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Abstract 

In this paper, we employ twin birth as an instrument to estimate the effects of fertility on female 

employment using 72 censuses from 37 countries in 1990–2010. Next, we document a strong linear 

association between gender wage gap and the estimated motherhood employment penalty both 

across countries and within countries. Reductions in the gender wage gap are associated with 

decreases in motherhood employment penalty. Our estimates suggest that a reduction of one-

percentage-point in the gender wage gap is associated with a decrease of 0.4 percentage-points in 

the estimated motherhood employment penalty. Our finding supports the notion that job prospects 

and gender equality in the labor market play a direct role in a mother’s labor supply response to 

childbirth.  
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1. Introduction 

Around the world, women provide childcare disproportionately relative to men. Despite 

substantial progress in gender equality, motherhood is still strongly associated with negative labor 

market outcomes (Goldin 2014; Goldin and Mitchell 2017). The so-called “motherhood penalty” 

remains ubiquitous. Women with young children are less likely to work, work fewer hours, and earn 

a lower wage (Anderson, Binder, and Krause 2003; Blau and Kahn 2017; Blau and Kahn 2013; 

Blundell and Macurdy 1999; Cools, Markussen, and Strøm 2017; Gangl and Ziefle 2009; Grimshaw 

and Rubery 2015; Kleven and Landais 2017; Kleven, Landais, and Søgaard 2019; Marianne 2011; 

Morrissey 2017; Olivetti and Petrongolo 2016). In contrast, the presence of children has little effect 

or even slightly positive effects on men’s labor supply and earnings (Addati et al. 2018; Angrist and 

Evans 1998; Grimshaw and Rubery 2015; Kleven, Landais, and Søgaard 2019).  

Among different dimensions of the motherhood penalty, the employment penalty is perhaps 

the most important since labor supply responses, especially along the extensive margin, can explain 

a large part of the diminished labor market outcomes of mothers. The economics literature has 

provided strong evidence that the negative association between childbirth and labor supply is largely 

causal. The seminal work by Bronars and Grogger (1994) and Angrist and Evans (1998) utilizes 

twin birth and sibling sex as instrumental variables (IVs) for the number of children. The two well-

known IVs have been applied to data all over the world to estimate the motherhood employment 

penalty (Ajefu 2019; Cools, Markussen, and Strøm 2017; Cruces and Galiani 2007; Fontaine 2017; 

Guo et al. 2018; He and Zhu 2016; Jacobsen, Pearce, and Rosenbloom 1999; Vere 2011; Zhang 

2017). These papers find substantial cross-country differences in the motherhood employment 

penalty. However, very few studies aim to formally examine the factors that underly the employment 

effects of childbirth across countries and time. 

In this paper, we document cross- and within-country relationships between the motherhood 

employment penalty and gender wage gap. Since both the motherhood penalty and gender wage gap 

express different dimensions of gender equality, the results are correlational. Nevertheless, gender 

wage gaps reflect not only gender inequality but also the actual labor market prospects for women 

and the returns to specialization within families. Gender wage gaps influence the opportunity cost 

of not working and likely play a direct role in determining the size of the motherhood employment 

penalty. To investigate the motherhood penalty across countries, first, we estimate the effect of 

having an additional child on a mother’s labor force participation in each country using harmonized 
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international censuses from the Integrated Public Use Microdata Series, International (IPUMS-I). 

To find plausibly exogenous variation available across all the countries, we utilize the second twin 

birth as an IV for having an additional child. We focus on the period of 1990–2010 and separately 

estimate the motherhood employment penalty in each available census from the IPUMS-I. Second, 

we collect information on the (unconditional) gender wage gap from several sources. (See Appendix 

Figure A1.) Together, in the period of 1990–2010, there are 72 censuses from 37 countries that we 

have gender wage gap data. Finally, we plot estimates for the employment penalty against gender 

wage gaps across countries and time. Since we have more than one census in 27 out of 37 countries, 

we also plot within-country differences in employment penalties against within-country differences 

in gender wage gaps in these countries.    

We find a strong cross-country correlation indicating that the effects of childbirth on 

employment are more negative in countries with larger gender wage gaps. Since a larger gender 

wage gap implies higher gender inequality and lower returns from participating in the labor market 

(relative to men), it is intuitive that the motherhood employment penalty is greater in these countries. 

On average, a one-percentage-point reduction of the gender wage gap corresponds with a 0.40-

percentage-point decrease in the estimated motherhood employment penalty. Importantly, the 

association is not driven by country heterogeneity. The patter becomes stronger when we restrict 

attention to within-country changes in gender wage gaps and fertility effects. The estimated 

motherhood penalty decreases by 0.46 percentage-points when the gender wage gap shrinks by one 

percentage point. We show that gender differences in human capital accumulation do not appear to 

explain the relationship between wage gaps and work that we document. Our results also stay largely 

unchanged after we partial out two macroeconomic variables associated with the labor market: per-

capita GDP and the Gini coefficient. While we cannot claim causality due to the nature of our 

exercise, our findings are consistent with the notion that improvements in the labor market position 

of women (relative to men) raise the opportunity cost of labor force inactivity for mothers, thereby 

reducing the apparent child penalty on employment. 

Our paper contributes to the literature that utilizes plausible randomness in twin birth and 

sibling sex as IVs to estimate motherhood employment penalty. One advantage of twin birth and 

sibling sex is that the required information can be obtained in many household level datasets, 

including census data that are available in most countries. The motherhood employment penalty has 

been estimated by the two IVs in numerous countries, including the U.S. (Angrist and Evans 1998; 
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Bronars and Grogger 1994; Jacobsen, Pearce, and Rosenbloom 1999; Vere 2011), Argentina and 

Mexico (Cruces and Galiani 2007), China (Guo et al. 2018; He and Zhu 2016), Nigeria (Ajefu 2019), 

Taiwan (Zhang 2017), and several European countries (Cools, Markussen, and Strøm 2017; Fontaine 

2017). Although there is a large amount of international research, very few studies in this literature 

investigate cross-country differences in the motherhood penalty on employment. Aaronson et al. 

(2017) pool censuses in IPUMS-I by per-capita gross domestic product (GDP) and find that the 

motherhood employment penalty appears to increase with GDP. Baranowska-Rataj and Matysiak 

(2016) pool a number of European countries by region and find that the motherhood employment 

penalty in European countries is greater in places with little public support for working parents such 

as Anglo-Saxon and southern European countries. Cáceres-Delpiano (2012) pool data from 40 

developing countries and shows the size of the employment penalty can depend on birth order and 

types of jobs. Like these above cross-county studies, our paper cannot claim causality. However, we 

do not pool data across countries and therefore are able to investigate both cross-country and within-

country variation in the gender wage gap and the motherhood penalty on employment.1   

Our paper is also related to the broader literature on the impacts of childbirth on female labor 

supply. In addition to the literature cited above, another strand of literature employs arguably 

exogenous variation in fertility as a research design. Cristia (2008) and Lundborg, Plug, and 

Rasmussen (2017) use access to fertility service as an IV for childbirth that can identify the causal 

effect of the first child on labor participation. Similarly, Agüero and Marks (2011) use timing of 

infertility as an IV for family size. Exogenous variation generated by legal changes related to fertility 

are also employed to investigate the effects of fertility on labor market outcomes. These examples 

include access to birth control pills (Bailey 2006; Bentancor and Clarke 2017; Edlund and Machado 

2015), legalization of abortion (Bloom et al. 2009; Oreffice 2007), and family planning policies 

(Schultz 2009; Wang 2014). Relatedly, policy reforms to child benefit receipt (González 2013; 

Sandner 2019) and paid paternity leave (Ginja, Jans, and Karimi 2020) are used as natural 

experiments as well. Lastly, some studies address the endogeneity problem relying on traditional 

techniques such as event-study design (Kleven et al. 2019; Kleven, Landais, and Søgaard 2019; 

Lundberg and Rose 2000) and simultaneous equation models (Chevalier and Viitanen 2003). In 

 
1 Bisbee et al. (2017) and Dehejia, Pop-Eleches, and Samii (2019) estimate the motherhood employment penalty using 
individual censuses from the IPUMS-I. These papers focus on the external validity of IV and do not investigate factors 
which determine cross-country differences in the motherhood penalty. 
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Appendix Table A1, we summarize locations, time periods, data types, and labor market outcomes 

of studies in this literature. 

The paper proceeds as follows: Section 2 describes the IPUMS-I data, and Section 3 

discusses the twin birth IV and the estimation models. Section 4 presents the results showing the 

association between the motherhood employment penalty and gender wage gap. Section 5 

summarizes our conclusions.   

 

2. Data   

We aim to explain variation in the motherhood employment penalty across countries with 

differences in gender wage gaps. To estimate the motherhood employment penalty, we use data from 

the IPUMS-I where the source data are provided by the statistical offices of each country. In total, 

IPUMS-I harmonizes 319 censuses and surveys in 89 countries between 1960 through the 2010s.2 

To focus on a relatively recent period in which data on gender wage gaps are widely available, we 

use only censuses and surveys from 1989 to 2012 and exclude 127 datasets outside this period.3 To 

implement the twin-birth IV, we must further discard 31 censuses and surveys where: a) persons are 

not organized into households, so we cannot match mothers with their children (11 datasets) 4; b) 

ages are coded in categories, so we cannot identify birth orders and twin births (11 datasets) 5; c) the 

first-stage F-statistics using the twin-birth IV are lower than 10, implying that the twin birth is a 

weak instrument (8 datasets) 6; d) the information regarding employment status is not available (1 

dataset) 7. Consequently, we have 161 censuses and surveys in IPUMS-I in the period of 1989–2012 

that we can use to estimate the motherhood penalty on employment via the twin-birth IV.	

Nearly all of the datasets in the IPUMS-I do not provide information on earnings or wage 

rates. Therefore, we collect data on gender wage gaps from several sources including: the 

Organization for Economic Co-operation and Development, International Labour Organization, and 

 
2 The IPUMS-I also includes 46 historical datasets before 1960: The U.S. 1850-1910, Canada 1852-1911, UK 1851-
1911, Germany 1819, Norway 1801-1910, Sweden 1880-1910, Iceland 1703-1910, Denmark 1787-1801.   
3 We keep at most one census or survey per decade for each country and exclude these additional datasets in the middle 
of a decade: France 2006, India 1999, Indonesia 1995 and 2005, Mexico 1995 and 2005, Philippines 1995, South Africa 
2007, United States 2005. 
4 Argentina 2010, Austria 2011, Canada 1971, 1981, 1991, and 2001, Netherlands 2001 and 2011, Poland 2011, Trinidad 
and Tobago 1990, and Ukraine 2001. 
5 Ireland 1991, 1996, 2002, and 2006, Israel 1995, Italy 2001 and 2011, Palestine 1997 and 2007, Slovenia 2002, United 
Kingdom 2001.  
6 Nigeria 2007, 2008, and 2009, Puerto Rico 2005 and 2010, Rwanda 1991, Saint Lucia 1991, and Zambia 1990. 
7 Pakistan 1998. 
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United Nations Economic Commission for Europe, International Trade Union Confederation. In the 

Appendix, Figure A1 shows the data sources. Unfortunately, international data on gender wage gaps 

are often limited, especially in developing countries. The available information only allows us to 

match the gender wage gaps to 72 censuses in 37 countries. (We exclude the largest gender wage 

gaps of 54%; the outlier is from Armenia 2001.) We match each census to the gender wage gap of 

the closest year, though they are not necessarily from exactly the same years. Table 1 shows the list 

of country-year censuses used for analysis in this paper. (All datasets in Table 1 are censuses except 

for 2006 Uruguay data which has a sample size of 8% population and comparable to a census.) 

To be consistent across countries, we follow Angrist and Evans (1998) and create samples 

of mothers aged 21–35 with at least two children under 18 years old in each of the country-year 

censuses. We exclude a small number of mothers whose first child is older than 18 and second child 

is younger than one year old. As in Angrist and Evans (1998), we want to focus on biological 

children, but information on number of children ever born to a woman is not available in many 

datasets. To identify biological birth, we first restrict the age gap between a mother and a child to be 

between 12 to 54 years old and then use direct or other indirect information to link a birth to its 

biological mother. The information includes identified non-biological relationships (stepchild, 

adopted child, child of unmarried partner, or child-in-law), mother or child reported not presenting 

in the household, mother having no children born or surviving, mother reported deceased, and the 

number of children larger than known fertility of mother. The information that can identify whether 

a mother is employed also varies across censuses. We identify a mother as working for pay if there 

is a record of labor force status (employed/unemployed/not in the labor force), a record of occupation 

or industry, or a record of worker types such as self-employed and paid/unpaid family workers. 

(Only paid family workers are counted as employed.) Note that we can only identify employment 

status but not labor force participation consistently across datasets because information on 

unemployment is not always available in census data. We are able to construct a number of variables 

across datasets, including age, age at first birth, sex of the first birth, educational attainment. Table 

2 presents sample means and standard deviations averaged across 72 censuses by decade.  

 

3. Model 

To investigate the relationship between motherhood and employment, we estimate the 

following linear model by both ordinary least squares (OLS) and two-stage least squares (2SLS): 
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𝑤𝑜𝑟𝑘! = 𝛼 + 𝛽𝑐ℎ𝑖𝑙𝑑! + 𝑋!Γ + 𝜀!,                                              (1) 

 

where	𝑤𝑜𝑟𝑘! is an indicator denoting mother 𝑖 is working; 𝑐ℎ𝑖𝑙𝑑! is an indicator that equals one if 

mother 𝑖 has more than two biological children and zero otherwise; 𝑋! is a vector of control variables 

including: mother’s age, mother’s age at first childbirth, the sex of the first child, and indicators for 

three education levels: primary, secondary, and university and above (less than primary is the 

omitted group). Because our sample is restricted to mothers with at least two biological children, 𝛽 

represents the causal effect of having more than two children on employment relative to having just 

two children. We use 𝛽 as our measure of the motherhood employment penalty. The standard errors 

are made robust to heteroskedasticity. 

Since the fertility decision is likely endogenous, to estimate Equation (1) by 2SLS, we 

estimate the following first stage regression where 𝑐ℎ𝑖𝑙𝑑! is instrumented by 𝑡𝑤𝑖𝑛𝑏𝑖𝑟𝑡ℎ!:   

	

																															𝑐ℎ𝑖𝑙𝑑! = 𝛿 + 𝜃𝑡𝑤𝑖𝑛𝑏𝑖𝑟𝑡ℎ! + 𝑋!λ + 𝑒!,                                      (2) 

 

where 𝑡𝑤𝑖𝑛𝑏𝑖𝑟𝑡ℎ! is an indicator denoting that mother 𝑖’s second pregnancy is a twin birth.8 Angrist 

and Evans (1998) utilize the birth quarter to more precisely identify twins, but similar information 

is not available in majority of the datasets. For consistency, we identify children born in the same 

calendar year as twins in all datasets. Therefore, a tiny proportion of the “twins” could be siblings 

born in the same calendar year. Aaronson et al. (2017) suggest that such potential measurement error 

has little impact to the estimates of motherhood penalty.9 Another concern is that the twin-birth IV 

may not be necessarily excludable. For example, it appears to be more common for older and 

wealthier women to have twin births. Bhalotra and Clarke (2019) suggest that having twin births is 

positively associated with a mother’ health and a better prenatal environment. While we do not have 

information on health conditions of mothers, controlling for age and education can alleviate some 

potential violations of the excludability of twin birth. More importantly, unless the non-excludability 

 
8 Though using the first twin birth as an instrument is possible, few studies employ this instrument (Bronars and Grogger 
1994; Guo et al. 2018; Jacobsen, Pearce, and Rosenbloom 1999). The skepticism of using the first twin birth is that 
women are more likely to have dizygotic twins if they undergo fertility treatments such as intrauterine insemination 
(IUI) or in vitro fertilization (IVF). However, women are less likely to seek fertility treatments for the second birth.  
9 There could be measurement error coming from the month or quarter of birth instead.   
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of twin-birth is considerably different across countries or changes over time within a country, it has 

little impact on our cross- and within-country comparison of motherhood penalty estimates. In 

Figure 1, we show that there is virtually no cross- or within-country correlation between the 

proportions of mothers with a second twin birth and female employment rates. (Appendix Figure A2 

shows a similar null relationship for all available samples in the IPUMS-I.) 

In this paper, gender wage gap (𝐺𝑊𝐺) is defined as the difference between average male 

earnings and average female earnings over average male earnings in percentage terms:	

 

𝐺𝑊𝐺 = "#$%	%#'!'()	*	+%"#$%	%#'!'()
"#$%	%#,'!'()

	× 	100%.                        (3) 

 

𝐺𝑊𝐺  represents an unconditional gender gap and is strictly positive in the data. One potential 

comparability issue is that the measures for earnings vary by country even for data from the same 

source. The reported gender wage gaps could be calculated based on annual earnings, monthly 

earnings, or hourly wage. Fortunately, because the earnings measures are constant within a country, 

the comparability is less an issue when we compare within-country changes in gender wage gaps. 

To investigate the relationship between the gender wage gap and motherhood employment 

penalty, we calculate the correlation coefficient between	𝛽#  and 𝐺𝑊𝐺 as well as fitting the data with 

the following linear regression: 

 

𝛽#!" =	𝛾# +	𝛾$𝐺𝑊𝐺!" +	𝑢!",                                                               (4) 

 

where 𝛽#!" is the OLS or 2SLS estimates of the motherhood employment penalty from Equation (1) in country 

j and decade c, 𝐺𝑊𝐺!" is the gender wage gap from country j in decade c defined in Equation (3), and 𝛾$ is 

the regression slope. To remove country heterogeneity that remains stable over time, we take the first 

difference of Equation (4) and estimate the following regression:  

 

△ 𝛽#!" =	𝛾# +	𝛾$ △ 𝐺𝑊𝐺!" +	△ 𝑢!",                                                    (5) 

 

where △ 𝛽#!" is the within-country difference in motherhood employment penalty in country j, △ 𝐺𝑊𝐺!" is 

the within-country difference in gender wage gap in country j, and 𝛾$ is the regression slope. Since each 
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country j has two or three censuses, the standard errors are clustered at the country level and therefore are 

robust to serial correlation and heteroskedasticity.  

 

4. The Motherhood Employment Penalty and Gender Wage Gap 

Figure 2 plots the distributions of OLS and 2SLS estimates of the effects of having more than 

two children on mothers’ employment from 72 censuses. The OLS estimates are larger (more 

negative), on average, than the 2SLS estimates. The sample mean for the 2SLS estimates is -0.04 

while the sample mean for the OLS estimates is -0.11. The OLS estimates appear to be downward 

biased and overstate the size of the motherhood employment penalty. Note that the 2SLS estimates 

represent the local average treatment effect (LATE). Therefore, some of the difference in Figure 2 

might owe to 2SLS and OLS estimating different effects.10  

In the left panel of Figure 3, we plot the 2SLS estimates of the motherhood employment 

penalty (𝛽?-./.) against the gender wage gap (𝐺𝑊𝐺) in each country. There is a strong negative 

association between the gender wage gap and the motherhood employment penalty. The slope of the 

fitted regression line is -0.40 and statistically significant at less than the 1% level. Therefore, on 

average, a one-percentage-point reduction of the gender wage gap is associated with a 0.40-

percentage-point decrease in the estimated motherhood employment penalty. The correlation 

coefficient is -0.43 and indicates a strong negative correlation between the motherhood penalty and 

gender wage gap. Nevertheless, some of the cross-country association between motherhood penalty 

and gender wage gap could be driven by country heterogeneity. For example, both the motherhood 

penalty and gender wage gaps tend to be large in countries with strong religious and traditional 

values. In the right panel of Figure 3 we control for time-invariant country heterogeneity by plotting 

within-country changes in the estimates for motherhood penalty (∆𝛽?-./.) against within-country 

changes in gender wage gap ( ∆𝐺𝑊𝐺)  (Countries with only one census are excluded). The 

association becomes even stronger when we control for country heterogeneity. In the within-country 

regression, not only is the estimated slope larger in magnitude but the estimated standard error is 

also smaller. The slope of the fitted regression line is statistically significant below the 1% level and 

implies that a one-percentage-point reduction in the gender wage gap is associated with a 0.46-

 
10 Appendix Table A2 and Figure A3 show the OLS and 2SLS estimates from all 161 available censuses and surveys. 
Figure A3 exhibits a patter similar to Figure 2 that the OLS estimates are larger in magnitudes than the 2SLS estimates. 
The sample mean for all 161 2SLS estimates is -0.03 while the sample mean for all 161 OLS estimates is -0.06. 
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percentage-point decrease in the estimated motherhood employment penalty. The R-squared 

becomes larger and suggests that more than 30% of the within-country variation in motherhood 

employment penalty can be explained by variation in the gender wage gap. The correlation 

coefficient also indicates a stronger correlation and is equal to -0.56.  Because a smaller gender wage 

gap implies a higher opportunity cost for domestic work and childcare, the observed linear 

association in Figure 3 is consistent with a substitution effect on the extensive margin in the standard 

neoclassical labor supply model: mothers are more likely to work for pay when the return to market 

work is high relative to domestic work.  

Notice that the relationship gap shown in Figure 3 is quite linear. Although a 2SLS estimate 

is only able to identify the LATE, Bisbee et al. (2017) and Dehejia, Pop-Eleches, and Samii (2019) 

show that extrapolation of LATE based on observable covariates works reasonably well. Moreover, 

at least in the fertility context, macro covariates seem to dominate over micro covariates for reducing 

errors in extrapolation. The linearity between the motherhood employment penalty and gender wage 

gap therefore is consistent with the findings in Bisbee et al. (2017) and Dehejia, Pop-Eleches, and 

Samii (2019). In Figure 4, for comparison, we plot the OLS estimates of the motherhood 

employment penalty against gender wage gaps. While the OLS estimates tend to overestimate the 

size of the motherhood penalty on employment, there is no strong relationship between the OLS 

estimates and gender wage gaps. Both the cross- and within-country estimates are not significantly 

different from zero at any conventional level, although the slope estimates are still negative. In 

contrast to the strong relationship in Figure 3 based on the 2SLS estimates, the non-relationship in 

Figure 4 is likely a result of endogeneity bias in the OLS estimates. In fact, Bisbee et al. (2017) show 

that even extrapolated LATE estimates often work better than the OLS estimates because the 

extrapolation error tends to be smaller than endogeneity bias. Since actual 2SLS estimates remove 

endogeneity bias but without any extrapolation error, it is not surprising that they perform much 

better than the OLS estimates in revealing the association between the motherhood employment 

penalty and gender wage gap.   

The strong within-country association in Figure 3 suggests that the relationship between the 

motherhood penalty and gender wage gap is unlikely driven by country heterogeneity.  However, 

changes in gender wage gaps could lead to different compositions of mothers and compliers, which 

could lead to different LATE estimates and potentially generate the within-country association 

observed in Figure 3. For example, a reduction in the gender wage gap may attract more women to 
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stay in employment longer and delay fertility, which could lead to a pool of older women who are 

more likely to give twin births. Also, better labor market prospects may lead to adverse selection 

into motherhood, and the pool of mothers might become even more family oriented and with stronger 

preference towards more children. To address the concern of potential sample selection, in Figure 5, 

we plot changes in gender wage gaps against changes in the proportion of second twin births (left 

panel) and changes in the proportion of mothers with three or more children (right panel). The small 

and insignificant slope estimates suggest that changes in gender wage gaps have no influence on the 

propensity of having twin birth or having more than two children. In Figure 6, we plot changes in 

gender wage gaps against changes in mothers’ age at first birth and changes in the proportion of high 

school graduates (and above).11 Again, the slope estimates are small and insignificant, suggesting 

that changes in gender wage gaps do not change mothers’ characteristics. Figures 5 and 6 find no 

evidence of compositional changes in the pool of mothers and compliers. Therefore, sample selection 

cannot be the explanation of the strong linear association between gender wage gap and motherhood 

employment penalty in Figure 3. 

The result in Figure 3 presents a stylized fact and is correlational in its nature because both 

motherhood penalty and gender wage gap reflect not only labor market prospects but also 

overarching gender equality. In the next part of the paper, we investigate some macroeconomic 

channels that are correlated with gender equality and may influence both the gender wage gap and a 

mother’s decision to return to the labor force. Here, our goal is to quantify the contribution of these 

broad economic forces to the observed association between gender wage gap and motherhood 

employment penalty.  

How much of the relationship between the gender wage gap and motherhood penalty can be 

explained by disparities in earlier human capital investments? In Figure 7, we plot the residuals of 

the motherhood penalty against the residuals of the gender wage gap after partialling out gender 

education gaps. (Notice that the univariate residual regression shown in Figure 7 is numerically 

identical to a multivariate regression of motherhood employment penalty on the gender wage gap 

and gender education gap. The intercept of a residual regression is zero by construction.) We define 

the gender education gap as the gender difference in the proportion of high school (and above) 

 
11 The right panel of Figure 6 shows a negative slope that is entirely driven by one outlier, Jamaica (top left corner of the 
figure). The slope estimate is not statistically significant at any conventional level.   
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graduates among the population 21-35 years old.12 In the left panel, the cross-country slope estimate 

of the fitted residual regression equals -0.36 and remains statistically significant at the 5% level. 

(The 1991 U.K. census was excluded due to lack of information on educational attainment.) In the 

right panel, the within-country slope estimate is -0.43 and statistically significant below the 1% level. 

Thus, it does not appear that variation in relative human capital investments at a macro-level explains 

our documented co-movement of gender wage gaps and the motherhood penalty. It may seem 

surprising that our estimate remains substantively unchanged after partialling out education gaps – 

a variable which measures one aspect of gender disparity and involves education which is directly 

tied to productivity and wage determination. However, the relationship between gaps in the labor 

market and gaps in education is not as strong as might be expected. In fact, particularly in rich 

countries, women have surpassed men in terms of education attainment while their labor market 

outcomes still lag behind men’s.  

 Kleven and Landais (2017) show that economic development is associated with improved 

gender equality. It is also possible that economic development drives the correlation in the 

motherhood penalty and the gender wage gap. For example, secular GDP growth could tighten the 

labor market for women and reduce the gender wage gap, consequently pulling more mothers into 

formal work. On the other hand, Aaronson et al. (2017) document larger motherhood employment 

penalties at higher levels of development. In Figure 8, we partial out GDP per capita (in logarithm 

form) from the gender wage gap and motherhood employment penalty and then plot the residuals. 

The slope estimates of the fitted residual regression remain statistically significant at the 1% level 

and equal to -0.37 and -0.46 in the left and right panels, respectively. Both of the estimate magnitudes 

in Figure 8 are nearly identical to those in Figure 3. This suggests that our correlation between the 

gender wage gap and motherhood penalty is not merely reflective of changes instituted by raw 

economic growth.    

Gender inequality could also be associated with cross-sectional income inequality. Income 

inequality is heightened in labor markets with job polarization and more “extreme jobs” that offer 

high salaries but demand long working hours (Autor 2010; Autor 2014; Gascoigne, Parry, and 

Buchanan 2015; Mishel, Schmitt, and Shierholz 2013). In such settings, the gender wage gap and 

motherhood penalty both would be large because women are known to be less likely to be employed 

 
12  We calculate gender education gap (GEG) directly from IPUMS-I datasets. GEG is defined as following: 
!"#$	&'(&	)*&++#	(,"-."/'+0	,"/$1	2$!"#$	&'(&	)*&++#	(,"-."/'+0	,"/$

!"#$	&'(&	)*&++#	(,"-."/'+0	,"/$
		. 
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in these extreme jobs, and the need for a household division of labor is high, especially with a child 

present (Gascoigne, Parry, and Buchanan 2015; Raley, Bianchi, and Wang 2012). In Figure 8, we 

partial out the Gini coefficient from the motherhood employment penalty and the gender wage gap 

and plot the residuals. The Gini coefficient and gender wage gap appear to be somewhat correlated 

across countries but not within countries. In Figure 9, the cross-country correlation in the left panel 

declines relative to Figure 3. The cross-country slope estimate in the left panel is -0.23 and only 

statistically significant at the 10% level. Gini coefficients appear to explain a substantial proportion 

of the cross-country correlation between the motherhood penalty and gender wage gap. In contrast, 

the within-country correlation in the right panel remains quantitatively similar to Figure 3. The 

within-country slope estimate in the right panel equals -0.42 and remains statistically significant 

below the 1% level.  

As an additional robustness check, in Figure 10, we partial out all three variables: log GDP 

per capita, gender education gap, and the Gini coefficient. In the left panel, the slope estimate from 

the cross-country correlation drops even further to -0.20 and is only statistically significant at the 

5% level. However, in the right panel, the within-country correlation between the motherhood 

employment penalty and gender wage gap remains strong and very linear. The slope estimate is 

equal to -0.39 and statistically significant at the 1% level. The partial R-squared in the right panel of 

Figure 10 is equal to 0.24, which is only a one-quarter drop from an R-squared of 0.32 in the right 

panel of Figure 3. Therefore, after controlling for economic development, gender gaps in human 

capital, and cross-sectional inequality, within-country variation in the gender wage gap can still 

explain 24% of the within-country variation in the motherhood employment penalty. In Table 3, we 

estimate multivariate regressions of the motherhood employment penalty on gender wage gap 

controlling for all three variables as well as country fixed effects, and the results are quantitatively 

similar to Figure 10. Overall, while roughly half of the cross-country correlation between 

motherhood penalty and gender wage gap can be explained by these macroeconomic channels, 

especially income inequality, the within-country correlation is largely orthogonal to them and more 

directly associated with labor market opportunity. In Appendix Figure A4, for 41 censuses in 2000s–

2010s that we have data on paid maternity leave, we show that motherhood employment penalties 

tend to be larger in size in countries with longer months of paid maternity leave. Therefore, the 

opportunity cost of labor market inactivity seems to play a direct role in determining motherhood 

penalty on employment.   
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5. Conclusions  

In this paper, we use twin birth as an IV to estimate the causal effects of an additional child 

on mother’s employment using censuses from all over the world between 1990–2010. On average, 

fertility leads to a reduction in a mother’s labor supply on the extensive margin, but there are 

substantial differences in both the signs and sizes of the fertility effects across countries. To 

investigate factors associated with the differences across countries, we plot gender wage gaps against 

estimates of the motherhood employment penalty. To control for country heterogeneity, we take 

differences within a country and plot within-country changes in the estimates of the motherhood 

employment penalty against within-country changes in gender wage gaps. We find a strong linear 

association between the motherhood employment penalty and gender wage gap both across and 

within countries. The linear relationship remains largely unchanged after we partial out other 

macroeconomic forces including economic development, cross-sectional income inequality and 

gender equality in education. This implies that the association between the motherhood employment 

penalty and gender wage gap is not merely a byproduct of secular trends in development, nor just a 

feature of economically equal-versus-unequal societies, and is not explained by differential access 

to education, by sex.  

While our findings are only correlational, they are consistent with a substitution effect on the 

extensive margin in the standard neoclassical labor supply model. The gender wage gap captures not 

only the real labor market prospects for women but also the opportunity cost of staying out of the 

labor force, and the returns to specialization within family units. Since the substitution effect implies 

that mothers are more likely to seek employment when the returns to market work become relatively 

high while the returns to domestic work become relatively low, it is intuitive that larger gender wage 

gaps are associated with stronger negative labor supply responses of mothers. In the analysis, we 

rule out some plausible macroeconomic forces, which could explain our findings even in a context 

with static gender norms. Nevertheless, because of the correlational nature of this study, we do not 

attempt to explain all the forces which guide societies to produce more or less equal labor outcomes. 

Exogenous movements in the deep parameters governing gender inequality (e.g.  levels of taste-

based discrimination) could result in shifts in the gender wage gap and societies’ expectations of 

women and work. Future research on the motherhood penalty’s causes and correlates may 

necessitate a narrower focus to evaluate the extent that changes to these deep parameters moderate 

or mediate our findings.    
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Figure 1: Cross-country and Within-country Associations Between Second Twin Birth and Female 
Employment Rate 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 2: Distributions of the Motherhood Employment Penalty Estimates 

 
Note: The dash lines indicate the sample means of estimates. 
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Figure 3: Cross-country and Within-country Associations Between Gender Wage Gap and 2SLS 
Estimates of Motherhood Employment Penalty 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 4: Cross-country and Within-country Associations Between Gender Wage Gap and OLS 
Estimates of Motherhood Employment Penalty 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 5: Within-country Changes in Motherhood and Gender Wage Gap 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 6: Within-country Changes in Mothers’ Characteristics and Gender Wage Gap 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 7: Cross-country and Within-country Associations Between Gender Wage Gap and 
Motherhood Employment Penalty After Partialling Out Gender Education Gap 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. The 1991 U.K. 
census was excluded due to lack of information on educational attainment. 
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Figure 8: Cross-country and Within-country Associations Between Gender Wage Gap and 
Motherhood Employment Penalty After Partialling Out Log GDP per Capita 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 9: Cross-country and Within-country Associations Between Gender Wage Gap and 
Motherhood Employment Penalty After Partialling Out Gini Coefficient 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Figure 10: Cross-country and Within-country Associations Between Gender Wage Gap and 
Motherhood Employment Penalty Afte Partialling Out GDP Per Capita, Gender Education Gap, 

and Gini Coeffficent 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. The 1991 U.K. 
census was excluded due to lack of information on educational attainment. 
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Table 1: List of Samples 
Country Year GWG Year of 

GWG 
Country Year GWG Year of 

GWG 
Argentina 1991 8% 1992 Ireland 2011 10% 2011 
Argentina 2001 12% 2002 Jamaica 1991 28% 1990 
Armenia 2011 35% 2011 Jamaica 2001 7% 2001 
Austria 1991 16% 1991 Mexico 1990 21% 1990 
Austria 2001 23% 2001 Mexico 2000 13% 2002 
Belarus 1999 19% 2000 Mexico 2010 14% 2012 
Belarus 2009 25% 2009 Nicaragua 1995 7% 1993 
Bolivia 1992 21% 1992 Nicaragua 2005 3% 2001 
Bolivia 2001 20% 2001 Panama 1990 18% 1990 
Botswana 1991 3% 1995 Panama 2000 4% 2000 
Botswana 2001 18% 2005 Paraguay 1992 34% 1992 
Brazil 1991 15% 1992 Paraguay 2002 28% 2002 
Brazil 2000 17% 2001 Peru 1993 20% 1997 
Brazil 2010 16% 2012 Peru 2007 22% 2011 
Canada 2011 19% 2011 Philippines 2010 17% 2008 
Chile 1992 14% 1998 Poland 2002 11% 2002 
Chile 2002 2% 2003 Portugal 2001 10% 2001 
China 1990 11% 1992 Portugal 2011 13% 2011 
China 2000 9% 2002 Romania 1992 21% 1995 
Colombia 2005 1% 2007 Romania 2002 16% 2002 
Costa Rica 2000 9% 2001 Romania 2011 10% 2011 
Costa Rica 2011 15% 2008 Spain 2001 17% 2001 
Dominican 2002 5% 2005 Spain 2011 18% 2011 
Dominican 2010 8% 2012 Swiss 2000 22% 2000 
Egypt 1996 19% 1996 The U.S. 1990 28% 1990 
Egypt 2006 12% 2006 The U.S. 2000 23% 2000 
France 1990 15% 1995 The U.S. 2010 19% 2010 
France 1999 14% 1999 United Kingdom 1991 31% 1991 
France 2011 14% 2010 Uruguay 1996 15% 1996 
Greece 2001 14% 2004 Uruguay 2006 12% 2006 
Greece 2011 11% 2011 Uruguay 2011 13% 2010 
Honduras 2001 5% 2001 Venezuela 1990 12% 1989 
Hungary 1990 22% 1990 Venezuela 2001 2% 2001 
Hungary 2001 20% 2001 Vietnam 1989 23% 1989 
Hungary 2012 20% 2012 Vietnam 1999 19% 1998 
Indonesia 2010 14% 2008 Vietnam 2009 15% 2008 

Note: The table includes countries with available gender wage gap data. Gender wage gap (GWG) 
is the difference between male and female earnings divided by male wages. 
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Table 2. Summary Statistics  

 
1990s 2000s 2010s 

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Gender wage gap 0.18 0.07 0.13 0.08 0.16 0.06 

Employment rate 0.48 0.23 0.47 0.18 0.50 0.14 

Second birth is a twin  0.01 0.00 0.01 0.00 0.01 0.00 
Have more than two 
children  0.54 0.17 0.47 0.16 0.40 0.12 

Age 28.89 0.75 29.06 0.84 29.73 1.02 

Age at first birth 21.55 1.06 21.66 1.33 22.87 1.82 
Lower primary 
education  0.31 0.23 0.24 0.20 0.11 0.10 

Primary education 
only 0.39 0.19 0.39 0.18 0.31 0.21 

Secondary education 
only  0.30 0.22 0.36 0.21 0.42 0.16 

Tertiary education or 
above 0.05 0.06 0.07 0.06 0.18 0.10 

First birth is a boy  0.51 0.01 0.51 0.02 0.51 0.01 

Observations 25 30 17 
Notes: The samples consist of women aged 21-35 with at least two children from the 72 censuses 
shown in Table 1. 
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Table 3. The Association Between Motherhood Employment Penalty and Gender Wage Gap, Log 
GDP per capita, Gender Education Gap, Gini Coefficient 

 (1) (2) (3) 
 𝛽?-./. 𝛽?-./. ∆𝛽?-./. 
𝐺𝑊𝐺 -0.195** -0.421**  
   (0.096) (0.170)  
𝑙𝑛_𝐺𝐷𝑃 -0.020*** 0.004  
   (0.006) (0.027)  
𝐺𝐸𝐺 0.002 0.002  
 (0.039) (0.123)  
𝐺𝑖𝑛𝑖 0.003*** 0.002  
 (0.001) (0.002)  
 ∆𝐺𝑊𝐺   -0.390** 
   (0.146) 
∆𝑙𝑛_𝐺𝐷𝑃   -0.003 
   (0.016) 
∆𝐺𝐸𝐺   0.037 
   (0.109) 
∆𝐺𝑖𝑛𝑖   0.003 
   (0.002) 
Constant 0.039 -0.152 0.004 
   (0.069) (0.271) (0.012) 
Observations 71 71 35 
R2 0.547 0.915 0.412 
Partial R2 for 𝐺𝑊𝐺 or ∆𝐺𝑊𝐺 0.078 0.327 0.239 
Country FEs No Yes No 

Notes:  The standard errors are clustered at the country-level and are in parentheses *** p<0.01, ** 
p<0.05, * p<0.10. The 1991 U.K. census was excluded due to lack of information on educational 
attainment. 
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Appendix Figure A1. Sources of Gender Wage Gaps 

 
Notes: The authors calculate gender wage gaps in Vietnam and China from the Vietnam Household 
Living Standard Survey (VHLSS) and the China Health and Nutrition Survey (CHNS). 
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Appendix Figure A2: Cross-country and Within-country Associations Between Second Twin Birth 

and Female Employment Rate for All 1990s–2010s Samples in IPUMS-I

Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Appendix Figure A3: Distribution of Motherhood Employment Penalty Estimates for All 1990s–
2010s Samples in IPUMS-I 

 
Notes: The dashed lines indicate the sample means of estimates. 
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Appendix Figure A4: Motherhood employment penalty and maternity paid leave 

 
Notes:  The standard errors are clustered at the country-level and are in parentheses. 
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Appendix Table A1: Empirical Strategy to Identify the Motherhood Employment Penalty 
Authors Country and Year Data Outcome 

Twin birth instrument 
Bronars and 
Grogger (1994) 

The U.S. 1970 and 
1980 Census Employment, poverty 

and welfare 
Jacobsen et al. 
(1999)  

The U.S. 1970 and 
1980 Census Employment, hours of 

work, earnings 

Vere (2011) The U.S. 1980, 1990, 
2000 Census Employment, hours of 

work, earnings 
Cáceres-Delpiano 
(2012) 

40 developing 
countries 1994-2006 

Demographic and 
Health Surveys 

Employment, hours of 
work 

Baranowska-Rataj 
and Matysiak 
(2016) 

European countries 
2004-2011 

European Survey 
on Income and 
Living Conditions 

Employment, hours of 
work 

He and Zhu (2016) China 1990 and 2000 Census Employment 

Aaronson et al. 
(2017) 

103 countries 1787-
2015 

Census and 
Demographic and 
Health Surveys 

Employment 

Zhang (2017) Taiwan 2000 Census Employment 

Guo et al. (2018) China 2002-2003 Chinese Child Twin 
Survey 

Employment, hours of 
work, earnings 

Ajefu (2019) Nigeria 2008-2013 Demographic and 
Health Surveys Employment 

Siblings’ sex instrument 
Angrist and Evans 
(1998) 

The U.S. 1980 and 
1990 Census Employment, hours of 

work, earnings 
Cruces and Galiani 
(2007) 

Argentina 1991 and 
Mexico 2000 Census Employment 

Cools et al. (2017) Norway 1970-2001 Norwegian 
Administrative data 

Employment, hours of 
work, earnings 

Fontaine1 (2017) Réunion Island and 
France 2004-2012 Census Employment 

Bisbee et al. (2017) 53 countries 1960-
2010 Census (IPUMS) Employment 

Dehejia et al. 
(2019) 

53 countries 1960-
2007 Census (IPUMS) Employment 

Fertility shock 

Cristia (2008) The U.S. 1995 National Survey of 
Family Growth Employment 

Agüero and Marks 
(2011) 

6 Latin American 
countries2 1994-1998 

Demographic and 
Health Surveys Employment 

Lundborg et al. 
(2017) Denmark 1994-2005 Denmark 

Administrative data Employment, earnings 
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(Continued) Appendix Table A1: Empirical Strategy to Identify the Motherhood Employment 
Penalty 

Policy reforms 

Bailey (2006) The U.S. 1977 and 
1995 

Current Population 
Survey 

Employment, hours of 
work 

Bloom et al. (2009) 97 countries 1960-
2000 Country level data3 Employment 

González (2013) Spain 2000-2009 Spanish 
Administrative data Employment 

Edlund and 
Machado (2015) 

The U.S. 1977 and 
1995 

Current Population 
Survey Employment 

Bentancor and 
Clarke (2017) Chile 2006-2012 Chilean 

Administrative data Employment 

Ginja et al. (2020) Sweden 1970-2013 Swedish 
Administrative data Employment 

Event Study Design 
Lundberg and Rose 
(2000) The U.S. 1980-1992 Panel Study of 

Income Dynamics Hours of work, earnings 

Kleven et al. (2019) Denmark 1980-2013 Danish 
Administrative data 

Employment, hours of 
work, earnings 

Note 1: Fontaine (2017) employs both the siblings’ sex and twin birth instrument. 
Note 2: The sample includes Peru 1996, Guatemala 1998, Colombia 1995, Bolivia 1994 and 1998, 
Nicaragua 1998, and the Dominican Republic 1996. 
Note 3: Bloom et al. (2009) use non-balanced 5-year panel data between 1960 and 2000. Female 
labor force participation data are from International Labour Organization, fertility data are from 
World Development Indicators, national abortion legislation data are from United Nations. 
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Appendix Table A2: Motherhood Employment Penalty Estimates for All1990s–2010s Samples in 
IPUMS-I  

Country Year OLS IV F-Stat 
Argentina 1991 -0.099 (0.003) -0.023 (0.028) 1302 
Argentina 2001 -0.092 (0.003) -0.051 (0.027) 1131 
Armenia 2001 0.055 (0.009) 0.062 (0.072) 220 
Armenia 2011 0.036 (0.010) -0.132 (0.057) 342 
Austria 1991 -0.110 (0.007) -0.136 (0.051) 456 
Austria 2001 -0.135 (0.008) -0.190 (0.049) 530 

Bangladesh 1991 -0.020 (0.001) 0.031 (0.009) 2969 
Bangladesh 2001 -0.015 (0.001) 0.115 (0.009) 6042 
Bangladesh 2011 -0.017 (0.001) 0.009 (0.007) 4542 

Belarus 1999 -0.090 (0.007) 0.013 (0.030) 1270 
Belarus 2009 -0.159 (0.009) -0.030 (0.040) 648 
Benin 1992 -0.016 (0.007) 0.003 (0.088) 182 
Benin 2002 -0.013 (0.006) -0.134 (0.070) 243 

Bolivia 1992 -0.048 (0.007) -0.070 (0.129) 74 
Bolivia 2001 -0.074 (0.006) -0.013 (0.082) 170 

Botswana 1991 -0.089 (0.017) 0.113 (0.150) 62 
Botswana 2001 -0.109 (0.015) 0.032 (0.104) 103 
Botswana 2011 -0.082 (0.015) -0.018 (0.095) 117 

Brazil 1991 -0.079 (0.002) -0.036 (0.016) 3635 
Brazil 2000 -0.081 (0.002) -0.039 (0.014) 5658 
Brazil 2010 -0.098 (0.002) -0.018 (0.013) 6320 

Burkina Faso 1996 0.016 (0.005) -0.056 (0.070) 232 
Burkina Faso 2006 0.025 (0.004) 0.001 (0.058) 384 

Cambodia 1998 0.005 (0.004) -0.178 (0.074) 184 
Cambodia 2008 -0.008 (0.003) 0.022 (0.036) 375 
Cameroon 2005 0.009 (0.005) -0.100 (0.051) 547 

Canada 2011 -0.138 (0.008) -0.124 (0.043) 546 
Chile 1992 -0.074 (0.003) -0.052 (0.022) 1112 
Chile 2002 -0.079 (0.004) -0.040 (0.033) 735 
China 1990 0.001 (0.001) -0.031 (0.009) 6430 
China 2000 -0.002 (0.001) 0.002 (0.007) 13671 

Colombia 1993 -0.092 (0.002) 0.043 (0.021) 1975 
Colombia 2005 -0.070 (0.002) -0.017 (0.021) 1676 
Costa Rica 2000 -0.091 (0.007) 0.030 (0.063) 194 
Costa Rica 2011 -0.066 (0.008) -0.038 (0.067) 209 

Cuba 2002 -0.059 (0.006) -0.004 (0.031) 1167 
Dominican Republic 2002 -0.026 (0.006) 0.026 (0.042) 646 
Dominican Republic 2010 -0.063 (0.005) 0.024 (0.049) 439 

Ecuador 1990 -0.073 (0.005) -0.057 (0.060) 238 
Ecuador 2001 -0.068 (0.004) -0.102 (0.044) 448 
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Ecuador 2010 -0.090 (0.004) -0.071 (0.045) 530 
Egypt 1996 -0.004 (0.001) -0.013 (0.013) 2415 
Egypt 2006 -0.004 (0.001) -0.000 (0.011) 4867 

El Salvador 1992 -0.123 (0.006) -0.075 (0.080) 144 
El Salvador 2007 -0.076 (0.006) -0.059 (0.046) 523 

Ethiopia 1994 -0.013 (0.002) -0.082 (0.056) 443 
Ethiopia 2007 0.005 (0.001) 0.058 (0.026) 1245 

Fiji 1996 -0.006 (0.017) 0.242 (0.185) 34 
Fiji 2007 -0.026 (0.018) -0.101 (0.151) 32 

France 1999 -0.262 (0.004) -0.079 (0.026) 1638 
France 2006 -0.244 (0.002) -0.089 (0.010) 9845 
France 2011 -0.232 (0.002) -0.079 (0.011) 8819 
Ghana 2000 0.015 (0.004) 0.018 (0.026) 194 
Ghana 2010 -0.006 (0.003) 0.001 (0.024) 209 
Greece 1991 -0.053 (0.006) -0.062 (0.029) 1317 
Greece 2001 -0.050 (0.008) -0.107 (0.037) 974 
Greece 2011 -0.082 (0.009) -0.042 (0.039) 754 
Guinea 1996 0.003 (0.006) -0.229 (0.066) 283 
Haiti 2003 -0.023 (0.007) -0.190 (0.070) 205 

Honduras 2001 -0.083 (0.006) 0.090 (0.070) 180 
Hungary 1990 -0.332 (0.008) -0.115 (0.043) 669 
Hungary 2001 -0.425 (0.008) -0.064 (0.052) 380 
Hungary 2012 -0.360 (0.011) -0.136 (0.070) 204 

India 1993 -0.029 (0.005) -0.084 (0.102) 90 
India 2004 -0.030 (0.005) 0.016 (0.078) 160 
India 2009 -0.031 (0.006) -0.017 (0.077) 133 

Indonesia 1990 -0.083 (0.005) -0.150 (0.079) 185 
Indonesia 2000 -0.025 (0.001) 0.000 (0.010) 12094 
Indonesia 2010 -0.056 (0.001) -0.030 (0.010) 10347 

Iran 2006 -0.017 (0.003) 0.010 (0.023) 674 
Iran 2011 -0.013 (0.002) -0.040 (0.012) 1187 
Iraq 1997 -0.011 (0.003) 0.023 (0.036) 382 

Ireland 2011 -0.169 (0.011) -0.202 (0.076) 136 
Jamaica 1991 -0.145 (0.010) -0.031 (0.084) 140 
Jamaica 2001 -0.121 (0.012) -0.002 (0.100) 105 
Jordan 2004 -0.028 (0.005) 0.009 (0.083) 90 
Kenya 1999 -0.004 (0.004) 0.033 (0.052) 366 
Kenya 2009 -0.010 (0.002) 0.013 (0.029) 1158 
Kyrgyz 1999 0.078 (0.007) 0.011 (0.090) 124 
Kyrgyz 2009 -0.044 (0.007) 0.014 (0.091) 123 
Lesotho 1996 -0.068 (0.012) -0.027 (0.112) 67 
Lesotho 2006 -0.068 (0.013) 0.211 (0.138) 55 
Liberia 2008 0.009 (0.010) -0.046 (0.089) 142 
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Malawi 1998 -0.006 (0.004) 0.010 (0.047) 340 
Malawi 2008 -0.005 (0.004) -0.090 (0.055) 466 

Malaysia 1991 -0.119 (0.009) -0.138 (0.109) 85 
Malaysia 2000 -0.090 (0.008) 0.284 (0.093) 136 

Mali 1998 -0.005 (0.006) -0.148 (0.066) 336 
Mali 2009 -0.005 (0.005) 0.052 (0.066) 388 

Mexico 1990 -0.087 (0.001) 0.007 (0.019) 1807 
Mexico 2000 -0.085 (0.001) 0.052 (0.017) 3236 
Mexico 2010 -0.086 (0.001) 0.034 (0.015) 3822 

Mongolia 2000 -0.009 (0.009) -0.000 (0.114) 77 
Morocco 1994 -0.022 (0.004) 0.027 (0.054) 204 
Morocco 2004 -0.003 (0.003) -0.009 (0.036) 356 

Mozambique 1997 -0.015 (0.004) -0.168 (0.053) 418 
Mozambique 2007 0.025 (0.003) -0.044 (0.046) 535 

Nicaragua 1995 -0.080 (0.007) 0.036 (0.086) 165 
Nicaragua 2005 -0.075 (0.006) 0.090 (0.065) 270 

Nigeria 2006 -0.007 (0.013) -0.140 (0.106) 82 
Nigeria 2010 -0.047 (0.016) -0.019 (0.152) 45 
Panama 1990 -0.078 (0.009) 0.042 (0.090) 102 
Panama 2000 -0.087 (0.009) 0.143 (0.096) 106 
Panama 2010 -0.088 (0.009) -0.010 (0.091) 116 

Papua New Guinea 1990 -0.023 (0.008) -0.223 (0.095) 145 
Papua New Guinea 2000 -0.007 (0.006) 0.014 (0.061) 230 

Paraguay 1992 -0.092 (0.007) -0.013 (0.096) 70 
Paraguay 2002 -0.107 (0.007) 0.067 (0.094) 115 

Peru 1993 -0.059 (0.003) -0.030 (0.041) 482 
Peru 2007 -0.074 (0.003) -0.041 (0.032) 914 

Philippines 1990 -0.060 (0.002) 0.089 (0.032) 1168 
Philippines 2000 -0.039 (0.002) 0.023 (0.012) 4898 
Philippines 2010 -0.064 (0.002) 0.010 (0.020) 2060 

Poland 2002 -0.078 (0.003) -0.023 (0.022) 2255 
Portugal 1991 -0.151 (0.010) -0.018 (0.054) 407 
Portugal 2001 -0.136 (0.013) -0.011 (0.056) 395 
Portugal 2011 -0.198 (0.015) -0.041 (0.063) 296 

Puerto Rico 1990 -0.114 (0.010) -0.034 (0.095) 86 
Puerto Rico 2000 -0.059 (0.011) -0.080 (0.070) 123 

Romania 1992 0.012 (0.004) -0.155 (0.064) 1238 
Romania 2002 -0.011 (0.005) -0.019 (0.069) 1488 
Romania 2011 -0.135 (0.003) -0.070 (0.028) 976 
Rwanda 2002 -0.116 (0.005) -0.062 (0.030) 159 
Rwanda 2012 -0.093 (0.006) -0.035 (0.034) 246 
Senegal 2002 0.001 (0.006) 0.061 (0.061) 346 

Sierra Leone 2004 -0.007 (0.008) 0.044 (0.059) 291 
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South Africa 1996 -0.139 (0.003) -0.119 (0.021) 1981 
South Africa 2001 -0.106 (0.003) -0.103 (0.019) 2169 
South Africa 2011 -0.088 (0.003) -0.086 (0.018) 2687 
South Sudan 2008 -0.001 (0.008) -0.041 (0.107) 119 

Spain 1991 -0.090 (0.004) -0.072 (0.025) 1439 
Spain 2001 -0.060 (0.007) -0.032 (0.027) 1971 
Spain 2011 -0.080 (0.008) -0.069 (0.034) 1382 
Sudan 2008 0.000 (0.002) 0.081 (0.033) 987 

Switzerland 1990 -0.114 (0.011) -0.005 (0.081) 162 
Switzerland 2000 -0.168 (0.013) -0.104 (0.105) 108 

Tanzania 2002 0.012 (0.002) -0.043 (0.026) 1460 
Tanzania 2012 0.011 (0.002) -0.084 (0.024) 1905 
Thailand 1990 -0.020 (0.006) -0.058 (0.048) 334 
Thailand 2000 -0.044 (0.006) 0.016 (0.033) 533 
The U.S. 1990 -0.165 (0.002) -0.088 (0.012) 7289 
The U.S. 2000 -0.135 (0.002) -0.069 (0.011) 8585 
The U.S. 2010 -0.136 (0.004) -0.048 (0.028) 1289 

Trinidad & Tobago 2000 -0.074 (0.018) -0.102 (0.128) 56 
Trinidad & Tobago 2011 -0.107 (0.021) 0.150 (0.183) 30 

Turkey 1990 0.077 (0.003) 0.232 (0.032) 1314 
Turkey 2000 0.061 (0.003) 0.144 (0.024) 2230 
Uganda 1991 -0.005 (0.004) -0.099 (0.066) 330 
Uganda 2002 -0.006 (0.004) 0.075 (0.053) 618 

United Kingdom 1991 -0.243 (0.008) -0.232 (0.060) 276 
Uruguay 1996 -0.126 (0.010) -0.155 (0.090) 119 
Uruguay 2006 -0.161 (0.012) -0.033 (0.110) 81 
Uruguay 2011 -0.156 (0.011) -0.112 (0.104) 95 

Venezuela 1990 -0.105 (0.003) -0.072 (0.027) 1013 
Venezuela 2001 -0.101 (0.003) -0.057 (0.031) 981 
Vietnam 1989 0.006 (0.002) -0.070 (0.039) 692 
Vietnam 1999 0.021 (0.003) -0.060 (0.028) 1102 
Vietnam 2009 -0.011 (0.001) -0.031 (0.008) 8597 
Zambia 2000 -0.031 (0.006) -0.221 (0.066) 327 
Zambia 2010 0.032 (0.005) 0.026 (0.066) 348 

Zimbabwe 2012 0.041 (0.007) -0.022 (0.065) 272 
Notes. Robust standard errors are in parentheses. 
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