of 1998, we calculate the simple average of the 9-month long-term
unemployment rates before birth and regard such a measure as the unemployment rate parents expected
when they planned to have a baby.18 We denote this rate by “preUR” in the rest of this manuscript. Next,
we calculate the average of actual unemployment rates over the same period and take the difference
between the actual and expected unemployment rate. We denote that difference by a variable called
“IntensityCrisis,” which captures the region- and time-varying intensity of the unexpected shock
generated by the crisis (for details see Appendix 1). In our analysis, we exclude births from a region called
Ulsan, because Ulsan lacks historical regional unemployment rates.
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When we calculate the long-term trend, we did not use 1997 because the mothers in our sample conceived in 1997
and thus the unemployment rates in 1997 will be used for “realized” unemployment rates. Finally, we use 1989 as
the starting year because it was the earliest year for which we can get regional unemployment rates. Our results are
robust when we use a shorter time span to calculate the long-term unemployment rates. See details in Section 6.5.
18
It is worth noting the rationale behind choosing a “9-month” window in calculating the expected and unexpected
unemployment rates (URs). As the gestation information (measured in weeks) for a newborn is available in our
dataset, we could have calculated the URs while the newborn was in utero. However, our measure is basically
equivalent to this alternative measure, as the South Korean statistics office only offers quarterly UR per locality.
With this information, we calculate monthly URs using the linear interpolation method (see Appendix 1). Therefore,
even if we use information on gestation to impute unemployment rates, such an alternative measure is extremely
close to the measure of the monthly URs we use here for babies born after gestation around 40 weeks. Indeed, in our
sample, 98 percent of newborns were born between 36 and 42 weeks. However, we do not use gestation in the main
analysis as gestation is only estimated in birth records and may contain misreporting (See Section 6.5).
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Table 1 reports summary statistics from birth certificates and from our measures of
unemployment created from statistics at the regional level provided by the Bank of Korea. In column 1 of
Panel A of Table 1 we provide the average of the two measures for the period we study weighted by the
number of births at the local level. The weighted average of preUR is equal to 2.468% and the weighted
average of the variable IntensityCrisis is equal to 1.888%. That is, the unemployment rate during the 9
months before birth rose unexpectedly by 1.888 percentage points on average. Table 1 also shows that
newborn girls are 48.6 percent of first-born children (Parity 1), a figure comparable to the figure under
balanced sex ratios. However, only 41 percent of newborns with at least two older siblings (children born
of Parity 3 or higher) are girls, suggesting that sex-selective abortion is especially likely for girls with at
least two older siblings. It is worth noticing that in our data almost all births are to married mothers, not a
surprising fact given the large social stigma associated with non-marital childbearing in South Korea.
Finally, statistics on birth weight in Table 1 show that girls tend to be lighter than boys.
5. Empirical Framework and Identification Strategy
5.1 Empirical Framework
We examine the impact of the crisis on the fraction of newborns girls by estimating the following
regression model:
𝐺𝑖𝑟𝑙%,',( = 𝛼 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( + 𝛽𝑝𝑟𝑒𝑈𝑅',( +𝜃' + 𝜇( + 𝜀%,',(

(1)

where 𝐺𝑖𝑟𝑙%,',( is a dummy equal to 1 if the newborn child i is girl, born in region j (15 regions) in month
t. As discussed in Section 4.1, 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( and 𝑝𝑟𝑒𝑈𝑅',( capture, respectively, the unexpected
economic hardship due to the crisis and the expected long-term economic condition. Parameters 𝜃' and 𝜇( ,
are region- and time-specific fixed effects, respectively.19 The random shock 𝜀%,',( is allowed to be
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We have also estimated Equation 1 without the variable 𝑝𝑟𝑒𝑈𝑅',( and our results remain the same. Our models do
not include parental characteristics as control variables because parents’ responses to the crisis may differ by their
characteristics. For instance, if we include a mother’s age in equation (1), its coefficient will capture both the
mother’s age effect and the differential impact of the crisis by maternal age. We avoid this complication by omitting
parental characteristics in our baseline analyses, although our estimates are qualitatively and qualitatively very
similar when we include parental characteristics. See the Online Appendix (Table O.2).
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correlated with the shock for another observation as long as the two are from the same region. To do so,
we cluster the standard errors at the regional level.20
The parameters of interest are 𝛼 in equation (1), which measures the causal impact of the
economic crisis through the variable 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( if this variable is not correlated with the error
term 𝜀%,',( . Because the economic crisis in 1997 was a surprise to South Koreans, perhaps the only possible
source of endogeneity is migration in response to the crisis. We find suggestive evidence that such a
concern is not likely to affect our results, which we will discuss in detail in the subsequent section.
5.2 Plausibility of the Identification Strategy
Our models rely on the time- and regional- variations in the unexpected surge of unemployment rate
(“IntensityCrisis” in equation (1)) to identify the causal effect of the crisis on our outcomes of interest. For
causal inference, we need to verify that the variable 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( is uncorrelated with the error term
𝜀%,',( . As the 1997 crisis was unexpected and we focus on a short time window right after the onset of the
crisis, we think the correlation between the intensity of the crisis and the error term is unlikely.
Nonetheless, we use two approaches to empirically test the plausibility of our identification strategy.
First, we examine the extent to which people may migrate to another location in response to the
crisis. This concern arises because we measure the intensity of the economic difficulties based only on the
location where mothers gave birth but not based on the location(s) mothers and their partners resided in
during pregnancy since the crisis started. It is worth pointing out that migrations could lead us to either
underestimate or overestimate the true causal impact of the crisis. For example, suppose that pregnant
women remain in their current residence at the onset of the crisis but that, to support their family, their
partners migrate to another region that is suffering less from the crisis. Then, our estimated coefficients
will underestimate the true impacts due to attenuation bias. Alternatively, suppose that women who are
reluctant to have an abortion are more likely to move to a region less affected by the crisis than their
region of residence, trying to find better economic conditions for the benefit of their children. In this case,
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We also used wild bootstrapping of the t-statistics as a robustness check, and our results remain valid.
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our estimated coefficients would exaggerate the true impact of the crisis. To assess whether selective
migration happened in the period under study, we examine the extent to which people moved across
regions in a given month and test whether such migration is systematically correlated with our measure of
the unexpected economic shocks (i.e., “IntensityCrisis”). Specifically, we estimate the following
regression model:
𝑁𝑒𝑡𝑜𝑢𝑡𝑓𝑙𝑜𝑤',( = 𝛼 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( + 𝜃' + 𝜇( + 𝜀',( ,

(2)

where 𝑁𝑒𝑡𝑜𝑢𝑡𝑓𝑙𝑜𝑤',( measures the extent to which people moved from location j at time t. Consistent
with our baseline models, our unit of time is a month and it ranges from January to August 1998. The
variable 𝑁𝑒𝑡𝑜𝑢𝑡𝑓𝑙𝑜𝑤',( is the number of out-migrants subtracted from the number of immigrants per
1,000 residents in location j at time t. Note that the number of residents is based on the Korea’s 1995
Population Census, as the total number of residents is available only every 5 years. Table 2 reports the
results. In column (1), we estimate equation (2) using all migrations. In columns (2) and (3), we narrow
our analysis by focusing on individuals between 20 and 49 years of age, who are likely to be married and
may consider having a child. In our analysis, we cannot focus on married individuals or pregnant women
because the administrative dataset we use to calculate migration does not include such information. Table
2.1 shows that the estimated coefficients of the intensity of crisis are all insignificant at conventional
levels.
Second, we examine a more complicated scenario. Suppose that, before the crisis, people sorted
geographically based on some unobservable characteristics, and that the unobservables may be correlated
with the intensity of the crisis. If this scenario is true, then our estimates would be biased, because they
would capture both the true effect of the crisis and the effect of the unobservables. Two pieces of evidence
suggest that such a scenario is not likely to occur in our setting. The first piece of evidence shows that a
region’s relative intensity of the crisis varies greatly by month. That is, the crisis affected some regions
more adversely than others in one month, and it affected different regions more adversely in another
month. Please see more details in the Online Appendix (Figure B.3). As a result, the correlation between
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the intensity of the crisis in January 1998 and the intensity of the crisis in August 1998 is low.21 Because
of this large variation in the intensity of the crisis even within a location, it is difficult for us to imagine
any unobservable characteristic that systematically sorts individuals into regions hit more severely (or
weakly) by the economic crisis when the crisis did not even occur.
The second piece of evidence is based on a falsification test. Specifically, if the unobservables are
correlated with the intensity of the crisis, then our measure of the intensity of the crisis should be
correlated with pre-crisis fertility outcomes. To test this possibility, we select the period between January
and August 1997 (a period of the same length as the period we consider in the main analysis, but
antecedent to the crisis)22 and regress the dummy variable indicating whether a newborn is female on the
long-term unemployment trend (“long-term” trend), the deviation of the actual unemployment rate
relative to the long-term trend (“deviation-actual”)23, the intensity of the crisis (“deviation-future: intensity
of the crisis”)24, and other fixed effects described in equation (1). If our identification strategy is valid,
then the coefficient of the variable “intensity of the crisis” will not be systematically correlated with the
pre-crisis outcomes. Column (1) of Table 2.2 shows our results based on the pooled sample across all
parities, while columns (2) to (4) are based on each parity separately. Except for Parity 1 (column 2), we
find no significant relationship between the future intensity of the crisis and the pre-crisis fertility
outcomes. Although the coefficient for Parity 1 is positive and significant at the 5 percent level, that
relationship is not robust to model specifications.25 Furthermore, as the next section will describe, our
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The Spearman rank correlation is 0.59 and correlation coefficient is 0.58. Note that there are two regions, called
Kyunggi and Incheon, that recorded the largest intensity of the crisis throughout our sample period. If we remove
these two regions and calculate the correlation, the Spearman rank correlation drops to 0.36 and correlation
coefficient is only 0.22. Our main results described in Section 5.3 and 6 are robust even if we exclude these two
regions from our sample.
22
We focus on 1997 because microdata are available only from 1997.
23
The variable “deviation actual” is calculated in a way that is, all in all, the same way we use to calculate the
variable “intensity of the crisis,” but obviously it uses the values for year 1997 instead of using the values for year
1998.
24
The variable intensity of the crisis is the same variable we use in the main regressions, and it is calculated as
explained in Appendix 1.
25
For example, when we use a more flexible functional form allowing for the interactions between maternal
education and the rest of control variables, the coefficient of “devUR: future” becomes small and insignificant at
conventional levels (i.e., 0.007(s.e.0.007) for college educated mothers; 0.008 (s.e.0.006) for high school graduate
mothers; and 0.011(s.e.0.021) for mothers without high school degree.

18

main findings focus on higher parities and exhibit the opposite negative relationship between the intensity
of the crisis and the female share of newborns.
5.3 Baseline Results
Panel A in Table 3 reports our baseline results. As we conjectured in Section 2, we find that the crisis had
a stronger impact on births of higher parity. Specifically, we do not find that the crisis was significantly
related to a change in the fraction of newborn girls when considering first-born children or children with
another sibling (columns 2 and 3, Panel A, Table 3). However, among those who have two or more elder
siblings (Parity 3+, column 4), the unexpected economic shock significantly reduced the fraction of
newborn girls: a one percentage point increase in the unexpected unemployment rates during the 9 months
before birth reduces the fraction of girls by 2.6 percentage points.
To calculate the overall impact of the crisis, we multiply this point estimate by the simple average
of the variable “IntensityCrisis” across months and regions (1.751 percent) and find that the economic
crisis reduced the fraction of girls with at least two older siblings by 4.55 percentage points during the
first 8 months of 1998. With the point estimate, we calculate the number of missing girls as a consequence
of the crisis. Holding the number of boys at Parity 3 or higher to be the same as in the data (that is 24,006
in total), our calculation suggests that, without the crisis, there would have been 3,399 more girls among
those at Parity 3 or higher.26 This figure implies that, absent the crisis, the total number of births of girls
would have been 2 percent larger than the actual number. It also implies that if we limit our focus to only
Parity 3 or higher, the number of girls would have been 20 percent larger.
We can interpret the findings on sex ratio by parity as follows: as Larsen et al. (1998) reported,
parents do not sex select their first-born children in South Korea. Therefore, not finding that the crisis
affected the fraction of newborn girls of Parity 1 suggests that the biological factors we discussed in our
conceptual framework are mild at best for women expecting their first child. In Section 3.2, we
conjectured that the impact of biological factors may become stronger the higher the parity of the child,
because the same intensity of the crisis may place greater financial and emotional stress on mothers who
26

Please see Appendix 2 for a detailed explanation.
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need to take care of existing children in addition to a child in utero. At the same time, parents’ willingness
to have sex-selective abortion may become greater at higher parity as well. For example, as Larsen et al.
(1998) reported, desire to have a son drives parents who already have a child to decide to have another
child. Considering the fact that the modal number of children in Korea is two, families expecting their
second child may use sex-selective abortion but not too often compared to parents expecting their third
child, for example. However, families expecting their third child or a child of higher parity are much more
likely to be a selected group who chose to have a third child (or a child of higher parity) because they are
likely to be pregnant because they wanted a boy. Therefore, even if we may expect that the biological
factors may be stronger at higher parity, we may find that the parental behavioral mechanism operating
via sex selection could be stronger. Our findings for children of Parity 2 for the entire period JanuaryAugust 1998 overall suggest that the biological factors and sex-selective parental behaviors
counterbalance each other for newborns with one sibling. We will look more in depth at these findings
when looking at heterogeneous effects by sub-period in the following sections. However, for Parity 3 or
higher, we find a negative impact of the crisis on the fraction of newborn girls, implying that sex-selective
parental behaviors outweigh biological factors.
6 Discussions
6.1 Heterogeneous Effects by Stage of Pregnancy
As abortion is more costly when performed at an advanced stage of pregnancy, we expect parents to be
more likely to use abortion when women are at an early stage of pregnancy. Following this idea, we
divide the first 8 months of 1998 into two equally-long periods: January to April, and May to August.
Assuming 9 months of gestation, babies born before May would already have been in utero at least 4
months. To see whether the response to the crisis varies by sub-period, we modify equation 1 by replacing
“IntensityCrisis” with the two variables: “IntensityCrisis x Jan.-April” and “IntensityCrisis x May-Aug.”
Variable “IntensityCrisis x Jan.-April” is “IntensityCrisis” for those who were born between January and
April 1998 and zero otherwise. Likewise, “IntensityCrisis x Jan.-April” is defined. If our conjecture is
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correct, then we should find that the estimate for “IntensityCrisis x Jan.-April” is smaller in absolute value
than that of “IntensityCrisis x May-Aug.”
Panel B of Table 3 reports the results regarding possible heterogeneous effects based on timing of
birth. As shown in column (2), we do not find any significant impact on the fraction of newborn girls of
Parity 1, a finding similar to our baseline result. In contrast, as reported in column (3), our results show an
increase in the fraction of girls born with Parity 2 between January and April. The unexpected surge in
unemployment rates increases the fraction of newborn girls by 0.9 percentage points in the first four
months of 1998, while it shows no impact for the period from May to August. For Parity 3, we find a
reduction in the fraction of newborn girls in both sub-periods and the estimated impact for the second subperiod is twice as large as that for the first period and statistically significant at conventional levels.
6.2 Maternal Education
We examine possible heterogeneous impacts depending on mother’s educational attainment: college
graduates, high school graduates, and those without a high school degree. It is possible that a mother’s
response to an economic downturn may vary by her monetary or non-monetary resources and this could
generate heterogeneous impacts of the crisis by educational attainment.27 Panel C of Table 3 reports the
results and full regression results are presented in the Online Appendix (Tables O.3-5).
In general, our findings from the baseline analyses are also found across all groups of
maternal educational attainments. For example, across all three maternal educational groups, the crisis
decreased the fraction of newborn girls of Parity 3 or higher, and the impact is larger for the second period
(May to August 1998). The estimated coefficient of the variable “IntensityCrisis” for the second period is
equal to -0.031 for college graduate mothers, equal to -0.017 for high school graduate mothers, and equal
to -0.045 for mothers without high school degree. Each of these estimated coefficients is not statistically
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For example, given the positive correlation between education and health, more educated mothers have a better
underlying level of health compared to less educated mothers, and their health may better shelter highly educated
mothers from the negative impact of the crisis. Furthermore, educated mothers may have a different opportunity cost
of having a child compared to lower educated mothers. In the context of the U.S., Dehejia and Lleras-Muney (2004)
report that an unexpected rise of unemployment rates changes mothers’ fertility behaviors depending on educational
attainment.
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different from the other two. One may imagine that college educated mothers may respond less to the
crisis than less educated mothers because they have more resources to mitigate the shock, and in light of
this consideration, our finding may seem puzzling. We suspect that the reason behind our findings may be
selection into fertility. To explain this, consider that giving birth to a third child or more is rare among
college graduate mothers, but it is not so rare for less educated mothers.28 Therefore, it is possible that
college educated mothers who get pregnant with their third child are especially eager to have a son
compared to their less educated counterparts.29
6.3 Analysis with Aggregated Data: Number of Births
In this section, we aggregate our data up to the cell level, defining a cell by month, region of birth, and
gender, and we examine the impact of the financial crisis on the number of births. The motivation behind
this analysis is twofold. First, we seek to examine the possibility that the crisis may affect the natality of
boys, which cannot be detected by our baseline analysis. Second, due to difference in functional form
assumptions, we can examine the robustness of our baseline results when we calculate the number of
missing girls. Specifically, we estimate the following model:
ln (𝐵𝑖𝑟𝑡ℎ𝑠F,',( ) = 𝛼𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( + 𝛼′𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( ×𝑔𝑖𝑟𝑙',(
+𝛽𝑝𝑟𝑒𝑈𝑅',( + 𝛽 K 𝑝𝑟𝑒𝑈𝑅',( ×𝑔𝑖𝑟𝑙',( + 𝜆𝑔𝑖𝑟𝑙',( + 𝜃F,( + 𝜇F,( + 𝜀F,',( .

(6)

That is, we regress the natural logarithm of the number of births of gender g (boys vs. girls), in region j at
time t on the control variables in equation (1), but we allow for the possibility that coefficients may differ
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For example, in our sample, the fraction of newborns of Parity 3 or higher is only 6 percent among college
graduate mothers, 10 percent among high school graduate mothers, and 26 percent among mothers without a high
school degree.
29
Among newborns with Parity 3 or higher, we find that the likelihood of having a girl is the lowest among mothers
with a college degree (41%), followed by mothers with a high school degree (42%) and then by mothers without a
high school degree (44%). The estimates of the coefficients of the variable measuring expected unemployment rates
(“preUR”) in Table 4 differ by maternal education. In fact, a high level of expected unemployment rates has a
negative impact on the fraction of newborn girls when mothers have no high school degree (Panel C, -0.323), while
the value of the coefficient of the variable preUR is comparable for births to college graduate mothers and to
mothers with only a high school degree (-0.057 vs -0.067). See Tables O.3 to 0.5 in the Online Appendix. Perhaps
this difference can be ascribed to the high level of education of Koreans. In fact, it is widely known that Koreans
place a high value on educational attainment and have an exceptionally high level of education, so those without
even a high school degree have a distinct disadvantage in society, which could make less educated individuals
especially vulnerable to economic conditions.
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by gender (i.e., we interact the girl dummy with all control variables). The regression is weighted by the
number of observations in each cell and standard errors are clustered at the regional level.
Table 4 (Panel A) reports the results. Consistent with our earlier finding, we do not find any
systematic relationship between the crisis and fertility for both boys and girls of Parity 1 or 2. For Parity 3
or higher, we find that the intensity of the crisis has a positive impact on the number of male births but a
negative impact on the number of female births (that is larger in absolute value than the impact on boys),
and this gender gap is significant. In fact, a one percentage point increase in the unexpected
unemployment rates increases the number of male births by 3.7 percent (pvalue: 0.09), while it decreases
the number of female births by 6.5 percent (pvalue: 0.12). The estimated coefficient of the interaction
term “IntensityCrisis x Girl” is -0.102 (pvalue: 0.02), suggesting that, relative to male births, a one
percentage point increase in unexpected unemployment decreases the number of female births of Parity 3
or higher by 10.2 percent. This point estimate implies that, for the case of Parity 3 or higher, the crisis
reduces the number of female births relative to the number of male births by 18 percent, a result
remarkably similar to our baseline result (20 percent, see Section 5.3).
6.4 Birth weight
When studying the health outcomes of newborns, we examine two outcomes: average birth weight and
whether a newborn weighs less than 2,500 grams.30 As shown in panels B and C of Table 4, we find no
statistically significant relationship between the intensity of the crisis and birth weight outcomes. The only
exception is for the average birth weight among boys with one older sibling. These findings suggest that
the crisis negatively affects the natality of girls with two or more older siblings, but conditional on being
born, the girls do not get compensated in terms of birth weight, relative to their male peers. This finding
suggests that the scarring mechanism (Krackow, 2002) dominates the culling mechanism (Trivers and
Willard, 1973). For a more detailed analysis of birthweight outcomes, see the Online Appendix (Section A,
Tables O.7-10)

30

Although we are aware of limitations of using birthweight, we nonetheless examine birthweight because there is
no well agreed upon measure superior to birthweight (see Almond and Currie, 2011).
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6.5 Alternative Specifications
We examine the sensitivity of our results to the definition of “unexpected” economic shock. First, instead
of using the 9-month span from the month of birth, we use the information on gestation and calculate the
expected and unexpected unemployment rates during gestation. Panel D of Table 4 shows that the crisis
reduced the fraction of girls among newborns with Parity 3, quantitatively comparable to our baseline
results.31 Next, instead of using the period between 1989 and 1996, we use a shorter time span, 1992 to
1996, and construct the two variables, preUR and IntensityCrisis. See Table O.6 in the Online Appendix
for the estimation results when we use this alternative definition. The results are remarkably comparable
to our baseline results.
6.6 Robustness to Multiple Testing Adjustments
The most conservative multiple-hypothesis-testing method is Bonferroni’s, which requires the researcher
to increase the p-values of estimates by multiplying them by the number of tests (i.e., number of
coefficients). We conduct the following heuristic analysis in the spirit of the Bonferroni method. Consider
Panel A in Table 3. We can consider the three regression results (Parity 1 to Parity 3+: columns 2 to 4) in
an MHT setting. In such a setting, we need to test whether any of the three coefficients (IntensityCrisis for
Parity 1, Parity2 and Parity 3+) are statistically different from zero. Our main finding is that the
coefficient of IntensityCrisis for Parity3+ is -0.026, statistically different from zero. As the corresponding
p-value is 0.015, the product of multiplying it by 3 is still less than 5%. Similarly, if we take the same
approach for Panel B in Table 3, we have 6 coefficients of interest (IntensityCrissXJan-April,
IntensityCrisis-May-Aug. x Pairty1 to Parity 3+). Our main finding is the estimate for Parity3+
(IntensityCrisis x May-Aug). The p-value of the coefficient is 0.003. If we multiply it by the number of
coefficients (i.e., 6), the resulting product is still far below 5%.
7. Conclusion
We have used the deep financial crisis affecting the South Korean economy at the end of the 1990s to
31

For the main regressions, to facilitate comparison with studies from other countries, we did not use the information
on gestation. Information on gestation is often estimated, not accurately reported. See, for example, for US data, the
following paper: https://www.ncbi.nlm.nih.gov/pubmed/17803618
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investigate the extent to which economic hardship affects fertility and the birth weight of newborns. We
find that the crisis increased the disadvantage in natality of girls compared to boys: approximately 2
percent of girls were never born in South Korea as a consequence of the crisis, and this reduction took
place among those who had at least two older siblings. We attribute the cause of this negative impact on
girls’ natality to parental economic decisions when parents prefer sons. The effects of these parental
decisions outweigh biological selection mechanisms that predict an advantage for girls in terms of
survivability. Furthermore, conditional on being born, the health at birth of girls is worse than the health
of boys, especially among those who were born between May and August 1998 and those who had at least
two older siblings and were born to less educated mothers.
This paper raises follow-up research agendas that may prove fruitful for both scholars and policy
makers. For countries that have a son preference, the South Korean experience can be valuable when
designing policies. In fact, despite its son preference, South Korea had been making progress in balancing
sex ratios at birth since the early 1990s. However, this improvement was overturned during the economic
turmoil. It is worth noticing that high levels of household savings and long-term steady growth prior to the
crisis did not prevent a surge in the number of missing girls as a consequence of the crisis. Therefore, one
promising avenue of research is to investigate whether other countries – especially those with a son
preference – engage in increased sex-selective fertility behavior as a consequence of economic downturns.
In fact, statistics show that the fraction of newborn girls sharply decreased in Armenia, Azerbaijan, and
Georgia when these countries suffered economic downturns in the 1990s (see Duthé et at., 2012; Das
Gupta, 2015). Relatedly, China, which is known for a strong son preference, recently has shown several
economic signs of slower growth. If our findings apply to the Chinese setting, then an economic
slowdown may exacerbate sex selection. Our results suggest that designing proper fertility incentives that
incorporate changes in economic booms and busts may be worth considering for countries with a son
preference.
Our findings may provide important policy implications even for countries that do not show a son
preference. In fact, several studies find that parents spend more time and resources on sons than daughters
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(e.g., Lundberg et al., 2007). If our findings apply to those countries, parents may reduce investments
more for girls than boys under adverse economic conditions such as the recent Great Recession in the US.
It is therefore worth examining parental investment in response to economic business cycles, depending
on their children’s gender.
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Figure 1. Trend of Unemployment and Interest Rates in South Korea

interest rate

Note: The vertical line indicates December 1997. Interest rate is calculated based on the 3-year corporate bonds rated
as AA-. Data is from the Bank of Korea (https://ecos.bok.or.kr/). The solid vertical line indicates December 1997,
when the Korean government started to receive the rescue loans from international creditors, including the IMF/WB.
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Table 1. Summary Statistics
All
(1)

Jan.-April
(2)

May-Aug.
(3)

A. Economic indicators
IntensityCrisis (%)
Pre UR (%)

1.888
2.468

0.090
2.432

2.927
2.509

B. Parental Background
% out of wedlock birth
Mother: age
college grad (%)
less than high school (%)
Father: age
college grad (%)
less than high school (%)

0.42
28.02
32.14
5.54
31.02
45.10
6.54

0.40
27.98
31.81
5.52
30.98
45.20
6.52

0.46
28.06
32.52
5.57
31.06
44.98
6.56

414,279

222,086

192,193

47.65
48.60
48.13
40.99

47.72
48.52
48.32
41.02

47.57
48.69
47.90
40.95

4.90
4.28
5.59

4.70
4.05
5.42

5.14
4.54
5.79

3,271
3,320
3,216

3,280
3,329
3,225

3,260
3,309
3,206

C. Fertility/Birth weight
No. of newborns
% of girls among newborns
- All births
- Parity 1
- Parity 2
- Parity 3 or higher
% low birth weight
- All
- Boys
- Girls
Average Birth weight (grams)
- All
- Boys
- Girls

Note: Economic indicators in Panel A are based on statistics provided by the Bank of Korea and are
weighted by the number of births at the regional level (a total of 15). Panel B and C are based on birth
records provided by the Korean Statistical office. “Low birth weight” is a dummy equal to 1 if a newborn
weighs strictly less than 2,500 grams. Refer to Appendix 1. for the calculation of the variables preUR and
IntensityCrisis.
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Table 2. Plausibility of the Identification Strategy
Table 2.1. Testing Endogenous Migration
All

IntensityCrisis
preUR
Mean dept. var.
R-sq

(1)
0.194
(0.215)
-1.687
(3.021)
-0.178
0.65

Men:
age 20 – 49
(2)
0.388
(0.220)
-2.362
(2.985)
-0.209
0.71

Women:
age 20 – 49
(3)
0.394
(0.231)
-1.079
(3.604)
0.033
0.68

Note: OLS regressions. Month and Location fixed effects are included. The unit of observations is region
by month and the number of observations is 120. The outcome is the number of “net” migrants per 1,000
residents. Note that the number of residents is calculated based on the Korea’s 1995 Population Census.
Standard errors are clustered at the regional level, and are reported in parentheses. * significant at 10%; **
significant at 5%; *** significant at 1%. Refer to Appendix 1. for the calculation of the variables preUR
and IntensityCrisis.
Table 2.2. Falsification Test: Fraction of Females before the Crisis

Unemployment Rates
- Long-term trend
- Deviation: actual
- Deviation: future(IntensityCrisis)
Mean dep. Var.
N
R-sq

All
(1)

Parity 1
(2)

Parity 2
(3)

Parity 3+
(4)

-0.022
(0.027)
0.006
(0.006)
0.003
(0.002)
0.479
431,315
0.479

-0.035
(0.034)
0.005
(0.005)
0.008**
(0.003)
0.487
205,055
0.487

0.012
(0.041)
-0.000
(0.011)
-0.000
(0.005)
0.484
185,765
0.484

-0.064
(0.085)
0.041***
(0.015)
0.003
(0.006)
0.422
40,495
0.424

Note: The outcome variable is 1 if a newborn is a girl, and its average is reported in rows titled “Mean
dep. var.” We include region fixed effects (a total of 15) and month of birth fixed effects (January to
August 1997). Standard errors are in parentheses and are clustered at the regional level. * significant at
10%; ** significant at 5%; *** significant at 1%. Refer to Appendix 1. for the calculation of the variables
IntensityCrisis and preUR. As reported in the main text, the significance of the estimate “Deviation:
future” in column (2) is not robust to model specification. Please refer to Section 5.2 and the relevant
footnote therein.
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Table 3. Fraction of Girls Among Newborns

Panel A. Baseline
IntensityCrisis
preUR
Mean dep. var.
N
R-sq
Panel B. Timing
IntensityCrisis x Jan.-April
IntensityCrisis x May-Aug.
Mean dep. var: Jan-April
May-Aug
N
R-sq
Panel C. Maternal Edu.
College grad: IC*Jan-April.
IC*May-Aug.
HS Grad:

IC*Jan-April.
IC*May-Aug.

Less HS:

IC*Jan-April.
IC*May-Aug.

All
(1)

Parity 1
(2)

Parity 2
(3)

Parity 3+
(4)

-0.003
(0.003)
-0.075**
(0.034)
0.476
414,279
0.477

-0.003
(0.004)
-0.079
(0.049)
0.486
197,464
0.486

0.002
(0.004)
-0.089*
(0.051)
0.481
176,133
0.481

-0.026***
(0.009)
0.006
(0.057)
0.409
40,682
0.412

0.000
(0.003)
-0.002
(0.003)
0.477
0.476
414,279
0.477

-0.005
(0.004)
-0.003
(0.004)
0.485
0.487
197,464
0.486

0.009**
(0.004)
0.003
(0.003)
0.483
0.479
176,133
0.481

-0.012
(0.008)
-0.024***
(0.006)
0.410
0.409
40,682
0.413

-0.002

-0.003

0.002

-0.025

(0.005)
-0.002
(0.005)

(0.008)
0.006
(0.008)

(0.007)
-0.008
(0.006)

(0.015)
-0.031**
(0.013)

0.003
(0.004)
-0.001
(0.004)
-0.014

-0.006
(0.005)
-0.007
(0.005)
-0.006

0.014**
(0.007)
0.008
(0.006)
-0.008

-0.003
(0.010)
-0.017*
(0.009)
-0.029

(0.016)
-0.014
(0.011)

(0.020)
-0.013
(0.011)

(0.020)
0.005
(0.014)

(0.024)
-0.045**
(0.020)

Note: The outcome variable is 1 if a newborn is a girl, and its average is reported in rows titled “Mean
dep. var.” We include constant, preUR, region fixed effects (a total of 15), and month of birth fixed
effects (January to August 1998). Standard errors are in parentheses and are clustered at the regional level.
* significant at 10%; ** significant at 5%; *** significant at 1%. Refer to Appendix 1. for the calculation
of the variables IntensityCrisis and preUR.
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Table 4. Additional Analyses

Panel A. Log. no. newborns
IntensityCrisis
IntensityCrisis x Girl
Girl
Mean dep. var
R-sq
Panel B. Birth weight
IntensityCrisis
IntensityCrisis x Girl
Girl
Mean dep. var.
R-sq

All
(1)

Parity 1
(2)

Parity 2
(3)

Parity 3+
(4)

-0.001
(0.006)
-0.011
(0.012)
0.869*
(0.451)
7.78
1.00

0.005
(0.010)
-0.012
(0.015)
0.882
(0.635)
7.08
1.00

-0.015
(0.015)
0.007
(0.016)
1.143
(0.653)
6.93
1.00

0.037*
(0.021)
-0.102**
(0.040)
-0.219
(0.760)
5.37
0.99

4.703
(5.053)
-4.535
(4.419)
-193.405
(180.386)
3,270
0.982

2.211
(6.126)
-0.858
(8.366)
-302.685
(190.127)
3,261
0.982

10.928**
(4.948)
-8.020
(8.488)
-140.941
(304.075)
3,271
0.982

-12.449
(14.431)
-4.365
(26.844)
132.502
(570.284)
3,313
0.978

-0.002
(0.002)
0.005
(0.004)
0.060
(0.164)
0.047
0.48

-0.000
(0.001)
0.002
(0.003)
0.194
(0.145)
0.047
0.50

0.003
(0.005)
0.000
(0.017)
-0.191
(0.314)
0.061
0.65

-0.000
(0.003)
0.486
0.486

0.005*
(0.003)
0.481
0.481

-0.027***
(0.005)
0.409
0.412

Panel C. Incidence of low birth weight
IntensityCrisis
-0.000
(0.001)
IntensityCrisis x Girl
0.003
(0.003)
Girl
0.079
(0.088)
Mean dep. var.
0.049
R-sq
0.50
Panel D. Gestation
IntensityCrisis
Mean dep. var.
R-sq

0.000
(0.002)
0.476
0.477

Note: The unit of observations is sex x birth month x region (total of 240). We include region and month
of birth fixed effects, interacted with the female dummy. Standard errors are in parentheses and are
clustered at the regional level. * significant at 10%; ** significant at 5%; *** significant at 1%. Refer to
Appendix 1. for the calculation of the variables IntensityCrisis and preUR.
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Appendix 1. Calculation of the variable measuring the intensity of the crisis in the 9 months before
birth
We calculate our month by region measures of expected and unexpected unemployment rates ( 𝑝𝑟𝑒𝑈𝑅',(
and 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( ) in two steps. First, we construct quarter by region measures of expected and
unexpected unemployment rates. This is because, in our sample period, the Korean Statistical Office
provides regional unemployment data on a quarterly basis. We take the regional quarterly unemployment
rates from 1989 to 1996 and calculate the simple average given a region and quarter. We regard the
simple average as the long-term unemployment rates or expected unemployment rate:
𝑝𝑟𝑒𝑈𝑅M,' =

N
O

NQQO
PRNQSQ 𝑢𝑛M,',P

q =1, 2, 3, 4

(a)

l = 1989-1996
where 𝑝𝑟𝑒𝑈𝑅M,' is the quarterly long-term unemployment rate in quarter q in region j and 𝑢𝑛M,',P is the
regional unemployment rate in quarter q in region j in year l. We then take the statistics from 1997 to
1998 and calculate the difference between the two rates, yielding an unemployment rate
𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠M,',T in quarter q in region j in year k. That is,
𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠M,',T = 𝐴𝑐𝑡𝑢𝑎𝑙𝑈𝑅M,',T − 𝑝𝑟𝑒𝑈𝑅M,'

q = 1, 2, 3, 4

(b)

𝑘= 1997, 1998
where 𝐴𝑐𝑡𝑢𝑎𝑙𝑈𝑅M,',T is the actual unemployment rate in quarter q in region j in year k.32
Second, we convert these quarterly measures to monthly ones to match our birth records. That is,
for every baby in the micro-level birth records, we use his/her month and year of birth to identify the
period of the 1 to 9 months before birth. Then we select the 3 or 4 quarters that overlap with this 9-month
period for each newborn and weight the unemployment variables accordingly to compute 𝑝𝑟𝑒𝑈𝑅',( and
𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠',( where subscript j stands for region and t stands for month of birth. For example,
consider a baby born in Seoul in January 1998. The 9 months before birth are April to December 1997.
For her, the long-term unemployment rate in the 9 months before birth ( 𝑝𝑟𝑒𝑈𝑅',( in equation (a)) is:
Z
Q

Z

Z

Q

Q

𝑝𝑟𝑒𝑈𝑅[,\]^_P + 𝑝𝑟𝑒𝑈𝑅Z,\]^_P + 𝑝𝑟𝑒𝑈𝑅`,\]^_P ,

and her unexpected unemployment rate (IntensityCrisis in equation (b)) is:
Z
Q

Z

Z

Q

Q

IntensityCrisis[,\]^_P,NQQi + 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠Z,\]^_P,NQQi + 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝐶𝑟𝑖𝑠𝑖𝑠`,\]^_P,NQQi .
It is worth noting that we could use alternative methods, such as HP filters, to construct the long-

term trend of unemployment rates, instead of a simple average. We chose the simple average because, as
shown in Figure 1, unemployment rates remained stable before the onset of the crisis in Korea. Also, the
32

Variable t includes 1997, because babies born in the first months of 1998 were conceived in 1997.
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current method is straightforward, leaving us little discretion to construct the long-term trends than
alternatives.
Appendix 2. Fraction of Girls and Missing Girls
Following Oster (2005), we compute the number of net missing girls as follows:33 The number of net
missing girls from type c newborns can be written as
𝑀𝑖𝑠𝑠𝑖𝑛𝑔k =

lmnopqpq,n
lmrsnopqpq,n

− 1 𝑁F%uP\,k ,

where 𝑆𝑅ku%\%\,k is the observed sex ratio for type c newborns after crisis, 𝑆𝑅w^ku%\%\,k is the hypothetical
sex ratio without crisis, and 𝑁F%uP\,k is the actual number of girls born after the crisis whose type is c. The
total number of missing girls will be the summation of 𝑀𝑖𝑠𝑠𝑖𝑛𝑔k over types. Note that this formula
calculates the number of missing girls, holding the number of boys constant.
Note that the sex ratio is defined by number of boys over number of girls; that is, a function of the
fraction of girls as follows:
𝑆𝑅ku%\%\,k =

N
xuyk(%^wF%uP\nopqpq,n

− 1, 𝑆𝑅w^ku%\%\,k =

N
xuyk(%^wF%uP\rsnopqpq,n

−1

and 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑔𝑖𝑟𝑙𝑠w^ku%\%\,k can be predicted by the regression results in micro-data. That is, we replace
the variable that indicates post-crisis with 0 and then predict the fraction of girls among type c newborns.
Consider newborns of Parity 3 or higher. From the data, we know 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑔𝑖𝑟𝑙𝑠ku%\%\,k is 0.4099,
and 𝑁F%uP\,k is 16,676. Our baseline estimate predicts that, without the crisis, the fraction of girls should
have been 0.4554(=0.4099 + 0.0455). Therefore, 𝑆𝑅ku%\%\,k and 𝑆𝑅w^ku%\%\,k are 1.4396 and 1.1959,
respectively. Therefore, the number of missing girls with at least two older siblings (Parity 3 or higher) is
3,399. This magnitude is 20 percent of the actual number of girls at Parity 3 or higher, or 2 percent of the
actual number of all girls.
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