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ABSTRACT

While in the last few decades, we have witnessed a significant reduction in extreme

poverty in the developing world, the progress has been slow and uneven for women and

girls. The disadvantages experienced by women manifest as gender gaps in not just stan-

dard poverty measures but also in investments that would help them overcome poverty.

This dissertation applies the tools of economic analysis to study decisions that affect such

investments and explores how gender gaps in opportunities for women emerge and sustain.

The first chapter analyzes how an early onset of menstruation (menarche) affects

schooling in India. While female schooling is an important end in itself, this research on

the impact of menarche has consequences for understanding the link between early nutri-

tion, education, and income: improvements in early nutrition cause improvements in later

life outcomes, but they also lead to earlier menarche. In cultural contexts where menarche

impedes girls’ access to education, the link between better nutrition, schooling, and later

life outcomes may be attenuated. I study this question using data from India, a context

where menarche marks a girl’s transition from childhood to womanhood; after menarche,

her family’s honor is inextricably linked to her behavior. To estimate the causal effect of

menarche on school enrollment, I use a longitudinal dataset that tracks a single cohort

of children throughout their childhood, adolescence, and early adulthood and exploit the

variation in the timing of menarche within this cohort to show that reaching menarche

before age 12 leads to a steep decline in school enrollment.

The second chapter (co-authored with Nishtha Kochhar) studies the marriage market

response to the flooding of the river Kosi in 2008 in Bihar, a state with some of the highest
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child marriage rates and poverty in India. To identify marriage market responses to the

Kosi floods, we examine marriages formed after the Kosi floods with those formed before

the Kosi floods across the affected and unaffected districts in a difference-in-differences

framework. This chapter’s key result is that Kosi floods increase male and female child

marriage incidence. This study highlights the institution of marriage as a channel through

which disasters may have a long-lasting impact on women. Thinking about policy responses

that will decouple child marriage and natural disasters becomes especially critical today

when Eastern India is experiencing more frequent flooding events.

The third chapter (co-authored with Milan Thomas) is a descriptive study that shows

that between one-third to one-half of the total variation in children’s time use is explained

by the variation within their household. This chapter documents a gendered gap in the inci-

dence of time poverty among children across the wealth distributions of four very diverse

developing countries (Ethiopia, India, Vietnam, and Peru). These findings relate to the lit-

erature on the time poverty of women in developing countries and have implications for

promoting gender equality under Sustainable Development Goal target 5.4 on unpaid care

and domestic work.
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CHAPTER 1

THE PRECOCIOUS PERIOD: IMPACT OF EARLY MENARCHE ON SCHOOLING IN INDIA

“It is a vicious circle. Women are deprived of rights because of their lack of education, and

their lack of education results from their lack of rights.”

-Leo Tolstoy (in Anna Karenina)

1.1 INTRODUCTION

Starting with adolescence and continuing into early adulthood, this is a period of critical

transitions for girls in India. It is a defining phase when girls start menstruating, a crit-

ical biological change in their bodies that also has immense social significance. The onset

of menstruation (menarche) completely alters the norms of a girl’s engagement with her

family and her community (Seymour, 1999). Menarche also signifies the beginning of a

critical period in her life when “she has acquired the capability to reproduce, but she has no

authority to do so”, and her “vulnerability is at its peak” (Dube, 1988). Once a girl reaches

menarche, her family’s honor is associated with its capacity to maintain their daughter’s

virginity. To ensure their daughter’s safety, parents often restrict her mobility.

In the Indian milieu, by marking her readiness for reproduction, menarche also relaxes

the socio-biological constraint on a girl’s marriage. The previous literature used menarche

to isolate the exogenous variation in the timing of marriage while estimating the latter’s

effect on a host of policy-relevant outcomes. This strategy was first used by Field and

Ambrus (2008), who examine cohorts born between 1951 and 1970 in Bangladesh when
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minimum age laws were still not binding. Subsequently, many papers have followed this

strategy to explore the effect of early marriage on a variety of outcomes for younger cohorts,

in (Chari et al., 2017; Dhamija and Roychowdhury, 2020; Roychowdhury and Dhamija,

2018; Sekhri and Debnath, 2014) and outside India (Cantet, 2019; Hicks and Hicks, 2019;

?).

However, over time, while the age at marriage has increased,1 age at menarche has

fallen.2 With the increasing gap between the age at menarche and age at marriage, it is con-

ceivable that menarche may also directly affect margins other than the marriage decision.

In this paper, I explore this possibility by examining if the familial and societal responses

to menarche in India immediately affect girls’ school enrollment. I start by characterizing

the relationship between early menarche and schooling in a conceptual framework where

the parents decide on the optimal years of education and age at marriage for their daughter.

The empirical evidence is consistent with the predictions of this framework and shows that

an early onset of menstruation decreases school enrollment.

The primary empirical challenge of estimating the impact of menarche is that girls expe-

rience many transitions, such as the transition to secondary schooling and increased burden

of housework, during this time period. Any association between menarche and enrollment

also reflects these confounding changes. To isolate the causal impact of menarche, I exploit

the variation in the timing of menarche of a cohort of 1,000 children in the state of Andhra

Pradesh (now Andhra Pradesh and Telangana) between two survey rounds. More specif-

ically, I use the enrollment status of those girls who had not reached menarche by age

1In the India Human Development Survey (IHDS) conducted in 2011-12, the average age at
marriage for those who were born before 1970 was 17.5 years, and those who were born between
1985 and 1990 was 18.6 years. Jensen and Thornton (2003) use data from various Demographic and
Health Surveys (which are less prone to recall bias) and show that the average age at marriage was
just over sixteen for cohorts born in 1965-1970.

2In the IHDS conducted in 2011-12, age at menarche has dropped by a month across cohorts
borns before 1970 and those born after 1985. Figure A.2.1 confirms that the difference between
ages at marriage and menarche has widened over time in India.
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12 as the counterfactual for those who experienced earlier menarche in an individual fixed-

effects model.3 The main result of this paper is that reaching menarche before age 12 causes

a 14.3% decrease in school enrollment rate (equivalent to a 13% point decrease over the

counterfactual enrollment rate of 90.6%).

Using the children’s self-reports of their aspirations, I also show that reaching menarche

before 12 increases a girl’s desire to become a full-time parent or housewife.4 While the

construction of identity is critical as an outcome by itself, it can have consequences beyond

the primary outcome studied in this paper. For instance, a woman’s sense of self shapes her

labor market outcomes (Bertrand, 2011; Olivetti et al., 2020).

Early menarche also has effects that persist well into early adulthood. Consistent with

the existing literature (Desai and Andrist, 2010; Field and Ambrus, 2008), I find that girls

who reach menarche before 12 are 11% more likely to be married at twenty-two, about

a year younger than their peers. However, of those who reached menarche before age 12,

55% were not married by 19, and 35% were still not married at 22. These patterns confirm

that socio-cultural norms around menarche and marriage for younger cohorts are different

from those for the sample in Field and Ambrus (2008) where 70% of the women had

been married within two years of their menarche. Therefore, age at menarche may not

be an appropriate instrument for the timing of marriage for younger cohorts. Using the

methodology proposed by Conley et al. (2012), I show that the two-stage least squares

estimate that use the timing of menarche to instrument for the timing of marriage is not

stable. The estimated confidence intervals around the two-stage least squares estimates

under plausible violations in the exclusion restriction assumption are wide and contain

zero.
3In this sample, a little more than a quarter of the surveyed girls had reached menarche before

age 12.
4This may be the direct effect of menarche or the effect of altered norms of interacting with her

family and community after menarche.
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Finally, girls are more likely to drop out of school after menarche if they reside in

communities with a lower average perception of safety among children or if they belong to

castes with restrictive gender norms. By locating an increase in dropout rates at menarche,

these results suggest that gender-specific social norms and concerns for safety are amplified

after this one event. As such, policy responses to higher dropout rates among adolescent

girls should address their safety concerns and challenge gender-based cultural norms. At the

same time, I find that the negative impact of menarche on the enrollment rate is attenuated

in communities with higher expected wages for female-dominated professions. By and

large, the findings of the paper are consistent with the view of Jayachandran (2015) that

it is the interaction between cultural norms and local economic opportunities that drives

female educational attainment.

When combined with different strands of literature on menarche, nutrition, and later-

life outcomes, the key result of this paper implies that the path from nutritional gains

in childhood to later life outcomes might be more complex for girls. First, it is well-

established that better-nourished girls typically reach menarche before other girls in their

cohort (see Villamor and Jansen (2016) for a review on correlates of menarcheal timing). In

this sample, too, taller and heavier girls reach menarche before others in their cohort. There-

fore, nutritional interventions aimed at adolescent girls can affect the timing of menarche.

For instance, Barham et al. (2018) find that when girls joined a conditional cash transfer

program in Nicaragua between eleven and fourteen, they had earlier menarche. Next, there

is also considerable evidence that improvements in childhood nutrition improve later life

outcomes through complementarities between nutrition and learning across ages (see for

instance Cunha and Heckman (2007), Attanasio and (2015), and Currie and Almond (2011)

for a review). Therefore, the timing of exposure to social programs may have additional

effects due to the induced changes in girls’ biology. In other words, providing transfers in

early adolescence can have second-order effects through its impact on the age of menarche.

4



Indeed, in Nicaragua, the group that had earlier menarche due to receiving conditional cash

transfers before others also had higher fertility and lower labor force participation than

those who joined the program earlier (Barham et al., 2018).

Some patterns in this paper’s estimation sample also suggest that early menarche might

attenuate the symbiotic relationship between early nutrition and learning: those who reach

menarche before age 12 are not only taller and heavier than other girls, but they also out-

perform other girls at math tests and perform as well as boys in their cohort.5 However,

these girls are also more likely to drop out of school. By age fifteen, they lose any learning

advantage they might have had on account of being healthier and fall behind boys in cog-

nitive tests. Thus, if certain milieu foster gender-restrictive norms such that early menarche

impedes schooling, gains from nutrition may be undermined for girls, and early menarche

becomes another channel that fosters and sustains gender gaps in human development.

This paper contributes to several strands of the literature. First, it contributes to the

literature that studies the association between menstruation and schooling. Previously, the

association between schooling and menarche has been explored in correlational or studies

(Glynn et al., 2010; Mason et al., 2013; Prakash et al., 2017; Ramanaik et al., 2018;

Sommer, 2010; Udry and Cliquet, 1982), in self-reports (Sivakami et al., 2019), or by

demonstrating the importance of interventions that relate to girls’ needs when they are

menstruating (Adukia, 2017). This paper augments the literature by explicitly establishing

a direct causal link between the onset of menstruation and school enrollment.

Next, this paper is also related to the literature on the association between menstruation

and attendance (workplace or school), where the existing evidence is far from conclusive.

Ichino and Moretti (2009)’s result that menstruation increases female worker absenteeism

in Italy has since been refuted in a replication study (Herrmann and Rockoff, 2012). In

5These tests were administered to all the surveyed children, and not just those who were in
school.

5



addition, Herrmann and Rockoff (2012) do not find any effect of menstruation on absen-

teeism among public school teachers in New York City. Oster and Thornton (2011) find

that menstruation accounts for only 0.4 missed school days in a 180-day school year in

Nepal. In line with the evidence presented in Oster and Thornton (2011), I provide sug-

gestive evidence that while menarche affects enrollment, it may have a limited effect on

school attendance. In this paper’s context, if enrolled at 12, girls’ menarche status is not

correlated with their time at school. Taken together with the result of the negative effect of

early menarche on school enrollment, these patterns imply that one is looking at a selected

sample of girls when examining the association between menstruation and attendance.

Finally, this paper also complements and adds to the literature on the determinants

of female schooling, and consequently, the gender gap in enrollment in South Asia. The

debate on the correlation between economic development and the gender gap in enrollment

is not conclusive. While Sundaram and Vanneman (2008) find a significant relationship

between per capita income and gender gap in school enrollment, Filmer et al. (1999) do not

find a consistent positive association. Besides economic development, many factors affect

female schooling, including the burden of housework (Sundaram and Vanneman, 2008),

lower returns to female education (Behrman et al., 1999; Chamarbagwala, 2008), and the

social barriers that impede access to schooling due to caste-based allocation of schooling

infrastructure (Jacoby and Mansuri, 2011). In this paper, I identify a biological driver of the

decrease in school enrollment during adolescence: the onset of menstruation (menarche).

The rest of the paper is organized as follows. Section 3.2 describes the socio-cultural

norms surrounding menarche in India, and Section 1.3 presents the underlying concep-

tual framework. Section 3.3 describes the data followed by a discussion on the empir-

ical strategy in Section 1.5. Section 3.4 presents the results describing the impact of early

menarche on enrollment and discusses robustness checks and heterogeneity. Section 2.8
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examines the relationship between age at menarche and other critical outcomes. Section

3.5 discusses the results and conclusion.

1.2 CONTEXT

Despite being a ubiquitous and regularly occurring experience for women, menstruation is

surrounded by various myths and taboos. This is especially true in South Asia where these

myths and taboos continue to define women’s day-to-day activities. The origin of myth-

ical narratives around menstruation can be traced back to Rig Veda which was composed

between 1500 and 1200 BC (Chawla, 1994). When Lord Indra slayed a high caste demon,

Vritra, part of Indra’s guilt was assumed by womankind. His guilt appears every month in

the form of their menstrual flow, and menstruation is considered ritually impure.

The notion of menstruation’s ritual impurity is most evident in taboos and cultural prac-

tices that confine the scope of women’s daily lives. For instance, women are not supposed

to enter the kitchen or the prayer room during their menses. Some dietary restrictions, such

as the prohibition of sour food, are also followed during menstruation (Garg and Anand,

2015; Garg et al., 2001). In some communities, young girls are instructed to stay away from

water sources during their menses since they will pollute it (Mahon and Fernandes, 2010).

Menarche is believed to mark a girl’s transition into womanhood in South Asia. Now

that she is a woman, her parents must plan her marriage. Delayed marriage signifies the

failure of a girl’s parents to discharge their duties (ICRW and Plan Asia, 2013). According

to the religious scriptures, by performing the act of kanyadan, or handing over his daughter

to her husband, the bride’s father earns good virtues. However, if the girl is perceived to

be “unrestrained”, it would not be easy to arrange her marriage (Dube, 1988). Parents have

to safeguard her virginity until the day of her wedding. Now that she is a woman, she is

more vulnerable to sexual harassment and is observed more carefully by the community
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members (Singh and Vennam, 2016). Her mobility and the extent and the scope of her

interactions are restricted (Seymour, 1999). To further unpack the relevance of the socio-

cultural role of menarche in explaining the key results of this paper, the rest of this section

discusses evidence from Vennam and Komanduri (2009), a report based on qualitative data

collected from the cohort under consideration. Vennam and Komanduri (2009) use exten-

sive qualitative data collected from children from every sampling site to discuss the critical

transitions experienced by children between the ages of eight and fifteen.6

Families celebrate their daughters’ menarche by hosting a meal for their relatives and

friends within the community. Girls are kept at home for five to seven days after menarche.

They are not allowed to touch any person during this period. Some families continue

secluding their daughters during her menses period, even after menarche. After menarche,

girls in Muslim communities may wear a burqa, and in Hindu communities, long skirts and

saris instead of their usual clothes. They are no longer allowed to go out alone, even for

short distances. Mothers explain that if their daughters do not adhere to these restrictions,

the community might disapprove, and this will affect their marriage prospects. Importantly,

parents are preoccupied with preparing their daughters for marriage and with approval from

the local community.

Restrictions on mobility as a result of menarche are entwined with the schooling deci-

sion. One girl explains that now she wears a burqa while going to school to avoid unwanted

attention. Girls report being eve-teased, a colloquial term for public sexual harassment, on

their way to school. In sum, menarche characterizes tremendous changes in a girl’s life that

go well beyond the biological changes.

6See Section 3.3 for a detailed discussion of the sampling strategy.
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1.3 CONCEPTUAL FRAMEWORK

Drawing on the discussion on the socio-cultural role of menarche in a girl’s life in Section

3.2, this section describes a simple framework of how the onset of menstruation can affect

her education and age at marriage. This framework has two goals. First, it describes a setup

under which menarche affects schooling. Second, it derives testable implications for the

heterogeneous impact of menarche on schooling. This framework has to be qualified in

several respects. The choice problem is static and conceptualized in a unitary household

setup.7

Formally, I model parents’ choice of length of schooling, and consequently, the age

at dropout (e) and age at marriage (a). The age at menarche (m) is a component of this

decision-making process because menarche increases the cost of attending school for the

girl. This formulation draws from the discussion in Section 3.2 and captures the safety and

the social cost of having an unmarried daughter who she goes to school.

Parents’ utility maximization problem is as follows:

max
{e,a}

ωb(e)+ v(a)− c(e,max{a−m,0})

subject to

(1) a≥ m

(2) a≥ e

where ωb(e) is the direct benefit to the parents from their daughter’s education and her

time at her natal home before marriage, which is strictly increasing (b1 > 0) and concave

(b11 < 0). ω captures the future monetary returns the benefits from education. Next, v(a)

denotes the gain from delaying the marriage, which is increasing (v1 > 0) up to some age,

7The choice of a static model is also driven by the nature of the empirical exercise where I am
examining changes in enrollment status across two consecutive survey rounds.
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ā, and then starts decreasing; delaying marriage beyond some age would entail negative

returns.8 Further, v(a) is concave: (v11 < 0). Education is costly, so is delaying marriage

after attaining menarche (m): c(e,max{a−m,0}). The cost function is increasing (c1 > 0

and c2 > 0) and convex (c11 > 0 and c22 > 0). One can think of max{a−m,0} as the

reputation, or the bad reputation, that the girl may build once she crosses the threshold

of womanhood and still lives in her natal home. As discussed above, traveling to school

and socializing with boys (arguably at school) amplifies the reputation cost after menarche:

c12 > 0.

Menarche is a lower bound on the age at marriage as described by the constraint a≥m.

In addition, a girl cannot continue her education after marriage; this feature of the choice

problem is described by the second constraint, that is, a≥ e.

Consider the interior solution where a > m and a > e.9 10 The relationship between

years of education and age at menarche is:11

8Rao (1993) discusses that there is a pressure on women to get married within an acceptable age
range, and it becomes increasingly difficult to find a match once they are past a certain age. In this
setup, after ā, the gain from delaying the marriage is only by allowing the daughter to remain in
school and she will be married off as soon as she drops out.

9Consider the case wherein the first constraint (a ≥ m) is binding. In this case, as the age at
menarche increases, the binding constraint on the age of marriage is tightened, increasing the age
at marriage. If the girl is already out of school, her education is not affected. However, if she is
currently in school, she will drop out since a ≥ e. Indeed, this is the case discussed in Field and
Ambrus (2008). However, for the state of Andhra Pradesh, the median length of time between when
the girl reaches menarche and when she gets married is five years, suggesting that the constraint is
not binding (see Section 3.3 for details of data used in the study.).

10Consider when the second constraint (a ≥ e) is binding. In this case, the optimal level of edu-
cation is more than the age of marriage. Higher age at menarche will increase the age at marriage,
and therefore education; this is an additional channel (beyond safety and privacy) through which
menarche could affect education. Predictions on the effect of menarche that are described below
will still hold.

11Second-order conditions associated with the interior solution are: (1) ωb11− c11 < 0, (2) v11−
c22 < 0, and (3) (ωb11− c11)(v11− c22)− (c12)

2 > 0. These conditions hold under the assumptions
of the framework described above.
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∂e(m)

∂m
=

−v11c12

(ωb11− c11)(v11− c12)− c2
12

> 0. (3.1)

Prediction 1: Completed years of schooling is increasing in the age at menarche. Therefore,

girls are more likely to drop out of school after menarche.

Note that ∂e(m)
∂m is higher if c12 increases. More intuitively, the safety concerns and

reputation costs are higher for those girls who reach menarche before their peers since

they enter they cross the believed threshold of womanhood sooner when still not married.

Although the primary contribution of the paper is to estimate the effect of early menarche

on school enrollment, I also discuss suggestive evidence on the effect of later menarche.

Prediction 2: The effect of the onset of menstruation on schooling, if any, is smaller for

girls who reach menarche later than their peers.

This framework can also be used to derive implications for heterogeneity in the impact

of early menarche on school enrollment along some policy-relevant dimensions. Consider

two communities A and B such that the complementarity between education and delay in

marriage beyond menarche is stronger in community A. In other words, the safety and

social costs of attending school after menarche are higher in community A. Note that

∂e(m)/∂m|A > ∂e(m)∂m|B; the relationship between menarche and education is stronger

in community A than in community B.

Prediction 3: The decrease in enrollment due to early menarche is more pronounced if the

safety or reputation costs are more pertinent.

Next, consider the returns to education realized by parents. In this setup, ω captures

the monetary returns to daughter’s education. Consider ωA and ωB such that ωA > ωB;

higher ω denotes a higher returns to education, including the returns realized in the labor
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market. Note that ∂e(m;ωA)/∂m< ∂e(m;ωB)/∂m, that is, the relationship between the age

at menarche and education is weaker when the returns to education are higher. Thus, the

prediction for the heterogeneity in the impact of early menarche along returns to education

is as follows:

Prediction 4: The decrease in enrollment due to early menarche is abated if the potential

returns to education are higher.

Lastly, the relationship between age at marriage and age at menarche is:

∂a(m)

∂m
=

−c22(ωb11− c11)− c2
12

(ωb11− c11)(v11− c12)− c2
12

> 0. (3.2)

To summarize, this framework shows that as long as a girl experiences substantial safety

and reputation costs of attending school after menarche, earlier menarche decreases school

enrollment. The effect of a later onset of menstruation, if any, will be smaller. Therefore,

this framework provides an intuitive and parsimonious setup to interpret the main results

of this paper.

1.4 DATA

This paper uses data collected by the Young Lives longitudinal study that follows two

cohorts of children in Andhra Pradesh over the course of their childhood, and focuses on

the older cohort that was born in 1994-95.12 Within each sampling site, households were

screened to compile a list of eligible children (aged eight in 2001). From this sampling site-

level list, a sample of 50 children born between January 1994 and June 1995 was randomly

selected.
12Andhra Pradesh was split into Andhra Pradesh and Telangana in 2014. Appendix C.1 describes

the administrative and the socio-cultural context of the state of Andhra Pradesh.
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The Young Lives study tracks children in the same cohort over their childhood, ado-

lescence, and early adulthood. Therefore, it is ideal for implementing the identification

strategy used in this paper given that it exploits the variation in the timing of menarche.13

The Young Lives study also collected detailed socioeconomic and demographic data from

household, child and community surveys. In particular, primary care-givers were asked

about consumption expenditure, economic shocks and their perceptions of children’s health

status. Children took standardized tests that measure their cognitive ability, and were also

interviewed about important aspects of their experiences like schooling, time use, aspira-

tions, social networks and their perceptions of the social milieu. Children were also asked

about their marital outcomes in later survey rounds. Community surveys were conducted

through focus-group discussions and collected information on topics like local wages and

public services. The Young Lives study also collected data on children’s physical devel-

opment through on-site anthropometric measurements. Importantly for the purpose of this

paper, the second survey round, during which children were about 12 years old, asked girls

if they had started menstruating yet, and, if so, at what age.14

The first round of the study was conducted in 2002 when these children were eight years

old. The next four rounds of data were collected in 2006, 2009, 2013, and 2016. Attrition

was low: the first four rounds tracked 94.4% of the children, and all the five rounds tracked
13The other longitudinal surveys in India (such as the Rural Economic and Demographic Survey

and the India Human Development Survey (IHDS)) do not collect information on the timing of the
menarche of the school-going girls in the households. Data on age at menarche, whenever collected
(for instance, in the IHDS and the National Family Health Survey), is retrospective and endogenous
to other life events (including leaving school).

14Given that menstruation is a taboo in India, this variable may not be accurate. There are two
things to note here. First, the Young Lives study extensively piloted the survey and amended those
questions that fieldworkers thought were culturally inappropriate (Young Lives, 2017). Second, the
proportion of girls who reach menarche before age 12 in these data is very similar to the number
when I use a larger data set representative of the state of Andhra Pradesh (India Human Development
Survey, 2011-12), where 25% of the women reached menarche before age 12, as opposed to 26% in
the study sample (Figure A.2.2).
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92.4% of the children. The rate of attrition did not differ across girls and boys, or across

girls by their menarche status.

There are about 1,000 children in the cohort studied in the paper. Male and female

are nearly equally represented in the sample: 49% of the children are boys, and 51% are

girls. About one-fourth of the data are collected from urban areas, and the remaining from

rural areas. Backward castes constitute about 47% of the sample, while scheduled castes

are 21%, scheduled tribes, 11%, and Muslims, 6% of the sample. The remaining sample

represents the upper caste households in the state. About 35% of the children are first-borns.

Although the primary variable of interest is the enrollment status of the children, I also

use their test scores for supplementary analysis. Peabody Picture Vocabulary Tests (PPVT)

and Mathematics tests were administered in the second and third rounds of the survey.15 16

For the analysis purpose, I normalize children’s raw test scores to the distribution of scores

in each survey round.

1.5 EMPIRICAL SPECIFICATION

To identify the effect of early menarche on enrollment, I exploit the variation in the timing

of menarche within a cohort. The information on the timing of menarche is taken from

the second survey round when the typical cohort age was 12. A little more than a quarter

of girls had started menstruating by this time.17 For the rest of the paper, these girls are

15The PPVT test is designed to measure receptive vocabulary. In a PPVT test, an examiner shows
a set of four images simultaneously and asks the children to select the image that best represents the
word spoken by the examiner.

16These tests were administered to all the children at their homes during the interview, and not
only to those children who were in school at the time of the survey.

17Recall data for age at menarche is missing for a small sub-sample of girls. Further, for some
girls, the recall age of when they started menstruating is higher than the precisely measured current
age. Therefore, I use an indicator variable to define early menarche, and therefore, the treatment
group.
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referred as the “the early menarche group”, and the remaining girls are referred as “the late

menarche group”.18

I use a difference-in-differences strategy that compares two groups of children across

the first and the second survey rounds, that is, when they were eight and 12, respectively.19

The specification for this comparison is:

yit = β0 +β2Round2it +β2EarlyMenarcheiRound2it + γXit +δi + εit , (5.1)

where yit is the enrollment status of child i in survey round t. EarlyMenarchei is an indicator

equal to one if child i reached menarche before 12, and Round2it is an indicator equal to

one when we consider data from the second survey round. Xit is a vector of child-specific

time-varying characteristics, and δi denote individual fixed effects. εit is a conditionally-

mean-zero error term. Since a sampling site is also the primary sampling unit, standard

errors are clustered at the sampling site-level. To estimate the impact of early menarche, I

compare girls in the early menarche groups to girls in the late menarche group and β2 is

the difference-in-differences estimator.

Individual fixed effects capture the local region’s unobserved characteristics, including

cultural practices and the quality of schooling. Including individual fixed effects also alle-

viates the concerns of the effect of climate on age at menarche (Sohn, 2016). Causal iden-

tification based on difference-in-differences strategy requires that the timing of menarche

is conditionally independent of those time-varying factors that influence enrollment. If the

timing of menarche solely depended on random genetic variation, the identification based

on a difference-in-differences strategy is valid. Kaprio et al. (1995) show that the correla-

18I use the second round of the nationally-representative India Human Development Survey to
confirmed that starting menses before 12 indeed denotes early menarche: only 25% of the inter-
viewed women in Andhra Pradesh reached menarche by this age.

19There are three relevant groups of children: girls in the early menarche group, girls in the late
menarche group and boys.
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tion between the ages at menarche is 0.75 for monozygotic (identical) twin pairs but only

0.31 for dizygotic (fraternal) twin pairs. Using a seventy-four years-long panel study from

the United States, Towne et al. (2005) show that almost half of the variation in the timing

of menarche is due to genetic factors. However, the pre-eminence of genetic factors in

explaining the variation in age at menarche is an established fact only for developed coun-

tries. In South Asia, skeletal height, weight, physical activity, and socioeconomic status are

correlated with age at menarche (Bagga et al., 2000; Chowdhury et al., 2000; Dambhare

et al., 2012; Rah et al., 2009). Therefore, in addition to individual fixed effects, I include

household size, wealth index, sex of the head of the household, number of older siblings,

number of younger siblings, number of older brothers, and number of older sisters as child-

level time-varying controls.

Table 1.1 summarizes children’s characteristics at age eight. There are some statistically

significant differences across girls in the early and late menarche groups. First, girls in

the early menarche group are taller and have higher BMI than girls in the late menarche

group and boys. This difference corroborates the evidence on the relationship between

age at menarche and nutritional status. Note that better nutrition is typically associated

with higher school enrollment (Nandi et al., 2015). Therefore, if anything, estimates from

a difference-in-differences model without individual fixed effects will underestimate the

true effect of early menarche. Second, in line with the son-biased fertility stopping rule

documented in Jayachandran and Pande (2017), boys have fewer younger siblings and more

older sisters. Girls in the late menarche group also have more older sisters than girls in

the early menarche group. While other differences across girls in the early and the late

menarche group are not statistically significant, overall, girls in the early menarche group

come from smaller, richer, and less vulnerable households, all characteristics associated

with a higher likelihood of remaining in school.
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For further exploratory analysis, I estimate the effect of early menarche for different

sub-groups of children. The specification for such analysis is:

yit =β0 +β1Round2it +∑
h

β2hEarlyMenarcheicRound2ictHh
i + γXit +δi + εit , (5.2)

where all variables are defined as in equation 5.1, and Hh
i is an indicator equal to one if

child i belongs to the sub-group being considered, where h is sub-group. Here, β2h is the

effect of early menarche on sub-group h.

The first survey round did not collect data on some important aspects of children’s

experiences. For these outcomes (such as safety perceptions, time use, etc.), I estimate a

contemporaneous regression while augmenting the set of child-level control variables and

including sampling-site fixed effects.20 For instance, when time use of girls in the early and

the late menarche groups are compared at age 12, the specification is:

yic = β0 +β1EarlyMenarcheic + γXic +δc + εic, (5.3)

and β1 is the intent-to-treat estimator of the impact of menarche if the timing of menarche

is as good as random once observables are controlled for. In case this assumption does

not hold, β1 is still a useful description that complements the understanding of menarche’s

effects on children’s experiences. Here, Xic is a vector of child specific characteristics, δc is

a set of sampling site dummies and εic is a conditionally-mean-zero error term.

20Additional control variables include mother’s literacy status, an indicator if the child’s mother
tongue is the local language (Telugu), caste, test scores at age eight, and height and BMI at age
eight.
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1.6 RESULTS ON ENROLLMENT

1.6.1 DESCRIPTIVE EVIDENCE

Figure 1.1 plots school enrollment by gender. A gap in school enrollment across genders

emerges when children are 12 and widens as they grow older. At nineteen, the gender gap

in the enrollment rate is 25%. Figure 1.2 plots these trends again, but children are now

classified into three groups: boys, girls in the early menarche group, and girls in the late

menarche group. There is no difference in enrollment rates across the three groups when

children are about eight. Girls in the early menarche group and boys were still equally likely

to be in school at 12. The enrollment rate for girls in the early menarche group, however,

falls visibly between eight and 12; while the enrollment rate for girls in the late menarche

group shows a sharp drop between 12 and 15.21

The modal reason for dropping out of school between the first and the second survey

rounds for boys is “truancy” followed by “needed for work at home”. For girls in the late

menarche group, the top reasons for dropping out of school are “needed for work at home”

and “truancy”. For girls in the early menarche group, the modal reason is “other reasons”,

that is, not one of the reasons listed among the extensive prespecified options in the survey.

The second most often stated reason is “needed for work at home”. Clearly, girls in the

early menarche group drop out of school due to reasons that are very different from other

children in their cohort.

There are two key patterns in these data that suggest that early menarche induces girls

to drop out of school. First, there is a substantial drop in school enrollment rate for girls

after they start menstruating. This sharp decrease is not experienced by other children in

their cohort. Second, after girls start menstruating, the reasons that they cite for dropping

out of school are different from the reasons cited by other children in their cohort.

21This pattern is also replicated with exact age data (Figure A.2.3, Appendix C.3).
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1.6.2 KEY RESULTS

Results from various specifications of Equation 5.1 are shown in Table 1.2. Columns (1)-

(4) compare girls in the early menarche group to girls in the late menarche group, while

columns (5)-(8) compare girls in the early menarche group to boys.

Column (1) considers Equation 5.1 while not including any controls and fixed effects:

the estimated impact is -12.3% point. This estimate changes little when child specific con-

trols and sampling site fixed effects are included. The most conservative specification yields

an estimate of -13% point, a substantial drop in enrollment rate (Table 1.2). This drop rep-

resents 14.3% of the average enrollment rate for girls in the late menarche group at 12.

The estimated effect of the onset of menstruation when girls in the early menarche group

is compared to boys in the most conservative specification is -10.9% point, that is, 12% of

the enrollment rate for boys at 12.

If the gender gap in enrollment at 12 is due to early menarche, enrollment rates for

boys and girls in the late menarche group should be similar until the latter group start

menstruating. Indeed, in a comparison of the enrollment rates between boys and girls in the

late menarche group, the difference-in-differences estimate is small (1.4% point), and not

significantly different from zero (Table 1.3).

I use the simulation exercise described in Athey and Imbens (2017) to study the likeli-

hood that a result of this magnitude could have occurred by chance by generating random-

ness in early menarche. I re-assign the treatment status to a randomly selected set of girls

and re-estimate the effect of the placebo treatment on school enrollment.22 Figure A.2.4 in

Appendix C.3 shows the distribution of β3, the placebo impact of early menarche on school

enrollment when girls in the early and the late menarche groups are compared. Reassur-

22Following Young (2019), I use 2000 replications.
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ingly, the placebo estimates are centered around zero, and only 3% replications estimates

reach the estimated result of 13% point. 23

1.6.3 PARALLEL TRENDS

The validity of the difference-in-differences identification strategy hinges on the assump-

tion of parallel trends: the average change in the control group reflects the counterfactual

change in the treatment group if there were no treatment. In this context, the assumption of

parallel trends implies that the enrollment trends for any two groups will be indistinguish-

able if their menstruation status does not change across two consecutive survey rounds.

While the nature of the Young Lives study does not allow a test of pre-treatment parallel

trends, note that three groups of children are equally likely and universally to be in school

at eight (Table 1.1). Further, the children across the three groups start school at the same

age, at around five years (Table 1.1). The parallel trends assumption holds when I compare

girls’ enrollment rates in the early and late menarche groups across the third and fourth

survey rounds (Table 1.4). Although boys are not a good counterfactual for girls in the

early menarche group, trends in enrollment are also statistically indistinguishable for com-

parisons between girls in the early menarche group and boys across (1) the second and third

survey rounds and (2) the third and fourth survey rounds.

Kahn-Lang and Lang (2019) discuss the need to carefully consider assumptions

inherent in difference-in-differences analysis by (1) addressing the differences in the

initial levels, (2) exploring if the parallel trends assumption requires a justification of the

chosen functional form, and (3) acknowledging that comparing pre-treatment trends does

not establish parallel trends during the treatment period.

23In a comparison between girls in the early menarche group and boys, five replications reach the
estimated effect of 10.9% point, confirming that results described in Section 2.6.1 are not spurious
(Figure A.2.5, Appendix C.3).
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I addressed concerns (1) and (3) in the discussion on parallel trends earlier in this sub-

section. Average enrollment rates for children across groups do not differ when the children

are eight, that is, in the pre-treatment stage. The comparisons across the third and the fourth

survey rounds demonstrate that post-treatment parallel trends hold. Thus, it can be claimed

with some credibility that parallel trends would have been the counterfactual trends.

If the initial distributions of the outcome (enrollment rate in this case) are different

across comparison groups, it is difficult to justify the parallel trends assumption using

pretesting with linear trends. This is the motivation for the Kahn-Lang and Lang (2019)’s

second concern. They agree that it is hard to make a case for one model over the other in

the absence of a theory and recommend testing parallel trends for different functional form

assumptions. In addition to the tests using a linear probability model described above, tests

using logit functional form also indicate that the counterfactual trends in enrollment are

parallel across comparison groups (Table A.2.1).24

1.6.4 ROBUSTNESS TO ALTERNATIVE HYPOTHESES SPURIOUSLY LINKING MENARCHE

TO SCHOOL ENROLLMENT

ASSOCIATION OF EARLY MENARCHE WITH NUTRITION

Menarche is correlated with better nutritional status in South Asia. However, better nutri-

tional status is associated with higher educational attainments in the same population

(Nandi et al., 2015). Since the girls who reach menarche before 12 are healthier, it is

unlikely that they dropped out of school on account of poor nutritional status. Not only do

girls in the early menarche group have better nutritional status at age eight, their height

and BMI also increase at a faster rate between ages eight and 12 (Table A.2.2). Of course,

24Instead of individual fixed effects, which can be demanding for a conditional-logit specification,
I use sampling-site fixed effects in this specification.
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including individual fixed effects mitigates the concerns of bias induced by the correlation

between better nutritional status and earlier menarche.

REALLOCATION OF RESOURCES TO SIBLINGS

The fact that girls in the early menarche group had better nutritional status at age eight,

however, raises another potential concern. If equity considerations dictate parents’ deci-

sion to allocate resources to children within the household, they may reduce comple-

mentary investments in their healthier daughter, affecting her schooling. While I do not

observe child-specific investments between ages eight and 12, non-food expenditure and

dietary inputs do not differ across girls in the early and the late menarche groups at 12

(Table A.2.3).

TALLER CHILDREN UNDERTAKING WAGE LABOR

One may also be worried that parents pull their children out of school once they reach a

certain height to have them undertake wage labor. Since girls in the early menarche group

were taller than their counterparts at age eight, the decrease in enrollment at age 12 might

be such a phenomenon. Three pieces of evidence point that this is unlikely to be the case.

First, enrollment levels never converge across the two groups of girls (Figure 1.2). Second,

while girls in the early menarche group spend more time on paid work, this effect is entirely

driven by those who dropped out of school (Table 1.5). Finally, for both the younger siblings

and the elder siblings, their time use patterns do not differ by the timing of their sisters’

menarche (Table A.2.4; Table A.2.5, Appendix C.3), suggesting that it is unlikely that girls

were pulled out of school to help the family with housework.25

25The Young Lives study collects information on the time use of all the children between the ages
of five and eighteen in the household for a typical day in the last week. An important caveat is that
the time use data for siblings is missing for 491 siblings out of the total 1,847 siblings of the Young
Lives children.
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THE LINK BETWEEN STRESS, EARLY MENARCHE, AND SCHOOLING

Since high levels of cortisol due to stress leads to earlier menarche, unexpected negative

economic shocks that induce mental stress can also lead to early menarche (Karapanou and

Papadimitriou, 2010). Any association between earlier menarche and school enrollment

might be capturing the effect of external stressors on enrollment. To test for the robustness

to this possible source of bias, I use health emergencies and deaths in the family as proxies

for external stressors.26 The incidence of health emergencies, deaths, and economic shock

due to droughts are similar for girls in the early and late menarche groups (Table 1.1).

Another test to confirm that this alternative hypothesis is not driving the key result of this

paper is to check if co-resident siblings of girls in the early menarche group drop out of

school at a higher rate than siblings of other surveyed children. Table A.2.6 in Appendix

C.3 presents these results and confirms that siblings of girls in the early menarche group

are not more likely to drop out of school between the first and the second survey rounds.

1.6.5 THE IMPACT OF ATTAINING MENARCHE BETWEEN 12 AND 15

The third survey round of the Young Lives study did not collect information about

menarche status. To explore if reaching menarche after 12 affects school enrollment, I

compare girls in the late menarche group with boys across the second and third survey

rounds. The underlying assumption for this analysis is that most of the girls in the late

menarche group start menstruating between the second and third survey rounds. In the

second round of the India Human Development Survey (IHDS), which was conducted in

2011-12, 99% of the interviewed women in Andhra Pradesh had reached menarche before

they turned 15, and 90% of the entire sample of interviewed women had reached menarche

before age 15. Since age at menarche among Indian women is steadily declining (Pathak

26Health emergencies and deaths in the family are the most significant drivers of a family’s
descent into poverty in developing countries (Krishna, 2010).
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et al., 2014), patterns from the IHDS support the assumption that girls in the late menarche

group reach menarche before 15.

When girls in the late menarche group are compared with boys, although statistically

insignificant, the impact estimator is -5.1% point or 7.6% of the average enrollment rate

for boys at 15 (p-value: 0.17; Table 1.6). When I compare girls in the early and the late

menarche groups, β3 is not significantly different from zero.

In line with Prediction 2 in Section 1.3, the estimated effect of late menarche on school

enrollment is smaller than the estimated effect of early menarche. Further, enrollment rates

do not converge, and girls in the early menarche group have lower enrollment rates than

other girls in their cohort persistently.

1.6.6 HETEROGENEITY IN THE IMPACT ON ENROLLMENT

Overall, the results show that the decrease in enrollment caused by menarche drives the

gender gap in enrollment that emerges between the ages of eight and 12. This subsec-

tion tests Predictions 3 and 4 and explores how the strength of the relationship between

early menarche and enrollment varies with safety and reputation costs and with local labor

market conditions. This section focuses on the comparison between girls in the early and

the late menarche groups across the first and the second survey rounds.

REPUTATION AND SAFETY COSTS

In South Asia, the notion of “family honor” is inextricably linked to women’s behavior in

the family. As discussed in Section 3.2, the fear of being labeled as a girl of bad character

who may bring dishonor upon the family intensifies as a girl transitions into womanhood

after menarche. Further, these concerns are more pertinent among upper castes than lower

castes (Eswaran et al., 2013). In Andhra Pradesh, the evidence from the second round of
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the IHDS shows that female mobility is least restricted among women from the sched-

uled castes.27 Further, women from the scheduled castes are less like to practice purdah,

a social practice wherein women are physically segregated from men or veil their faces

(Table A.2.7). The decrease in school enrollment due to menarche is 3.5% point larger

for girls from non-scheduled caste families, suggesting that the cultural norms that restrict

female mobility could be critical drivers of a higher dropout rate after menarche (Table 1.7).

The discussion in Section 3.2 suggests that the onset of menstruation might alter a girl’s

perceived needs and experiences of safety in her community. Indeed, a comparison of girls’

responses to "whether they feel safe in the community" at 12 shows that girls in the early

menarche group were 6.8% point less likely to strongly agree that they feel safe in their

community. The corresponding average for girls in the late menarche group was 81%. An

immediate implication of this change is that the effect of early menarche on enrollment

could be pronounced in relatively unsafe communities. I use the community-level average

of boys’ safety perceptions to encapsulate children’s concerns and experiences of the safety

of their neighborhood.28 Indeed, the decrease in enrollment is larger in communities with

a lower average perceived safety (Table 1.7). While the decline in enrollment for girls in

unsafe communities is 17.7% points, it is only 4.2% points in safer communities.29

LOCAL LABOR MARKET CONDITIONS

Substantial potential gains from education can mitigate the negative impact of menarche on

enrollment. Since parents base their expectations of their daughter’s earning potential on the

female wage profile in their neighborhood (Chamarbagwala, 2008; Jensen, 2012), average

27Scheduled caste is the official designation for the historically disadvantaged caste group in
India.

28I only use data for boys because girls’ perceptions of safety are affected by menarche.
29Since heterogeneous effects are explored in a specification with individual fixed effects, the

effects on different sub-groups, although qualitatively large, are not statistically significant.
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salaries for female-dominated professions, teaching and nursing, are used as proxies for

local wages for educated women. The Young Lives study collected this information through

community-level focus-group discussions. I bifurcate the sample by the indicator that the

average wages for these professions are less than the median for the whole sample. Results

based on both these proxies suggest that the negative impact of menarche on enrollment is

smaller in communities with higher wages for women (Table 1.8).

1.7 OTHER RELATED OUTCOMES

The evidence on parallel trends and a battery of robustness checks described in Section 3.4

confirm that early menarche reduces the school enrollment rate. In this section, I explore if

outcomes other than school enrollment also vary by a girl’s menarche status.

1.7.1 TEST SCORES

Girls in the early menarche group outperform girls in the late menarche group when

children are 12, although differences in PPVT test scores are not statistically significant

(Table A.2.8). While boys outperform girls in the late menarche group, there is no differ-

ence in the average test scores for girls in the early menarche group and boys at age 12.

However, if I consider the trends in these test scores across the second and the third survey

(when the children were 12 and 15, respectively), girls in the early menarche group lose

the advantage they had at age 12. The difference-in-differences estimator for a comparison

between girls in the early menarche group and boys is negative. Moreover, the gender gaps

in the test scores for both PPVT and Mathematics tests widen (Table 1.9). Taken together

with the fact that girls in the early menarche group are healthier at age eight, these patterns

suggest that specific social contexts can attenuate the gains from early nutrition and drive

the gender gaps in not only school enrollment but also learning.
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1.7.2 TIME USE

When a girl drops out of school, the most immediate change is the reallocation of the time

she spent on education-related activities. The Young Lives survey asked children about

their time for a typical day in the last week. The decrease in time spent at school and

on studying at home translates into an additional twenty-nine minutes on paid work and

seventeen minutes on household chores. Changes in time use patterns of other activities are

not statistically significant. In the sub-sample of those girls still enrolled in school, time

spent at school and on studying does not vary with the girl’s menarche status, suggesting

that early menarche does not affect the intensive margin of schooling (Table 1.5). This is in

line with Oster and Thornton (2011) that menstruation explains only 0.4 missed days in a

180 day school-year.

1.7.3 ASPIRATIONS

Besides changes in time use, by restricting mobility, menarche also redefines the scope of a

girl’s social interactions (Seymour, 1999). Do changes in parents’ and society’s interactions

with girls in the early menarche group affect how they see themselves? Early menarche

increases a girl’s desire to become a full-time parent/housewife by 9.7% point. Notably, at

12, only 10.7% of girls in the late menarche group report that they want to become full-time

parents or housewives when they grow up (Table 1.10). However, if I restrict the analysis

to the sample of girls still in school, the effect size is smaller (-1.3% point) and statistically

insignificant. While girls in the early and the late menarche groups are equally likely to

aspire to receive a college education, girls in the early menarche group are less likely to

believe that they would reach their desired level of education.30 It is an open question

30College refers to post-high school education that typically starts around the age of 18.
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whether it is the change in aspirations after menarche that induces a girl to drop out or her

withdrawal from formal education that alters how she sees herself.

1.7.4 MARITAL OUTCOMES

At 19, 45% of the girls in the early menarche group are married, while 31% of girls in the

late menarche group are married. The marriage rate increases for both groups between 19

and 22. At 22, 65% of the girls in the early menarche group are married, while 54% of girls

in the late menarche group are married (Figure 1.4).31 Once child-specific characteristics

and sampling site fixed effects are included, girls in the early menarche group are 11%

point (p-value: 0.12) more likely to be married at 19 and also 11% point (p-value: 0.16)

more likely to be married at 22.32 Rates at which girls in the early and the late menarche

groups get married between 19 and 22 are statistically indistinguishable (Table 1.11).

Figure 1.5 shows the distribution of age at marriage for girls in the early and late

menarche groups. The distribution of age at marriage for girls in the late menarche group

is shifted to the right of the distribution for girls in the early menarche group: girls in

the late menarche group marry later, on average, and at all quantiles of age at marriage.

For the restricted sample of ever-married girls, the average age at which girls in the early

menarche group get married is 0.81 years lower than the average age at which girls in the

late menarche group get married (Table 1.11).

31The Young Lives study started collecting data on marital outcomes only from the fourth survey
round when the typical cohort age was 19.

32There are two key differences in the empirical strategy adopted in this subsection. First, the
child-specific controls correspond to her natal household instead of the household she currently
resides in because marital outcomes would have depended on her natal home’s characteristics since,
after marriage, she must live with her husband’s family. Second, instead of an asset index, land-
holding of the natal household when children were 15 is used to capture their natal household’s
wealth. Since the turnover rates in land markets are low (Basu Roy and Ghosh Dastidar (2018)),
land-holdings capture the natal household’s wealth at the time of the wedding.
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MENARCHE AS AN INSTRUMENT FOR EARLY MARRIAGE

In South Asia, girls typically don’t marry until they reach menarche because menarche

marks the biological readiness for childbearing, and therefore marriage (Sheela and Aud-

inarayana, 2003). Indeed girls in the early menarche group marry younger. The difference

in the likelihood of being married at 19 (14% point) is in the order of the difference in the

enrollment rates (10% point) at 19. Besides, once all girls are past menarche, trends in their

enrollment rate are indistinguishable (Table 1.4). Menarche could increase the demand for

marriage because now the girl is out of school, or because of the socio-biological relevance

of menarche, or because of a combination of the two. Recent evidence point towards the

former explanation: using preference elicitation experiments in India, Adams and Andrew

(2019) show that girls’ marriage prospects start deteriorating as soon as they leave school,

and early dropout accelerates early marriage. However, parents have a strong preference for

delaying their daughter’s marriage until eighteen, and they value her education until high

school.

There is an important strand of literature that explores the impact of the timing of mar-

riage on various outcomes of well-being for married women, and their offspring. Often,

to consistently estimate the effect of the age of marriage, the variation in the timing of

menarche is used to isolate the exogenous variation in the age at marriage. This strategy was

first proposed in Field and Ambrus (2008), who use it to study the effect of women’s age

at marriage on their educational attainment. Their sample includes women born between

1951-1970 in the Matlab region of Bangladesh. At the time, the legal minimum age at mar-

riage was 15, and often not binding. For their sample, over 70% of marriages took place

within two years of menarche. In such a setting, the reaching menarche would have been

the only constraint to enter the marriage market.
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However, margins of the education and the marriage decision that are affected by

menarche have changed with time. The age at marriage consistently increased between

1950-54 and 1965-70 in South Asia (Jensen and Thornton, 2003). The average age at mar-

riage was just over sixteen for cohorts born in 1965-1970, but over eighteen for cohorts born

between 1986-1996.33 However, the age at menarche declined by three months between

the cohorts who were born around 1955-64 and the cohorts that were born around 1985-

90 (Pathak et al., 2014). Therefore, the length of time between the ages at menarche and

marriage increased over this period.

To formally examine the validity of the timing of menarche as an instrument for the age

at marriage, consider the following setup: the outcome of interest is years of schooling (Y ),

the endogenous independent variable is an indicator that the girl did not marry until she was

eighteen (X), and the indicator for early menarche (menarche before 12) is the instrument

for the endogenous variable (Z).34 Consider the probability limit of the two-stage least

squares estimator:

plimβ
2sls = β︸︷︷︸

populationparameter

+
Cov(Z,U)

Cov(Z,X)︸ ︷︷ ︸
bias

where U is the error term. If the incidence of early menarche does not independently affect

educational attainment, the two-stage least squares estimator is consistent. However, if

the relationship between early menarche and educational attainment is negative (that is,

Cov(Z,U)< 0, as demonstrated in Section 3.4) and Cov(Z,X)< 0, then the two-stage least

squares estimator overestimates the true parameter. However, if the size of the positive bias

is not large, the estimated effect is still qualitatively useful.

33I calculated the average age at marriage for cohorts born in 1986-1996 using the IHDS.
34These variables are different from the ones considered in Field and Ambrus (2008) to fully

utilize the information available in the Young Lives study. Instead of using age at marriage, an
indicator that the girl is unmarried until eighteen is used as the endogenous variable as all girls were
not married by the fifth survey round.
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Conley et al. (2012) propose a method to undertake inference and generate bounds

around the two-stage least squares estimate when the instrument is only plausibly exoge-

nous, that is when the exclusion restriction is suspect. This method requires the researcher

to have a prior belief about the extent of the violation of the exclusion restriction. To imple-

ment this method, I take the extent of the violation of the exclusion restriction from the

Young Lives study, a dataset for which I have established that menarche affects schooling.

I use this prior to estimate bounds around the two-stage least squares estimator for the

described application using the much larger IHDS dataset, which covers the cohort of

women born between 1957 and 1991.35

Using early menarche as an instrument for being unmarried until eighteen, the esti-

mated effect of the latter on completed education is 4.5 years (Table A.3.2, Appendix).

Following Conley et al. (2012), I allow plausible violations in the exclusion restriction, and

assume that the potential direct effect of early menarche is either drawn from (1) known

support with its upper bound set at zero, or (2) from a known distribution. Section A.3 in the

Appendix describes the associated methodology in detail. The more conservative bounds

around the two-stage least squares estimate are [-9.3, 4.5] and still contain zero.

The extent of violation of the exclusion restriction estimated from the Young Lives data

is more than three times the maximum allowed violation that would ensure that the bounds

do not contain zero (Figure A.3.2; Figure A.3.3, Appendix). Therefore, the two-stage least

squares estimate is not stable to plausible violations in the exclusion restriction, which are

still smaller than the estimated violation using the Young Lives study.

35Since the Young Lives study has a relatively small sample size. Consequently, the first stage is
weak, it is not appropriate to implement the procedure described in Conley et al. (2012). Moreover,
the IHDS has been used for many applications where age at menarche is used as an instrument for
age at marriage to study the effect of the latter on outcomes that may be affected by a woman’s
education (for instance, Chari et al., 2017; Dhamija and Roychowdhury, 2018; Sekhri and Debnath,
2014).
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To summarize, two results discussed in this paper suggest that the timing of menarche

may not satisfy the exclusion restriction when used as an instrument for age at marriage

in the Indian setting. First, this paper shows that reaching menarche before age 12 leads to

a 13.4% decline in school enrollment rate. Second, the two-stage least squares estimates

where early menarche is used to instrument for the timing of marriage are not stable when

strict exogeneity of the instrument is replaced by plausible exogeneity.

1.8 CONCLUSION

In this paper, I examine the effect of menarche on schooling in India, where menarche is

associated with substantial changes in a girl’s life. Using a dataset that follows the same

cohort of children during childhood, adolescence, and early adulthood, I show that reaching

menarche before age twelve causes a 14.3% decrease in school enrollment. This result

is robust to a variety of alternate explanations that could spuriously link early menarche

with enrollment. Finally, the magnitude of the estimated effect of early menarche is within

the range of effect sizes of many education-related policy reforms and schemes in India,

including school sanitation (Adukia, 2017), free school lunch to primary school students

(Kaur, 2017), a large-scale school construction program (Azam and Saing, 2017), and pro-

viding bicycles to school-going girls (Muralidharan and Prakash, 2017).

At age twelve, girls in the early menarche group perform as well as boys in tests

designed to measure their mathematical ability and vocabulary. However, boys outperform

girls in the early menarche group when the children are fifteen. Therefore, in settings where

menstruation is associated with ritual impurity and job prospects for women are limited,

the onset of menstruation can trigger transitions that can minimize the long-term gains

through the link between better nutrition and schooling. This result also contributes to our

understanding of the complex process of human capital formation by showing adolescence
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is another sensitive period for girls (Barham et al., 2018). Thus, if certain milieu foster

gender-restrictive norms such that early menarche impedes schooling, gains from nutri-

tional interventions may be undermined for girls. Early menarche becomes another channel

that fosters and sustains gender gaps in human development.

Given the sizable impact of menarche on education, improving access to menses man-

agement technology may seem the most appropriate policy response. While menstrual

hygiene management is a growing sector within international development, the existing

evidence on the impact of these interventions on schooling is not very promising across

contexts, including Nepal (Oster and Thornton, 2011), Kenya (Benshaul-Tolonen et al.,

2019; Stopford, 2011), and Ghana (Montgomery et al., 2012). These evaluations study the

efficacy of menstrual hygiene management technology among the selected group of girls

who are still in school after menarche. If menarche affects school enrollment, as I show

in this paper for India, an absence of any impact of menstrual hygiene management on

attendance is not a confirmation that menstruation does not affect schooling.

Early menarche has implications for a girl’s life beyond those implied by the change

in her physiology. A better understanding of these changes has to be at the center of any

policy response. The first step in that direction is an analysis of the interaction between

menarche and the decision around school enrollment. Results from exploring the hetero-

geneity in the impacts show that higher dropout rates due to early menarche are located

in relatively unsafe communities. Indeed, interventions that address the safety concerns of

young girls, such as providing bicycles (Muralidharan and Prakash, 2017) and separate-

sex toilets (Adukia, 2017), have been successful in encouraging higher female enrollment.

Furthermore, in urban India, the fear of street harassment affects women’s college choices

(Borker, 2017).

The impact of menarche is more pronounced among girls from non-scheduled caste

households, where restrictive gender norms are more pertinent. In such conservative com-
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munities, while families personally might reject restrictive norms, but incorrectly estimate

that other people accept them and continue to follow them (Bursztyn et al., 2020). These

perceived cultural norms are not immutable. Bursztyn et al. (2020) show that correcting

false beliefs does alter behavior. Persuasion and discussion can also change gender atti-

tudes: a social campaign that engaged children in discussions about gender equality shifted

gender attitudes to be more progressive in India (Dhar et al., 2018). The appropriate policy

responses to higher dropout rates among adolescent girls should address girls’ safety con-

cerns in particular and gender-based cultural norms in general.

The factors that counter the effect of early menarche on enrollment are equally impor-

tant. Girls are less likely to drop out of school after menarche if they live in neighborhoods

with higher wages for female-dominated professions. Socio-cultural norms restrict girls’

mobility and society’s progress towards gender parity, but increased economic opportuni-

ties act as a vital counterweight to their impact on girls’ education.
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1.9 FIGURES

Figure 1.1: Enrollment rate by gender

Note: Data are taken from the Young Lives study. The solid (blue) line represents the trends in
enrollment rate for boys and the dashed (purple) line represents the trends in enrollment rate for
girls.

Figure 1.2: Enrollment rate by gender and menarche status

Note: Data are taken from the Young Lives study. The dash-dotted (blue) line represents the trends
in enrollment rate for boys, the dashed (purple) line represents the trends in enrollment rate for girls
in the late menarche group and the solid (pink) line represents the trends in enrollment rate for girls
in early menarche group.
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Figure 1.3: Height by menarche status

Note: Data are taken from the Young Lives study. The solid (pink) line represents the trends in
height (in centimeters) for girls in the early menarche group and the dashed (purple) line represents
the trends in height (in centimeters) for girls in the late menarche group.

Figure 1.4: Marriage rate by menarche status

Note: Data are taken from the Young Lives study. The solid (pink) line represents the trends in
marriage rate for girls in the early menarche group and the dashed (purple) line represents the
trends in marriage rate for girls in the late menarche group. Both the lines describe trends the ages
of nineteen and twenty-two.
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Figure 1.5: Age at marriage by menarche status

Note: Data are taken from the Young Lives study. The solid (pink) line represents the distribution
of age at marriage for girls in the early menarche group and the dashed (purple) line represents the
trends in age at marriage for girls in the late menarche group.
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1.10 TABLES

Table 1.1: Sample characteristics in round 1

Early
menarche

Late
menarche Boys Difference

(1) (2) (3) (1) - (2) (1) - (3)
Household size 5.32 5.62 5.56 0.30 -0.24
Wealth index 0.43 0.40 0.41 0.03 0.02
Access to drinking water 0.80 0.82 0.84 -0.02 -0.04
Electricity connection 0.84 0.82 0.82 0.02 0.03
Area of land owned (in ha.) 1.24 0.68 0.89 0.56 0.35
Literate mother 0.27 0.21 0.21 0.06 0.06*
Age of the household head 39.84 40.51 40.00 -0.67 -0.15
Schedule Caste 0.22 0.195 0.22 -0.67 0.00
Experience of health shocks 0.27 0.30 0.34 -0.03 -0.07
Experience of drought 0.23 0.28 0.30 -0.05 -0.07*
Speaks Telugu 0.86 0.85 0.83 0.01 0.03
Number of older siblings 0.91 1.07 1.16 -0.16 -0.25**
Number of younger siblings 0.69 0.80 0.67 -0.11 0.02
Number of older brothers 0.66 0.61 0.72 0.05 -0.06
Number of older sisters 0.42 0.67 0.72 -0.24** -0.30**
Raven’s test score at age 8 23.37 22.83 22.97 0.54 0.40
BMI at age 8 (kg/m2) 14.21 13.74 13.99 0.48*** 0.22
Height at age 8 (cm) 121.21 116.16 118.56 5.05*** 2.65***
Weight at age 8 (kg) 20.96 18.57 19.70 2.39*** 1.26***

Age in first year
at school (in years) 4.98 5.05 5.04 -0.07 -0.06

Enrollment rate at age eight 97.78 96.79 98.14 0.99 -0.36

Note: This table reports simple differences in means across the three groups of children.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.2: Enrolment across rounds 1 and 2 for girls in the early menarche group

vs Late Menrache Girls vs Boys

(1) (2) (3) (4) (5) (6) (7) (8)

Early menarche 0.010 0.018 0.026 -0.004 -0.003 -0.005
(0.011) (0.019) (0.022) (0.014) (0.014) (0.014)

Round 2 -0.062∗∗ -0.035 -0.034 -0.009 -0.078∗∗∗ -0.043∗∗ -0.048∗∗ -0.030
(0.022) (0.031) (0.030) (0.037) (0.014) (0.017) (0.018) (0.036)

Early menarche X Round 2 -0.123∗∗ -0.121∗∗∗ -0.122∗∗∗ -0.130∗∗ -0.107∗∗ -0.111∗∗ -0.111∗∗ -0.109∗∗

(0.032) (0.031) (0.031) (0.045) (0.038) (0.037) (0.037) (0.052)

Observations 1017 1013 1013 1013 1240 1234 1234 1234
R-squared 0.0494 0.106 0.162 0.604 0.0555 0.100 0.128 0.599
Control average 0.906 0.906 0.906 0.906 0.903 0.903 0.903 0.903
Cluster Fixed effects No No Yes No No Yes
Individual Fixed effects No No No Yes No No No Yes
Controls No Yes Yes Yes No Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see Equation 5.1) for comparisons that span
the first and the second survey rounds. Controls in columns (1)-(3) and (5)-(7) include household size, caste, sex of the
household head, wealth index, mom’s literacy status, age of the head of the household, indicator of whether the child speaks the
majority language, number of younger siblings, number of older siblings, number of older sisters, number of older brothers, test
scores at age eight, weight at age eight, and BMI at age eight. Columns (4) and (8) only control for time-varying variables
(household size, sex of the household head, wealth index, number of younger siblings, number of older siblings, number of older
sisters, and number of older brothers). Sampling-site fixed effects are included in columns (1)-(3) and (5)-(7), and individual
fixed effects are included in columns (4) and (8). Robust standard errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.3: Enrolment across rounds 1 and 2 for girls in the late menarche group

vs Boys

(1) (2) (3) (4)

Late menarche -0.014 -0.014 -0.020 0.000
(0.009) (0.010) (0.012) (.)

Round 2 -0.078∗∗∗ -0.061∗∗ -0.063∗∗ -0.056∗∗

(0.014) (0.017) (0.018) (0.023)
Late menarche X Round 2 0.017 0.012 0.012 0.014

(0.023) (0.024) (0.024) (0.033)

Observations 1717 1707 1707 1707
R-squared 0.0228 0.0611 0.0857 0.587
Control average 0.903 0.903 0.903 0.903
Cluster Fixed effects No No Yes
Individual Fixed effects No No No Yes
Controls No Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1) for comparisons that span the first and the second survey rounds. Controls
in columns (1)-(3) include household size, caste, sex of the household head, wealth index,
mom’s literacy status, age of the head of the household, indicator of whether the child
speaks the majority language, number of younger siblings, number of older siblings,
number of older sisters, number of older brothers, test scores at age eight, weight at age
eight, and BMI at age eight. Column (4) only controls for time-varying variables
(household size, sex of the household head, wealth index, number of younger siblings,
number of older siblings, number of older sisters, and number of older brothers).
Sampling-site fixed effects are included in columns (1)-(3) and individual fixed effects are
included in column (4). Robust standard errors clustered at the level of the sampling site
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.4: Tests for parallel trends: OLS

Girls in the
Early Menarche
Group vs Boys

Girls in the
Early vs Late

Menarche
Groups

(1) (2) (3)

Early menarche X Round 3 -0.035
(0.057)

Early menarche X Round 4 -0.062 -0.006
(0.081) (0.075)

Observations 1216 1186 962
R-squared 0.819 0.780 0.774
Control average 0.808 0.561 0.448
Individual fixed effect Yes Yes Yes
Controls Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1) for comparisons that span the second and the third survey rounds (column
2), and the third and the fourth survey rounds (columns 3 and 4). Controls include
household size, sex of the household head, wealth index, number of younger siblings,
number of older siblings, number of older sisters, and number of older brothers. Individual
fixed effects are included. Robust standard errors clustered at the level of the sampling site
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.5: Time use patterns, proportion of time in the day

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Work

Work
(if

enrolled)
Household

Chores Care Sleep Play School Study

School
(if

enrolled)

Early menarche 0.019∗∗ 0.002 0.012 0.001 0.006 0.000 -0.028∗ -0.014∗∗ -0.002
(0.009) (0.002) (0.008) (0.003) (0.006) (0.011) (0.015) (0.005) (0.009)

Observations 483 432 483 483 483 483 496 483 432
R2 0.125 0.110 0.202 0.159 0.342 0.192 0.257 0.298 0.440
Control average 0.0111 0 0.0488 0.0114 0.396 0.166 0.269 0.0844 0.0844
Cluster FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the results from a single-difference specification (see Equation 5.3) for data from the second survey
round when children were twelve. Controls include household size, caste, sex of the household head, wealth index,mom’s
literacy status, age of the head of the household, indicator of whether the child speaks the majority language, number of younger
siblings, number of older siblings, number of older brothers, number of older sisters, test scores at age eight, weight at age
eight, and BMI at age eight. Sampling-site fixed effects are included. Robust standard errors clustered at the level of the
sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.6: Enrolment across rounds 2 and 3 for girls in the late menarche group

vs Early Menrache Girls vs Boys

(1) (2) (3) (4) (5) (6) (7) (8)

Late menarche 0.114∗∗ 0.128∗∗∗ 0.119∗∗ 0.003 0.004 -0.008
(0.032) (0.027) (0.033) (0.027) (0.027) (0.030)

Round 3 -0.126∗∗ -0.135∗∗ -0.137∗∗ -0.122∗∗ -0.095∗∗∗ -0.106∗∗∗ -0.108∗∗∗ -0.082∗∗

(0.039) (0.042) (0.043) (0.054) (0.016) (0.018) (0.019) (0.026)
Late menarche X Round 3 -0.014 -0.017 -0.015 -0.018 -0.045∗ -0.048∗∗ -0.048∗∗ -0.051

(0.043) (0.046) (0.046) (0.065) (0.022) (0.022) (0.022) (0.036)

Observations 1003 995 995 995 1700 1681 1681 1681
R-squared 0.0445 0.142 0.236 0.804 0.0271 0.0936 0.141 0.787
Control average 0.667 0.667 0.667 0.667 0.808 0.667 0.667 0.667
Cluster Fixed effects No No Yes No No Yes
Individual Fixed effects No No No Yes No No No Yes
Controls No Yes Yes Yes No Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see Equation 5.1) for comparisons that span
the first and the second survey rounds. Controls in columns (1)-(3) and (5)-(7) include household size, caste, sex of the
household head, wealth index, mom’s literacy status, age of the head of the household, indicator of whether the child speaks the
majority language, number of younger siblings, number of older siblings, number of older sisters, number of older brothers, test
scores at age eight, weight at age eight, and BMI at age eight. Columns (4) and (8) only control for time-varying variables
(household size, sex of the household head, wealth index, number of younger siblings, number of older siblings, number of older
sisters, and number of older brothers). Sampling-site fixed effects are included in columns (1)-(3) and (5)-(7), and individual
fixed effects are included in columns (4) and (8). Robust standard errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.7: Impact of early menarche of enrollment, by caste and local safety
environment

(1) (2)

Scheduled Castes
Average Perception

of Safety

Round 2 -0.009 -0.035
(0.037) (0.026)

Early Menarche X Round 2 X SC -0.105
(0.098)

Early Menarche X Round 2 X Non-SC -0.137∗∗

(0.061)
Early Menarche X Round 2 X Lower Perceived Safety -0.177∗

(0.087)
Early Menarche X Round 2 X Higher Perceived Safety -0.042

(0.074)

Observations 1013 1977
R-squared 0.604 0.595
Control average 0.906 0.906
Individual fixed effect Yes Yes
Controls Yes Yes
P-val (coefficient diff) 0.80 0.27

Note: This table reports the results from specification that estimates the effect of early
menarche across sub-groups (see Equation 5.2) for comparisons that span the first and the
second survey rounds. Column (1) reports results by the caste of the family and Column
(2) reports results by the indicator that the average community level perceived safety
among boys is less than the median. Controls include household size, sex of the household
head, wealth index, number of younger siblings, number of older siblings, number of
older sisters, and number of older brothers. Individual fixed effects are included. Robust
standard errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.8: Impact of early menarche on enrollment, by average local wages for
female dominated professions

(1) (2)
Teachers’ Wages Nurses’ Wages

Round 2 -0.012 -0.013
(0.039) (0.039)

Early Menarche X Round 2 X Lower Teacher Wages -0.191∗∗

(0.081)
Early Menarche X Round 2 X Higher Teacher Wages -0.067

(0.042)
Early Menarche X Round 2 X Lower Nurse Wages -0.185∗∗

(0.063)
Early Menarche X Round 2 X Higher Nurse Wages -0.031

(0.056)

Observations 1013 1013
R-squared 0.608 0.609
Control average 0.906 0.906
Individual fixed effect Yes Yes
Controls Yes Yes
P-val (coefficient diff) 0.11 0.22

Note: This table reports the results from specification that estimates the effect of early
menarche across sub-groups (see Equation 5.2) for comparisons that span the first and the
second survey rounds. Column (1) reports results by the indicator that the typical wages
for teachers in the community is less than that for the median community and Column (2)
reports results by the indicator that the typical wages for nurses in the community is less
than that for the median community. Controls include household size, sex of the
household head, wealth index, number of younger siblings, number of older siblings,
number of older sisters, and number of older brothers. Individual fixed effects are
included. Robust standard errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.9: Normalized test scores of girls in the early menarche group versus other
children across rounds 2 and 3

PPVT Mathematics

(1) (2) (3) (4) (5) (6)
vs Late

Menarche
Group vs Boys vs Boys

vs Late
Menarche

Group vs Boys vs Boys

Round 3 -0.106 0.174 0.185 -0.110 0.198∗ 0.190
(0.197) (0.110) (0.131) (0.132) (0.104) (0.111)

Early menarche X Round 3 -0.038 -0.325∗∗ 0.040 -0.246
(0.116) (0.103) (0.125) (0.103)

Girls X Round 3 -0.307∗∗ -0.278∗∗

(0.114) (0.130)

Observations 934 1133 1821 987 1209 1933
R-squared 0.796 0.825 0.814 0.796 0.815 0.811
Control average -0.253 0.230 0.230 -0.220 0.208 0.208
Individual fixed effect Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1). Controls include household size, sex of the household head, wealth index,
number of younger siblings, number of older siblings, number of older sisters, and
number of older brothers. Individual fixed effects are included. Robust standard errors
clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.10: Aspirations and beliefs

(1) (2) (3) (4)

Aspiration:
Fulltime
parent

or housewife

Aspiration:
Fulltime
parent

or housewife
(if enrolled)

Aspiration:
Attend
college

Aspirtation
likely to

be fulfilled

Early menarche -0.043 -0.064∗

(0.045) (0.038)
Round 2 0.020 -0.006

(0.038) (0.033)
Early menarche X Round 2 0.097∗ -0.013

(0.055) (0.049)

Observations 1014 935 507 507
R-squared 0.548 0.544 0.115 0.230
Control average 0.107 0.107 0.738 0.861
Cluster Fixed effects Yes Yes
Individual Fixed effects Yes Yes No No
Controls Yes Yes Yes Yes

Note: Columns (1) and (2) reports the results from a difference-in-differences
specification (see Equation 5.1) for comparisons that span the first and the second survey
rounds. Controls include household size, sex of the household head, wealth index, number
of younger siblings, number of older siblings, number of older sisters, and number of
older brothers. Individual fixed effects are included. Individual fixed effects are included.
Columns (3) and (4) reports the results from a single-difference specification (see
Equation 5.3). Additional controls include caste, mom’s literacy status, indicator of
whether the child speaks the majority language, test scores at age eight, weight at age
eight, and BMI at age eight. Sampling-site fixed effects are included. Robust standard
errors clustered at the level of the sampling site are reported in all specifications.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 1.11: Marriage timing

(1) (2) (3) (4) (5)

Ever
Married

at 19

Ever
Married

at 22 Age

Gap Between
Ages at
Dropout

and Marriage
Ever

Married

Early menarche 0.114 0.112 -0.813∗∗ -0.795∗ 0.128∗

(0.072) (0.076) (0.347) (0.383) (0.065)
Round 5 0.201∗∗∗

(0.020)
Early menarche X Round 5 -0.029

(0.042)

Observations 495 495 272 264 953
R-squared 0.203 0.218 0.246 0.272 0.251
Control average 0.325 0.539 18.18 2.461 0.461
Cluster Fixed effects Yes Yes Yes Yes
Individual Fixed effects No No No No Yes
Controls Yes Yes Yes Yes Yes

Note: Columns (1)-(4) of this table reports the results from a single-difference
specification (see Equation 5.3) and column (5) reports results from a
difference-in-differences specification with individual fixed effects (see Equation 5.2). All
controls include girl’s natal home’s household size, caste, sex of the household head,
landholding in round 3, mom’s literacy status, age of the head of the household, indicator
of whether the girl speaks the majority language, number of younger siblings, number of
older siblings, number of older brothers, number of older sisters, test scores at age eight,
weight at age eight, and BMI at age eight. Robust standard errors clustered at the level of
the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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CHAPTER 2

DO MARRIAGE MARKETS RESPOND TO A NATURAL DISASTER? THE IMPACT OF

FLOODING OF THE RIVER KOSI IN INDIA

2.1 INTRODUCTION

Since marriage is almost universal and divorce still an anomaly in South Asia, age at mar-

riage is one of the most important determinants of women’s and their children’s well-being.

Early marriage affects not only markers of women’s well-being, such as their education,

health, and labor force participation, but also the next generation’s human capital (Chari

et al., 2017; Field and Ambrus, 2008; Sekhri and Debnath, 2014; Sunder, 2019). Early

marriage is also associated with lower autonomy of women within their households and

increased risk of maternal and fetal complications during childbirth (Jensen and Thornton,

2003; Kirbas et al., 2016).

Early marriage of women is still a common practice in parts of India, despite its adverse

effects on a wide range of measures of well-being across generations. The child marriage

rate was 46% in India in 2009, and the prevalence of child marriage was higher than 50% in

some states (ICRW, 2016). It is crucial to understand why some families may still choose

to marry their children young in this context. The existing literature has advanced many

explanations for the presence and persistence of child marriage in India, including local

labor market opportunities (Hanmer and Klugman, 2015) and local cultural norms (Desai

and Andrist, 2010).
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In this paper, we study a relatively low mortality natural disaster, the flooding of river

Kosi in India in August 2008, to show that economic shocks induced by natural disasters

increase the prevalence of early marriage. Our paper is situated in Bihar – the state with

the highest rate of child marriage along with a high incidence of poverty (ICRW, 2016).

The Kosi floods were dubbed as a “catastrophe” by many (Relief Web, 2008). As many as

one million people were temporarily displaced, additional two million people were directly

affected. The associated damages estimated to be about USD 134.9 million (Disaster Man-

agement Department, 2009).

We use the 2015-16 round of the National Family Health Survey (NFHS-IV) and exploit

the spatial variation in the exposure to floods and the temporal variation in the year of mar-

riage in a difference-in-differences framework. Importantly, for the validity of our identifi-

cation strategy, the affected regions had not witnessed extreme flooding of river Kosi since

the 1950s, and the 2008 floods were completely unanticipated (Dixit, 2009).

The main result of this paper is that the Kosi floods reduced men’s age at marriage

by over ten months, over the counterfactual average age at marriage of 23 years. Given

that men typically marry younger women, these floods also decreased women’s age at

marriage by 4.3 months, over the counterfactual average age at marriage of 18.5 years.

These effects lead to a 6.9 percentage point increase in the incidence of male child marriage,

and a 3.6 percentage point increase in the incidence of female child marriage. Compared to

the cohort- and gender-appropriate average, this signifies a 125% increase in the incidence

of male child marriage and a 38% increase in the incidence of female child marriage. These

results are robust to an extensive set of sensitivity checks, including alternative definitions

of affected areas, alternative sample specifications, and placebo tests.

The effect of the Kosi floods on early marriage also translated into other meaningful

changes in married couples’ lives. First, they entered marriage with lower education: the

Kosi floods reduced the secondary school completion rate among married men by 6.6 per-
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centage point and among married women by 8 percentage point. Second, the Kosi floods

induced an earlier initiation into conjugal life and a lower age at first birth. Finally, we show

that the Kosi floods adversely affected economic outcomes for women: married women

were 8.6 percentage point less likely to participate in labor markets, and 8.9 percentage

point less likely to have their own money. Taken together, these findings suggest that short-

term marriage market responses to low mortality natural disasters can have long-term con-

sequences that go beyond the primary outcomes explored in this paper.

What explains this link between the Kosi floods and early marriage? In response to

floods-induced economic shocks, households with young sons may marry their sons early

to receive dowry—the traditional marriage market payment norm, a transfer from the

bride’s family to the groom’s family—to sustain through tough times. In case credit mar-

kets are incomplete, often the case in rural India, local cultural practices (such as dowry)

allow families to smooth their consumption.1

We formalize this hypothesis within the conceptual framework proposed by Corno et al.

(2020). This framework sets up a model of supply and demand of child grooms where

dowry is the market-clearing price. In response to a negative income shock, the equilibrium

level of dowry decreases. However, the effect on child marriage is ambiguous. Given that

grooms stay with their families after marriage, large adult male wages act as insurance for

sons’ families. In this case, a negative income shock is likely to affect brides’ households

more than grooms’ households. Therefore, grooms’ families can wait to marry their sons

in adulthood, and the equilibrium number of child marriages will decrease in response.

Relatedly, Corno et al. (2020) show that female child marriage decreased in response to

droughts in India. However, if adult male wages are low, an economic shock will increase

1Corno and Voena (2016) show that bride price smooths consumption when credit markets are
incomplete.
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the number of child marriages within this framework. We argue that this case is likely to

hold in Bihar, and indeed, we find that the Kosi floods increased early marriages.

In the context of our paper, this framework predicts a stronger response among (i)

households where dowry is more prevalent, and (ii) families who are more likely to be

credit constrained. Consistent with these theoretical predictions, we show that the effects

are larger for Hindu households and for landless households. These patterns suggest that

marriage market payments may be the underlying channel driving our main results. There-

fore, while early marriage in response to a flooding event might be the best response in

the absence of complete credit markets, the decision-makers, parents, in this case, may not

fully internalize the costs of this decision for the married couple.

We present additional evidence to confirm that the underlying mechanism is consistent

with our conceptual framework, which is based on the consumption smoothing needs after

the economic shock. The effect on child marriage is stronger in districts that experienced

greater destruction of property due to the floods. We explore alternate mechanisms that

could explain the robust pattern of increase in child marriage due to the Kosi floods. First,

we show that the Kosi floods did not differentially affect school infrastructure and enroll-

ment, confirming that school dropouts do not drive the increase in child marriages. Second,

we find no evidence of a change in local demographics (sex-ratios) in response to the Kosi

floods that could affect marriage markets. Finally, we argue that these results are not due to

a change in marriage market search costs due to the Kosi floods, which would have delayed

men’s entry into marriage markets.

Our paper sheds light on the link between an economic shock induced by a natural

disaster on marriage markets. Previous work has examined the impact of natural disasters

on critical markers of well-being, including mortality, education, and nutrition (for instance,

Caruso and Miller, 2015; Douglas et al., 2007; Frankenberg and Thomas, 2017; Ho et al.,

2017; Nandi et al., 2018).
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Our paper is also related to the growing strand of the literature also explores the link

between natural disasters and well-being through marriage markets. As discussed above,

Corno et al. (2020) show that droughts decrease child marriage in India. They also show

that droughts decrease child marriage in Sub-Saharan Africa, where bride price is the

marriage payment norm. However, in Senegal, Hotte and Lambert (2020) find droughts

delay marriage while bride price does not change due to rigid social norms. In the case

of the Great Chinese Famine, economic distress reduced the marital attractiveness of the

affected cohorts (Brandt et al., 2016). Marrying biological relatives is one of the critical

responses to economic hardships induced by disasters in societies where consanguinity is

prevalent (Mobarak et al., 2013). Exposure to disasters also reduces the quality of matches

and adversely affects the next generation’s human capital accumulation (Caruso and Miller,

2015; Douglas et al., 2007). Our empirical findings are related to Das and Dasgupta (2019),

who show that the 2001 Gujarat earthquake decreased women’s age at marriage. In addi-

tion to demonstrating the external validity for their results on the age of marriage for the

affected population within India, we show that Kosi floods also decreased married women’s

command over economic resources.

This paper not only extends the literature on the impact of natural disasters on marriage

markets to one of the poorest regions in the world but is also among the first ones to demon-

strate these effects in a relatively low mortality natural disaster. The Kosi floods resulted

in 527 deaths (0.005% of the population) (Disaster Management Department, 2009).2 The

relatively lower mortality of the Kosi floods allows us to attribute the effect of these floods

to enormous economic losses and not the demographic response to increased mortality.

2The total mortality associated with the 2001 Gujarat earthquake (studied by Das and Das-
gupta (2019)) was over 15,000 and with the 1970 Ancash earthquake (studied by Caruso and Miller
(2015)) was over 65,000. The Great Chinese Famine (studied by Douglas et al. (2007) and Brandt
et al. (2016)) was one of the worst famines in history, with between 16.5 and 30 million deaths.
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Lastly, to the best of our knowledge, this is the first paper to examine marriage market

responses to flooding events in India. Floods are a common hazard in India, and flood-prone

areas are rapidly expanding. According to global climate models, the frequency and mag-

nitude of extreme flooding events are predicted to increase in the coming decades in this

region further (Mirza, 2011; United Nations, 2018). Globally, flooding events are respon-

sible for massive damages to property, crops, livestock, and human lives, with the average

annual loss estimated to be USD 7.4 billion (United Nations, 2015).

The rest of the paper is organized as follows: Section 3.2 provides a description of the

Kosi floods and provides evidence that it was indeed a huge economic shock to the house-

holds residing in the affected districts. Section 2.3 presents the conceptual framework that

underlies the relationship between an economic shock and the timing of marriage. Sec-

tion 3.3 describes the data followed by a summary of the empirical strategy in Section 2.5.

Section 3.4 presents key results and discusses potential threats to identification, robust-

ness checks, placebo tests, and heterogeneity in impact estimates. Section 2.8 examines the

relationship between Kosi floods and follow-on outcomes related to women’s well-being.

Section 2.7 discusses alternate mechanisms that can explain our main findings and presents

evidence against them. Finally, Section 2.9 discusses the results and concludes.

2.2 THE 2008 KOSI FLOODS

On August 18th, 2008, heavy monsoon rain caused an embankment breach in Kusaha vil-

lage of Sunsari district in Nepal. As a result of this embankment breach, river Kosi burst

through the embankment into the old path it had abandoned two-hundred years ago. As the

river shifted 100 kilometers from its older course, parts of Northern Bihar were completely

submerged in water, and about 1,000 villages in five districts were severely affected (see

Figure 2.2 for a map). At its peak, the intensity of water force went up to 166,000 cubic feet
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per second compared with the regular 25,744 cubic feet per second, running straight down

south through a new course 15-20 kilometers wide and 150 kilometers long (Government

of India, 2010).

The affected areas had not experienced such flooding in over fifty years (Dixit, 2009).

After the massive flooding of the Kosi river in 1953-54, the Indian and the Nepalese Gov-

ernments signed the Kosi agreement to regulate the river flow for flood management. Under

this agreement, embankments were raised on either side of the river. Given the high sed-

iment load in the Kosi river, the embankment construction led to silt deposition, and the

river bed rose over time. As a part of the flood control efforts, a barrage was built on the

Kosi river between 1959 and 1963. The construction of this barrage further contributed to

changing the river’s morphology. Although the embankment was breached multiple times

before 2008, water always discharged along the river. The 2008 embankment breach was

different because it was for the first time that the embankment was breached upstream of

the barrage and water discharged along the river’s floodplains (Shreshtha et al., 2010).

Since the embankment construction, most households in the affected districts had not

experienced floods for several decades (Dixit, 2009). Further, the monsoon rains in 2008

were not severe. Therefore, the Kosi floods were completely unanticipated by the resi-

dents of the five affected districts. The embankment construction encouraged a sense of

safety among the locals (Dixit, 2009; Shreshtha et al., 2010). While there were rumors of

a breach in early August, the residents believed that the Kosi river would never flood with

the embankment in place.

The change in the river’s course and the widening of the river-span can be seen from

satellite images of the expanse of river Kosi near Supaul, one of the affected districts,

between December 2007 and December 2008 (Figure 2.3). According to official assess-

ments, about one million people had to be evacuated, and three million people were directly

affected by the floods in the affected districts. While the associated mortality was minimal
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at 527 lives (0.005% of Bihar’s population), the Kosi floods caused enormous economic

losses: the estimated damage was INR 5,935 million (USD 134.9 million), which amounts

to 0.5% of the Gross State Domestic Product in that year. A total of 236,621 houses were

damaged, and the Kosi floods resulted in 19,321 livestock deaths. Over 350,000 acres

of paddy, 18,000 acres of maize and 240,000 of other crops were damaged, impacting

close to 500,000 farmers (Disaster Management Department, 2009). Using the density of

night lights in the affected districts, we confirm that the Kosi floods on August 18, 2008,

were indeed a massive economic shock to the residents of the affected districts (see Figure

B.1.1). We also show that monthly consumption expenditure decreases more between 2006-

2007 and 2009-2010 in areas that experienced greater damage due to floods (Table B.1.2).

Appendix B.1 provides additional details on the history of embankment on the river and

the economic effect of the Kosi floods.

These floods were as unexpected for the state government as those residing in the

affected districts (Dixit, 2009). While the state government responded swiftly, one in four

households still had to make their arrangements to move out of the flood-affected areas

(UNDP, 2009). The state government set up 360 relief camps within schools, college build-

ings, and tents to house evacuees. At peak, more than 440,000 people were living in these

camps. The government camps were used for approximately four months, and affected

families returned to their villages by December 2008 (Government of India, 2010).

2.3 CONCEPTUAL FRAMEWORK

In this section, we discuss predictions from a conceptual framework, originally developed

in Corno et al. (2020). This framework explains how a negative income shock due to a

natural disaster can affect the likelihood of early marriage. It allows us to show that in the

presence of dowry, and under certain parametric assumptions, age at marriage decreases in
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response to a negative income shock. We present the intuition and basic predictions of the

model here, and Appendix B.3 presents this framework in detail.

Consider a marriage market where parents can either marry their offspring in childhood

or adulthood.3 We assume that all those who don’t marry in childhood marry in the next

period, that is, in their adulthood.4 At the time of marriage, the bride’s family pays a dowry

to the groom’s family. Households like to marry their offspring in childhood if and only

if the payoff from marrying in childhood is at least as much as the payoff from marrying

them in adulthood. The decision to marry offspring in childhood gives the demand and

supply of child grooms in the marriage market. The equilibrium number of child marriages

is determined by the equality of supply and demand for child grooms, with dowry as the

market-clearing price.

As discussed in Section 3.2, the Kosi floods were an unexpected negative economic

shock for households in the affected districts. We assume that this shock reduces income

for households with sons as well as households with daughters. With a decline in income,

households will want to marry their sons in childhood as the receipt of dowry will augment

the household’s disposable income. Therefore, the supply of child grooms increases (shift

of the supply to the right in Figure 2.1). In contrast, families with daughters will want to

defer their marriage to adulthood as it may be challenging to pay dowry with a decrease

in income. This decreases the demand for child grooms (shift of the demand to the left in

Figure 2.1). The shifts in supply and demand for child grooms capture the income effect due

to the Kosi floods. As a result of these shifts, dowry decreases in equilibrium. However, the

effect on the number of child marriages is ambiguous as the supply and demand for child

3Marrying in childhood is equivalent to marrying under age eighteen.
4Marriages are almost universal in India. Therefore, we assume that every individual in the

cohort gets married either in childhood or adulthood. With this assumption, an economic shock
from a natural disaster may affect the timing of marriage, but it will not affect marriage probability.
For a detailed discussion on the universality of marriages, see Appendix B.2.
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grooms also respond to this decline in dowry (a movement along the supply and the demand

curves, or the price effect due to the Kosi floods). Specifically, the supply of child grooms

will decrease, and the demand for child grooms will increase as the equilibrium dowry for

child marriages decreases. The net effect of the Kosi floods on the equilibrium number of

child marriages depends on the relative responsiveness of the supply and demand for child

grooms when equilibrium dowry decreases.

Figure 2.1 illustrates the two cases that may arise in equilibrium.5 If the supply of child

grooms is more price elastic than its demand, the equilibrium number of child marriages

will decrease (right panel of Figure 2.1). Corno et al. (2020) show that this case is more

likely if the adult male wages are large enough. Since large adult wages act as insurance

for sons’ households, a negative income shock is likely to affect households with daughters

(demand) more than households with sons (supply). In this case, the supply of child grooms

is more responsive to a dowry decrease than the demand, and child marriages decrease in

equilibrium.6

However, if adult male wages are not very large, the supply of child grooms is less

responsive to the decrease in dowry than the demand. Child marriages will increase in

equilibrium as a result. The equilibrium after the Kosi floods will likely correspond to

the left panel of Figure 2.1. Since the direction of the impact of the Kosi floods on child

marriages is theoretically ambiguous, it is a matter of empirical inquiry.

We show two patterns in data that suggest that adult male wages are low in Bihar. First,

of all the major states in India, the average weekly wages for men are the lowest in Bihar.

Second, while average wages at age sixteen were low at 412 rupees in 2010 prices (or about

5With the assumption of log utility for household preferences, we derive linear demand and
supply curves. For a complete proof, see Appendix B.3.1.

6When adult wages are large enough, the supply for child grooms will be more price responsive
than demand for any concave utility function that exhibits prudence or decreasing absolute risk aver-
sion. In Appendix B.3, we show a detailed proof assuming logarithmic utility. Proof for a generic
case is available upon request. Also, see Corno et al. (2020) for a detailed discussion.
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Figure 2.1: Two possible scenarios for an equilibrium

USD 9.2), wages grew by only 0.65% with age in years (Table B.7.3). The male wage-age

gradient is also very low between ages 15 and 50 (also illustrated in Figure B.6.2), which

confirms that male wages do not increase substantially in adulthood. Given low adult male

wages in Bihar, we expect that the rate of child marriages will increase in response to the

Kosi floods (as described by the left panel of Figure 2.1).
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2.4 DATA

We use the 2015-16 round of the National Family Health Survey (NFHS-IV) of India for

our analysis.7 There are several advantages to using this nationally representative survey.

First, this is a relatively large survey, and these data are representative at the state-level.

Second, these data collect retrospective information from ever-married women between

the ages of fifteen and forty-nine years on their marital outcomes, including date of mar-

riage, age at marriage, age at cohabitation, and age of consummation of the marriage.8

This information allows us to identify marriages formed before and after the Kosi floods

in August 2008. Besides, for a sub-sample of households, information on interviewed

women’s husbands’ backgrounds is also collected. For this sub-sample of women, the

survey also collects information on women’s economic autonomy and involvement in the

household decision-making process.

We restrict our study sample to Bihar and use the report on the Kosi floods prepared

by the Disaster Management Department, Government of Bihar to identify affected dis-

tricts (Disaster Management Department, 2009). We exclude other states from our sample

because they may differ fundamentally from Bihar along dimensions that influence mar-

riage markets’ decisions, including marriage customs, cropping patterns, and administra-

tive structures.

Five north-eastern districts in Bihar—Araria, Madhepura, Purnia, Saharsa, and Supaul—

were severely hit by the Kosi floods and form our treatment group. In comparison, the

remaining thirty-two districts in the state form the control group. Next, we restrict our

analysis to women who married between 2001 and 2015. Since Kosi was flooded in

August 2008, we exclude the interviewees who were married in this month.9 Therefore,

7Indian Demographic and Health Surveys are also known as National Family Health Surveys.
8A woman enters the survey at the time of her marriage and exits the survey at age 49 or the year

of the survey, whichever is earlier.
9By doing this, we exclude only nineteen women from our sample.
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our final sample is restricted to marriages that formed seven years before and after the Kosi

floods.

Figure 2.2 illustrates the treatment (in blue) and the control (in green) districts for our

analysis. In addition to the five treatment districts identified through the Government of

Bihar’s documentation, we also undertake robustness checks by including two less severely

flooded districts, Khagaria and Bhagalpur, in the treatment. Khagaria and Bhagalpur are

highlighted in white and blue in Figure 2.2.10

The final sample has 18,797 observations for women’s core outcomes and 3,033 obser-

vations for men’s outcomes. In our final sample for women, about 24% of the individuals

belonged to lower castes (Scheduled Castes or Scheduled Tribes), about 60% of the indi-

viduals belong to Other Backward Castes, and the remaining belong to Forward Castes.

About 85% of these individuals belonged to Hindu households. The distribution of caste

and religion is very similar for the sub-sample for which data from men’s interviews are

available.

Table 2.1 reports the differences in the outcomes studied in the paper across Kosi and

non-Kosi districts for the women who married before the Kosi floods. Both men and women

in Kosi districts were on average marrying at a higher age and were more likely to have

completed secondary schooling.

In addition to NFHS-IV, which we use for our primary analysis, we use multiple other

data sources to understand the effect of Kosi floods on local income and explore the validity

of various mechanisms that could drive these results. We describe these data sources in

Appendix B.4.

10Although the river flows through Katihar, since the floods affected the regions in the river’s
basin, it was not as severely affected and was not categorized as a flood-affected district by the
government.

61



2.5 EMPIRICAL STRATEGY

Our primary outcome of interest is the age at marriage. Our identification strategy uses a

difference-in-differences design to exploit the spatial variation in the exposure to the Kosi

floods and temporal variation in the year of marriage. In particular, the first difference

compares outcomes across districts that were affected by the Kosi floods (hereafter, Kosi

districts) with those that were not affected by the Kosi floods (hereafter, non-Kosi districts).

The second difference compares individuals across two cohorts: (i) women who married

between 2001 and July 2008, before the Kosi floods, and (ii) women who married between

September 2008 and 2015, that is, after the Kosi floods.

Our main specification is:

yidm = β0 +β1KosidPostim +β2Postim +δd +δm +X ′idmγ + εidm, (5.1)

where yidm is the outcome under consideration for individual i, residing in district d and

married in year m. Kosid is an indicator equal to one if individual i resides in a Kosi district.

Postim is an indicator equal to one if individual i got married after the Kosi floods.11 Xidm

is a vector of individual-specific characteristics that includes indicators for the individual’s

religion and caste, an indicator for the location of residence (rural), number of members in

the household, the gender of the household head, and indicators for household’s possession

of below poverty line card and other assets.12 We also include district fixed effects (δd)

and year of marriage fixed effects (δm). β1 is the difference-in-differences estimator that

captures the impact of the Kosi floods. εidm is a conditionally-mean-zero error term. All

standard errors are clustered at the district level.
11Married after August 2008
12These assets include indicators for ownership of agricultural land, house, protected water

source, dwelling type, toilet, refrigerator, bicycle, electricity, car/scooter, type of cooking fuel, live-
stock, radio, television, sewing machine, pressure cooker, electric fan and mattress, and the number
of rooms in the household. Table B.7.1 presents averages for all controls before floods across Kosi
and non-Kosi districts.
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Next, we allow the effect of floods to vary over time. The specification is:

yidm = β0 +β1KosidPost1im +β2KosidPost2im+

β3Post1im +β4Post2im +δd +δim +X ′idmγ + εidm, (5.2)

where Post1im is an indicator equal to one if individual i got married after the Kosi floods

but before 2012, and Post2im is an indicator equal to one if an individual got married

between 2012 and 2015. All the other variables are as defined in specification 5.1. Here,

β1 captures the impact of the Kosi floods right after the flooding event, and β2 denotes the

sustained effect of Kosi floods.

Finally, to understand the hazard of getting married at different ages, we use the fol-

lowing specification:

didma = βa0 +βa1KosidPostim +βa2Postim +δd +δm +X ′idmγ + εidma (5.3)

where didma is a marriage dummy for individual i living in district d married in year m takes

the value one until age ā when the individual gets married and zero for all the ages after

they are married, that is, didma = 1(a ≤ am), where am is the actual age at marriage. Each

individual enters the data at age 12.13 We run this specification for each age a separately.

βa1 identifies the differential probability of being married by age a across Kosi and non-

Kosi districts before and after the floods.

Below we describe and address potential concerns with the identification strategy to

argue for its validity.

13Since the majority of women(men) in Bihar got married by 30(35), we restrict the sample to
those who got married by this age (see B.2 for details).
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MIGRATION RESPONSE TO FLOODS

Another potential threat to our identification is migration. While permanent rural-to-urban

migration is rare in India, rural-to-rural migration is virtually absent (Munshi and Rosen-

zweig, 2016). Therefore, we restrict the sample to rural households and re-estimate equa-

tion 5.1 to confirm that the identification strategy is robust to any threat due to the migration

response. We present and discuss these results in Section 3.4.

Another migration response that we consider is marriage migration among women.

While women leave their natal homes after marriage, migration happens at a close distance

and often within the district. Using population migration data from 1990-2000, Biswas

(2017) shows that only 13% of the female population moved across districts after mar-

riage. We confirm this pattern for Bihar using the second round of the India Human Devel-

opment Survey (Desai and Vanneman, 2012): the median travel time between a woman’s

marital home and her natal home is two hours, and about 30% women report that they can

visit and return from their natal home within a day (Table B.7.4). Therefore, the empirical

strategy assumes that women’s natal families reside in the same district as their marital

homes. If marital migration patterns are such that women in Kosi-districts migrate to non-

Kosi districts, our estimates on women’s outcomes are likely to be underestimated, and the

estimates on men’s outcomes will not be affected because men do not migrate for marriage.

Next, we consider migration due to economic distress caused by the Kosi floods. To rule

out selection based on temporary out-migration, we estimate equation 5.1 with the indicator

that the interviewed women’s husband migrated for more than six months as the outcome.

Therefore, at least the Kosi floods had not changed long-term out-migration patterns among

men in Kosi districts (Table B.7.4).14

14These results depict long-term changes in migration patterns because the survey data was col-
lected in 2015, that is, seven years after the Kosi floods.
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DIFFERENCES IN AGE AT MARRIAGE AT THE BASELINE

As noted in Section 3.3, men and women were marrying at higher age in Kosi districts

(Table 2.1). We account for this difference in age at marriage across Kosi and non-Kosi

districts by including district fixed effects. However, this strategy does not address the con-

cern that the two groups might have had different trends in age at marriage had Kosi floods

not happened. Section 2.6.2 presents evidence that trends in age at marriage are likely to

have been parallel in the absence of floods. We also address this concern below by testing

the robustness of the results to synthetic control methods (Section 2.6.2) and difference-in-

differences with matching (Section 2.6.2), two alternate strategies that explicitly account

for this difference in the age at marriage at baseline.

MEASUREMENT ERROR IN RETROSPECTIVE DATA

Another potential threat to our identification strategy comes from the measurement error in

retrospective data on marriage age. Errors in these data will introduce a greater imprecision

in the estimates of the impact of the Kosi floods. Pullum (2006) shows that discrepancies

in age and date are not a serious concern even in the worst data quality setting. Therefore,

the concerns around measurement errors are not relevant in our case.

SELECTION DUE TO POTENTIAL CHANGE IN THE PROBABILITY OF MARRIAGE

Besides affecting the timing of marriage, if floods affect the probability of getting married

at all, Postim will be endogenous. Given that marriage is an almost universal phenomenon

in India, the empirical strategy is valid if we make the trivial assumption that all men and

women eventually get married.

Figure B.2.1 presents the likelihood of being married using NFHS-IV for the whole

country. Non-marriage rates are extremely low: almost all women are married by age 35,
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and almost all men are married by age 40. Figure B.2.2 presents this information for Bihar.

Note that while non-marriage rates for both men and women are paltry across the country,

they are particularly low for Bihar. Therefore, it is reasonable to assume that Kosi floods

were likely to affect the timing of marriage, but not the likelihood of ever getting married for

both men and women. Appendix B.2 summarizes the evidence on the nature of marriages

in India in detail. Our sample looks at all the individuals who married until seven years

after the floods. This period is sufficiently long such that individuals in the marriageable

age group would have gotten married.

2.6 RESULTS ON THE TIMING OF MARRIAGE

2.6.1 KEY RESULTS

Table 2.2 presents the difference-in-differences estimates of the impact of the Kosi floods

on age at marriage using equation 5.1. Columns 1-4 present the estimates of the effect on

men’s age at marriage while progressively augmenting the set of control variables. The

strictest specification that includes district-level fixed effects and year of marriage fixed

effects yields a statistically significant estimated effect of -0.81 years or about ten months.

Columns 5-8 present the estimates of the effect on women’s age at marriage while progres-

sively augmenting the set of control variables. When using the strictest specification, the

Kosi floods’ impact on women’s age at marriage is -0.37 years. The decrease in the age

at marriage due to the Kosi floods also translates into a higher child marriage incidence.15

The incidence of child marriage for men increased by 6.9% points. Compared to the cohort-

and gender-appropriate base of 5.54%, this signifies a 125% increase in the incidence of

15An individual is defined have married as a child if s(he) married before the age of eighteen.
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male child marriage. The incidence of female child marriage increased by 3.6% points; this

denotes a 9.5% increase over the cohort- and gender-appropriate base of 38% (Table 2.3).16

To further unpack these large effect sizes on child marriage rates, we use the specifica-

tion in equation 5.3 with outcome variable as the marriage dummy that is one until the year

the individual is married and zero for ages after they are married. We estimate and plot the

difference-in-differences coefficient at every age (Figure 2.4 and Figure 2.5). The effects of

Kosi floods are concentrated on the left tail of the marriage age distributions for both men

and women. In other words, the probability of being married by age 19 is higher in Kosi

districts after the floods, explaining the substantial effects on increased incidence in child

marriage.

Table 2.4 presents the results on time-varying impact of the Kosi floods described by

equation 5.2. For those who married before 2012, men’s age at marriage decreased by

1.26 years, but for those who married after 2012, it decreased by only 0.4 years and was

statistically insignificant. If married before 2012, the effect of Kosi floods on women’s age

at marriage is -0.82 years, and if the married after 2012 is -0.04 years and not statistically

significant. Therefore, the key result is driven by marriages that formed right after the Kosi

floods and are, thus, more likely to be associated with the flood-related economic shock.

The conceptual framework outlined in Section 2.3 shows that if adulthood wages are not

large enough (as is the case in Bihar), the families of child grooms will be relatively more

responsive to the negative income shock and the rate of child marriage will increase. Note

that the Kosi floods’ effect is larger among men and thus is likely driven by a response

by child grooms’ families. Since men marry younger women in India, we document an

16In the restricted sample of 3033 households, where a married couple was interviewed, the inci-
dence of female child marriage increases by 7.1 percentage points (p-value: 0.13), which is similar
in magnitude to the increase in the incidence of male child marriage (Table B.7.5).
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increase in the female child marriage rate.17 Consequently, while the effect on the differ-

ence between men’s and women’s age at marriage is negative, it is imprecise (Table B.7.2).

2.6.2 PARALLEL TRENDS

The coefficient β1 in our difference-in-differences specification (5.1) is the impact of the

Kosi floods under the assumption that in the absence of the Kosi floods, marital outcomes in

Kosi districts would have followed the same trends as those observed in non-Kosi districts.

While we cannot directly observe this counterfactual, we conduct several tests to show that

this assumption is likely to hold.

Figure 2.6 plots the trends in men’s and women’s average ages at marriage before the

Kosi floods in 2008. Note that the trends in average age at marriage appear parallel. How-

ever, as we already saw in Table 2.1, the average at marriage for both men and women is

higher in Kosi districts.

Next, we use two formal tests to check for parallel trends. First, we restrict our sample

to years before the floods, 2001 to August 2008, and estimate the following specification:

yidm = β0 +
2008

∑
m=2001

βmKosid ∗Tm +δd +δm +X ′idmγ + εidm (6.1)

In this specification, we include the interaction between the year of marriage Tm and an

indicator equal to one if individual i resides in a Kosi district for the sample that got married

before the Kosi floods in 2008. Other variables are as defined in equation 5.1. Figure 2.7

plots the coefficients on these interactions (βms) for age at marriage for both men and

women. Trends in our outcome measures are not significantly different in Kosi districts

before the occurrence of floods. Child marriage among women is higher for a couple of

17Appendix B.2 describes two persistent features of Indian marriage markets, one of which is the
persistent positive age gap between husbands and wives in India.
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years before 2008. However, we do not notice any such differential trends immediately

before the year it flooded (Table 2.5).

A second way to test for pre-existing trends is to assign a placebo treatment in a year

before 2008, that is, before the Kosi region was flooded. To implement this test, we restrict

our sample to marriages between 1993 and 2008, and falsely assume that the Kosi region

was flooded in December 2000. We compare marital outcomes for two cohorts of women:

(i) women who married between 1994 and 2000, and (ii) women who married between

2001 and 2008, across Kosi and non-Kosi districts. We estimate equation 5.1 to test for

any significant differential impacts of the assigned placebo treatment on marriage timing

in Kosi districts.

Table 2.6 shows that changes in women’s and her partner’s age at marriage are statisti-

cally indistinguishable between marriages between 1994 and 2000 and between 2001 and

August 2008, across Kosi and non-Kosi districts.

Since a difference-in-differences approach relies on a quasi-experimental variation in

the treatment (Kosi floods in this case), Kahn-Lang and Lang (2019) discuss the need to

carefully consider assumptions inherent in this approach by (1) addressing the differences

in the initial levels, (2) exploring if the parallel trends assumption requires a justification

of the chosen functional form, and (3) acknowledging that comparing pre-treatment trends

does not establish parallel trends during the treatment period.

The third concern raised by Kahn-Lang and Lang (2019) highlights the need to under-

stand if the trends in the outcome variable would have diverged even in the absence of

treatment. Recall that the bulk of the effect of Kosi floods was driven by marriages that

took place within 2.5 years of Kosi floods, and the effect is much smaller after that (Table

2.4). Therefore, it is unlikely that trends in the timing of marriage would have diverged

in the absence of Kosi floods. To address the first concern that arises from the difference

in the levels of age at marriage for men across Kosi and non-Kosi districts, we use two
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alternate methodologies: (i) we follow Blundell and Dias (2009) and combine difference-

in-differences with matching, and (ii) we implement synthetic control methods used in

Abadie et al. (2010).

DIFFERENCE-IN-DIFFERENCES WITH MATCHING

In this subsection, we implement the technique proposed in Blundell and Dias (2009) and

combine matching with difference-in-differences in the case of repeated cross-sections. The

main objective of this technique is to ensure that the treated group (marriages formed after

floods in Kosi districts) can be reproduced in the three effective control groups: (1) mar-

ried before floods in Kosi districts, (2) married before floods in non-Kosi districts, and (3)

married after floods in non-Kosi districts. We match data on marriages formed after floods

in Kosi districts with the three control groups separately. Next, corresponding propensity

scores are used to weight observations in these three control groups while estimating equa-

tion 5.1 using a kernel-based propensity score matching.18 Table B.7.6 shows that our key

results are consistent with the findings in section 2.6.1.

SYNTHETIC CONTROLS

The synthetic controls method assigns weights to a combination of control units such that

they follow the same pre-treatment outcome paths and levels as the treatment group (Abadie

et al., 2010). Since we have a much smaller sample for men’s outcomes, we restrict the

18We use individual and household level characteristics that we used as controls in our main
specification to estimate these propensity scores with a logit specification. In addition to including
these controls, we also include district and year of marriage fixed effects while implementing the
difference-in-differences specification.
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analysis to women’s age at marriage in this section.19 Figure B.6.3 shows that synthetic-

Kosi districts closely track the outcomes trajectories of these variables in Kosi districts

for the pre-floods period. The estimate of the effect of the Kosi floods on women’s age at

marriage is given by the difference between the solid line and the dashed line after 2008.

Consistent with our earlier findings, there is a noticeable divergence between the trends

after the Kosi floods: age at marriage women is considerably lower in Kosi districts than in

synthetic-Kosi districts after the Kosi floods.

2.6.3 ROBUSTNESS CHECKS

HAZARD OF GETTING MARRIED

As discussed in Section 2.5, our identification strategy is not valid if Kosi floods change the

composition of those who choose to get married. Consider the following scenario: while

some marry at a younger age after the Kosi floods, many others wait even longer to get

married. In this case, while the age at marriage will fall right after the floods, it will eventu-

ally increase. Consequently, we should not expect to see any change in the age at marriage

in the long run. To account for this concern, we include all marriages until seven years after

the floods, when all affected individuals would have gotten married. Further, we also show

that the effect of the Kosi floods was primarily driven by marriages that formed right after

the flooding event. This effect was not followed by an increase in age at marriage in Kosi

districts, and the source of bias described above is unlikely to be relevant here (Table 2.4).

To further address this concern, we estimate the effect of Kosi floods on the hazard of

getting married. If the concerns described above are valid, we should not expect to see a

decrease in the average hazard of getting married in the Kosi region after the floods. We

19A small sample size for men’s outcomes means that some control districts in some pre-treatment
years have no observations. Therefore, we cannot use outcome averages for those districts in those
districts when re-weighting.
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use the specification described in equation 5.3, with one difference: an individual enters the

sample at age 12 and exits after they are married.2021 Table B.7.7 confirms that the average

hazard of being married was also affected by the floods. After the flooding event, women

in Kosi districts were 0.6% point more likely to be married, which is a 4.5% increase

compared to the average hazard of 0.133 in non-Kosi districts after floods. The Kosi floods

also increased the hazard of marriage for men by 7%.

ALTERNATE TREATMENT DEFINITIONS AND ALTERNATE TIME FRAMES

We confirm that the results described in Section 2.6.1 are robust to three alternative defini-

tions of Kosi districts (see Appendix B.5 for details). First, we include two less affected dis-

tricts, Bhagalpur and Khagaria, included in some initial reports (Emmanuel Hospital Asso-

ciation, 2008). In another definition, we use images from NASA’s Moderate Resolution

Imaging Spectroradiometer (MODIS) satellites at 500 meters per pixel resolution to define

flood-affected areas. Instead of categorizing the entire district as treated, we define treat-

ment as regions that were inundated as of September 1, 2008. Lastly, we use the number

of houses damaged by the Kosi floods (as a proportion of the number of dwellings in the

2001 Census) in all districts of Bihar (reported in the Department of Disaster Management

Flood Report) as a continuous measure of the extent of damage due to flooding.

With three alternate definitions of Kosi districts, we find qualitatively similar results.

Estimates are not precise when we include Bhagalpur and Khagaria as Kosi districts (Table

B.5.1). It is worth mentioning that the impact estimates for these outcomes are somewhat

muted when we use expansive definitions of Kosi districts, confirming that the decrease in

age at marriage is driven by the districts which experienced the most severe economic dis-

tress. When we use the extent of damage caused by floods to vary the intensity of flooding,

20Since the majority of women(men) in Bihar got married by 30(35), we restrict the sample to
those who got married by this age (see B.2 for details).

21Of course, this specification is not estimated at each age separately but on the whole sample.
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the decrease in men’s and women’s age at marriage in Madhepura, the worst affected dis-

trict, is 1.5 years and 0.39 years, respectively (Table B.5.2). Therefore, consistent with the

conceptual framework, the effect of Kosi floods is more pronounced in regions that experi-

enced larger destruction due to floods, and thus had a greater impact on permanent income.

We also re-estimate equation 5.1 with a restricted time frame of marriages formed three

years before and after the Kosi floods. The results on age at marriage for both men and

women are robust to time frame choice (Table B.5.4).

DROPPING A RANDOM SUB-SAMPLE OF NON-KOSI DISTRICTS

To test the sensitivity of our results to the composition of the control group, that is, the

choice of non-Kosi districts, we re-estimate equation 5.1 after dropping a randomly chosen

set of five control districts. We replicate this exercise 100 times and obtain estimates for β1

for each of these replications. When we do this exercise for men’s age at marriage at the

outcome, the estimates of β1 lie between -0.752 and -0.979 years, while the estimates for

women’s age at marriage lie between -0.31 and -0.39 years. Figures B.6.4 and B.6.5 present

the estimates for these restricted comparisons and the associated distribution of t-statistic

for men’s and women’s ages at marriage. We continue to obtain statistically significant

results that have the expected sign for all outcomes for all replications, showing that the

choice of the control group is not driving the results documented in Section 2.6.1.

OMITTING BORDERING CLUSTERS

As discussed in Section 2.5, migration due to marriage happens within close distances,

and typically within the same district. However, this pattern or marriage migration does

not preclude the possibility that women in Kosi (non-Kosi) districts may be marrying men

in bordering non-Kosi (Kosi) districts. Such a pattern of cross-district marriage migration

could bias the estimated effects because control units will also be affected by Kosi floods.
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To check that cross-district migration is not driving the key results, we re-estimate 5.1 while

dropping the sampling clusters that are within 3 kilometers (and 5 kilometers) on either side

of the border of the five Kosi districts (Table B.7.8; Table B.7.9). The effect on men’s age

at marriage, though qualitatively similar, marginally attenuates and is imprecise.

THREAT TO IDENTIFICATION DUE TO MIGRATION

While permanent migration is rare in India, rural-to-rural migration is virtually absent

(Munshi and Rosenzweig, 2016). To check that any migration across Kosi and non-Kosi

districts due to Kosi floods is not driving the key results discussed in Section 2.6.1, we

restrict the sample to rural households and re-estimate equation 5.1. Reassuringly, results

are invariant to this restriction (Table B.7.10). Thus, while households may have migrated

from Kosi-districts to urban areas within the state, those patterns are unlikely to be driving

our key results.

2.6.4 PLACEBO TESTS

In this section, we employ placebo tests as a falsification strategy to examine the credibility

of our key results. We perform two falsification tests: (i) we use placebo treatment, that is,

falsely assign treatment to non-Kosi districts, and (ii) we use placebo outcomes, that is, the

outcomes that should not be affected by Kosi floods. If the null of no differential trends is

rejected under either test, then our key estimates from equation 5.1 of the impact of Kosi

floods on the original set of outcomes may not be valid.

PLACEBO TREATMENT

We use the simulation exercise described in Athey and Imbens (2017) to confirm if the

results presented above were not due to pure chance. We reassign the treatment status to a

randomly selected set of districts and re-estimate the effect of the placebo treatment on age

74



at marriage. We repeat this exercise 2,000 times.22 We create a reference distribution of the

treatment estimate and the associated t-statistic that would arise if the null hypothesis of no

treatment effect was true.

Figure B.6.6 shows the distribution of the estimated β1, the effect of placebo treatment

on men’s age at marriage. Reassuringly, the distribution of placebo estimates is centered

around zero, and only 5.6% of the replications reach the estimated effect size of -0.813

years. Similarly, the distribution of placebo treatment on women’s age at marriage is also

centered around zero. Only two of 2,000 replications reach the replicated effect size of

-0.365 years (Figure B.6.7). The reference distribution of the t-statistic obtained by ran-

domly assigning the treatment status is also centered around zero. (Figure B.6.6; Figure

B.6.7). 23

PLACEBO OUTCOMES

Next, we replicate our main specification on a set of placebo outcomes that should be

unaffected by Kosi floods. As outlined in Section 3.2, while Kosi floods caused significant

economic losses, the associated mortality is lower than that experienced in other major

natural disasters. As a result, we expect the gender of the individual who own agricultural

land and house not to be affected by floods. We also do not expect to see an effect on the

marital status of women. We use three placebo outcomes: (i) an indicator for agricultural

land ownership by any male member of the household, (ii) an indicator for house ownership

by any male member of the household, and (iii) an indicator for if the interviewed woman

22Young (2018) shows that typically 2,000 replications suffice to recover the non-parametric dis-
tribution of estimated effect size under placebo treatment. By doing this, we eliminate any system-
atic relationship between being a resident of a Kosi district and age at marriage.

23Thinking about inference is especially relevant in this paper because each district arguably
represents a marriage market, and error terms are likely correlated for observations within a district.
We have addressed this concern by clustering the standard errors at the district level. However,
the validity of inference may still be a concern due to the small number of districts in this sample
(thirty-seven).
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is divorced, widowed or separated. We expect β1 estimates from equation 5.1 to be close

to zero when studying Kosi floods’ effect on these placebo outcomes. As shown in Table

B.7.11, these are statistically insignificant, with tight confidence intervals around zero.

2.7 MECHANISMS

We have shown several patterns in Section 3.4 consistent with the conceptual framework

that links the Kosi floods to child marriage through economic loss. In this section, we study

whether the mechanisms underlying the main results are consistent with the conceptual

framework described in Section 2.3: early marriage, in the presence of dowry, is a way to

smoothen consumption when households experience an economic shock.

2.7.1 MARRIAGE PAYMENT NORMS

Our conceptual framework proposes that the local marriage payment norms, dowry, poten-

tially drive the decrease in age at marriage after the Kosi floods. Although illegal under

the Dowry Prohibition Act, 1961, dowry payments are a near-universal tradition across all

regions, caste, and ethnic groupings in India (Anderson, 2007; Rao, 1993). Dowry pay-

ments often amount to several years of a household’s income (Anderson, 2007; Anukriti

et al., 2019). While we do not observe dowries directly, we conduct two heterogeneity tests

in support of this mechanism.

HETEROGENEITY BY RELIGION

Although dowry is a tradition among both Hindus and Muslims, these marriage payments

are more prevalent and substantially larger among Hindus (Bloch et al., 2004; Borooah and

Iyer, 2004; Waheed, 2009). 24.

24Using Rural Economic and Demographic Survey (2006), we confirm that dowries are prevalent
among both the communities in Bihar and the average amount of dowry payment among Hindus is
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Table 2.7 describes the results for the heterogeneity in the impact of Kosi floods on mar-

ital outcomes for the sub-samples of Hindu and Muslim households. The adverse effects

of Kosi floods on age at marriage and the incidence of child marriage for both men and

women are much stronger among Hindu households than the aggregate sample. Further,

the effects for Muslim households on these outcomes are either attenuated or statistically

insignificant. These patterns suggest that our key results are almost entirely driven by the

response of Hindu households and indicate that customary dowry payments are a possible

mechanism underlying our results.

HETEROGENEITY BY WEALTH

The conceptual framework outlined in Section 2.3 also suggests that poor households, who

are more credit-constrained, will exhibit stronger marriage market responses to smooth

their consumption. We proxy wealth by an indicator of the household’s agricultural land

ownership because agricultural land in agrarian economies is one of the most common

indicators of wealth.

Table 2.8 shows a larger decrease in marriage age for men and women belonging to

landless households. Therefore, marital responses to floods are stronger among poorer

households, for whom dowry payments could be a critical mechanism to smooth consump-

tion.

2.7.2 OTHER POTENTIAL MECHANISMS

In addition to the framework described in Section 2.3, other conceptual frameworks can

also describe a link between the Kosi floods and child marriage. Ruling out all these frame-

works requires specifying and estimating a model wherein all the potential attributes of

almost 2.5 times the dowry payments among Muslims. The average amount of dowry reported for
Hindus is INR 23,820, while that for Muslims is INR 9,718.
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marriage market payments are controlled for; this is beyond the scope of this paper. In

this sub-section, we discuss some alternative mechanisms that could explain our empirical

findings on the early marriage of men and women in response to the Kosi floods. We also

provide suggestive evidence that these mechanisms may not apply in our setting.

FLOODS AND SCHOOL INFRASTRUCTURE

Floods may not have only damaged houses but also public infrastructure such as schools.

If students drop out of school due to the destruction of schooling infrastructure, parents

can marry their children earlier. If this was the case, then the effect of the Kosi floods on

early marriage was because of the destruction of schooling infrastructure and not through

marriage market payment norms.

We use data from the Unified District Information System for Education (U-DISE)

to test whether there was a differential change in school quality and enrollment in Kosi

districts at the time. U-DISE contains annual records on the level of enrollment and the

state of infrastructure for the universe of schools in India. We restrict our analysis to the

state of Bihar. Our estimation equation is the following:

y jdt = β0 +
2012

∑
t=2006

βt ∗Kosid ∗Yeart +X
′
jdtγ +δd +δt + ε jdt (8.1)

where y jdm is the outcome under consideration for school j in district d and in year t. Yeart

is an indicator equal to one for the year t and Kosid is an indicator for whether the school

belongs to a flood-affected district. X jdt is a vector of school-level characteristics that are

unlikely to change in response to flooding; it includes indicators for if the school is in a

rural area, the presence of a pre-primary section, primary section, and whether its medium

of instruction is English. We also include district fixed effects (δd) and year fixed effects

(δt). The coefficients βt capture any differential changes in school quality in Kosi districts

in the year t.

78



We look at four measures of school infrastructure: number of classrooms for grades 1-8,

number of classrooms in good condition, access to a water source, and access to electricity.

We also look at two measures of enrollment in schools: mean enrollment and total enroll-

ment. In Figures B.6.8 and B.6.9, we graph the coefficient on interaction βt for every year

in . We do not see any differential drop in school quality or student enrollment in 2008 or

the year after, suggesting that school quality was not differentially affected in Kosi districts

due to floods (Table B.7.12). Thus, it is unlikely that dropouts due to differential school

quality changes in Kosi districts can explain our findings on early marriage for men and

women due to the flooding.

CHANGE IN DEMOGRAPHICS

By increasing mortality, floods could have changed regional demographics that would have

affected sex ratios. Unbalanced sex ratios in Kosi districts, due to flooding, may also be

driving the marriage market responses to the Kosi floods.

We present some patterns in data that show that the Kosi floods were not associated

with any changes in demographics that altered sex ratios in a way that could explain our

results. As noted in Section 3.1, the Kosi floods caused enormous economic losses, but with

527 human deaths (0.005% of the total population of Bihar as per the 2001 Census), these

floods entailed relatively lower mortality.

Next, we look at age distributions of men and women in Bihar over two rounds of the

National Sample Survey (NSS) (64th round collected in 2007-08 and 66th round collected

in 2009-10) to determine any changes in sex ratios. Figure B.6.10 plots the cumulative dis-

tribution functions for males and females at different ages in Kosi and Non-Kosi districts.

The age-distributions of females are almost identical between the two periods. While the

number of men between ages 20-40 years seems to be slightly higher in the latter period
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in the Kosi region, men’s distributions are not different enough to cause any substantial

changes in sex ratios.

Finally, we look for any differential changes in sex ratios in Kosi districts using the vil-

lage directory from 2001 and 2011 Censuses of India. We estimate the following equation:

MaleFemaleRatiovdt = β0 +β1Year2011 +β2 ∗Kosid ∗Year2011 +δd + εvdt (8.2)

where β2 measures any differential change in sex ratio in Kosi districts over the ten years.

Table B.7.13 presents these results: we find an increase of 7 males per 1000 females in

Kosi districts relative to Non-Kosi districts, but this discrepancy is statistically insignificant

(p-value: 0.28). Since most marriages happen within a district, we also check if there was a

change in sex ratios at the district level. Our results in Column (2) in Table B.7.13 confirm

no differential change in sex ratios in Kosi districts.

These patterns in data confirm that Kosi floods were not associated with changes in

demographics that could potentially explain the changes in marital outcomes as we observe.

CHANGE IN SEARCH COST

Another possibility is that the Kosi floods restricted the scope of the marriage market

search. Could this change in search costs drive our key results? In India, the boys’ fam-

ilies initiate the search process (Vogl, 2013). In case the scope of the market search was

restricted due to Kosi floods, boys’ families will be less likely to marry their sons, espe-

cially younger sons, and it is unlikely that men’s age at marriage would decrease as a result

of the Kosi floods. Besides, if the Kosi floods decreased the scope of marriage market

search for boys’ families, it could have increased the share of consanguineous marriages in
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Kosi districts. Since we do not find any such pattern, it is unlikely that the change in search

costs explain our key results.25

2.8 RESULTS ON OTHER OUTCOMES

2.8.1 EDUCATION

As men and women marry younger, they are also more likely to have entered the marriage

with lower education. Table 2.9 describes the effect of Kosi floods on secondary school

completion rate.26 We find that the Kosi floods reduced the likelihood that married men

have completed secondary school by 6.6% points and the likelihood that women have com-

pleted secondary school by 8% points. These effects sizes denote a 24% decline in the sec-

ondary school completion rate among married men and a 32% reduction in the secondary

school completion rate among married women.

2.8.2 COHABITATION AND FERTILITY

The result that the Kosi floods induced marital market responses such that both men and

women married at a younger age does not necessarily imply an earlier initiation into mar-

ried life because, in many parts of North India, young brides do not go to their marital

homes immediately after their marriage (Collver, 1963). Conjugal life begins after the

gauna ceremony; until this ceremony is performed, the bride lives at her natal home.27

Table 2.10 describes the effect of Kosi floods on the timing of cohabitation and fertility.

Kosi floods decreased the age at first union by about four months and the age at first sex by

25The difference-in-differences estimate with the incidence of consanguineous marriage as the
outcome is -0.6% against the average of 4.3% for non-Kosi districts after 2008.

26Secondary education is typically completed around age sixteen, and we define it as having
completed ten years of formal education.

27Using Desai and Vanneman (2012), we check that this custom is prevalent in the state of Bihar:
the median age at marriage among married women is sixteen years while the median age at which
their gauna ceremony is performed is seventeen years.
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about two months. Kosi floods also reduced the age at first birth by over six months, thus

establishing that early marriage translated into an earlier initiation of fertility.

2.8.3 WOMEN’S STATUS

The literature has documented a clear negative gradient between women’s age at marriage

and their status within their families (Jensen and Thornton, 2003). Table 2.11 describes the

effect of the Kosi floods on women’s economic outcomes. As a result of the Kosi floods,

married women are 8.6% points less likely to work; this denotes a 70% reduction in female

labor force participation. Further, married women are 37% less likely to have their own

money to spend and 26% less likely to own a mobile phone. Though sizable at 39%, the

effect of the Kosi floods on the indicator that married women have a bank account in their

name is not statistically significant. Table 2.12 describes the effect of the Kosi floods on

women’s self-reported assessments of their roles in their households. Though not statisti-

cally significant, the direction of the estimates is consistent with the result that as a result

of the Kosi floods, women have entered marriages where they are accorded a lower status.

2.9 DISCUSSION

This paper explores the marriage market responses to a natural disaster in Bihar, a state with

among the highest rates of child marriage and poverty in India. We estimate the impact of

the Kosi floods of 2008 on the age at marriage for married couples. Ours is one of the first

papers to examine the effect of a flooding event on marriage markets. India is one of the

most vulnerable regions to climate change, and the frequency and the magnitude of floods

are predicted to rise in the coming decades. Therefore, studying the impact of floods on

demographics in general, and on marriage markets, in particular, is especially pertinent in

the Indian context. Floods are also different from other natural disasters that have been
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previously explored in the literature as they entail a relatively lower immediate mortality

cost, but the associated economic losses are enormous.

We find that Kosi floods decreased men’s age at marriage by over ten months. Since

men typically marry women younger than them, women’s age at marriage decreased by

about 4.3 months. This effect translated into a substantial 125% increase in the incidence

of male child marriage and a 9.5% increase in female child marriage incidence. As the

affected population enters marriage at a younger age, they also initiate their conjugal lives

earlier; age at first birth also declines. We establish that this result is driven by marriages

formed within 2.5 years of the flooding event. Finally, the effect of the floods on child

marriage is stronger in districts that experienced greater destruction of property.

Since these floods were a massive economic shock for the affected population, we

hypothesize that families with sons married them earlier to smooth their consumption

with the dowry. Consistent with this hypothesis, marriage market responses are more pro-

nounced among households where dowry is more likely to be the traditional marriage pay-

ment norm (Hindus) and among households that are more likely to be credit constrained

(landless). Therefore, marriage payments act as insurance when households lack access to

credit markets. If credit markets are complete, households will have little incentive to marry

their children early to meet the economic losses. Corno and Voena (2016) show that when

households can borrow and save in a world of perfect credit markets, the value of marriage

payments considerably reduces since the practice loses its consumption-smoothing role.

Relatedly, an important limitation of our paper is that we do not observe dowry directly.

Examining the variation in marriage market transfers in response to natural disasters is an

avenue for future research.

The Kosi floods also had long-term consequences: they reduced the secondary school

completion rate among married men and women. We also show that married women’s

inferior outcomes accompany their early initiation into marital life: they are less likely to
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work and less likely to own their own money. These patterns support the vast body of

literature that documents that early marriage is associated with a wide range of adverse

outcomes for women and their offspring. Therefore, while early marriage, in the face of an

economic shock, may seem optimal from parents’ perspectives, it entails high long-term

costs for the young couple, especially the bride.

This study highlights the institution of marriage as a channel through which disas-

ters may have a long-lasting impact on women. Thinking about policy responses that

will decouple child marriage and natural disasters becomes especially critical today when

flooding events are becoming more common in the sub-continent. From a policy perspec-

tive, it is critical to recognize that if disaster insurance or low-cost credit is readily avail-

able, the affected households have ways—other than the dowry tradition—to plan recov-

eries after experiencing an economic shock, thereby weakening the link between natural

disasters and child marriage.
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2.10 FIGURES
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Figure 2.2: Kosi and non-Kosi districts

Note: This map depicts the Kosi-affected districts in Bihar. Blue line depicts the path of the river
Kosi in Bihar. Five districts that were severely affected by Kosi floods are highlighted in blue, while
two other districts that were some less affected are highlighted in blue and white.
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(a) September 2007 (b) December 2007

(c) September 2008 (d) December 2008

Figure 2.3: Change in course and the span river Kosi after 2008 floods near Supaul

Note: These snapshots are captured by 500m resolution from the Terra MODIS satellite of NASA
(min latitude: 24.801636, max latitude: 26.757202, min longitude: 85.665894, max longitude:
88.500366). The arrows in each picture point to the path of river Kosi in Bihar. The river basin
to the right of the river was flooded by the breach of an embankment in Nepal on August 2008. One
can see the change in the span of the river and flooding of the river basin in September 2008. As
seen in panel (d), a few areas were also under water in December 2008.
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Figure 2.4: Effect of the Kosi floods on the hazard of getting married for men

Note: This figure uses estimates form equation 5.3 and shows the effect on the hazard of being
married at each age for men in the estimation sample. Coefficients are represented by diamond-
shaped points and the bars around the coefficients denote 90%, 95%, and 99% confidence intervals.

Figure 2.5: Effect of the Kosi floods on the hazard of getting married for women

Note: This figure uses estimates form equation 5.3 and shows the effect on the hazard of being
married at each age for women in the estimation sample. Coefficients are represented by diamond-
shaped points and the bars around the coefficients denote 90%, 95%, and 99% confidence intervals.
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(a) Men’s Age at Marriage (b) Women’s Age at Marriage

Figure 2.6: Pre-trends in age at marriage in Kosi and Non-Kosi districts

Note: This figure presents the trends in average age at marriage for men and women across Kosi and
non-Kosi districts between 1990 and 2007. Solid blue lines represents the trends in average age at
marriage in Kosi districts and the dashed green lines represent the trends in average age at marriage
in non-Kosi districts. Panel (a) presents the trends for men’s age at marriage and panel (b) represents
the trends for women’s age at marriage.

(a) Men’s age at marriage (b) Women’s age at marriage

Figure 2.7: Pre-trends in Kosi districts

Note: This figure graphs the coefficients βm from specification 6.1 for men’s and women’s age at
marriage. Each dot is the point estimate from the interaction between year of marriage and dummy
for whether individual resides in a Kosi district. The line corresponding to each point estimate
reflects the 95% confidence interval. Controls include religion, caste, location of the household,
gender of the household head, number of members in the household, indicator variables for land
ownership, house ownership, dummies for ownership of assets, district fixed effects and year of
marriage fixed effects. Robust standard errors clustered at the level of a district are included.
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2.11 TABLES

Table 2.1: Outcome variables for marriages before the Kosi floods (2008)

Control Districts Kosi Districts Difference

Age at marriage for men 21.67 22.46 0.79*
Age at marriage for women 17.18 17.58 0.40**
Child marriage for men 0.15 0.08 -0.07**
Child marriage for women 0.58 0.54 -0.04*
Secondary school completion for men 0.19 0.22 0.03
Secondary school completion for women 0.10 0.11 0.00
Age at first union 17.64 17.86 0.22
Age at first sex 17.52 17.60 0.08
Age at first birth 24.43 24.75 0.32*
Works 0.19 0.25 0.06
Has own money to spend 0.35 0.47 0.11**
Has own bank account 0.27 0.29 0.02
Owns a mobile phone 0.50 0.55 0.05
Intra-household decision: contraception 0.09 0.14 0.04
Intra-household decision: own health 0.10 0.13 0.02
Intra-household decision: large purchases 0.07 0.08 0.01

Note: This table reports the results from a comparison of Kosi affected districts with other
districts in Bihar for couples who married before 2008. Each row is a regression of the
dependent variable reported in column 1 on a dummy for whether the district is
flood-affected and a set of controls. Controls include religion, caste, location of the
household, indicators for the wealth quintile that the individual belongs to, year of
marriage fixed effects and district fixed effects. Robust standard errors clustered at the
level of a district are reported. * Significant at 10%; ** Significant at 5%; *** Significant
at 1%.
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Table 2.2: Effect of the Kosi floods on age at marriage

Men’s Age at Marriage Women’s Age at Marriage

(1) (2) (3) (4) (5) (6) (7) (8)

Kosi District 0.668 0.609 0.777∗ 0.000 0.059 0.264 0.481∗∗∗

(0.437) (0.408) (0.399) (.) (0.203) (0.168) (0.156)
Marriage after 2008 3.646 2.505 2.413 2.609 1.361∗∗ 0.848 0.843 0.878

(2.580) (2.553) (2.567) (2.609) (0.577) (0.560) (0.565) (0.578)
Kosi District X Marriage after 2008 -1.048∗∗ -0.916∗∗ -0.882∗∗ -0.813∗ -0.379∗∗∗ -0.353∗∗∗ -0.370∗∗∗ -0.365∗∗∗

(0.417) (0.392) (0.391) (0.433) (0.103) (0.107) (0.109) (0.108)

Observations 3033 3033 3033 3033 18797 18797 18797 18797
R-squared 0.0273 0.0941 0.0979 0.115 0.0547 0.118 0.124 0.140
Control Average 23.04 23.04 23.04 23.04 18.59 18.59 18.59 18.59
Household Controls No X X X X X X X
Year of Marriage FE X X X X X X X X
District FE No No No X No No No X

Note: This table reports the results from a difference-in-differences specification (see equation 5.1). Controls include religion,
caste, location of the household, gender of the household head, number of members in the household, indicator variables for
land ownership, house ownership, and dummies for ownership of assets. Robust standard errors clustered at the level of a
district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.3: Effect of the Kosi floods on the incidence of child marriage

Child Marriage for Men Child Marriage for Women

(1) (2) (3) (4) (5) (6) (7) (8)

Kosi District -0.077∗∗∗ -0.075∗∗∗ -0.081∗∗∗ 0.000 0.002 -0.027 -0.055∗∗∗

(0.019) (0.021) (0.023) (.) (0.025) (0.020) (0.016)
Marriage after 2008 -0.109∗∗∗ -0.058 -0.052 -0.062 -0.004 0.053 0.054 0.049

(0.031) (0.035) (0.035) (0.041) (0.057) (0.056) (0.056) (0.057)
Kosi District X Marriage after 2008 0.068∗∗ 0.069∗∗ 0.066∗∗ 0.069∗∗ 0.036∗∗ 0.033∗∗ 0.036∗∗ 0.036∗∗

(0.025) (0.026) (0.027) (0.028) (0.016) (0.016) (0.015) (0.015)

Observations 3033 3033 3033 3033 18797 18797 18797 18797
R-squared 0.0350 0.0589 0.0656 0.0942 0.0515 0.0890 0.0939 0.105
Control Average 0.0554 0.0554 0.0554 0.0554 0.380 0.380 0.380 0.380
Household Controls No X X X No X X X
Year of Marriage FE X X X X X X X X
District FE No No No X No No No X

Note: This table reports the results from a difference-in-differences specification (see equation 5.1). Controls include religion,
caste, location of the household, gender of the household head, number of members in the household, indicator variables for
land ownership, house ownership, and dummies for ownership of assets. Robust standard errors clustered at the level of a
district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.4: Temporal variation in the effect of the Kosi floods on age at marriage

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Marriage after 2008 1.310∗∗∗ 1.333∗∗∗

(0.187) (0.056)
Kosi District X Married between 2009 and 2011 -1.259∗∗ -0.821∗∗∗

(0.601) (0.116)
Kosi District X Married between 2012 and 2015 -0.444 -0.044

(0.469) (0.108)

Observations 3033 18797
R-squared 0.105 0.129
Control Average 23.04 18.59
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.2). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.5: Pre-trends: Marital outcomes

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

2002 0.185 -0.134
(1.327) (0.644)

2003 -1.671∗ -0.095
(0.944) (0.486)

2004 0.252 0.429
(1.253) (0.346)

2005 0.009 0.629∗

(1.065) (0.355)
2006 -0.331 -0.480∗

(1.316) (0.283)
2007 -1.015 0.204

(0.995) (0.427)
2008 -0.175 -0.021

(1.568) (0.379)

Observations 1563 9502
R-squared 0.107 0.0904
Control Average 21.11 16.58
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results on a comparison of trends in the timing of marriage in
across Kosi and non-Kosi districts before Kosi floods (see equation 6.1). Controls include
religion, caste, location of the household, gender of the household head, number of
members in the household, indicator variables for land ownership, house ownership, and
dummies for ownership of assets. Year of Marriage fixed effects and district fixed effects
are included. Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.6: Parallel trends: Marital outcomes

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Kosi District X Marriage between 2000 and 2008 -0.681 -0.015
(0.447) (0.149)

Observations 2847 17549
R-squared 0.0931 0.0770
Control Average 21.68 17.22
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) for marriages that took place between 1993 and 2008. Controls include
religion, caste, location of the household, gender of the household head, number of
members in the household, indicator variables for land ownership, house ownership, and
dummies for ownership of assets. Year of marriage fixed effects and district fixed effects
are included. Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.7: Heterogeneous effects: Effect of the Kosi floods on age at marriage,
on Muslim households

Hindu Households Muslim Households

(1) (2) (3) (4)
Men’s
Age at

Marriage

Women’s
Age at

Marriage

Men’s
Age at

Marriage

Women’s
Age at

Marriage

Kosi District X Marriage after 2008 -1.095∗ -0.401∗∗∗ 0.609 -0.299
(0.591) (0.101) (0.953) (0.333)

Observations 2549 16045 480 2730
R-squared 0.119 0.145 0.207 0.157
Control Average 22.77 18.50 24.42 19.18
Household Controls X X X X
Year of Marriage FE X X X X
District FE X X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) for subsamples of Hindu and Muslim households. Controls include religion,
caste, location of the household, gender of the household head, number of members in the
household, indicator variables for land ownership, house ownership, and dummies for
ownership of assets. Year of marriage fixed effects and district fixed effects are included.
Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.8: Heterogeneous effects: Effect of the Kosi floods on age at marriage,
on landless households

Landed Households Landless Households

(1) (2) (3) (4)
Men’s
Age

at Marriage

Women’s
Age at

Marriage

Men’s
Age at

Marriage

Women’s
Age at

Marriage

Kosi District X Marriage after 2008 -0.573 -0.318∗ -1.041∗ -0.413∗∗

(0.451) (0.178) (0.543) (0.169)

Observations 1702 10686 1331 8111
R-squared 0.141 0.137 0.149 0.163
Control Average 22.86 18.69 22.86 18.69
Household Controls X X X X
Year of Marriage FE X X X X
District FE X X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) for subsamples of landless and landed households. Controls include religion,
caste, location of the household, gender of the household head, number of members in the
household, indicator variables for land ownership, house ownership, and dummies for
ownership of assets. Year of marriage fixed effects and district fixed effects are included.
Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.9: Effect of the Kosi floods on the secondary school completion

(1) (2)

Marriage after 2008 0.135 0.086∗

(0.152) (0.050)
Kosi District X Marriage after 2008 -0.066∗∗ -0.080∗∗∗

(0.024) (0.012)

Observations 3063 18797
R-squared 0.311 0.254
Control Average 0.273 0.252
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.10: Effect of the Kosi floods on the timing of cohabitation and fertility

(1) (2) (3)
Age at First

Union
Age at First

Sex
Age at First

Birth

Marriage after 2008 1.357∗∗ 1.299∗∗ 0.944∗

(0.594) (0.535) (0.472)
Kosi District X Marriage after 2008 -0.318∗∗ -0.201∗∗ -0.555∗∗∗

(0.127) (0.096) (0.137)

Observations 18574 18499 14867
R-squared 0.0962 0.132 0.246
Control Average 18.50 18.46 18.46
Household Controls X X X
Year of Marriage FE X X X
District FE X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.11: Effect of the Kosi floods on women’s economic outcomes

(1) (2) (3) (4)

Works

Has Own
Money

to Spend

Has a
bank account
in Her Name

Owns a
Mobile
Phone

Marriage after 2008 -0.051 -0.078 -0.150 0.173
(0.113) (0.144) (0.109) (0.125)

Kosi District X Marriage after 2008 -0.086∗∗ -0.089∗∗ -0.078 -0.086∗∗

(0.033) (0.037) (0.058) (0.039)

Observations 3074 3074 3074 3074
R-squared 0.0814 0.0667 0.0947 0.140
Control Average 0.122 0.242 0.198 0.333
Household Controls X X X X
Year of Marriage FE X X X X
District FE X X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 2.12: Effect of the Kosi floods on intra-household decision-making

(1) (2) (3)
Decision:

Contraception
Decision:

Own Health
Decision:

Large Purchases

Marriage after 2008 0.230 -0.094∗∗ -0.075∗∗∗

(0.176) (0.036) (0.026)
Kosi District X Marriage after 2008 -0.042 -0.033 -0.009

(0.035) (0.024) (0.019)

Observations 2859 2981 2981
R-squared 0.0459 0.0464 0.0496
Control Average 0.0905 0.0971 0.0600
Household Controls X X X
Year of Marriage FE X X X
District FE X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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CHAPTER 3

AN INTRA-HOUSEHOLD ANALYSIS OF GENDERED DIFFERENCES IN CHILDREN’S

TIME USE

3.1 INTRODUCTION

While deprivation is experienced at the individual level, income poverty has historically

been analyzed at the household level due to data constraints. This masks significant vari-

ation in access to resources within households, including the gendered nature of access

to resources (Brown et al., 2019). Indeed, gender is an especially important dimension

on which consumption and investment are differentially allocated within households (Jay-

achandran and Kuziemko, 2011; Jayachandran and Pande, 2017; Kevane, 2012).

This paper advances the research agenda on gendered differences in intra-household

allocation by looking at an underexplored resource: time. Time is unique as an economic

resource in that all individuals - regardless of age, race, or income - are endowed with the

same amount of it and cannot acquire more. Moreover, each member in a household has

24 hours which cannot be shared, bypassing the issue of measuring per-capita resource

allocation for resources that can be shared. Analysis of how people use their endowment

of time has developed since the 1960s. From Becker (1965)’s seminal theoretical paper

on time allocation emerged an empirical development literature in the 1970s and 1980s,

that mostly focused on adult time allocation between market and non-market labor (see

Strauss and Thomas, 1998 for a summary). This study describes how children’s time spent

on leisure, study, and work in developing countries varies with gender.

101



We use the Young Lives Longitudinal Study’s internationally comparable data from

Ethiopia, India, and Vietnam for children age five to 18, which contains time use data in

the household rosters. This unique component allows us to use a household fixed effects

model to describe the correlation between gender and time use over three broadly defined

activities: leisure, study, and work. The appropriateness of this empirical approach for

intra-household analysis, which removes potential household-level confounders such as

parental characteristics, is demonstrated in studies of education decisions, such as Azam

and Kingdon (2013), Zimmermann (2012), and Maitra et al. (2016).

To guide our analysis of gender and time use, we use a conceptual framework wherein

children’s differential productivity in home production of non-tradeable consumption gen-

erates variation in the intra-household distribution of time use. The main prediction of this

setup is that comparative advantage across various tasks should dictate a child’s time use

relative to his or her siblings, suggesting that there would be a considerable variation in

the intra-household allocation of time across activities. This is supported by our finding

that in all three countries, a large proportion of total variation in time spent on the different

activities is intra-household variation.

Our most consistent finding is that girls spend less time on leisure. However, this comes

with a higher burden of work only in India, likely reflecting social norms that cast girls as

more suited or productive in domestic chores. In Ethiopia and Vietnam, the lower leisure

time for girls is associated with higher study time. In all three countries, being an eldest

female is associated with lower leisure time. In addition to the consistent pattern of female-

deficit in leisure time, we find that older children work and study more (highlighting their

relative productivity in both activities), especially when they have younger siblings.

To further explore the nature of female leisure gap, we borrow from the ideas of time

poverty and relative poverty to construct a relative leisure poverty measure. We define a

child as leisure poor if their time spent on leisure falls below the 25th percentile for their
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age group. We find that girls are more likely than boys to be leisure poor, and that the

gap in leisure poverty incidence emerges at an early age and is present across the wealth

distribution. The most striking finding is that in the sample for Vietnam, all leisure poor

children are girls.

These findings contribute to the literature on both children’s time use and unpaid

domestic work. Notable studies of children’s time use include those by Lloyd et al. (2008),

who use data from five developing countries to show that adolescent girls bear a heavier

work burden (due to non-market labor) and spend less time on leisure than boys, and Hsin

(2007), who finds the same for younger children using data from Indonesia. However,

rarely do such studies have data that allow intra-household comparisons and study leisure

as a distinct use of time. Our study does not assume a one-to-one trade-off between work

time and study time, allowing leisure as a third use of time. The intra-household regressions

show that this allowance is important, as the lower leisure time of girls relative to their

brothers is due to higher work burden in some countries, and higher study time in others.

The findings of this paper are relevant to the recent global call for recognizing, reducing

and redistributing unpaid domestic work to promote gender equality under Sustainable

Development Goal 5. There is renewed focus on time allocation research that tracks dif-

ferent types of non-market time uses, such as childcare, chores, and leisure. While data

limitations have historically constrained this agenda (Hirway, 2010), advances in time use

data collection are deepening our understanding of how people in developing countries

conduct their daily lives and how policies and programs shift people’s time use (Floro and

King, 2016).

The gender gap in unpaid domestic work is common knowledge and has been analyzed

empirically in dozens of countries. Rubiano-Matulevich and Viollaz (2019) analyze gender

differences in time use for 19 countries (pointing out in the process that time use data is

unavailable for 135 countries) and find that men spend about five hours per day on market
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work and two hours per day on unpaid domestic work, while those numbers are flipped

for women. Arora (2015) documents the excessive work burden of women relative to men

in rural Mozambique. Such gender differentials in time use are known to exist at younger

ages but are less well-documented. Data on children’s time use in developing countries

have only started to become available in recent years. Surveys typically collect information

on the socio-economic characteristics of household members, and infrequently ask about

time spent on daily activities unless it is a central purpose of the project (e.g. in the Amer-

ican Time Use Survey). As a result, there is relatively little evidence on how children’s

time is allocated in developing countries. Our intra-household finding of lower leisure for

girls (especially the first-born girls) sheds light on how early gendered patterns of time use

emerge.

There are important caveats on these findings. The time use data is not based on time

diaries, and was typically reported by a parent (who could have imperfect recall or biases

in reporting children’s time use). The heterogeneity analysis may have been hampered by

the limited sample sizes. But our results are robust to a number of checks, from varying the

age windows for grouping children and to excluding children for whom data on time use is

incomplete at the household-level.

The paper is organized as follows. Section 2 discusses a conceptual framework for chil-

dren’s time allocation and recent empirical papers on the subject from developing countries.

Section 3 provides details on the Young Lives data and statistics on children’s time use. In

Section 4, we describe the within-household variation in time use, explore the correlation

of gender with time use in a household fixed-effects model, and assess girls’ time poverty

using a non-parametric approach. Section 5 concludes and discusses implications of this

study for understanding economic gender equality.
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3.2 BACKGROUND

To frame our discussion of the Young Lives data and our findings on the intra-household

allocation of children’s time, we outline a simple conceptual framework of the decision-

making process that determines the distribution of children’s time use within a household.

It is a unitary decision-making setup, with a utility maximizing household allocating chil-

dren’s time among leisure, study, and work. That decision is based on each child’s relative

productivity in generating a shared household consumption good through work and human

capital through study. We allow leisure to contribute to human capital (but not the consump-

tion good) in an undetermined fashion. We abstract from children’s and adults’ preferences

over children’s time use, and child-specific skills. Since our empirical analysis will focus

on intra-household differences, we take household size (that is, fertility decisions) and non-

child income as exogenous. This framework is discussed in detail in Appendix A.

While this conceptual framework has many similarities with that of Edmonds (2006),

there is one critical difference. Like in the framework outlined in Ravallion and Wodon

(2000), total time is divided among studying, working and leisure. Therefore, instead of

just studying and working, leisure is also part of the allocation problem, so time spent on

study and work are not one-to-one substitutes.

This conceptual framework predicts that within-household differences in time spent on

leisure, study, and work are determined by characteristics that make children differentially

productive in those activities. For instance, if children become more productive at work

(in the household or in the market) as they age, then average time spent on labor by chil-

dren within a household will be higher for older children. Similarly, conditional on age,

the average time spent on work would be higher for elder siblings than younger siblings,

because the demand for their work as childminders would be higher. Older children will
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study more if human capital productivity increases with age, with leisure being the time

use out of which they substitute.

In much of the following analysis, we will focus on one characteristic of children:

gender. Our conceptual framework shows that if girls are perceived to be more produc-

tive than boys in the types of jobs that are most available to school-aged children (largely

domestic work) due to conditioned gendered skills or cultural norms, then the average work

time for girls will be higher for girls than for their brothers. However, a greater burden of

housework for girls does not necessarily imply that they would spend less time on studying,

as leisure is another margin for substitution.

Most of the literature on intra-household variation in children’s activities since Becker

(1965)’s “A Theory of Time Allocation” focuses on the extensive margin – labor force par-

ticipation or enrollment (for developing country examples, see Garg and Morduch (1998);

Tenikue and Verheyden (2010); Attanasio and Kaufmann (2014); Akresh et al. (2012);

Azam and Kingdon (2013)).1 While 258 million children and youth are out of school

worldwide, primary and secondary enrollment rates have improved dramatically over the

past two decades (UNESCO, 2019).

Similarly, while rates of child labor are dropping worldwide (ILO, 2017), domestic

work will always be ubiquitous in all but the richest households. In light of this, studying

the intensive margin (time use) is increasingly important. Furthermore, given the increasing

attention to the burden of non-market work that falls on women in developed and devel-

oping countries alike, it is important to study when and for whom gendered differences in

time use emerge in childhood.

Studies analyzing time use of children in developing countries have become more

common with improvements in survey coverage. While some intervention-based question-

1Or consumption or human capital investment. See Rosenzweig and Schultz (1982) and Wolfe
and Behrman (1982) for two early studies that come to different conclusions on whether parents
follow an investment model in allocating resources to their children.
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naires with time use cover a single child per household (Del Carpio et al. (2016)), longi-

tudinal surveys with household rosters are more likely to collect time use for all members.

enabling studies of within-household differences in children’s time use. These typically

have findings in line with the simple model outlined above, reflecting cultural norms that

demand female domestic work. Edmonds (2006) analyzes time use data from siblings in

Nepal and shows that older children and females work more (reflecting their comparative

advantage in household production), with a birth order effect that increases in household

size.

Dammert (2010) finds that in Nicaragua and Guatemala, elder males spend more time

in market and domestic work than their younger siblings, while elder females spend more

time in domestic work only. Lin and Adserà (2013) use a nationally representative survey

of Indian households to show that son preference (measured by the mother’s ideal gender

ratio) is positively correlated with the gender gap in hours of housework. Golan and Isopi

(2019) study polygamous households in Nigeria and show that the children of first wives

do more hours of work and are less likely to attend school than the children of later wives.

Many of these studies focus on data collected from a single geographic location. One

advantage of the descriptive analysis that follows is that we analyze comparable data from

three countries with distinct economic and cultural contexts (see Appendix B for a brief

description). This is made possible by the Young Lives Longitudinal Study (detailed in

Section 3). Each country sample is large enough to infer differences in time use norms

among countries, and any consistent patterns we find are likely to have external validity, at

least for low- and middle-income countries.

Several papers have analyzed the time use data collected by the Young Lives study. Seid

and Gurmu (2015) use the Young Lives study to analyze child labor on the intensive margin

and show that younger siblings are less likely to participate in labor than their elders, but

find no significant results on probability of school attendance. They complement this anal-
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ysis with time use data, and find that study time increases and market work time decreases

with birth order. Kirchberger (2020) analyzes how resources are allocated within house-

holds. The study relies on variation among siblings to identify favoritism in consumption

and leisure. Using the time use data and data on assignable goods (clothing and footwear),

she restricts the analysis to two-child households and finds that in all four countries, girls

with a brother spend substantially less time on leisure than girls with a sister. Results for

favoritism in consumption vary across countries. Heissler and Porter (2013) use the Young

Lives data from Ethiopia to show that elder girls work more than their siblings, especially

when there are younger brothers in the household. Congdon Fors and Lindskog (2017)

find that while birth order effects are negative for pecuniary investments, they are positive

for time investments, with girls spending more time on work and less time on education

relative to their brothers.

However, none of these studies describe within-household differences in leisure time

explicitly alongside study and work time with a focus on gender. By imposing that work

and study are one-to-one substitutes and neglecting that time spent on both can decrease

simultaneously when a child allocates more time to leisure, they ignore a critical source of

intra-household variation with potential welfare implications (discussed briefly in Section

3.5). Investigating within-household gendered differences in leisure is the main contribu-

tion of this paper, along with our gendered time poverty analysis.

3.3 DATA

We use the Young Lives Longitudinal Study for the analysis. It follows two cohorts of

children in four countries - Ethiopia, India (Andhra Pradesh State), Peru and Vietnam. The

sample in each country consists of two age groups: a Younger Cohort of 2,000 children who

were aged between six and eighteen months when Round 1 of the survey was carried out in
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2002, and an Older Cohort of 1,000 children then aged between 7.5 and 8.5 years. Rounds

2, 3, 4 and 5 of the survey were conducted in 2006, 2009, 2013 and 2016, respectively.

In each round, rich data on the lives of the children in the target age windows for

the two cohorts (“index children”) were collected, including details on their aspirations,

consumption, daily routine, health, personality, and more. In addition to the data on the

index child, limited information was collected on the index children’s siblings between

ages five and 18, including their typical daily time use during the preceding week. The

respondent was asked about each child’s typical time spent per day at school and studying at

home (hereafter study time), sleeping and playing (hereafter leisure time), and on domestic,

farm, or market tasks (hereafter work time) to the nearest half hour.2

We use Round 4 and Round 5 for the analysis because the data on time use was most

complete for those rounds. The Young Lives study had moved to collecting data on a

computer-assisted personal interviewing (CAPI) platform, wherein fieldworkers have the

questionnaires already loaded onto a tablet, laptop, notebook, or personal digital assistant

(Young Lives, 2017). They can directly enter responses in this device, and the collected

data can be transferred as data files almost immediately. This method of data collection

improves the data quality as inconsistencies can be addressed while the enumerator is still

with the respondent. Despite this, time use added up to 24 hours for only 33% observations

across the two survey rounds for Peru. On the other hand, time use added up to 24 for

84% of observations for Ethiopia, 90% of observations for India, and 68% of observations

for Vietnam. While we present results for Ethiopia, India, and Vietnam in Section 3.4, we

confirm that similar patterns emerge from the data collected from Peru in Appendix C.4.

Round 4 and Round 5 collected time use data only for the Young Cohort. Our analysis

sample includes co-resident siblings who were between ages five and 18 from the Young

2The respondent was given 24 pebbles and each represented one hour. For every child in the
roster, the respondent assigned these pebbles to a list of eight activities to indicate the child’s time
use for these activities. It was ensured that all the pebbles were allocated.

109



Cohort survey in Ethiopia, India, and Vietnam. The children were selected from twenty

sampling sites. These sites were chosen in 2001 to be representative of the region. Within

each sampling site, all households were screened to compile a list of eligible households

(with children aged one in 2001). From that list of households, a sample of 100 households

with children born between January 2001 and May 2002 was randomly selected for each

sampling site.

Households in urban areas comprise of 36% of the sample for Ethiopia, 28% of the

sample for India, and 20% of the sample for Vietnam. Table 3.1 describes the age distribu-

tion for children in our study sample. Since index children were 12 and fifteen in Rounds 4

and 5, respectively, we see two peaks in the age distribution at 12 and 15 across countries

(Figure 3.1, Figure 3.2, and Figure 3.3). Samples are equally split between boys and girls

(Table 3.2).

Attrition of index children was very low in India and Vietnam: less than 3% of the

children in the Younger Cohort were not tracked across five rounds. In Ethiopia, however,

5% of the children in the Younger Cohort were not tracked across five rounds.

Table 3.3 describes the average time use levels across three countries. In all three coun-

tries, children average between 8 and 10 hours of sleep per day. In Ethiopia, the average

child spent 4.9 hours in school (which includes travelling time), 1.3 hours on studying at

home, 4.1 hours on working, 4.2 hours at play, and 9.4 hours sleeping. Of the time spent on

work, 1.8 hours are spent doing domestic chores and 1.5 hours on other unpaid activities.

Only 9% of the sample were not involved in any work activity. In India, the average child

spent 7.8 hours at school and 1.8 hours studying at home, 1.5 hours on working, 4.1 hours

playing, and 8.8 hours sleeping. In sharp contrast to Ethiopia, 35% children in India do not

spend any time on work. In Vietnam, the average child spent 5.4 hours at school, 2.4 hours

on studying at home, 1.9 hours on work (largely domestic chores), 5.3 hours playing, and

9.1 hours sleeping. In Vietnam, 33% children do not work at all.
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Comparing the average time use by gender, it is clear that girls spend more time working

in the three countries, and the gap is the largest for India. In India, only 25% of girls were

not involved in work-related activities, while 38% of boys were not involved in any work-

related activities. These proportions were 6% and 9% in Ethiopia, and 27% and 37% in

Vietnam. On average, girls spent less time on leisure activities in all three countries, with

the most substantial gap in Vietnam. Patterns on gender differences in study time are less

consistent: while girls spend marginally less time on education-related activities in India,

they spend slightly more time in Ethiopia and 7% more time in Vietnam.

These average levels of time use mask substantial heterogeneity within a household,

and by child characteristics. How time use varies by those characteristics is a key question.

Therefore, it is important to understand the intra-household distribution of activities, and

especially how time use varies with gender. In Section 3.4, we explore this question in

detail, before investigating the gendered nature of time use allocation within a household.

3.4 RESULTS

3.4.1 DECOMPOSITION OF TOTAL INEQUALITY IN TIME USE

We interpret reported time uses as the result of an intra-household allocation decision that

assigns children to different tasks depending on comparative advantages relative to their

siblings.3 If this is the case, substantial variation in children’s time use will be driven

by variation within the household. To separate the contributions of within-household and

between-household components of overall variation in time use, we use the Generalized

Entropy Index4 with parameter value of two (hereafter GE(2)):

3We are agnostic about whether that decision is arrived at by a unitary or joint decision-making
process. Although this is an important consideration with respect to policy, it has no bearing on our
descriptive results.

4See Theil (1967) and Bourguignon (1979) for discussion.
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GE(2) =
1

2Nµ2
ah

N

∑
i=1

(tih−µah)
2, (4.1)

where tih is the time spent by child i in household h, µah is the average time spent by

all individuals and N is the total number of individuals. The advantage of using GE(2)

measure of variation is that it allows us to fully decompose the total variation into its within-

household and between-household components.

We implement this decomposition for four uses of time. We split leisure into play and

sleep, because the variation in sleep is low (Table 3.4). The within-household variation in

all time uses represents a substantial proportion of the total variation. In Ethiopia, within

household variation represents about one-half of the total variation in the three uses of time

across Round 4 and Round 5. In India, within-household variation accounts for between

37% of variation in leisure time and 53% of variation for work time in Round 4, and

between 31% of variation in study time and 35% of variation in work time in Round 5.

For Vietnam, it is around one-third of total variation in Round 4 and one-quarter of total

variation in Round 5.

3.4.2 ASSOCIATION BETWEEN GENDER AND TIME USE WITHIN A HOUSEHOLD

Since a high proportion of the total variation in time use is within-household, it is instructive

to explore its covariates. We document the statistical association between a child’s gender

and their deviation from the average time allocation of children in their household. The

conceptual framework described in Appendix C.1 implies a set of optimal decision rules

for each child for each activity:
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tihr = fhr(ηi,θi,zh), (4.2)

where tihr is the time that child i in household h spends in hours in round r on a given

activity, which would be empirically related to her characteristics that affect her human

capital productivity (ηi), her characteristics that determine the implicit wage of her market

and non-market labor (θi), and a vector of household-level variables that affect her human

capital productivity (zh). Of course, there is likely to be an overlap between the elements of

ηi and θi. Following the discussion on the evidence on the correlates of children’s activities

in Section 3.2, we focus on two arguably exogenous characteristics in addition to gender:

age and birth order. Since we have information on time use for multiple children within

the household, we employ household fixed effects. A household fixed effects model cap-

tures any difference across households, including all the elements of zh (parent’s education,

family’s wealth, etc.).

In Section 3.2, we described a household’s allocation decision wherein parents allocate

their children’s time (24 hours) across different tasks, and children’s relative productivity at

these tasks informs the optimal decision rule. Thus, in the ideal exploration of the variation

in the children’s time use, we would have complete data on time use for all the children.

Unfortunately, for many households, across three countries and across two survey rounds,

data on time use is missing for at least one child. We do not restrict our sample to only

households that have complete information for children listed in the roster, but we present

results with this restriction as a robustness check.

It is also essential to clarify how we use the panel structure of the Young Lives study in

our empirical strategy. While it is a panel dataset, the Young Lives study carefully follows

only the index child over various rounds of the survey. Siblings enter and exit the time
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use roster as they age in or age out of the 5-18 age-group, respectively.5 If we restrict

the analysis to households that follow all the same children across the fourth and fifth

survey rounds, we lose valuable information on children’s time use. Therefore, we include

all children that have complete time use information and include household-round fixed

effects. In other words, we treat every household’s time use allocation in every survey

round as a separate allocation problem. Finally, the purpose of our empirical exercise is to

explore the association between children’s time use and gender against the predictions of

the conceptual framework, not to assess causality.

We estimate a linear relationship between tihr (separately for each activity) and child

characteristics:

tihr = β0 +β1Femaleih +β2Ageihr +β3Age2
ihr +β4BirthOrderihr + γhr + εihr, (4.3)

where Femaleih is an indicator for whether the child is female, Ageihr and Age2
ihr denote

child i’s age and age squared in round r, respectively, and BirthOrderihr captures the

ranking of the child among her siblings in round r such that the oldest child is assigned

a rank one, and so on. Household-round fixed effects are captured by γhr. We report robust

standard errors that are clustered at the level of the sampling unit.6

5Because siblings aged into and out of the age window for time use collection (5 to 18 years
old) between rounds, there is more attrition for the full roster of children than for the index children.
The final sample in Round 4 have about 4,859 children from Ethiopia, 3,800 children from India,
and about 2,927 children from Vietnam. The final sample in Round 5 has about 4,301 children from
Ethiopia, 3,700 children from India, and about 2,032 children from Vietnam. Of these, about 4,465
children were surveyed in both rounds in Ethiopia, 3,392 children were surveyed in both rounds in
India, and 1,535 were surveyed in both rounds in Vietnam. Most of those who were interviewed
in Round 4 and not in Round 5 were older children who aged out of the roster, and most of those
who were interviewed in Round 5 and not in Round 4 were younger children who were added to the
roster.

6The choice of the level of clustering is a sampling design problem and we follow the approach
in Abadie et al. (2017). In the case of the Young Lives study, since a sample of 100 households was
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Several issues need to be addressed when we consider time use as a dependent variable.

First, we need to reflect on the nature of time use data we are using in this paper. As

described in Section 3.3 in detail, these data were collected using a stylized questionnaire

in combination with an in-field activity of allocating 24 hours across different activities to

the nearest half-hour. This in-field activity was conducted with the primary caregiver of the

index child. Admittedly, this mode of data collection on time use is not considered the best

practice; the best practice for collecting time use data is using detailed time diaries that the

respondent maintains for a short period, typically 24 hours (Frazis and Stewart, 2012).

However, since the primary objective of the paper is to explore typical patterns of time

use allocation within a household, this stylized questionnaire that collects retrospective

time use information is sufficient for this purpose. Further, time-use diaries that reflect

considerable day-to-day variation may not capture the long-run patterns of time use (Frazis

and Stewart, 2012). Moreover, using comparable time diary and survey-based data from

the same population, Schulz and Grunow (2012) show that various sub-group statistics

computed using time diary data and survey data are consistent.

Tables 3.5, 3.6, and 3.7 show the results for Ethiopia, India, and Vietnam samples,

respectively. The gender gap in time use that is present in all three countries is for leisure

time: girls spend less time on leisure than their male siblings (11 minutes in Ethiopia, 6 min-

utes in India, 27 minutes in Vietnam). However, the margins of substitution are different. In

Ethiopia, girls spend 0.06 standard deviations less time on leisure to study more. In India,

there is a similar gender effect size on leisure, but the substitution is into work rather than

study. In Vietnam, there is a large female leisure deficit (0.16 standard deviations), with

girls studying 35 minutes more per day than their brothers.

drawn from each of the sampling sites, we cluster at the sampling site level. Standard errors are
clustered at the level of a household separately across two survey rounds.
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ROBUSTNESS CHECKS

The most consistent gender gap we document across countries is the leisure deficit for

girls. We perform some robustness checks to confirm that this pattern is not an artifact of

the specification or the sample choice.

First, we add a control variable that may proxy for the intellectual ability of the child.

We include parents’ perception that the child performed well in school in the last academic

year. Since this metric of lagged performance may be correlated with study time and leisure

time may respond to movements in study time, it can affect the correlation between gender

and leisure time as well.7 The direction and the magnitude of the gender gap in leisure time

documented above are robust to the inclusion of this additional control (Table C.3.1, Table

C.3.2, Table C.3.3, Appendix C.3). Furthermore, the margins of substitution do not change:

lower leisure is accompanied by higher study time in Ethiopia and Vietnam and by higher

work time in India.

As discussed above, we did not restrict our sample to only those households that have

complete information for children listed in the time use roster for our primary analysis.

However, the conceptual framework presented in Appendix C.2 considers an allocation

problem wherein parents are allocating 24 hours in the day for all the children in the

household. Next, we check the robustness of the leisure gender gap documented above to

restricting the sample to households that complete information for all co-resident siblings.

While we would lose hundreds or thousands of observations depending on the country

with this restriction, results would more closely approximate the conceptual framework.

Even with this restriction, the consistent pattern of a female leisure deficit is present across

countries (Table C.3.4, Table C.3.5, and Table C.3.6 in Appendix C.3).

7Of course, performance at school is serially correlated, and the omitted current value is deter-
mined in part by how much studying is done. However, since the variable is categorical and based on
the caregiver’s perception of academic prowess relative to siblings, we conjecture that this variable
capture something closer to innate ability and that endogeneity is unlikely to be a major concern.
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Finally, we re-estimate equation 4.2 for samples from Round 4 and Round 5 separately

to ensure that this result was not driven by the age distribution for children in the sample

from either survey rounds. Table C.3.7, Table C.3.8, and Table C.3.9 present results for

Round 4 and Table C.3.10, Table C.3.11, and Table C.3.12 present results for Round 5. Not

only do we observe a gender leisure deficit across two rounds separately, the magnitude of

the gap is very similar for the three countries.

3.4.3 HETEROGENEITY IN THE ASSOCIATION OF GENDER AND TIME USE WITHIN A

HOUSEHOLD

Robustness of the female leisure deficit to specification and inclusion criteria reaffirm that

this pattern is consistently present across three low and middle-income countries, which are

on different stages on their development trajectories.8 Therefore, this pattern of a female

leisure deficit merits further investigation.

In this section, we explore the heterogeneity in the association between gender and time

use across three activities. In particular, we are interested in understanding how the pattern

of consistent leisure poverty varies with characteristics of the child and of her household.

Of the three dimensions of heterogeneity that we consider, two are already explored sep-

arately within the empirical specification described by equation 4.2: age and birth order.

In addition, we explore whether the association between gender and time use is different

across households with varying levels of wealth.

As children age, their productivity at both studying and working increases, but the rate

at which productivity increases could vary by gender. If productivity increases with age

more quickly for girls, we would expect the female leisure deficit to widen with age as

8Because of the poor data quality for Peru, we did not present the results for the Peruvian sample.
With the limited data available from Peru, we document a female leisure deficit as well, which is
accompanied by higher work burden (not statistically significant) on girls. Appendix C.4 describes
various results for Peru in detail.
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girls either study more (likely in Ethiopia and Vietnam) or work more (likely in India). In

Ethiopia and Vietnam, girls increase study time and reduce leisure time at a faster rate than

boys as they age (Table 3.8 and Table 3.10). The interaction between age and gender is

small and statistically insignificant in India (Table 3.9).

Eldest children within the family tend to have more housework responsibilities, and that

eldest child burden could be amplified for girls if girls are perceived to be more productive

in providing childcare for siblings. In India in particular, the gender leisure deficit would

likely be more pronounced for the first-born girls in the family. Although that’s the pattern

we find in the data, lower leisure time for first-born girls is not accompanied by a significant

increase in their work time (Table 3.12). The same holds for Ethiopia (Table 3.11), but the

gender-birth order interaction is statistically insignificant for Vietnam (Table 3.13).

The last dimension of heterogeneity we consider is wealth (Tables 3.14-3.16). The pre-

diction on the variation in the gender leisure deficit by wealth are not clear. Because the mix

of tasks required by households varies with wealth, girls may be perceived to be more pro-

ductive at work than boys in poorer households. But richer households may have productive

assets that are gender-biased in their use, resulting in a perceived gender differential in work

productivity that is more pronounced for the wealthy. The interaction between wealth and

gender is insignificant for all three time uses in all three countries. While exploring the

heterogeneity in the association between gender and time use is a helpful starting point,

the linear interaction term may not capture the variation in this heterogeneity across the

range of the dimension being considered. Therefore, in the next sub-section, we describe

the leisure gender gap across the range of these dimensions.

3.4.4 NON-PARAMETRIC EXPLORATION OF THE GENDERED LEISURE DEFICIT

We use the concept of time poverty (Vickery, 1977) to investigate further the co-movement

of the gendered leisure deficit with age, birth order, and household wealth. Time poverty
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is the state of having insufficient discretionary time for leisure and rest after accounting

for the time needed for work and other responsibilities. Several studies have identified that

adult women suffer from time poverty more than their male counterparts in developing

countries (Bardasi and Wodon, 2010; Wodon and Blackden, 2006; Zacharias et al., 2012).

Applying this concept to children’s time use, we follow Bardasi and Wodon (2010) in

setting a relative time poverty line. First, we use the regression model from equation 4.2

to predict leisure time (play and sleep) for each child. Then we define three age groups

(5-9, 10-14, and 15-18) and consider a child to be leisure poor if their predicted leisure

hours fall below the 25th percentile of the distribution of leisure time for their age group.9

Although the choice of age-groups to define the 25th percentile poverty line is ad hoc, our

main conclusions are robust to this choice.10

Before we explore the incidence of leisure poverty across age, birth order, and wealth

index, it is worth highlighting that all the leisure poor children in Vietnam are girls. In

other words, all children in the lowest quartile of the leisure distribution for their age

group in Vietnam are female. In all three countries, we observe the gap in incidence of

leisure poverty emerging from an early age (age six for Ethiopia and Vietnam, age seven

9Note that this approach sets a relative leisure poverty line that is insensitive to gender, and
therefore likely yields conservative estimates of the incidence of leisure poverty for girls. Poverty
lines across individuals should be welfare consistent. If girls face deprivation relative to boys on
other welfare dimensions (e.g., consumption, liberties) and utility is increasing in leisure, then girls
need a higher level of leisure to compensate for those deficits on average. In that case, this approach
is not welfare consistent, understating the incidence of leisure poverty of girls relative to boys.

10Figures C.3.1 to C.3.9 in Appendix C.3 show that the patterns of gendered leisure poverty docu-
mented here are robust to restricting the sample to the households where time use data was complete
for all co-resident siblings. Figures C.3.10 to C.3.18 in Appendix C.3 show that the patterns of gen-
dered leisure poverty are robust to considering 5-10, 11-15, and 16-18 as the age groups within
which poverty line is set, and Figures C.3.19 to C.3.27 in Appendix C.3 show that the gendered
patterns of leisure poverty are robust to considering 5-9, 10-13, and 14-18 as the age groups within
which poverty line is set.

119



in India).11 The gap closes at 15 in Ethiopia and 18 in India (Figure 3.4, Figure 3.5).12

In Vietnam, however, the gap in incidence of leisure poverty grows with age, perhaps

reflecting the higher study time for older girls (Figure 3.6). For Ethiopia, a small gap in

leisure poverty incidence exists at most birth orders, but it reverses for younger siblings

in very large families (birth order>6) (Figure 3.7). For India, the gap in leisure poverty

incidence exists only for first-borns (Figure 3.5). For Vietnam, the gap is largest for the

first-born child and then declines monotonically (Figure 3.6).

For all three countries, the gap in incidence of leisure poverty is present across the

wealth distribution and does not close. While the incidence of leisure poverty increases

with wealth in Ethiopia, the level difference across boys and girls is persistent (Figure

3.10). In India, while the gap in the incidence of leisure poverty is present across the wealth

spectrum, it is the widest among the richest households in the sample (Figure 3.11). As

is the case for Ethiopia and India, leisure poverty incidence is higher for girls than boys

across the wealth distribution in Vietnam (Figure 3.12). These findings on the intersection

of leisure poverty and wealth poverty are comparable to that of Brown et al. (2019). They

show that undernourished women and children are not concentrated in poor households,

just as we show that leisure poor girls are not concentrated in wealth poor households.

3.5 CONCLUSION

While gender gaps in health and education have been documented in a number of settings,

this analysis has demonstrated important gaps on a relatively underexplored dimension:
11Figures 3.4 through 3.12 plot the predicted incidence of leisure poverty by age, birth order,

and wealth index using a locally weighted scatterplot smoothing regression. Therefore, for a few
observations, we have negative predicted leisure poverty. This does not change the interpretation of
results and helps visualize the relationship between time poverty and these variables.

12Our sample may understate gendered differences in time use for older adolescents. The data
only include children that remain in their parents’ households. It may be that after leaving home
(for marriage, study, or work), older adolescent girls continue to spend less time on leisure than
their brothers.
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time use. We used the Young Lives Longitudinal Study to analyze intra-household differ-

ences in how children split their day among leisure, study, and work. We document that a

large part of the variation in children’s time use is due to the within-household component

(from 20% to 60%, depending on the country and the activity).

Relative to the average time allocation for their household, children study more at the

expense of leisure time as they age in all countries. The effect of birth order varies by

country, with elder children spending more time on leisure and less time on study than their

younger siblings in Ethiopia and India (perhaps reflecting that more resources are available

for education for younger siblings, and study time is complementary to those investments

– see Tenikue and Verheyden (2010)), and spending less time on work and more time on

study in Vietnam (perhaps reflecting that households prioritize education of elder siblings

as they enter secondary school, shifting housework responsibilities to younger siblings).

The correlation between gender and time spent on study and work also varies by

country, but in all three countries girls spend less time on leisure than their brothers. While

this gap is relatively small on average (11 minutes in Ethiopia, 6 minutes in India, 27

minutes in Vietnam), it emerges within families from an early age and persists as children

grow older. In addition, this gap is present across the wealth distribution. But because the

leisure gap is due to more study time in both Ethiopia and Vietnam, the implications of that

gap for children’s welfare is ambiguous. Given the emerging literature on the importance

of play for cognitive development (Lai et al., 2018; Whitebread et al., 2012), this is a topic

that merits further study. The case of India is notable because it is the one country in which

leisure appears to be lower for girls due to a higher burden of housework. Studies on gen-

dered time poverty suggest that provision of local infrastructure investments (electricity,

transportation, sanitation, water supply) may attenuate the gap by reducing the demand for

housework in many developing settings (Bank, 2015; Koolwal and Van de Walle, 2013).

Cultural norms that favor sons interact with the lack of such public goods to exacerbate
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gendered time poverty (Jayachandran, 2015). Cultural norms are not immutable. In a

recent study, Dhar et al. (2018) show that a social campaign engaging children in discus-

sions about gender equality led to more progressive gender attitudes. Studying the effect

of such interventions on time allocation is a promising avenue for future research.

Another promising approach is direct provision of childcare services. Indeed, early

childhood development programs can be effective in increasing schooling for older sib-

lings across contexts (see Jain, (2018) for evidence on India and Martinez et al., (2017) for

evidence on Mozambique). Sustainable Development Goal target 5.4 is to promote “shared

responsibility within the household and family” for unpaid care and work. The emergence

of the leisure gap from an early age and its consistency across the wealth distribution con-

firms that the domestic workload imbalance that provides the impetus for that target is

deeply entrenched in India. Any policies and programs to address it must intervene early in

family life, across all socioeconomic groups.
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3.6 FIGURES

Figure 3.1: Age distribution, Ethiopia

Note:Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the distribution of age (in years) for children in the sample. .

Figure 3.2: Age distribution, India

Note:Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple) line
represents the distribution of age (in years) for children in the sample.
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Figure 3.3: Age distribution, Vietnam

Note:Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the distribution of age (in years) for children in the sample.

Figure 3.4: Incidence of leisure poverty by age, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure 3.5: Incidence of leisure poverty by age, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple) line
represents the incidence of leisure poverty by age for girls and the dashed (orange) line represents
the incidence of leisure poverty by age for boys.

Figure 3.6: Incidence of leisure poverty by age, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure 3.7: Incidence of leisure poverty by age order, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by age order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age order for boys.

Figure 3.8: Incidence of leisure poverty by age order, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by age order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age order for boys.
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Figure 3.9: Incidence of leisure poverty by age order, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by age order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age order for boys.

Figure 3.10: Incidence of leisure poverty by wealth index, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by wealth index for boys.
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Figure 3.11: Incidence of leisure poverty by wealth index, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by wealth index for boys.

Figure 3.12: Incidence of leisure poverty by wealth index, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by wealth index for boys.
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3.7 TABLES

Table 3.1: Age distribution for the sample

10th percentile 25th percentile 50th percentile
75th
Percentile 90th percentile

Ethiopia 7 9 12 15 15
India 9 11 13 15 16
Vietnam 8 11 12 15 15

Note: This table presents the age distribution for the sample for Ethiopia, India, and
Vietnam. These results use data on the Young Cohort from Rounds 4 and 5 of the Young
Lives study.

Table 3.2: Breakdown of sample by gender

Male (%) Female (%)

Ethiopia 52.01 47.99
India 50.71 49.29
Vietnam 50.64 49.36

Note: This table presents the distribution of gender for the sample for Ethiopia, India, and
Vietnam. These results use data on the Young Cohort from Rounds 4 and 5 of the Young
Lives study.
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Table 3.3: Average time use (in hours)

Ethiopia India Vietnam

Study Work Leisure Study Work Leisure Study Work Leisure

Mean 6.31 4.12 13.57 9.61 1.52 12.86 7.77 2.03 14.20
Standard
deviation 2.93 2.56 3.12 3.07 2.44 2.03 3.24 2.64 2.73

Number of
observations 9,160 9,160 9,160 7,650 7,650 7,650 4,959 4,959 4,959

Mean for
girls 6.46 4.15 13.38 9.54 1.72 12.74 8.04 2.16 13.80

Mean for
boys 6.17 4.08 13.75 9.69 1.33 12.98 7.51 1.90 14.59

Note: This table presents average time use for three activities for the final sample for
Ethiopia, India, and Vietnam. These results use data on the Young Cohort from Rounds 4
and 5 of the Young Lives study.

Table 3.4: Decomposition of inequality in time use

Ethiopia India Vietnam

Study Work Leisure Study Work Leisure Study Work Leisure

% within
household:
Round 4

46.64 43.13 61.73 41.17 52.72 37.37 31.91 41.65 36.72

% within
household:
Round 5

43.75 39.13 57.03 31.26 35.02 34.07 20.25 28.80 24.82

Number of
observations 9,160 9,160 9,160 7,650 7,650 7,650 4,959 4,959 4,959

Mean for
girls 6.46 4.15 13.38 9.54 1.72 12.74 8.04 2.16 13.80

Mean for
boys 6.17 4.08 13.75 9.69 1.33 12.98 7.51 1.90 14.59

Note: This table shows the part of the total inequality in time use for three activities that is
explained by the within household inequality for the final sample for Ethiopia, India, and
Vietnam. These results use data on the Young Cohort from Rounds 4 and 5 of the Young
Lives study.
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Table 3.5: Intra-household allocation of time use, Ethiopia

Dependent variable: Study Work Leisure

Female 0.075*** 0.016 -0.059***
(0.021) (0.030) (0.017)

Age 0.436*** 0.182*** -0.400***
(0.036) (0.029) (0.026)

Age Squared -0.018*** -0.005*** 0.015***
(0.001) (0.001) (0.001)

Birth Order -0.134*** 0.015 0.106***
(0.038) (0.033) (0.020)

Number of observations 9,158 9,158 9,158
Adjusted R2 0.472 0.494 0.603

Note: This table reports results from a household fixed effects model described in
Equation 2. These results use data on the Young Cohort from Ethiopia from Rounds 4 and
5 of the Young Lives study. Robust standard errors clustered at the level of primary
sampling unit are given in parentheses. * (**, ***) indicates statistical significance at the
10% (5%, 1%) level.

Table 3.6: Intra-household allocation of time use, India

Dependent variable: Study Work Leisure

Female -0.018 0.061*** -0.053***
(0.024) (0.018) (0.012)

Age 0.223*** -0.039* -0.169***
(0.037) (0.023) (0.019)

Age Squared -0.011*** 0.004*** 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.036 -0.028 0.063***
(0.040) (0.028) (0.021)

Number of observations 7,650 7,650 7,650
Adjusted R2 0.322 0.318 0.418

Note: This table reports results from a household fixed effects model described in
Equation 2. These results use data on the Young Cohort from India from Rounds 4 and 5
of the Young Lives study. Robust standard errors clustered at the level of primary
sampling unit are given in parentheses. * (**, ***) indicates statistical significance at the
10% (5%, 1%) level.
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Table 3.7: Intra-household allocation of time use, Vietnam

Dependent variable: Study Work Leisure

Female 0.181*** 0.024 -0.162***
(0.064) (0.070) (0.046)

Age 0.224*** -0.006 -0.172***
(0.063) (0.089) (0.044)

Age Squared -0.010*** 0.005 0.005**
(0.003) (0.005) (0.002)

Birth Order 0.136 -0.296*** 0.048
(0.117) (0.108) (0.059)

Number of observations 4,953 4,953 4,953
Adjusted R2 0.325 0.370 0.388

Note: This table reports results from a household fixed effects model described in
Equation 2. These results use data on the Young Cohort from Vietnam from Rounds 4 and
5 of the Young Lives study. Robust standard errors clustered at the level of primary
sampling unit are given in parentheses. * (**, ***) indicates statistical significance at the
10% (5%, 1%) level.

Table 3.8: Heterogeneity in the association between time use and gender by age,
Ethiopia

Dependent variable: Study Work Leisure

Female -0.073 -0.022 0.062
(0.068) (0.080) (0.049)

Age 0.430*** 0.181*** -0.394***
(0.036) (0.028) (0.026)

Age Squared -0.018*** -0.005*** 0.015***
(0.001) (0.001) (0.001)

Birth Order -0.133*** 0.015 0.105***
(0.038) (0.033) (0.020)

FemaleXAge 0.013** 0.003 -0.011**
(0.006) (0.007) (0.004)

Number of observations 9,158 9,158 9,158
Adjusted R2 0.473 0.494 0.605

Notes: This table reports results for the heterogeneous relationship between gender and
time use by age in household fixed effects model described in Equation 2. These results
use data on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table 3.9: Heterogeneity in the association between time use and gender by age,
India

Dependent variable: Study Work Leisure

Female 0.119 -0.083 -0.018
(0.118) (0.072) (0.076)

Age 0.226*** -0.042* -0.168***
(0.037) (0.023) (0.018)

Age Squared -0.011*** 0.004*** 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.036 -0.028 0.063***
(0.040) (0.027) (0.021)

FemaleXAge -0.011 0.011* -0.003
(0.011) (0.007) (0.006)

Number of observations 7,650 7,650 7,650
Adjusted R2 0.323 0.319 0.418

Notes: This table reports results for the heterogeneous relationship between gender and
time use by age in household fixed effects model described in Equation 2. These results
use data on the Young Cohort from India from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table 3.10: Heterogeneity in the association between time use and gender by age,
India

Dependent variable: Study Work Leisure

Female -0.331 0.182 0.166
(0.225) (0.220) (0.171)

Age 0.214*** -0.003 -0.166***
(0.062) (0.087) (0.046)

Age Squared -0.010*** 0.005 0.005**
(0.003) (0.005) (0.002)

Birth Order 0.139 -0.298*** 0.046
(0.114) (0.107) (0.058)

FemaleXAge 0.044** -0.013 -0.028*
(0.020) (0.022) (0.014)

Number of observations 4,953 4,953 4,953
Adjusted R2 0.331 0.370 0.392

Notes: This table reports results for the heterogeneous relationship between gender and
time use by age in household fixed effects model described in Equation 2. These results
use data on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table 3.11: Heterogeneity in the association between time use and gender by birth
order, Ethiopia

Dependent variable: Study Work Leisure

Female 0.064*** 0.014 -0.047**
(0.020) (0.029) (0.018)

Age 0.441*** 0.183*** -0.404***
(0.039) (0.030) (0.027)

Age Squared -0.019*** -0.005*** 0.016***
(0.002) (0.001) (0.001)

Birth Order -0.133*** 0.015 0.105***
(0.038) (0.033) (0.020)

FemaleXEldest 0.051 0.009 -0.054**
(0.046) (0.034) (0.025)

Number of observations 9,158 9,158 9,158
Adjusted R2 0.472 0.494 0.604

Notes: This table reports results for the heterogeneous relationship between gender and
time use by birth order in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young
Lives study. Robust standard errors clustered at the level of primary sampling unit are
given in parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%)
level.
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Table 3.12: Heterogeneity in the association between time use and gender by birth
order, India

Dependent variable: Study Work Leisure

Female -0.040 0.058*** -0.029*
(0.028) (0.019) (0.014)

Age 0.230*** -0.038 -0.177***
(0.038) (0.023) (0.019)

Age Squared -0.011*** 0.004*** 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.026 -0.027 0.052**
(0.041) (0.028) (0.021)

FemaleXEldest 0.066 0.008 -0.070**
(0.045) (0.029) (0.028)

Number of observations 7,650 7,650 7,650
Adjusted R2 0.323 0.318 0.420

Notes: This table reports results for the heterogeneous relationship between gender and
time use by birth order in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from India from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table 3.13: Heterogeneity in the association between time use and gender by birth
order, Vietnam

Dependent variable: Study Work Leisure

Female 0.085 0.112 -0.137**
(0.073) (0.083) (0.056)

Age 0.244*** -0.025 -0.178***
(0.064) (0.087) (0.045)

Age Squared -0.011*** 0.006 0.005**
(0.003) (0.005) (0.002)

Birth Order 0.169 -0.327*** 0.039
(0.109) (0.095) (0.059)

FemaleXEldest 0.254*** -0.232** -0.067
(0.086) (0.088) (0.057)

Number of observations 4,953 4,953 4,953
Adjusted R2 0.333 0.374 0.388

Notes: This table reports results for the heterogeneous relationship between gender and
time use by birth order in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young
Lives study. Robust standard errors clustered at the level of primary sampling unit are
given in parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%)
level.
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Table 3.14: Heterogeneity in the association between time use and gender by wealth
index, Ethiopia

Dependent variable: Study Work Leisure

Female 0.096* -0.059 -0.023
(0.053) (0.071) (0.033)

Age 0.436*** 0.183*** -0.400***
(0.036) (0.029) (0.026)

Age Squared -0.018*** -0.005*** 0.015***
(0.001) (0.001) (0.001)

Birth Order -0.134*** 0.016 0.105***
(0.038) (0.033) (0.020)

FemaleXWealth -0.062 0.215 -0.104
(0.119) (0.157) (0.072)

Number of observations 9,147 9,147 9,147
Adjusted R2 0.471 0.494 0.604

Notes: This table reports results for the heterogeneous relationship between gender and
time use by wealth index in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young
Lives study. Robust standard errors clustered at the level of primary sampling unit are
given in parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%)
level.
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Table 3.15: Heterogeneity in the association between time use and gender by wealth
index, India

Dependent variable: Study Work Leisure

Female -0.065 0.121 -0.081
(0.097) (0.086) (0.048)

Age 0.223*** -0.039* -0.169***
(0.037) (0.023) (0.019)

Age Squared -0.011*** 0.004*** 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.037 -0.027 0.063***
(0.040) (0.028) (0.021)

FemaleXWealth 0.079 -0.100 0.048
(0.143) (0.123) (0.082)

Number of observations 7,650 7,650 7,650
Adjusted R2 0.322 0.318 0.418

Notes: This table reports results for the heterogeneous relationship between gender and
time use by wealth index in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from India from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table 3.16: Heterogeneity in the association between time use and gender by wealth
index, Vietnam

Dependent variable: Study Work Leisure

Female 0.030 0.062 -0.063
(0.359) (0.230) (0.295)

Age 0.224*** -0.006 -0.173***
(0.063) (0.089) (0.044)

Age Squared -0.010*** 0.005 0.005**
(0.003) (0.005) (0.002)

Birth Order 0.135 -0.296*** 0.049
(0.116) (0.107) (0.059)

FemaleXWealth 0.232 -0.057 -0.151
(0.523) (0.322) (0.422)

Number of observations 4,948 4,948 4,948
Adjusted R2 0.326 0.369 0.388

Notes: This table reports results for the heterogeneous relationship between gender and
time use by wealth index in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young
Lives study. Robust standard errors clustered at the level of primary sampling unit are
given in parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%)
level.
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APPENDIX A

CHAPTER 1 APPENDICES

A.1 CONTEXT: STATE OF ANDHRA PRADESH AND THE SAMPLING STRATEGY

Andhra Pradesh (including the state of Telangana) is the fifth-largest state in India. In 2002,

when the Young Lives study started in Andhra Pradesh, only 27% of the population was

living in urban areas. While agriculture was important and contributed to 30% of the state

domestic product, economic activity was increasingly shifting away from agriculture. In

2004-05, the rural poverty rate was 11%, while the urban poverty rate was 28%. Andhra

Pradesh was close to all India averages on various measures of human development. In

2004-05, the Andhra Pradesh’s infant mortality rate was 53 as opposed to 57 for the whole

country. The average life expectancy in Andhra Pradesh was 63.9, while it was 65.4 in

India. Adult literacy and enrollment rates were 50.9 and 87.6 in Andhra Pradesh, respec-

tively, and 61.8 and 82.1 in India (Centre for Economic and Social Studies, 2007).

Andhra Pradesh has three historically distinct socio-cultural regions, Coastal Andhra,

Rayalseema, and Telangana (Figure A.1.2). These divisions are divided into twenty-three

districts (Figure A.1.3). Each district composed of three to five divisions, and each division

has ten-fifteen mandals. A mandal is the lowest administrative tier of the government of

Andhra Pradesh.

The sample for the Young Lives study was drawn such that the three regions the region

were well represented. In addition to the metropolitan city of Hyderabad, two districts from

each region, one poor and one non-poor were drawn. Next, from each district mandals were
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Figure A.1.1: Andhra Pradesh

chosen to be representative of key development indicators. These chosen mandals, along

with three urban slums chosen from Hyderabad, were the primary sampling units (sampling

sites). From a list of villages that would have had at least fifty eight-year-olds and at least a

hundred one-year-olds, sample villages were randomly chosen from the selected sampling

sites.

Households covered by the Young Lives study are wealthier than the average house-

hold in Andhra Pradesh. A comparison with the households surveyed by the Demographic

and Health Survey, 1998-99 reveals that the surveyed households also had better access to

services. Despite these biases, the sample covered by the Young Lives study captures the

diversity of children in poor households in Andhra Pradesh.
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Figure A.1.2: Socio-cultural regions in
Andhra Pradesh

Figure A.1.3: Selected districts in
Andhra Pradesh
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A.2 ADDITIONAL FIGURES AND TABLES

Figure A.2.1: Difference between age at marriage and age at menarche, by cohort

Note: Data are taken from the IHDS, 2011-12. The solid (pink) line is the linear fit through age at
the time of the survey and the difference between ages at marriage and menarche and the gray dots
denote the average difference for each age. Data is restricted the respondents who were 23 or above
at the time of the survey to avoid selection bias from those who chose to marry early as most women
in the sample would have been married by 23.

Figure A.2.2: Age at menarche in Andhra Pradesh

Note: Data are taken from the IHDS, 2011-12. The solid (pink) line represents the distribution of
the age at menarche for the state of Andhra Pradesh.
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Figure A.2.3: Enrollment rate by gender and menarche status, locally weighted
regression

Note: Data are taken from the Young Lives study. The solid (red) line represents the trends in enroll-
ment rate for boys, the dashed (purple) line represents the trends in enrollment rate for girls in the
late menarche group and the dash-dotted (pink) line represents the trends in enrollment rate for girls
in early menarche group.

Figure A.2.4: Permutation tests for estimates of β3

Note: This figure shows the distribution of estimates of β3 from a permutation test of for equation 5.1
when girls in the early menarche group are compared to girls in the late menarche group. For each
child in the comparison sample, menarche status was randomly generated and these assignments
were used to compute β3 2000 times. This figure shows the distribution of the estimates of β3
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Figure A.2.5: Permutation tests for estimates of β3

Note: This figure shows the distribution of estimates of β3 from a permutation test of for equation
5.1 when girls in the early menarche group are compared to boys. For each child in the comparison
sample, menarche status was randomly generated and these assignments were used to compute β3
2000 times. This figure shows the distribution of the estimates of β3
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Table A.2.1: Tests for parallel trends: Logit

Girls in the
Early Menarche
Group vs Boys

Girls in the
Early vs Late

Menarche
Groups

(1) (2) (3)

Early menarche X Round 3 0.141
(0.219)

Early menarche X Round 4 -0.111 0.040
(0.276) (0.236)

Control average 0.808 0.561 0.448
Sampling site FE Yes Yes Yes
Controls Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1) for comparisons that span the second and the third survey rounds (column
2), and the third and the fourth survey rounds (columns 3 and 4). Controls include
household size, caste, sex of the household head, wealth index, mom’s literacy status, age
of the head of the household, indicator of whether the child speaks the majority language,
number of younger siblings, number of older siblings, number of older sisters, number of
older brothers, test scores at age eight, weight at age eight, and BMI at age eight.
Sampling-site fixed effects are included. Robust standard errors clustered at the level of
the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.2: Girls in the early and the late menarche group, BMI, height and
caretaker’s perception of child’s health

(1) (2) (3)

BMI Height (in cms.)

Caretaker’s Perception
of Child’s Health
Relative to Peers

Round 2 1.657∗∗∗ 22.515∗∗∗ -0.056
(0.244) (2.350) (0.114)

Early menarche X Round 2 1.641∗∗∗ 2.123∗ 0.160
(0.339) (1.165) (0.096)

Observations 1003 1007 1014
R-squared 0.826 0.876 0.535
Control average 15.56 139.1 0.425
Individual fixed effect Yes Yes Yes
Controls Yes Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1). Controls include household size, caste, sex of the household head, wealth
index,mom’s literacy status, age of the head of the household, indicator of whether the
child speaks the majority language, number of younger siblings, number of older siblings,
number of older sisters, number of older brothers, test scores at age eight, weight at age
eight, and BMI at age eight. Sampling-site fixed effects are included. Robust standard
errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.3: Other investments in girls in the early menarche group in round 2

Food Intake (last seven days)
Exp.

(in rupees) Cereal Roots Legumes Milk Eggs Meat

(1) (2) (3) (4) (5) (6) (7)

Early menarche 969.268 0.029 -0.037 -0.037 0.068∗ 0.007 0.037
(1785.812) (0.035) (0.046) (0.054) (0.038) (0.033) (0.031)

Observations 501 507 507 507 507 486 478
R2 0.128 0.255 0.208 0.224 0.0845 0.117 0.136
Control average 7559.8 0.251 0.380 0.647 0.171 0.0922 0.0627
Sampling site FE Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the results from a single-difference specification (see Equation
5.3) using data from the second survey round. Controls include household size, caste, sex
of the household head, wealth index,mom’s literacy status, age of the head of the
household, indicator of whether the child speaks the majority language, number of
younger siblings, number of older siblings, number of older sisters, number of older
brothers, test scores at age eight, weight at age eight, and BMI at age eight. Sampling-site
fixed effects are included. Robust standard errors clustered at the level of the sampling site
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.4: Time use patterns of older siblings, proportion of time in the day

(1) (2) (3) (4) (5) (6) (7)

Work
Household

chores Care Sleep Play School Study

Early
menarche 0.002 -0.004 -0.000 -0.007 -0.013 -0.014 -0.016

(0.012) (0.004) (0.002) (0.020) (0.020) (0.016) (0.012)

Observations 496 496 496 496 496 496 496
R2 0.0807 0.141 0.198 0.174 0.0794 0.170 0.0678
Control
average 0.0155 0.0211 0.00561 0.304 0.158 0.196 0.0577

Sampling
site FE Yes Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the results from a single-difference specification (see Equation
5.3) for data from the second survey round when children were twelve. Controls include
household size, caste, sex of the household head, wealth index,mom’s literacy status, age
of the head of the household, indicator of whether the child speaks the majority language,
number of younger siblings, number of older siblings, number of older brothers, number
of older sisters, test scores at age eight, weight at age eight, and BMI at age eight.
Sampling-site fixed effects are included. Robust standard errors clustered at the level of
the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.5: Time use patterns of younger siblings, proportion of time in the day

(1) (2) (3) (4) (5) (6) (7)

Work
Household

chores Care Sleep Play School Study

Early
menarche 0.034 0.037 0.034 0.048 0.024 0.045 0.032

(0.034) (0.034) (0.034) (0.028) (0.042) (0.030) (0.033)

Observations 403 403 403 403 403 403 403
R2 0.0866 0.0817 0.0810 0.128 0.0760 0.180 0.0995
Control
average 0.0155 0.0211 0.00561 0.304 0.158 0.196 0.0577

Sampling
site FE Yes Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the results from a single-difference specification (see Equation
5.3) for data from the second survey round. Controls include household size, caste, sex of
the household head, wealth index,mom’s literacy status, age of the head of the household,
indicator of whether the child speaks the majority language, number of younger siblings,
number of older siblings, test scores at age eight, weight at age eight, and BMI at age
eight. Sampling-site fixed effects are included. Robust standard errors clustered at the
level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.6: Robustness check: effect on Young Lives children’s siblings’ enrollment

(1) (2)
vs Late

Menarche Group vs Boys

Round 2 -0.031 -0.066
(0.046) (0.053)

Early menarche X Round 2 0.005 0.023
(0.062) (0.050)

Observations 1423 1729
R-squared 0.470 0.482
Control average 0.748 0.682
HH fixed effect Yes Yes
Controls Yes Yes

Note: This table reports the results from a difference-in-differences specification (see
Equation 5.1) for comparisons that span the first and the second and the second and the
third survey round. Controls include household size, caste, sex of the household head,
wealth index,mom’s literacy status, age of the head of the household, indicator of whether
the child speaks the majority language, number of younger siblings, number of older
siblings, number of older brothers, number of older sisters, test scores at age eight, weight
at age eight, and BMI at age eight. Household fixed effects are included. Robust standard
errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.7: Markers of gender performance, by caste

(1) (2) (3) (4)

Practice purdah
Can go to:

Health center
Can go to:

Grocery shop
Can go to:

Friend’s house

Scheduled caste -0.046∗ 0.039 0.051∗∗ 0.038
(0.025) (0.035) (0.022) (0.036)

Observations 1774 1774 1774 1774
R2 0.288 0.216 0.209 0.229
Control average 0.145 0.588 0.802 0.651
Sampling site FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Note: This table reports the results on the association between markers of gender
performance and caste for the state of Andhra Pradesh using the second round of the
nationally representative IHDS Survey. Controls include an indicator for land ownership,
logged per capita consumption expenditure, age, age squared, an indicator for whether the
woman married before eighteen, number of household members and number of married
women between the ages of fifteen and forty-nine. Primary Sampling-site fixed effects are
included. Robust standard errors clustered at the level of the primary sampling unit are
reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.2.8: Normalized test scores in round 2

PPVT Mathematics

(1) (2) (3) (4)
vs Late

Menarche
Group vs Boys

vs Late
Menarche

Group vs Boys
Early menarche 0.072 -0.022 0.121∗ 0.020

(0.068) (0.070) (0.072) (0.087)

Observations 497 601 498 610
R2 0.396 0.387 0.449 0.410
Control average -0.0983 0.0585 -0.0607 0.0470
Sampling site FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Late menarche -0.148∗∗ -0.117
(0.051) (0.069)

Observations 832 842
R2 0.364 0.378
Control average 0.06 0.04
Girls -0.130∗∗ -0.079

(0.046) (0.068)
Observations 965 975
R2 0.371 0.390
Control average 0.06 0.05
Sampling site FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Note: This table reports the results from a single-difference specification (see Equation
5.3). Controls include child’s enrollment status, household size, caste, sex of the
household head, wealth index, mom’s literacy status, age of the head of the household,
indicator of whether the child speaks the majority language, number of younger siblings,
number of older siblings, number of older sisters, number of older brothers, test scores at
age eight, weight at age eight, and BMI at age eight. Sampling-site fixed effects are
included. Robust standard errors clustered at the level of the sampling site are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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A.3 EARLY MENARCHE AS AN INSTRUMENT FOR EARLY MARRIAGE

This section will explore the validity of early menarche as an instrument for early marriage.

Following Conley et al. (2012), I seek to understand the validity of the instrument to the

plausible violation in the exclusion restriction through the lens of the following population

model:

Y = Xβ +Zκ + ε (C.1)

A violation of the exclusion restriction would imply that κ is not zero. Under certain

assumptions on the point estimate of κ or the distribution it is drawn from, one can estimate

bounds around the two-stage least squares estimate. More specifically, if the true value of

κ , say κ0, was known then we could estimate β by subtracting Zκ0 from both sides of the

equation C.1:

Y −Zκ0 = Xβ + ε (C.2)

Next, we can use the usual asymptotic approximations to estimate 95% confidence

intervals around β under the assumption that κ = κ0. However, we do not know κ0. Let’s

assume that κ is drawn from the support G, and the true value is κ0 ∈G. For all points in the

support G, one can estimate the 95% confidence interval around β IV using two methods.

The union of confidence intervals method assumes that only the support of κ is known, and

the union of confidence intervals corresponding around β IV for different values of κ in G

will contain the population parameter. A primary drawback of this methodology is that the

confidence intervals are often too wide. A second methodology discussed by Conley et al.

(2012) assumes that κ is a random draw from a known distribution, and the knowledge of

this distribution is used to compute the 95% bounds around the population parameter.
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This paper uses these methodologies to discuss the validity of early menarche as an

instrument for early marriage. First, I take κ from the Young Lives study. Next, I use the

nationally representative second round of the India Human Development Survey (IHDS) to

estimate the effect of early marriage on completed schooling using an instrumental variable

strategy and explore the stability of this estimate for the estimate of κ derived in the first

step. I consider two specifications in the first step: one with sampling site fixed effects (the

preferred specification in the paper) and one with district fixed effects (the specification

that can be estimated with the IHDS data).

A.3.1 ESTIMATES OF κ FROM THE YOUNG LIVES STUDY

As discussed in Section 6, reaching menarche before age twelve leads to a 13.4% decline in

school enrollment rate, and a variety of robustness checks support this result. Table A.3.1

describes the relationship between early menarche and completed education.1 The differ-

ence in the completed years of education for girls in the early and the late menarche groups,

though not statistically significant, is 0.91 years, that is, girls in the early menarche group

get 0.80 years less education, on average than other girls in their cohort. We can take the

estimate of the relationship between early menarche and years of schooling to recover

the bounds around the two-stage least squares estimates. I also replicate this specification

with district fixed effects instead of sampling site fixed effects, and the difference in the

completed education across the two groups of girls is 1.01 years. Finally, the last column

presents the results of the effect of being unmarried by eighteen on completed schooling

1For the girls who are still enrolled at twenty-two, the completed education is taken to be their
current completed education. Since the children have not completed their schooling by the fifth
survey round, this difference does not reflect the final difference in the completed education across
the two groups of girls. Importantly, this difference is the lower bound on the difference in completed
education as more girls in the late menarche group are likely to continue education because they are
34% more likely to be in college at twenty-two.

156



while using the incidence of early menarche to isolate the variation in the timing of mar-

riage. The instrumental variable approach involves estimating a two-stage model which is

specified as follows:

Second Stage : YearsSchoolingid = β ̂Unmarriedby18id + γXid +ηd + εid (C.3)

First Stage : Unmarriedby18id = ρEarlyMenarcheid + γXid +ηd +µid (C.4)

where YearsSchoolingid is the completed years of schooling for woman i in district d,

Unmarriedby18id is an indicator equal to one when the woman had not married by eigh-

teen, and EarlyMenarcheid is an indicator equal to one if the woman started menstruating

before twelve. Xid denotes a vector of additional controls, and ηd denotes district fixed

effects.2 The two-stage least squares estimate is seven years. However, F-statistic from the

first stage is only 8.3, and the problem of a weak instrument renders these results not suit-

able for estimating bounds around the two-stage least squares estimates (Conley, Hansen &

Rossi, 2012).3 Therefore, the following discussion explores the stability of these estimates

using a larger nationally representative dataset.

A.3.2 TWO-STAGE LEAST SQUARES ESTIMATION USING THE IHDS DATA

The second round of the IHDS was conducted in 2011-12. The interviews with ever-married

women aged 15-49 collected recall data on age at menarche, years of schooling, and age

at first marriage. As is common for the literature that uses the timing of menarche as an

instrument for the timing of marriage, I restrict the sample to women who were still in

school at age nine (Field and Ambrus, 2008). In addition, I consider only those women

2Since the evidence from the IHDS data uses district fixed effects, district fixed effects are
included.

3The 95% confidence interval using the union of confidence intervals method is [-6.8, 14.7] and
using the local to zero method when it is assumed that κ is drawn from a uniform distribution on
the support (-1.01,0) is [-0.8, 13.5].
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who married after menarche.4 The distribution of the difference between age at dropout

and age at menarche is bimodal, where one of the two peaks is at zero: a substantial mass

of girls drop out of school right after menarche (Figure A.3.1). The distribution of the

difference between at age at dropout and age at marriage shows that most girls marry about

five years after dropping out of school.

For estimating results comparable to the ones described in Table A.3.1, I included con-

trol variables that were similar to the set of controls included in the preferred specification

estimated using data from the Young Lives study. The final set of controls includes current

land ownership, current log per-capita consumption, age, age-squared, location of residence

(urban or rural), and the number of members in the household. In addition, variables that

capture information about the woman’s natal home are included: an indicator for if the

natal home is economically better off than the marital home, father’s education, mother’s

education, number of brothers, and number of sisters. The IHDS does not contain informa-

tion about the geographical location of the woman’s natal home. To capture her childhood

experiences that may be correlated to her schooling, I include district fixed effects.5 Robust

standard errors clustered at the level of a district are reported.

The two-stage least squared estimates show that being unmarried by eighteen increases

schooling by 4.6 years (Table A.3.2). The 95% confidence interval estimated using the

union of confidence intervals method is [-12.6, 6.1] when κ lies in the support [-1.01,0].6

To implement the local-to-zero method, it is assumed that κ is drawn from a uniform distri-

bution on the support (κL,0). The 95% confidence interval in this case when κL is -1.01 is

4Twenty-one girls were not enrolled in school at age ten in the Young Lives study. The second
restriction is not binding.

5Bloch et al. (2004) estimate that the average distance from between martial and natal homes
is twenty-one miles, and therefore her natal home is likely to fall within the district of current
residence.

6The estimated value of κ from the Young Lives Study is -1.01. Therefore, it is taken to be the
upper bound of the violation of the exclusion restriction.
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[-9.3, 4.5]. Thus, the two-stage least squares estimates are not robust to departures from the

exclusion restrictions. Figure A.3.2 and Figure A.3.3 describe the 95% confidence intervals

for different levels of departure from the exclusion restriction.
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Figure A.3.1: Age at marriage, school dropout and marriage

Note: Data are taken from the IHDS. The histogram in the lighter (pink) shade represents the differ-
ence between the age at which girls drop out of school and the age at which they reached menarche
(in years) and the histogram in the darker (purple) shade represents the difference between the age
at which girls drop out of school and the age at which they get married (in years).

Figure A.3.2: 95% CI around IV esti-
mates, UCI method

Note: Data are taken from the IHDS. Grey lines
represent the 95% CI derived using the UCI
method.

Figure A.3.3: 95% CI Around IV esti-
mates, LTZ method

Note: Data are taken from the IHDS. Grey lines
represent the 95% CI derived using the LTZ
method.
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A.3.3 TABLES

Table A.3.1: Menarche and years of schooling, evidence from the YL Study

(1) (2) (3) (4)
(OLS) (2SLS)

Early menarche -0.910 -1.010∗

(0.560) (0.451)
Unmarried by 18 3.041∗∗∗ 7.041∗∗∗

(0.295) (0.835)

Observations 474 474 474 474
R2 0.331 0.290 0.407 0.185
Control average 12.75 12.75 12.75 12.75
Sampling site FE Yes Yes Yes Yes
District FE No Yes Yes Yes
Controls Yes Yes Yes Yes
Fstat 8.377

Note: Columns (1)-(2) report results from single-difference specification (see Equation
5.3). Controls include household size, caste, sex of the household head, wealth
index,mom’s literacy status, age of the head of the household, indicator of whether the
child speaks the majority language, number of younger siblings, number of older siblings,
number of older brothers, number of older sisters, test scores at age eight, weight at age
eight, and BMI at age eight. In column (1), sampling site fixed effects are included and
standard errors are clustered at the sampling site level. In column (2), district fixed effects
are included and standard errors are clustered at the district level. The last two columns
present the results on the effect of being unmarried until eighteen on completed schooling
using OLS and 2SLS specifications. Estimation is restricted to those who dropped out of
school after ten.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table A.3.2: Menarche and years of schooling, evidence from the IHDS Data

(1) (2) (3)
OLS 2SLS

Early Menarche -0.334∗∗∗

(0.071)
Single by 19 1.600∗∗∗ 4.604∗∗∗

(0.049) (0.975)

Observations 21591 21591 21591
R2 0.391 0.440 0.265
Control average 3.907 3.907 3.907
District FE Yes Yes Yes
Controls Yes Yes Yes
Fstat 42.03

Note: Column (1) report results from single-difference specification (see Equation 5.3).
Controls include household size, caste, age, age-squared, log per capita consumption,
indicator for land ownership, location (rural or urban), indicator if the natal home if
economically better-off, mother’s education, father’s education, mother’s education,
number of brothers and number of sisters. District fixed effects are included and standard
errors are clustered at the district level. The last two columns present the results on the
effect of being unmarried until eighteen on completed schooling using OLS and 2SLS
specifications. Estimation is restricted to those who dropped out of school after ten and
married after menarche.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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APPENDIX B

CHAPTER 2 APPENDICES

B.1 CONTEXT: THE STATE OF BIHAR AND ECONOMIC LOSSES DUE TO THE KOSI

FLOODS

Bihar is the third most populous state in India with 8.1 percent of the country’s population.

Bihar has recorded poor economic growth through the nineties and grew at 4 percent during

2002-2007, against the national annual growth rate of 7 percent for the same period. In

2011, Bihar’s Human Development Index was on par with Myanmar’s, and the second

lowest of all major Indian states (Suryanarayana et al., 2011). In addition to being one of

the country’s poorest states, Bihar has been frequently ravaged by river floods in the past.

Flat topography, concentrated rainfall during some months, and the high sediment load in

its rivers are primarily responsible for Bihar’s physical vulnerability to floods (Sinha et al.,

2012).

River Kosi, one of the main rivers that flow through Bihar, has often been described

as the “sorrow of Bihar”. Kosi had immense destructive capacity because it brought large

amounts of silt from the Himalayas, which caused it to frequently change its path as it

cut through Northern Bihar to meet river Ganga. Its catchment was larger than that of

all Himalayan rivers, excluding Indus and Brahmaputra. Historically, rulers built small

embankments on the river to contain its flow. The practice of construction of temporary

embankments on the river can be traced back to Mughal rulers, and these embankments

grew taller during the British rule (Lahiri-Dutt, 2008).
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As described in Section 3.2, the embankment length increased in the 1950s as part of

the flood management efforts by the Government of India and the Government of Nepal.

In 1998, the embankment on the Kosi river was over 3,000 kilometers long. After the con-

struction of this embankment, a part of Northeastern Bihar, which lies in river Kosi’s basin,

enjoyed relative protection from flooding for about 50 years (Dixit, 2009).

Though unexpected, the 2008 floods on river Kosi caused an enormous economic

burden on the affected areas. Section 3.2 presents official estimates of the damage caused

by these floods in the five affected districts (Araria, Madhepura, Purnia, Saharsa, and

Supaul). The devastation was so huge that the then Prime Minister Manmohan Singh

called these floods a “national calamity” (Relief Web, 2008).

We present two additional pieces of evidence that confirm that the Kosi floods caused a

massive disruption of economic activity in the five affected districts. First, we use nighttime

light intensity, as measured by satellite images from 2004 to 2014. These data serve as

a high-resolution measure of the distribution of contemporary economic activity. It has

become increasingly popular to use nighttime light intensity as a proxy for local economic

activities (see Bleakley and Lin (2012) and Michalopoulos and Papaioannou (2013) for two

such applications).

We use the method of synthetic controls to compare average nighttime light intensity

across Kosi and non-Kosi districts. This method forms synthetic-Kosi districts by assigning

weights to a combination of control districts such that they follow the same pre-treatment

trends in outcomes as the treatment districts. Section 2.6.2 describes this technique in detail.

While the night lights density, and arguably local economic activity, in Kosi districts closely

trends the density in synthetic-Kosi districts until 2008, we see a sharp divergence and a

subsequent fall after the floods (Figure B.1.1).

Next, we use inflation-adjusted monthly consumption expenditure (MCE) of the house-

hold from the 64th and 66th rounds of the NSS survey conducted in July 2007 to June 2008
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and July 2009 to June 2010, respectively. We compare levels of real MCE between Kosi

and non-Kosi districts across these two survey rounds. We also include district fixed effects

and an additional set of arguably exogenous controls (caste, religion, landholding, indicator

variable for whether the household lives in rural areas, age of the head of the household,

size of the household, and the gender of the head of the household) in this estimation.

Robust standard errors are clustered at the district level. While not statistically significant,

Kosi districts experienced a reduction in real MCE that is 4.1% larger than the reduction in

non-Kosi districts, suggesting that some of the reduction in economic activity, as captured

by decreased nighttime light intensity, may have translated into a reduction in real MCE

(Table B.1.1).1

Estimates in Table B.1.1 are masking a significant variation in the effect of floods on

MCE. Results in Table B.1.2 allow the effect to vary by the intensity of flooding, defined as

the number of dwellings destroyed divided by the number of households in the district in

2011. In the worst affected district (Madhepura), the Kosi floods decrease MCE by about

18%.

1Consumption smoothing would suggest that consumption is likely less responsive to economic
shocks, such as Kosi floods.
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Figure B.1.1: Trends in average night lights density, Kosi districts versus synthetic-
Kosi districts, pre- versus post-floods

Note: This figure displays trends for Kosi districts and its synthetic counterpart during 2004–2014.
The outcome is the average night lights density in any district-year.
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Table B.1.1: Kosi floods and real household consumption expenditure (in rupees)

(1) (2)

Kosi District 379.254
(247.161)

Round 2009-10 -815.425∗∗∗ -863.802∗∗∗

(146.810) (144.412)
Kosi District X Round 2009-10 -201.533 -171.903

(355.911) (359.951)

Observations 13351 13351
R-squared 0.437 0.481
Control average 4245.8 4245.8
HH Controls X X
District FE X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) to test for differences in MPCE using the 64th (year 2007-08) and 66th (year
2009-10) rounds of the NSS. Controls include religion, caste, location of the household,
gender of the household head, number of members in the household, indicator variables
for land ownership, and education of the household head. District fixed effects are
included. Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.

167



Table B.1.2: Household’s monthly consumption expenditure (CPI adjusted)

(1) (2)

Flood intensity 8.340
(5.108)

Round 2009-10 -827.147∗∗∗ -858.622∗∗∗

(140.853) (139.327)
Flood intensity X Round 2009-10 -14.774∗∗∗ -14.316∗∗∗

(3.759) (4.126)

Observations 13351 13351
R-squared 0.435 0.482
Control Average 4245.8 4245.8
Household Controls X X
District FE No X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1), where the main treatment is per capita number of houses destroyed in
floods, a proxy for the intensity of flood damage. MCE data comes from 64th (year
2007-08) and 66th (year 2009-10) rounds of the NSS. Controls include religion, caste,
location of the household, gender of the household head, number of members in the
household, indicator variables for land ownership, and education of the household head.
District fixed effects are included. Robust standard errors clustered at the level of a district
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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B.2 THE NATURE OF MARRIAGES IN INDIA AND BIHAR

In this section, we describe some characteristic features of marriages in India. Since mar-

riage registration is not compulsory in India, an empirical understanding of the nature of

marriages is somewhat restricted by the lack of administrative data on the universe of mar-

riages. However, based on survey data, the existing evidence documents two critical fea-

tures of marriages in India. First, marriage is universal, and divorce is still an anomaly.

Second, men typically marry younger women.

Marriage rates have been decreasing across many countries in East and Southeast Asia.

In many countries, as many as 15% of women may be unmarried by the end of their repro-

ductive lives (Jones, 2007). Contrary to this trend, the proportion of unmarried individuals

have remained very low in India. Census data since 1961 shows that the non-marriage rates

for men after age 35 and women age 30 have been stable at around 1% (Dommaraju, 2008).

We confirm that marriages are indeed universal in India using NFHS-IV. In Figure

B.2.1, we plot the percentage of married men and women by age using household roster

data from NFHS-IV. In 2015-16, 97.3% of women were married by age 35, and 96.4%

of men were married by age 40.2 In Figure B.2.2, we plot the percentage of ever-married

females and males at ages between 15 to 69 years using data on all individuals in the Bihar

sample of 2016 NFHS. Over 99% women are married at ages 30 and above. Moreover,

almost 98% men are married by age 35.

Next, we confirm that men typically marry younger women in India. Dommaraju (2008)

shows that on average, men were about five years older than their wives for marriages that

2We also confirm this pattern using marriage rate data for 5-year cohorts between ages 15-69
years using the 2001 Indian Census. We find that the probability of never marrying is very low
at older ages in India. Specifically, almost 98% of women are married by age 35, and less than
1% of women over the age of 40 were unmarried. Only 2.2% men between ages 40 and 44 years
were single in 2001. The slightly higher rate of never-married men than women may reflect the
male-biased sex ratios in India.
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occurred between 1999 and 2004. Further, spousal age differences estimated from various

censuses have remained stable between 1961 (5.1 years) and 2001 (4.6 years).

We use NFHS-IV to explore the trends in the average gap between husband’s and wife’s

ages for the whole country and Bihar. Figure B.2.3 presents the average difference in hus-

band’s and wife’s ages at marriage for the whole country, while Figure B.2.4 presents these

trends for Bihar. For the country as a whole, in 1990, men were about 5.2 years older than

their wives, and in 2015 they were about 4.07 years older than their wives. This signifies

an annual decrease of about only 16 days over these 25 years. In Bihar, men were about 4.7

years older than their wives in 1990 and about 4.4 years in 2015. The rate of decrease in

the difference between spousal age at marriages is smaller than that for the whole country,

at about 4.35 days per annum.
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B.2.1 FIGURES

Figure B.2.1: Marriage rates in India

Note: This figure shows the likelihood of being married by age in India using NHFS-IV. Solid line
represents the likelihood of being married for women, while dashed line represents the likelihood
of being married for men.
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Figure B.2.2: Marriage rates in Bihar

Note: This figure shows the likelihood of being married by age in Bihar using NHFS-IV. Solid line
represents the likelihood of being married for women, while dashed line represents the likelihood
of being married for men.
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Figure B.2.3: Trends in difference between husband’s and wife’s ages at marriage in
India

Note: This figure shows the trends in average difference between husband’s and wife’s ages at
marriage for India using NFHS-IV.
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Figure B.2.4: Trends in difference between husband’s and wife’s ages at marriage in
Bihar

Note: This figure shows the trends in average difference between husband’s and wife’s ages at
marriage for Bihar using NFHS-IV.
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B.3 DETAILED PROOFS: CONCEPTUAL FRAMEWORK

In this section, we describe a conceptual framework, originally developed in Corno et al.

(2020), that discusses how a negative income shock due to a natural disaster can affect

the likelihood of early marriage. This framework allows us to show that in the presence of

dowry, and under certain parametric assumptions, age at marriage decreases in response to

a negative income shock.

B.3.1 PRELIMINARIES

Consider a continuum of households with a son and a continuum of households with a

daughter. Parents can marry their children in childhood (t = 1) or adulthood (t = 2). Since

men typically marry brides younger in age, men in childhood will also marry women who

are in their childhood.

Households derive payoff from consumption in each period, where the payoff function

(u(.)) is increasing and concave in consumption. For simplicity, assume that u(.) = log(.).3

Future payoffs are discounted by a factor δ .

In each period, a household’s aggregate income has two components: (1) a permanent

income component (yt) that is an independent and identical draw from a continuous distri-

bution and (2) an idiosyncratic income component (εt) that is an independent and identical

draw from a uniform distribution over [0,1]. Since Kosi floods were a massive economic

shock, we capture it by allowing the household’s permanent income to reduce by some

fraction (κ) in Kosi districts. Therefore, a household’s disposable income is yt(1−κ)+ εt ,

where κ = 0 in non-Kosi districts and κ ∈ (0,1) in Kosi districts, denoting economic losses

due to Kosi floods.
3The equilibrium conditions described in this section hold with any concave utility function as

long as u′′′(.)> 0. Proof is available upon request.
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There is a cost (c) of having an unmarried daughter at home for families with daughters,

which is also the cost of an additional member in the son’s household once the son is

married. Men earn a wage, wm, in adulthood. We normalize women’s wages to zero.4 The

daughter’s family pays dowry (dt) to her husband’s (groom’s) family at the time of their

marriage.

Our framework assumes that every individual in the cohort gets married either in child-

hood or adulthood. With this assumption, an economic shock from a natural disaster may

potentially affect the timing of marriage, but will not affect the probability of marriage for

both men and women as everyone is married in adulthood.5

PAYOFFS FROM MARRIAGE

If parents marry their children in childhood (t = 1), payoffs for households with a son and

a daughter, respectively, are:

Son : ln(y1(1−κ)+ ε
m
1 +d1− c)+δE[ln(y2 + ε

m
2 +wm− c)],

Daughter : ln(y1(1−κ)+ ε
w
1 −d1)+δE[ln(y2 + ε

w
2 )].

If parents decide to wait and marry their children in adulthood (t = 2), payoffs for

households with a son and a daughter, respectively, are:

Son : ln(y1(1−κ)+ ε
m
1 )+δE[ln(y2 + ε

m
2 +wm +d2− c)],

Daughter : ln(y1(1−κ)+ ε
w
1 − c)+δE[ln(y2 + ε

w
2 −d2)].

4This normalization isn’t far from reality. In rural India, the wages for women are much lower
than the wages for men. Besides, the female labor force participation is low in this context, espe-
cially in Bihar.

5Marriages are almost universal in India. For a detailed discussion on the universality of mar-
riages in India in general, and Bihar in particular, refer to Appendix B.2.
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SUPPLY OF CHILD GROOMS

A household with a son will marry him in childhood if and only if the household’s payoff

from marrying him in childhood is greater than the payoff when he marries in adulthood,

that is:

ln(y1(1−κ)+ε
m
1 +d1− c)− ln(y1(1−κ)+ ε

m
1 )>

δ{E[ln(y2 + ε
m
2 +wm +d2− c)]−E[ln(y2 + ε

m
2 +wm− c]}︸ ︷︷ ︸

Vson

(C1.2a)

A marginal household with a son is the one that has an idiosyncratic income realization

(εm∗) such that it is indifferent between marrying him in childhood and marrying him in

adulthood, that is:

ln(y1(1−κ)+ ε
m
1 +d1− c)− ln(y1(1−κ)+ ε

m
1 ) =Vson (C1.2b)

In households with first-period income realizations lower than the threshold, εm∗
1 (εm

1 ≤

εm∗
1 ), parents will want to marry their sons in childhood. Since idiosyncratic incomes are

uniformly distributed over the support [0,1], the mass of child grooms in the marriage

market is εm∗
1 . Therefore, the supply of child grooms is given by:

SSgrooms = ε
m∗
1 =

d1− c
Γs−1

− y1(1−κ), (C1.2c)

where Γs = exp{Vson}.6 The supply of child grooms is decreasing in households’ per-

manent income (y1) and increasing in the level of dowry (d1).

6Note that Γs > 1. See Appendix B.3.1.
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DEMAND FOR CHILD GROOMS

A household with a daughter will marry her in childhood if and only if the household’s

payoff from marrying her in childhood is greater than the payoff when she marries in adult-

hood, that is:

ln(y1(1−κ)+ε
w
1 −d1)− ln(y1(1−κ)+ ε

w
1 − c)>

δ{E[ln(y2 + ε
w
2 −d2)]−E[ln(y2 + ε

w
2 )]}︸ ︷︷ ︸

Vdaughter

(C1.3a)

A marginal household with a daughter is the one that has an idiosyncratic income real-

ization (εw∗) such that it is indifferent between marrying her in childhood and marrying her

in adulthood, that is:

ln(y1(1−κ)+ ε
w
1 −d1)− ln(y1(1−κ)+ ε

w
1 − c) =Vdaughter (C1.3b)

In households with first-period income realizations higher than the threshold, εw∗
1 (εw

1 ≤

εw∗
1 ), parents will want to marry their daughters in childhood. Since idiosyncratic incomes

are uniformly distributed over the support [0,1], the mass of child brides in the marriage

market is 1− εw∗
1 . Therefore, the demand of child grooms is given by:

DDgrooms = 1− ε
w∗
1 = 1+ y1(1−κ)− d1− cΓd

1−Γd
, (C1.3c)

where Γd = exp{Vdaughter}.7 The demand of child grooms is increasing in households’

permanent income (y1) and decreasing in the level of dowry (d1).

7Note that Γd < 1. See Appendix B.3.1.
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EQUILIBRIUM DOWRY

The equilibrium amount of dowry in childhood is at the intersection of demand (equation

C1.3c) and supply of child grooms (equation C1.2c), that is where

d1− c
Γs−1

= 1+ y1(1−κ)− d1− cΓd

1−Γd

=⇒ d1(Γs−Γd)− c[1−Γd +Γd(Γs−1)]
(Γs−1)(1−Γd)

= 1+2y1(1−κ)

=⇒ d?
1 = c

[1−Γd +Γd(Γs−1)]
(Γs−Γd)︸ ︷︷ ︸

Ψ1

+
(Γs−1)(1−Γd)

(Γs−Γd)︸ ︷︷ ︸
Ψ2

(1+2y1(1−κ)), (C1.4)

and Γs = exp{Vson} and Γd = exp{Vdaughter}. It is easy to check that Vson > 1 and

Vdaughter < 1, given logarithmic form of utility. Thus, Γs > 1 and 0 < Γd < 1, that is,

Γs− 1 and 1−Γd are both positive. Also, (Γs−Γd) > 0 and (Γs− 1)(1−Γd) > 0. Then,

Ψ1 > 0 and Ψ2 > 0. This implies that dowry is increasing in the level of income and in the

cost of having an additional member in the household.

EQUILIBRIUM DOWRY AND c

Grooms’ families will marry their sons if and only if the dowry they receive is higher than

the resources they expend on the bride. Here, we establish this formally, and show that

d?
1 > c. Consider ζ = d?

1− c.

ζ = c(Ψ1−1)+(1+2y1(1−κ))Ψ2

ζ > 0 ⇐⇒ (1+2y1(1−κ))Ψ2 > c(1−Ψ1)

⇐⇒ (1+2y1(1−κ))

c
>

(1−Ψ1)

Ψ2
(C1.4.1)
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Below, we prove the relation in equation C1.4.1, which is equivalent to showing that

d?
1 > c.

We assume that c < y1(1−κ), that is, the cost of resources spent on a member is less

than the household’s disposable income in the first period. This gives

1+2y1(1−κ)> c

or
(1+2y1(1−κ))

c
> 1. (C1.4.2)

Now, consider Ψ1−1

Ψ1−1 =
1−Γd +Γd(Γs−1)

Γs−Γd
−1

=
1+ΓdΓs−Γd−Γs

Γs−Γd

=
(1−Γs)(1−Γd)

Γs−Γd

=−Ψ2

that is, 1 = Ψ1 +Ψ2

that is, 1 =
1−Ψ1

Ψ2
. (C1.4.3)

Equations C1.4.2 and C1.4.3 give the following:

(1+2y1(1−κ))

c
> 1 =

1−Ψ1

Ψ2

Thus, we have shown that the relation in equation C1.4.1 is true, which is equivalent to

ζ > 0, or d?
1 > c.

EQUILIBRIUM DOWRY IN ADULTHOOD

We assume everyone in the cohort is married by the end of the second period. We check if

the dowry in the second period allows the market to clear.
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A groom’s family will marry their son in adulthood if and only if the payoff from

marrying him is larger than the payoff when he is unmarried, that is,

ln(y2 + ε
m
2 +wm +d2− c)≥ ln(y2 + ε

m
2 +wm). (C1.4.5)

This gives a lower bound on the equilibrium dowry in adulthood: d?
2 ≥ c, that is, dowry

must be at least as much as the cost of having an additional member in the household.

A bride’s family will marry their daughters in adulthood if and only if the payoff from

marrying her if larger than the payoff from keeping her unmarried, that is,

ln(y2 + ε
w
2 −d2)≥ ln(y2 + ε

w
2 − c). (C1.4.6)

This gives an upper bound on the equilibrium dowry in adulthood, d?
2 ≤ c, that is dowry

will not be more than the cost of feeding the daughter in the case she is unmarried.

Together, equations C1.4.5 and C1.4.6 imply that equilibrium dowry in adulthood will

exactly equal the cost of having an additional member in the household, d?
2 = c.

EQUILIBRIUM NUMBER OF CHILD MARRIAGES

Substitute the dowry from equation C1.4 in equation for supply for grooms (C1.2c):

N?
1 =

d?
1− c

Γs−1
− y1(1−κ)

=⇒ N?
1 =

Ψ1c+Ψ2 +2Ψ2y1(1−κ)− c
Γs−1

− y1(1−κ)

=⇒ N?
1 = c

Ψ1−1
Γs−1

+
Ψ2

Γs−1
+

2Ψ1−Γs +1
Γs−1

− y1(1−κ)

=⇒ N?
1 = c

Ψ1−1
Γs−1

+
Ψ2

Γs−1
+

2−Γs−Γd

Γs−Γd
y1(1−κ) (C1.5)
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The sign of 2− Γs− Γd = (1− Γd)− (Γs− 1) is indeterminate and depends on the

relative slopes of the supply ( 1
Γs−1 ) and the demand ( −1

1−Γd
) for child grooms.

FLOODS AND EQUILIBRIUM

As discussed in Section 3.2, Kosi floods were an unexpected negative economic shock

for households in the affected districts. We assume that this translates to a reduction in

household income by fraction κ . This shock affects households with sons and households

with daughters, such that the supply of child groom increases, and the demand for child

grooms decreases.

The equilibrium dowry will decrease by Ψ22y1κ . The change in the number of child

marriages as a result of floods is (1−Γd)−(Γs−1)
Γs−Γd

(−y1κ). The effect of the Kosi floods on the

number of child marriages is ambiguous and increases only if (1−Γd)−(Γs−1)< 0. Note

that the slope of the demand for child grooms is −1
1−Γd

and the slope of the supply of child

grooms is 1
Γs−1 . Therefore, the direction of the effect of Kosi floods on the number of child

marriages will depend on the relative slopes of demand and supply curves.

Figure 2.1 illustrates two possible cases that may result in an equilibrium. If the demand

curve (D) is steeper than the supply curve (SH), number of child marriages will decrease

from N?
1 to N?

2 starting from the initial equilibrium at E1 (right panel of Figure 2.1).8 If

the demand curve (D) is flatter than the supply curve (SL), number of child marriages will

increase from N?
1 to N?

2 (left panel of Figure 2.1).9

8If
∣∣∣ 1

Γs−1

∣∣∣ < ∣∣∣ −1
1−Γd

∣∣∣, then the supply curve is steeper than the demand curve. This condition
simplifies to ∣∣∣∣ 1

Γs−1

∣∣∣∣< ∣∣∣∣ −1
1−Γd

∣∣∣∣ =⇒ 1−Γd < Γs−1, or Γs +Γd > 2.

9i.e. when |1−Γd |< |Γs−1|
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Intuitively, a negative income shock increases εm∗ and εw∗ such that the gains from

marrying in childhood are higher for sons’ families and lower for daughters’ families. This

is the income effect due to Kosi floods. The income effect is identical in magnitude for

sons’ and daughters’ families (see Equations C1.2c and C1.3c).

The net change in the equilibrium number of child marriages will depend on the relative

responsiveness of the supply of and demand for child grooms when equilibrium dowry

decreases, or the price effect. If the supply of child grooms is more price elastic than its

demand, the equilibrium number of child marriages will decrease. Corno et al. (2020) show

that this case is more likely if the adult male wages are high enough. Since wm does not

affect the demand curve, a higher wm implies a large price effect on grooms’ families.

Large adult male wages act as insurance for grooms’ families, who respond to a decrease

in childhood dowry more than daughters’ families, and the equilibrium after an economic

shock corresponds to EH2 (right panel of Figure 2.1)1011.

However, suppose the wages in adulthood are not large enough. In that case, the supply

of child grooms is less responsive than its demand to the decrease in dowry.12 The equilib-

rium post floods will likely correspond to the left panel of Figure 2.1. Since the direction

of the effect of Kosi floods on child marriages is theoretically ambiguous, it is a matter of

empirical inquiry.

We show two patterns in data that suggest that adult male wages are low in Bihar. First,

of all the major states in India, average weekly wages for men are the lowest in Bihar.

10As wm increases, Γs (and therefore, Γs +Γd) decreases. For a large enough wm, Γs +Γd < 2 is
more likely to hold, that is, Γs−1 < 1−Γd . In other words, sufficiently high wages for adult males
will result in

∣∣∣ 1
Γs−1

∣∣∣ > ∣∣∣ −1
1−Γd

∣∣∣, which implies the supply will be flatter than the demand for child

grooms (right panel of Figure 2.1).
11It can easily be shown that with a concave utility that exhibits prudence or decreasing absolute

risk aversion, supply is more price responsive when wm is higher, or a higher wm makes the supply
curve flatter. Proof available upon request. Also see Corno et al. (2020) for a detailed discussion.

12For a low wm, Γs +Γd > 2 is easy to satisfy, and the number of child marriages will increase in
equilibrium in response to Kosi floods.
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Second, while average wages at age sixteen were low at 412 rupees in 2010 prices (or

about USD 9.2), wages grew by only 0.65% with age in years (Table B.7.3). In fact, the

male wage-age gradient is very low between ages 15 and 50 (also illustrated in Figure

B.6.2). Given low adult male wages in Bihar, we expect that the rate of child marriages will

increase in response to Kosi floods, and the equilibrium is described by the left panel of

Figure 2.1.

Next, we see how large wm makes condition in equation ?? more likely. Since wm only

affects grooms’ households, we can see how the threshold changes at the margin as a result

of change in dowry when wages for adult men are high. Recall that:

∂εm∗
1

∂d1
=−

u′(y1 + εm∗
1 +d1)

u′(y1 + εm∗
1 +d1)−u′(y1 + εm∗

1 )
> 0

.

Differentiating with respect to wm, we get:

∂ 2εm∗
1

∂wm∂d1
=

∂εm∗
1

∂wm

(
u′′(y1 + εm∗

1 +d1)u′(y1 + εm∗
1 )−u′′(y1 + εm∗

1 )u′(y1 + εm∗
1 +d1)

(u′(y1 + εm∗
1 +d1)−u′(y1 + εm∗

1 ))2

)
.

Concavity of preferences imply that Vson decreases as wm increases, which in turn will

imply a larger εm∗
1 . In other words, the threshold for the marginal household is higher

if wm is higher. Concavity of u(.) gives u′(y1 + εm∗
1 + d1) < u′(y1 + εm∗

1 ). If u′′′(.) > 0,

u′′(y1 + εm∗
1 +d1)> u′′(y1 + εm∗

1 ), ∂ 2εm∗
1

∂wm∂d1
is positive. Note that u′′′(.)> 0 is a requirement

for decreasing absolute risk aversion, a common finding in laboratory experiments (starting

from Levy (1994)).

To summarize, a negative income shock increases εm∗
1 and εw∗

1 by the same magnitude,

such that gains from marrying in childhood are higher for sons’ families and lower for

daughters’ families. The net change in the equilibrium number of child marriages depends
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on the relative responsiveness of supply and demand to the change in equilibrium dowry,

as a result of the negative income shock. We show here, that higher adult wages (with

u() is concave and u′′′(.) > 0) make the condition in ?? more likely to hold, that is, an

initial income shock affects households with a daughter more than those with sons. As

a consequence, number of child marriages is lower in equilibrium. In contrast, if wages

are low, then the opposite condition to that in ?? is more likely to hold, such that child

marriages may increase in response to decrease in y1.
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B.4 ADDITIONAL DATA SOURCES

In this section, we describe various additional data sources that we used for supporting

analysis in this paper. Table B.4.1 lists these datasets describes the variables that used for

analysis.

B.4.1 CENSUS OF INDIA

The Government of India conducts a nation-wide census every 10 years. We used data

from the 2001 and 2011 Census of India to understand if the sex-ratios evolved differently

across Kosi and non-Kosi districts after the floods. We used data from village directories,

that include information on the number of men and women in each village in the country.

B.4.2 DEPARTMENT OF DISASTER MANAGEMENT FLOOD REPORT

To obtain data on not only the aggregate damage due to Kosi floods, but also the damage

across the affected districts, we used the information published by the Disaster Man-

agement Department of the Government of Bihar. Details on the extent of damage are

available on the following link: http://disastermgmt.bih.nic.in/Bulletin2008/

FR-DistrictWise-2008.html.

B.4.3 INDIA HUMAN DEVELOPMENT SURVEY

The India Human Development Survey (IHDS) is a nationally representative survey that

was conducted by the University of Maryland in 2004-05 and 2010-11. We used data on

travel time to natal home from the second round this survey to argue that women typically

marry within a district in Bihar.
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B.4.4 MODERATE RESOLUTION IMAGING SPECTRORADIOMETER

The Moderate Resolution Imaging Spectroradiometer (MODIS) instrument collects data

from two spacecrafts (Terra and Aqua) such that it can view the entire surface of earth

every one or two days. For our purpose, data derived from MODIS observations describe

features of the land, and therefore inundation. We use these data to define inundated areas

within Kosi districts.

B.4.5 NATIONAL SAMPLE SURVEY

The National Sample Survey (NSS) is the largest nationally representative household

survey in India. The employment schedule of the survey collected information on average

wage rates for all working household members in a given week. We use the NSS employ-

ment rounds 64 (2007-2008) and 66 (2009-2010) to show that adult male wages were the

lowest in Bihar around the time of Kosi floods. Further, we use the monthly consumption

expenditure of the households collected in the NSS data to document that Kosi floods

entailed a negative shock on consumption levels for the resident households. We also use

the household roster in the NSS data to compare age distributions across Kosi and non-Kosi

districts before and after Kosi floods.

B.4.6 RURAL ECONOMIC AND DEVELOPMENT SURVEY

The Rural Economic and Development Survey (REDS) is a survey of rural households that

was conducted by the National Council of Applied Economic Research. We use data on the

dowry receipts and payments to argue that dowries among Muslims are much lower than

among Hindus.
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B.4.7 UNIFIED DISTRICT INFORMATION FOR SCHOOL EDUCATION

Unified District Information for School Education (U-DISE) is a school-level database

maintained by the Ministry of Human Resource Development, Government of India. It is

an annual census of all schools in India that documents information like school infrastruc-

ture, enrollment, number of teachers, and exam outcomes for middle-school board exams.

We use U-DISE for Bihar from 2006 to 2012 to check if Kosi floods differentially affected

school infrastructure and enrollment in Kosi districts.

B.4.8 U. S. NATIONAL OCEANOGRAPHIC AND ATMOSPHERIC ADMINISTRATION

The national Oceanographic and Atmospheric Administration maintains nighttime light

intensity data which was recorded by the Defense Meteorological Satellite Program

(DMSP). These data are available from 1992 to 2013. We use these data from 2004 to

2013 to show the economic shock due to Kosi floods also temporarily reduced the level of

economic activity, which is captured by a fall in nighttime light intensity in Kosi districts.
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B.4.9 TABLES

Table B.4.1: Summary of key data used

Data Year Key Variables

National Family
Health Survey
(NFHS)

2015

Age at marriage
Education
Age at first birth
Labor force participation
Economic resources with women

Census of India 2001, 2011
Sex-ratios
Marital Status

Department of Disaster
Management Flood Report 2008 Flood damage

India Human
Development
Survey (IHDS)

2011-12 Distance to natal home

NASA’s Moderate
Resolution Imaging
Spectroradiometer
(MODIS)

2008 Inundation

National Sample Survey
(NSS)
64th and 66th Round

2007-08,
2009-10

Wages, Consumption Expenditure
Marital Status

Rural Economic
and Demographic
Survey (REDS)

2006 Dowry

Unified District Information
System for Education (DISE) 2006 – 2012

School infrastructure
Enrollment

U.S. National
Oceanographic and
Atmospheric
Administration
(NOAA)

2004 – 2013 Annual night-time light intensity

Note: This table reports the various datasets used in this paper.

189



B.5 ROBUSTNESS CHECKS: ALTERNATIVE TREATMENT AND TIME PERIOD

B.5.1 ALTERNATE DEFINITION OF KOSI DISTRICTS BY INCLUDING TWO LESS

AFFECTED DISTRICTS

In this section, we confirm that the results described in Section 2.6.1 are robust to an

alternate and a more expansive definition of Kosi-districts. Some initial reports included

Bhagalpur and Khagaria among the flood-affected areas (Emmanuel Hospital Association,

2008). While impact estimators on men’s age at marriage (p-value: 0.14) is no longer pre-

cisely estimated, the direction of the impact estimates are qualitatively similar to our key

results (Table B.5.1). It is worth mentioning that the impact estimates for mean’s age at

marriage are somewhat muted compared to the estimates presented in Tables 2.2. This pat-

tern confirms that the increase in the incidence of child marriage is driven by the districts

that experienced the most severe flooding.

B.5.2 ALTERNATE DEFINITION OF TREATMENT USING SATELLITE-BASED INUNDA-

TION DATA

In this section, we use images from NASA’s Moderate Resolution Imaging Spectrora-

diometer (MODIS) satellites at 500 meters per pixel resolution to define flood-affected

areas. Instead of categorizing the entire district as treated, we define treatment as regions

that were inundated as on September 1, 2008.13

We compute a binary measure of satellite-based inundation as follows. We identify

three classes from images generated from MODIS: land, cloud, and water. We interpolate

the average measure of land and water of the pixels around it for pixels that are masked by

13These images were the clearest images available for the region after the occurrence of flooding
on August 18, 2008.

190



clouds. We reclassify each pixel with its modal class. Thus, we define households in areas

with water as inundated households and those with the land as not inundated.

To examine the impact of Kosi floods, we estimate the following equation:

yidm = β0 +β1InundatedidPostim +β2Postim +δd +δm +X ′idmγ + εidm (E.1)

This estimation is similar to our main specification in equation 5.1 except the treatment

variable (Inundatedid) is an indicator equal to one if individual i resides in a Kosi district

and in a primary sampling unit that was inundated on September 1, 2008. We exclude from

this analysis all individuals in Kosi districts who reside in regions not directly inundated

according to this measure.14 Thus, β1 is the difference-in-differences estimator that cap-

tures the impact of the Kosi floods.

Table B.5.2 presents results for this estimation. While the impact estimates for men’s

age at marriage are consistent with those reported in Table 2.2, results for women’s age at

marriage are imprecise (p-value: 0.18).

B.5.3 ALTERNATE DEFINITION OF TREATMENT USING THE INTENSITY OF FLOOD

DAMAGE

In this section, we use the percentage of houses damaged by the Kosi floods (reported in

the Department of Disaster Management Flood Report) to measure the extent of damage

caused by the Kosi floods.15 Sixteen districts experienced some damage due to Kosi floods.

14Alternatively, we could combine these individuals as untreated together with those in non-
Kosi districts. However, we exclude them from this analysis for the following two reasons. First,
with 87% women marrying in the same district as their natal homes, a district also describes a
marriage market. Second, economic shocks (for instance, damaged infrastructure) may spillover to
households in Kosi districts who were not directly impacted by the flood. In either case, potential
spillovers on individuals who are only indirectly affected by floods may attenuate our impacts on
marital outcomes, if these people are included as untreated units.

15This report records the number of houses that were damaged in each district as a result of the
Kosi floods. We divide it by the number of households in the district as recorded in the 2001 Census
of India to get the proportion of households that were damaged due to the Kosi floods.
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However, 17% of all the houses in Kosi districts were damaged, as opposed to only 0.33%

in non-Kosi districts. The percentage of houses damaged ranges from 0.33% to 48.45%,

with the most damage recorded in Madhepura. We re-estimate equation 5.1 but replace

Kosid by KosiIntensityd , where KosiIntensityd is the percentage of houses damaged by

the Kosi floods in district d. The coefficient on KosiIntensitydPostim is the difference-in-

differences estimate in this specification.

Table B.5.3 describes the results for this analysis. These results should be read as fol-

lows: one percentage point increase in damage at the district level decreases men’s age

at marriage by 0.03 years and women’s age at marriage by 0.008 years. With the average

damage of 17.04% in Kosi districts, these estimates translate into a 0.51 years fall in men’s

age at marriage and a 0.14 years fall in women’s age at marriage. The decrease in men’s

and women’s age at marriage in Madhepura, the worst affected district, is 1.5 years and

0.39 years, respectively. Therefore, consistent with the conceptual framework, the effect

of Kosi floods is more pronounced in regions that experienced a larger destruction due to

floods, and thus a greater impact on consumption.16

B.5.4 RESTRICTING THE SAMPLE TO A SHORTER TIME FRAME

Our primary empirical specification compares marriages that were formed seven years

before and seven years after the Kosi floods across Kosi and non-Kosi districts. To check

if our results are sensitive to the choice of the time frame around the flooding event, we

re-estimate equation 5.1 while restricting the time frame to three years before and after

Kosi floods. The results on age at marriage for both men and women are robust to the

choice of time frame. As we lose statistical power with a restricted time frame, the results

16Table B.1.2 confirms that areas where floods caused greater damage also experienced a high
reduction in MCE.
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on the incidence of child marriage, while consistent with our main estimates, are no longer

statistically significant (Table B.5.4).
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B.5.5 TABLES

Table B.5.1: Sensitivity test with an alternate definition of Kosi districts: Inclusion of
two less affected districts as flood-affected

(1) (2)
Men’s Age at Marriage Women’s Age at Marriage

Marriage after 2008 2.617 0.906
(2.620) (0.578)

Kosi District X Marriage after 2008 -0.584 -0.366∗∗∗

(0.397) (0.092)

Observations 3033 18797
R-squared 0.115 0.140
Control Average 23.05 18.60
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.5.2: Sensitivity test by alternate definition of treatment: Inundated region
using MODIS data

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Marriage after 2008 3.974 1.287∗∗

(2.621) (0.629)
inundated region X Marriage after 2008 -0.857∗ -0.310

(0.426) (0.228)

Observations 2779 17158
R-squared 0.124 0.145
Control Average 23.04 18.59
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation E.1). Inundated region is the dummy that takes value one for an individual who
resides in a Kosi district and in a region that was flooded as captured by MODIS
Inundation data. Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.5.3: Sensitivity test with an alternate definition of Kosi districts: Percentage
of households damaged to define intensity of floods

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Marriage after 2008 2.580 0.839
(2.637) (0.586)

Flood intensity X Post -0.030∗∗∗ -0.009∗∗∗

(0.011) (0.002)

Observations 3033 18797
R-squared 0.115 0.140
Control Average 22.90 18.48
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from double-difference specification (see Equation
5.1). Controls include religion, caste, location of the household, gender of the household
head, number of members in the household, indicator variables for land ownership, house
ownership, and dummies for ownership of assets. Year of marriage fixed effects and
district fixed effects are included. Robust standard errors clustered at the level of a district
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.5.4: Robustness test: testing sensitivity of results to restricting of study time
period to three years around the floods

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Marriage after 2008 0.735∗∗ 0.651∗∗∗

(0.316) (0.073)
Kosi District X Marriage after 2008 -0.872∗ -0.420∗∗

(0.495) (0.206)

Observations 1264 7698
R-squared 0.134 0.102
Control Average 22.83 18.37
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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B.6 ADDITIONAL FIGURES

Figure B.6.1: Statewise average daily wages for men (in rupees)

Note: This figure displays inflation-adjusted average weekly wages for men across states (excluding
Jammu and Kashmir and Northeastern states) using the 64th (year 2007-08) and 66th (year 2009-10)
rounds of the NSS data. Note that the average weekly wages are the lowest in Bihar.
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Figure B.6.2: Average weekly wages by age (in rupees)

Note: This figure plots the bivariate relationship between inflation-adjusted average weekly wages
for men and their age using the 64th (year 2007-08) and 66th (year 2009-10) rounds of the NSS
data. The red line displays the smoothed fitted values of average weekly wages on age.

Figure B.6.3: Trends in women’s age at marriage, Kosi districts versus synthetic-Kosi
districts, pre- versus post-August, 2008

Note: This figure displays trends for Kosi districts and its synthetic counterpart during 2004–2014.
The outcome is the average age at marriage density in any district-year. The corresponding weights
assigned to each district in the donor pool are available upon request.
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(a) Estimates of β1 and 95% CI (b) Distribution of t-statistic

Figure B.6.4: Sensitivity of the effect of the Kosi floods on men’s age at marriage to
changing the composition of control districts

Note: Panel (a) shows the distribution of estimates of β1 for men’s age at marriage where equation
5.1 is estimated while dropping a set of randomly selected five control districts, and this exercise
is replicated 100 times. Maroon circles represent the point estimate for β1 in each replication and
gray lines denote the 95% confidence interval around this estimate. Panel (b) plots the distribution
of t-statistics for these replications.

(a) Estimates of β1 and 95% CI (b) Distribution of t-statistic

Figure B.6.5: Sensitivity of the effect of the Kosi floods on women’s age at marriage to
changing the composition of control districts

Note: Panel (a) shows the distribution of estimates of β1 for women’s age at marriage where equation
5.1 is estimated while dropping a set of randomly selected five control districts, and this exercise
is replicated 100 times. Maroon circles represent the estimate for β1 in each replication and gray
lines denote the 95% confidence interval around this estimate. Panel (b) plots the distribution of
t-statistics for these replications.
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(a) Distribution of β1 (b) Distribution of t-statistic

Figure B.6.6: Permutation tests for the effect of the Kosi floods on men’s marriage age

Note: Panel (a) shows the distribution of estimates of β1 from a permutation test for equation 5.1 for
men’s age at marriage. Panel (b) shows the distribution of estimates of t-statistic from a permutation
test for equation 5.1 for men’s age at marriage. For each observation, treatment status was randomly
generated and these assignments were used to compute β1 and associated t-statistic 2000 times.

(a) Distribution of β1 (b) Distribution of t-statistic

Figure B.6.7: Permutation tests for the effect of the Kosi floods on women’s marriage
age

Note: Panel (a) shows the distribution of estimates of β1 from a permutation test for equation 5.1
for women’s age at marriage. Panel (b) shows the distribution of estimates of t-statistic from a
permutation test for equation 5.1 for women’s age at marriage. For each observation, treatment
status was randomly generated and these assignments were used to compute β1 and associated t-
statistic 2000 times.
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(a) Classrooms (b) Number of Classrooms in good Condition

(c) Access to Electricity (d) Access to Water Source

Figure B.6.8: Trends in school infrastructure in the Kosi districts

Note: This figure graphs the coefficients βt from the specification 8.1 for four outcome variables
capturing school infrastructure from the U-DISE data. Each dot is the point estimate from the inter-
action between Year of marriage and dummy for whether individual resides in a Kosi district. The
line corresponding to each point estimate reflects the 95% confidence interval. Controls include
school-level characteristics that include indicators for if the school is in a rural area, if it has a
pre-primary section, if it has a primary section, whether its medium of instruction is English, year
fixed effects and district fixed effects. Robust standard errors clustered at the level of a district are
included.
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(a) Secondary school completion
rate, Men

(b) Secondary school completion
rate, Women

Figure B.6.9: Trends in school enrollment in the Kosi districts

Note: This figure graphs the coefficients βt from the specification 8.1 for enrollment in schools
as outcome variables from the U-DISE data. Each dot is the point estimate from the interaction
between Year of Marriage and dummy for whether individual resides in a Kosi district. The line
corresponding to each point estimate reflects the 95% confidence interval. Controls include school-
level characteristics that include indicators for if the school is in a rural area, if it has a pre-primary
section, if it has a primary section, whether its medium of instruction is English, year fixed effects
and district fixed effects. Robust standard errors clustered at the level of a district are included.
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(a) Males, Kosi districts (b) Females, Kosi districts

(c) Males, Non-Kosi districts (d) Females, Non-Kosi districts

Figure B.6.10: Age distributions for males and females

Note: This figure plots the age distribution for all the males and females from the sample of house-
holds pooled over the 64th (year 2007-08) and 66th (year 2009-10) rounds of NSS.
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B.7 ADDITIONAL TABLES

Table B.7.1: Control variables for marriages before the Kosi floods (2008)

Control districts Kosi districts Difference
SC/ST 0.237 0.238 -0.001
OBC 0.597 0.631 -0.034∗

Hindu 0.877 0.770 0.107∗∗∗

Rural 0.870 0.921 -0.052∗∗∗

Owns agricultural land 0.570 0.628 -0.058∗∗∗

Number of members in the household 6.808 6.002 0.805∗∗∗

Female head 0.218 0.335 -0.117∗∗∗

Owns a house 0.808 0.859 -0.050∗∗∗

Access to protected water source 0.972 0.996 -0.024∗∗∗

Kuccha dwelling 0.110 0.219 -0.109∗∗∗

Access to toilet 0.351 0.203 0.148∗∗∗

Owns a refrigerator 0.051 0.020 0.031∗∗∗

Owns a bicycle 0.630 0.651 -0.021
Has electricity 0.633 0.554 0.079∗∗∗

Owns car/scooter 0.194 0.156 0.038∗∗

LPG/Electricity for cooking 0.170 0.075 0.095∗∗∗

Owns livestock 0.569 0.642 -0.073∗∗∗

Owns radio 0.100 0.111 -0.011
Number of rooms 2.106 1.686 0.420∗∗∗

Owns a BPL card 0.523 0.706 -0.183∗∗∗

Owns a TV 0.281 0.151 0.129∗∗∗

Owns a sewing machine 0.190 0.098 0.093∗∗∗

Owns a pressure cooker 0.320 0.157 0.163∗∗∗

Owns an electric fan 0.492 0.338 0.154∗∗∗

Owns a mattress 0.360 0.279 0.081∗∗∗

Note: This table reports the results from a comparison of means of included controls
across Kosi affected districts with other districts in Bihar. * Significant at 10%; **
Significant at 5%; *** Significant at 1%.
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Table B.7.2: Effect of the Kosi floods on the difference between husband’s and wife’s
age at marriage

Difference between male and female age at marriage

(1) (2) (3) (4)

Kosi District 0.668∗∗ 0.496∗ 0.509∗

(0.289) (0.260) (0.272)
Marriage after 2008 1.834 1.411 1.410 1.304

(1.499) (1.435) (1.439) (1.479)
Kosi District X Marriage after 2008 -0.446 -0.418 -0.403 -0.332

(0.379) (0.402) (0.406) (0.437)

Observations 3033 3033 3033 3033
R-squared 0.00467 0.0241 0.0257 0.0341
Control Average 0.380 0.380 0.380 0.380
Household Controls No X X X
Year of Marriage FE X X X X
District FE No No No X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects are included. Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.3: Log weekly wages in rupees (CPI adjusted)

(1) (2)

Age (in years) 0.015∗∗∗ 0.006∗∗∗

(0.002) (0.001)

Observations 5992 5988
R-squared 0.128 0.614
Individual level Controls X
District FE X X

Note: This table reports the results from regression of log of weekly wages on age using
NSS data. Controls include religion, caste, education, occupation and industry of
employment for the sample of females and males between ages 15 and 60 years. Dummies
for household’s land ownership and residence are included. We include district fixed
effects. Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.4: Robustness check: Migration responses and the Kosi floods

Panel A: IHDS

Median Travel
Time to

Natal Home
(in hrs)

Average Travel
Time to

Natal Home
(in hrs)

Visit and return
from natal

home within
a day(%)

2.00 3.42 29.71

Panel B: Impact of Kosi Floods on the Likelihood of Migration in Past 6 Months

Marriage after 2008 0.174
(0.159)

Kosi District X Marriage after 2008 -0.035
(0.052)

Observations 2981
R2 0.0778
Control average 33.06
HH Controls Yes
Year of Marriage FE Yes
District FE Yes

Note: Panel A reports evidence from the second round of the India Human Development
Survey (2011-12). Panel B reports the results from reports the results from
double-difference specification (see equation 5.1). Controls include religion, caste,
location of the household and indicators for the wealth quintile that the individual belongs
to. Year of marriage fixed effects and district fixed effects are included. Robust standard
errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.5: Sample restricted to households where married couple was interviewed

(1) (2) (3) (4)
Men’s
Age at

Marriage

Women’s
Age at

Marriage

Child
Marriage:

Men

Child
Marriage:
Women

Marriage after 2008 2.609 1.305 -0.062 0.017
(2.609) (1.394) (0.041) (0.174)

Kosi District X Marriage after 2008 -0.813∗ -0.481 0.069∗∗ 0.072
(0.433) (0.362) (0.028) (0.046)

Observations 3033 3033 3033 3033
R-squared 0.115 0.193 0.0942 0.134
Control Average 23.04 18.59 0.0554 0.380
Household Controls X X X X
Year of Marriage FE X X X X
District FE X X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 6.1) for the sample of households where a married couple was interviewed.
Controls include religion, caste, location of the household, gender of the household head,
number of members in the household, indicator variables for land ownership, house
ownership, and dummies for ownership of assets. Year of marriage fixed effects and
district fixed effects are included. Robust standard errors clustered at the level of a district
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.6: Robustness checks: Difference-in-differences with matching

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Kosi District X Marriage after 2008 -0.861 -0.268∗∗

(0.553) (0.129)

Observations 2998 18797
R-squared 0.0640 0.0740
Control Average 23.04 18.59
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports results from kernel-based propensity score matching with
difference-in-differences. Estimates have been generated using the diff command in Stata
Villa (2016). We use logit specification for estimating propensity scores. Controls for
propensity score matching include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets.
Difference-in-differences specification includes the above controls and Year of marriage
fixed effects, district fixed effects. Robust standard errors clustered at the level of a district
are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.7: Effect of the Kosi floods on the hazard of being married

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Kosi District X Marriage after 2008 0.006∗ 0.006∗∗∗

(0.003) (0.002)

Observations 33118 128263
R-squared 0.00184 0.00377
Control Average 0.0852 0.133
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the estimates of the effect of Kosi floods on the hazard of getting
married (see equation ??). Controls include religion, caste, location of the household,
gender of the household head, number of members in the household, indicator variables
for land ownership, house ownership, and dummies for ownership of assets. Robust
standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.8: Robustness checks: dropping clusters around 3 kilometers of the border
of the Kosi districts

(1) (2)
Men’s Age at

Marriage
Women’s Age at

Marriage

Marriage after 2008 3.862 1.049∗

(2.643) (0.584)
Kosi District X Marriage after 2008 -0.710 -0.356∗∗

(0.472) (0.134)

Observations 2942 18188
R-squared 0.118 0.142
Control Average 23.04 18.59
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) while dropping sampling clusters within 3 kilometers of the either side of
the boundary of Kosi districts. Controls include religion, caste, location of the household,
gender of the household head, number of members in the household, indicator variables
for land ownership, house ownership, and dummies for ownership of assets. Year of
marriage fixed effects and district fixed effects are included. Robust standard errors
clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.9: Robustness checks: dropping clusters around 5 kilometers of the border
of the Kosi districts

(1) (2)
Men’s Age at

Marriage
Women’s Age at

Marriage

Marriage after 2008 3.911 0.918
(2.632) (0.576)

Kosi District X Marriage after 2008 -0.686 -0.365∗∗

(0.515) (0.156)

Observations 2893 17935
R-squared 0.119 0.143
Control Average 23.04 18.59
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1) while dropping sampling clusters within 5 kilometers of the either side of
the boundary of Kosi districts. Controls include religion, caste, location of the household,
gender of the household head, number of members in the household, indicator variables
for land ownership, house ownership, and dummies for ownership of assets. Year of
marriage fixed effects and district fixed effects are included. Robust standard errors
clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.

213



Table B.7.10: Robustness checks: Testing sensitivity of results to restricted sample of
rural areas age at marriage and education

(1) (2)
Men’s Age
at Marriage

Women’s Age
at Marriage

Marriage after 2008 1.304∗∗∗ 1.277∗∗∗

(0.199) (0.060)
Kosi District X Marriage after 2008 -1.009∗∗ -0.372∗∗∗

(0.403) (0.110)

Observations 2632 16524
R-squared 0.0866 0.108
Control Average 22.77 18.44
Household Controls X X
Year of Marriage FE X X
District FE X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, gender of the
household head, number of members in the household, indicator variables for land
ownership, house ownership, and dummies for ownership of assets. Year of marriage fixed
effects and district fixed effects are included. Robust standard errors clustered at the level
of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.11: Placebo outcomes

(1) (2) (3)

Female head

Number of
members in

the household

Martial status:
Divorced/
Widowed/
Separated

Marriage after 2008 0.018 0.009 0.014
(0.025) (0.016) (0.019)

Kosi District X Marriage after 2008 -0.009 0.003 -0.005
(0.015) (0.007) (0.006)

Observations 18797 18797 18797
R2 0.685 0.876 0.0107
Control Average 18.59 18.59 18.59
HH Controls X X X
Year of Marriage FE X X X
District FE X X X

Note: This table reports the results from a difference-in-differences specification (see
equation 5.1). Controls include religion, caste, location of the household, indicators for the
wealth quintile that the individual belongs to, year of marriage fixed effects and district
fixed effects. Robust standard errors clustered at the level of a district are reported. *
Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table B.7.12: Trends in schooling infrastructure

(1) (2) (3) (4) (5) (6)
Number

of
Classrooms

Electicity
Connection

Classrooms
in Good

Condition
Water
Source

Average
Enrollment
per Class

Total
Enrollment

Kosi
District
X 2006

0.022 -0.005 0.013 0.010 2.260∗∗∗ 36.154∗∗∗

(0.131) (0.005) (0.076) (0.008) (0.804) (12.865)
Kosi
District
X 2007

-0.196 0.005 -0.001 -0.050∗ -0.302 -4.829

(0.136) (0.004) (0.120) (0.026) (0.602) (9.633)
Kosi
District
X 2008

-0.068 0.006 0.144 0.092∗∗ -0.257 -4.118

(0.143) (0.006) (0.163) (0.041) (0.694) (11.104)
Kosi
District
X 2009

-0.110 0.005 0.153 0.032 -0.333 -5.328

(0.115) (0.006) (0.137) (0.027) (1.150) (18.402)
Kosi
District
X 2010

0.021 0.004 0.240 0.039 0.656 10.499

(0.142) (0.006) (0.191) (0.026) (1.088) (17.415)
Kosi
District
X 2011

0.118 0.005 0.318 0.032 0.292 4.668

(0.162) (0.006) (0.200) (0.028) (0.940) (15.044)
Kosi District
X 2012 0.274 0.015 0.476∗∗ 0.043∗∗ 0.133 2.129

(0.164) (0.009) (0.200) (0.020) (0.902) (14.436)

Observations 523299 523299 523299 523299 523299 523299
R-squared 0.0612 0.0301 0.0955 0.0395 0.0369 0.0369
Control
Average 3.886 0.106 2.740 0.910 16.95 271.2

District FE X X X X X X

Note: This table reports the results on a comparison of trends in schooling infrastructure in
across Kosi and non-Kosi districts (see equation 8.1). District fixed effects are included.
Robust standard errors clustered at the level of a district are reported.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.

216



Table B.7.13: Change in sex-ratios between 2001 and 2011

(1) (2)
Male-Female Ratio Male-Female Ratio

Kosi Districts X Census Year 2011 -0.007 0.000
(0.007) (0.008)

Observations 83880 37
Control average 1.084 1.088
District FE X

Note: These table reports results from specification equation 8.2 using data on Bihar from
2001 and 2011 Census of India. Column (1) is a regression at the village-level and Robust
standard errors clustered at the level of district are reported. Column (2) shows the results
from comparing sex-ratios at the district level across Kosi and non-Kosi districts.
* Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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APPENDIX C

CHAPTER 3 APPENDICES

C.1 CONCEPTUAL FRAMEWORK

Consider a utility-maximizing household with N children. The household has an endow-

ment Y , which could be derived from wealth or adult labor earnings. Child i’s time endow-

ment T is allocated across three uses: education Si, work Li, and leisure Hi. Children’s work

adds to the household consumption, C as follows:

C = Y +
N

∑
i=1

w(θi)Li, (C.1.1)

where w(θi) reflects the labor productivity of child i, which depends on a vector of child

characteristics θi (for example, age, gender, strength). One can think of w(θi) as the implicit

wage for the market and non-market labor undertaken by child i.

In addition, the parents care about children’s human capital, which depends on their

study time. Study time contributes positively to children’s human capital and this rela-

tionship is characterized by R(Si,ηi;z), where ηi is a vector of child characteristics that

affect human capital productivity (such as intelligence, age, personality, some of which

may overlap with θi) and z is a set of household-level variables that affect productivity

(such as parents’ education or financial resources). One can think of human capital as con-

tributing to the household’s utility either due to the intrinsic value of education and leisure

or because it raises expected future earnings by producing an educated, well-rounded child.
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We make the simplifying assumption that the household does not exhibit inequality aver-

sion, and values each child’s human capital equally.

Utility is increasing and concave in consumption, and we assume that consump-

tion and human capital are additively separable. The household’s problem is to choose

C,(L1, . . . ,LN),(S1, . . . ,SN) and (H1, . . . ,HN) to maximize:

U(C)+
N

∑
i=1

R(Si,ηi;z), (C.1.2)

subject to:

C ≤ Y +
N

∑
i=1

w(θi)Li, (C.1.31)

Li +Si +Hi ≤ T.∀i, (C.1.32)

Li ≥ 0 (C.1.33)

Si ≥ 0 (C.1.34)

Hi ≥ 0 (C.1.35)

A minimum positive lower bound is used for study time and leisure instead of a non-

negativity constraint, as the vast majority of children in all four countries attend school,

and there is a biological minimum need for children’s sleep time.1 2 We further assume that

0 < S+H < T .

This setup needs to be qualified in several respects. In this framework, parents make the

decision to allocate children’s total time across different uses. While a child may have dif-

ferent preferences, the implicit assumption is the parental allocation accounts for them. One

1Even without constraints equations C.1.33 through C.1.34 the optimal choices of Si and Hi will
be positive if Inada conditions hold.

2Almost all the children in our sample are enrolled in school and have positive leisure.
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can imagine that through ηi, R captures children’s preferences over studying and leisure in

addition to the value derived by parents. We also assume that the number of siblings within

the household is fixed; parents cannot respond to the equilibrium of this problem by having

more children.3

The Kuhn-Tucker (KT) conditions that characterize the household’s problem are:

∂U(C;z)
∂C

+δ1 = 0, (KT.1)

∂U(C;z)
∂Li

w(θi)+δ1w(θi)+δ2i−δ3i = 0,∀i, (KT.2)

∂R(Si,ηi;z)
∂Si

+δ2i−δ4i = 0,∀i. (KT.3)

The complementary slackness conditions that characterize the household’s problem are:

δ1(Y +
N

∑
i=1

w(θi)Li−C) = 0, (KT.4)

δ2i(T −Li−Si−Hi) = 0,∀i, (KT.5)

δ3i(Li) = 0,∀i, (KT.6)

δ4i(Si−S) = 0,∀i, (KT.7)

δ5i(Hi−H) = 0,∀i, (KT.8)

where δ1, {δ21, ...,δ2N}, {δ31, ...,δ3N}, {δ41, ...,δ4N}, and {δ51, ...,δ5N} are the Lagrange

multipliers on constraints C.1.32 through C.1.35. It is natural to assume that the first two

constraints hold with equality, and thus, δ1 > 0 and δ2i > 0,∀i.
3Since 12 is the average age of children in the data we discuss in Section 3.3, this is not an

unreasonable assumption for our analysis in Section 3.4.
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In the case of a positive solution for all time uses (that is, (C.1.34) and (C.1.35) are not

binding so that Si > S and Hi > H):

w(θi)
∂U(C;z)

∂Li
=

∂R(Si,Hi,ηi;z)
∂Si

. (C.1.4)

If we compare any two children i and j in the household, the ratio of marginal produc-

tivities of their leisure will be equal to the ratio of marginal productivities of their schooling

and the ratio of marginal utilities of their implicit wages:

w(θi)∂U(C;z)/∂Li

w(θ j)∂U(C;z)/∂L j
=

∂R(Si,Hi,ηi;z)/∂Si

∂R(S j,H j,η j;z)/∂S j
. (C.1.5)

Let us examine the implications of this model via comparative statics. Since z is

common to siblings, intra-household differences in time use will be driven by ηi and θi.

Consider the implications of this framework for the correlation between gender and time

use within a household. If girls are perceived to be more productive than boys in the types

of jobs that are most available to school-aged children (largely domestic work) due to con-

ditioned gendered skills or cultural norms, then θi will include gender, and we will observe

that the deviation from average time spent on labor will be positive for girls. If there were

only two activities to allocate time across, this would have implied that girls would spend

less time on studying. However, additional time on work can also come at the expense of

leisure, with study time being unaffected. In addition, if school-aged girls are more diligent

than boys on average, they may have higher productivity of study time. In this case, girls

may also have higher study time. However, given their comparative advantage over their

brothers in work, higher time on education-related activities does not necessarily imply
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that they would reduce the work; higher study time could be at the expense of lower time

on leisure activities.

Without further characterization of the human capital function R(.) (and in particular,

whether θi and ηi have elements in common), the directions of correlation between gender

and time spent on leisure, study, and work are not clear. This is an exploration we take to

the empirics in Section 3.4, after describing the data in Section 3.3.
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C.2 CONTEXT AND SAMPLING DESIGN OF YOUNG LIVES COUNTRIES

The Young Lives study was designed to investigate the changing nature of childhood

poverty in four developing countries: Ethiopia, India (Andhra Pradesh), Peru, and Vietnam.

These countries were selected to reflect the wide range of cultural, social, economic, and

political realities across the developing world.

Since time use data quality was low for Peru (only 33% observations across the Round

4 and Round 5 of the Young Lives study had complete time use information), our main

analysis excludes Peru. Table A1 presents data on some key development indicators for

the remaining three countries in 2010. Note that while the countries in the study are in the

developing world, they are at very different stages in their growth trajectories. We briefly

describe the context and the survey sampling strategy for these Young Lives countries

below. Table C.2.1 describes some of the development indicators for the countries used

in this study.

Ethiopia. Located in Sub-Saharan Africa, Ethiopia is one of the fastest growing

economies in the region and has been very successful in meeting most of the Millen-

nium Development Goals. In 2010, 33% of the population lived below the $1.90 poverty

line (at 2011 prices), and only 8% of the income was held by the poorest 20%. The average

life expectancy in Ethiopia was 62 years. The primary school completion rate was the 92%,

the secondary school completion rate was 35% in 2010.

With the intention of national coverage, the sampling strategy in Ethiopia followed

a three step design. In the first step following regions were selected: Amhara, Oromia,

Southern Nations, Nationalities and Peoples (SNNP), Tigray, and the city of Addis Ababa.

The selected regions account for 96% of the national population. In the second step, three

to five districts were chosen from each region. Next, a local administration area was chosen

from each district. These local administration areas were also the primary sampling unit
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for the survey. Within each sampling unit, all households were screened to compile a list

of eligible households (with children aged one in 2001). From that list of households, a

sample of 100 households with children born between January 2001 and May 2002 was

randomly selected for each sampling site.

Household covered by the Young Lives study in Ethiopia were somewhat wealthier than

the average household in the country in 2001, the year in which sampling was conducted

(Barnett et al., 2013). However, the Young Lives sample in Ethiopia includes a wide range

of living standards and reflects the variability found in the country as a whole (Outes-Leon

and Sanchez, 2008).

India (Andhra Pradesh). Located in South Asia, India is the fourth-largest economy. In

2010, 21% of the population lived below the $1.90 poverty line (at 2011 prices), while the

poverty rate at the national poverty line was 22%; 8% of the aggregate income was held

by the poorest 20%. The average life expectancy at birth was 67 years. The primary school

completion rate was 93%, and the gross secondary school enrollment rate was 63%.

Andhra Pradesh (including the state of Telangana) is the fifth-largest state in India. In

2002, when the Young Lives study started in Andhra Pradesh, only 27% of the population

was living in urban areas. While agriculture was important and contributed to 30% of the

state domestic product, economic activity was increasingly shifting away from agriculture.

Andhra Pradesh is close to the all India averages on various measures of human develop-

ment. In 2004-05, the Andhra Pradesh’s infant mortality rate was 53 per 1,000 live births as

opposed to 57 per 1,000 for the whole country. Average life expectancy in Andhra Pradesh

was 64, while it was 65 for India. Adult literacy and enrollment rates were 51% and 88% in

Andhra Pradesh, respectively, and 62% and 82% for India (Centre for Economic and Social

Studies, 2007).

The sample for the Young Lives study was drawn such that the three regions were

well represented. In addition to the metropolitan city of Hyderabad, two districts from
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each region, one poor and one non-poor, were drawn. Next, from each district, sub-districts

were chosen to be representative of key development indicators. These chosen sub-districts,

along with three urban slums chosen from Hyderabad were the primary sampling units.

From a list of villages that would have had at least 50 eight-year olds and at least 100

one-year-olds, sample villages were randomly chosen from the selected sampling units.

Household covered by the Young Lives study are wealthier than the average household

in Andhra Pradesh. A comparison with the households surveyed by the 1998-99 Demo-

graphic and Health Survey reveals that the surveyed households also had better access to

services. Despite these biases, the sample covered by the Young Lives study captures the

diversity of children in poor households in Andhra Pradesh.

Vietnam. Over the past few decades, Vietnam has transformed from one of the poorest

countries to one of the fastest growing economies in the East-Asia region. In 2010, 4% of

its population was below the $1.90 per day poverty line (at 2011 prices), whereas 21% of

the population was below the national poverty line. In 2010, the average life expectancy at

birth was 75 years, and all the children completed primary school.

Though not nationally representative, the Young Lives sample in Vietnam was chosen to

represent the variety of childhood experiences in the county; poorer regions were oversam-

pled. First, four sampling sites were selected from each province (there are 61 provinces).

Next, the chosen sampling sites were ranked by their poverty level. The criteria used to

classify these sites into poor, average and above-average categories included infrastructure

development, proportion of poor, and child malnutrition. Of this list 31 sites were selected

such that 48% represented poor sites, 29% represented average sites, and remaining repre-

sented above-average sites. Eight major regions in the country are well-represented in the

sample.

A comparison with the nationally representative sample from the Demographic and

Health Survey from 2002 shows that the Young Lives sample is poorer than the average

225



household in Vietnam. The sampled cities are less prosperous than other major cities, such

as Hanoi and Ho Chi Minh City, and urban areas are underrepresented.

226



C.2.1 TABLES

Table C.2.1: Key development indicators for Young Lives countries in 2010

Indicator Ethiopia India Vietnam

GNI per capita, PPP (current international dollar) 1,050 4,310 4,180
Poverty headcount ratio at national poverty line 29.6% 21.9% 20.7%
Poverty headcount ratio at $1.9 a day (at 2011 PPP) 33.5% 21.2% 4.2%
Income share held by the poorest 20% 8.0% 8.1% 6.5%
Under-5 mortality rate (per 1000 live births) 83 58 23
Primary school completion rate 58% 93% 103%
Secondary school gross enrollment rate 35% 63% –

Source: databank.worldbank.org, retrieved December 12, 2019.
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C.3 ADDITIONAL FIGURES AND TABLES

C.3.1 FIGURES

Figure C.3.1: Robustness check 1: Incidence of leisure poverty by age, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure C.3.2: Robustness check 1: Incidence of leisure poverty by age, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple) line
represents the incidence of leisure poverty by age for girls and the dashed (orange) line represents
the incidence of leisure poverty by age for boys.

Figure C.3.3: Robustness check 1: Incidence of leisure poverty by age, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure C.3.4: Robustness check 1: Incidence of leisure poverty by birth order,
Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

Figure C.3.5: Robustness check 1: Incidence of leisure poverty by birth order, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.
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Figure C.3.6: Robustness check 1: Incidence of leisure poverty by birth order,
Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

Figure C.3.7: Robustness check 1: Incidence of leisure poverty by wealth, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.
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Figure C.3.8: Robustness check 1: Incidence of leisure poverty by wealth, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.

Figure C.3.9: Robustness check 1: Incidence of leisure poverty by wealth, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.
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Figure C.3.10: Robustness check 2: Incidence of leisure poverty by age, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.

Figure C.3.11: Robustness check 2: Incidence of leisure poverty by age, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple) line
represents the incidence of leisure poverty by age for girls and the dashed (orange) line represents
the incidence of leisure poverty by age for boys.

233



Figure C.3.12: Robustness check 2: Incidence of leisure poverty by age, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.

Figure C.3.13: Robustness check 2: Incidence of leisure poverty by birth order,
Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.
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Figure C.3.14: Robustness check 2: Incidence of leisure poverty by birth order, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

Figure C.3.15: Robustness check 2: Incidence of leisure poverty by birth order,
Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.
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Figure C.3.16: Robustness check 2: Incidence of leisure poverty by wealth, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.

Figure C.3.17: Robustness check 2: Incidence of leisure poverty by wealth, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.
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Figure C.3.18: Robustness check 2: Incidence of leisure poverty by wealth, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.

Figure C.3.19: Robustness check 3: Incidence of leisure poverty by age, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure C.3.20: Robustness check 3: Incidence of leisure poverty by age, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple) line
represents the incidence of leisure poverty by age for girls and the dashed (orange) line represents
the incidence of leisure poverty by age for boys.

Figure C.3.21: Robustness check 3: Incidence of leisure poverty by age, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by age for girls and the dashed (orange) line repre-
sents the incidence of leisure poverty by age for boys.
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Figure C.3.22: Robustness check 3: Incidence of leisure poverty by birth order,
Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

Figure C.3.23: Robustness check 3: Incidence of leisure poverty by birth order, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.
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Figure C.3.24: Robustness check 3: Incidence of leisure poverty by birth order,
Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

Figure C.3.25: Robustness check 3: Incidence of leisure poverty by wealth, Ethiopia

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Ethiopia. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.
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Figure C.3.26: Robustness check 3: Incidence of leisure poverty by wealth, India

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for India. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.

Figure C.3.27: Robustness check 3: Incidence of leisure poverty by wealth, Vietnam

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Vietnam. The solid (purple)
line represents the incidence of leisure poverty by wealth index for girls and the dashed (orange)
line represents the incidence of leisure poverty by age for boys.
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C.3.2 TABLES

Table C.3.1: Robustness check 1, Intra-household allocation of time use, Ethiopia

Dependent variable: Study Work Leisure

Female 0.067*** 0.020 -0.057***
(0.020) (0.030) (0.016)

Age 0.394*** 0.203*** -0.387***
(0.034) (0.028) (0.025)

Age Squared -0.017*** -0.005*** 0.015***
(0.001) (0.001) (0.001)

Birth Order -0.131*** 0.013 0.105***
(0.036) (0.033) (0.020)

Number of observations 9,158 9,158 9,158
Adjusted R2 0.495 0.500 0.608

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.2: Robustness check 1, Intra-household allocation of time use, India

Dependent variable: Study Work Leisure

Female -0.030 0.066*** -0.048***
(0.023) (0.018) (0.012)

Age 0.188*** -0.023 -0.154***
(0.034) (0.021) (0.018)

Age Squared -0.009*** 0.003*** 0.005***
(0.002) (0.001) (0.001)

Birth Order -0.026 -0.032 0.059***
(0.039) (0.027) (0.020)

Number of observations 7,650 7,650 7,650
Adjusted R2 0.357 0.335 0.434

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from India from Rounds 4 and 5 of the Young Lives study. Robust
standard errors clustered at the level of primary sampling unit are given in parentheses. *
(**, ***) indicates statistical significance at the 10% (5%, 1%) level.

Table C.3.3: Robustness check 1, Intra-household allocation of time use, Vietnam

Dependent variable: Study Work Leisure

Female 0.159** 0.041 -0.153***
(0.060) (0.067) (0.045)

Age 0.175*** 0.030 -0.153***
(0.063) (0.085) (0.044)

Age Squared -0.008** 0.004 0.004**
(0.003) (0.004) (0.002)

Birth Order 0.095 -0.266** 0.064
(0.109) (0.102) (0.055)

Number of observations 4,953 4,953 4,953
Adjusted R2 0.352 0.381 0.396

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.4: Robustness check 2, Intra-household allocation of time use, Ethiopia

Dependent variable: Study Work Leisure

Female 0.069** 0.038 -0.072***
(0.032) (0.039) (0.020)

Age 0.419*** 0.164*** -0.379***
(0.039) (0.028) (0.030)

Age Squared -0.018*** -0.004*** 0.015***
(0.001) (0.001) (0.001)

Birth Order -0.162*** 0.012 0.125***
(0.040) (0.037) (0.025)

Number of observations 5,959 5,959 5,959
Adjusted R2 0.484 0.500 0.599

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.

Table C.3.5: Robustness check 2, Intra-household allocation of time use, India

Dependent variable: Study Work Leisure

Female -0.008 0.061*** -0.063***
(0.025) (0.020) (0.014)

Age 0.209*** -0.038 -0.158***
(0.035) (0.023) (0.018)

Age Squared -0.010*** 0.004*** 0.005***
(0.002) (0.001) (0.001)

Birth Order -0.053 -0.016 0.065***
(0.038) (0.025) (0.023)

Number of observations 6,475 6,475 6,475
Adjusted R2 0.298 0.297 0.420

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from India from Rounds 4 and 5 of the Young Lives study. Robust
standard errors clustered at the level of primary sampling unit are given in parentheses. *
(**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.6: Robustness check 2, Intra-household allocation of time use, Vietnam

Dependent variable: Study Work Leisure

Female 0.197*** 0.014 -0.169***
(0.059) (0.066) (0.042)

Age 0.212*** -0.006 -0.163***
(0.062) (0.093) (0.050)

Age Squared -0.009** 0.004 0.004**
(0.003) (0.005) (0.002)

Birth Order 0.122 -0.310** 0.065
(0.125) (0.127) (0.067)

Number of observations 4,058 4,058 4,058
Adjusted R2 0.322 0.344 0.390

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.

Table C.3.7: Robustness check 3, Intra-household allocation of time use, Ethiopia

Dependent variable: Study Work Leisure

Female 0.059* 0.021 -0.057***
(0.029) (0.035) (0.019)

Age 0.393*** 0.146*** -0.388***
(0.046) (0.027) (0.035)

Age Squared -0.017*** -0.004*** 0.015***
(0.002) (0.001) (0.001)

Birth Order -0.145** -0.011 0.107***
(0.057) (0.042) (0.025)

Number of observations 4,859 4,859 4,859
Adjusted R2 0.474 0.472 0.616

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.8: Robustness check 3, Intra-household allocation of time use, India

Dependent variable: Study Work Leisure

Female -0.025 0.065** -0.050***
(0.031) (0.023) (0.016)

Age 0.236*** -0.041 -0.170***
(0.050) (0.027) (0.025)

Age Squared -0.011*** 0.004*** 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.027 -0.028 0.056*
(0.058) (0.037) (0.028)

Number of observations 4,082 4,082 4,082
Adjusted R2 0.278 0.221 0.442

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from India from Rounds 4 and 5 of the Young Lives study. Robust
standard errors clustered at the level of primary sampling unit are given in parentheses. *
(**, ***) indicates statistical significance at the 10% (5%, 1%) level.

Table C.3.9: Robustness check 3, Intra-household allocation of time use, Vietnam

Dependent variable: Study Work Leisure

Female 0.178** 0.054 -0.168**
(0.075) (0.074) (0.061)

Age 0.274*** -0.066 -0.176***
(0.066) (0.111) (0.054)

Age Squared -0.012*** 0.008 0.005**
(0.004) (0.006) (0.002)

Birth Order 0.127 -0.305** 0.070
(0.148) (0.128) (0.078)

Number of observations 2,927 2,927 2,927
Adjusted R2 0.281 0.356 0.358

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.10: Robustness check 4, Intra-household allocation of time use, Ethiopia

Dependent variable: Study Work Leisure

Female 0.093*** 0.011 -0.062**
(0.031) (0.053) (0.029)

Age 0.502*** 0.238*** -0.416***
(0.057) (0.054) (0.039)

Age Squared -0.021*** -0.007** 0.016***
(0.002) (0.003) (0.002)

Birth Order -0.147** -0.034 0.105***
(0.052) (0.044) (0.034)

Number of observations 4,299 4,299 4,299
Adjusted R2 0.464 0.500 0.581

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Ethiopia from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.

Table C.3.11: Robustness check 4, Intra-household allocation of time use, India

Dependent variable: Study Work Leisure

Female -0.009 0.056* -0.056***
(0.039) (0.031) (0.018)

Age 0.230*** -0.040 -0.191***
(0.056) (0.041) (0.030)

Age Squared -0.011*** 0.004* 0.007***
(0.003) (0.002) (0.002)

Birth Order -0.059 -0.024 0.090**
(0.060) (0.047) (0.033)

Number of observations 3,568 3,568 3,568
Adjusted R2 0.347 0.363 0.385

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from India from Rounds 4 and 5 of the Young Lives study. Robust
standard errors clustered at the level of primary sampling unit are given in parentheses. *
(**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.3.12: Robustness check 4, Intra-household allocation of time use, Vietnam

Dependent variable: Study Work Leisure

Female 0.189 -0.024 -0.153**
(0.124) (0.155) (0.065)

Age 0.028 0.159** -0.124
(0.081) (0.075) (0.075)

Age Squared -0.000 -0.003 0.002
(0.005) (0.004) (0.004)

Birth Order 0.236 -0.305 -0.020
(0.195) (0.179) (0.090)

Number of observations 2,026 2,026 2,026
Adjusted R2 0.392 0.398 0.425

Note: This table reports results from a household fixed effects model described in
Equation 2 with student performance (binary) as an added control. These results use data
on the Young Cohort from Vietnam from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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C.4 RESULTS FOR PERU

As described in Section 3.3, while the data collection had moved to CAPI across all four

countries in Round 4 and Round 5 of the Young Lives Longitudinal Study, the quality of

time use data collected in Peru was poor. For 67% of the children in these survey rounds,

hours did not add up to 24. Thus, we excluded Peru while exploring the correlation between

gender and time use. In this section, we provide the key results described in Section 4 for

Peru and confirm that the pattern that girls have lower leisure time is present in Peru, even

with these limited data.

Table C.4.1 describes the patterns of average time use in Peru. In Peru, the average child

spent 6.2 hours in school (which includes travelling time), 2.0 hours on studying at home,

2.3 hours on working, 4.3 hours at play, and 9.3 hours sleeping. Of the time spent on work,

1.1 hours are spent doing domestic chores and 0.5 hours on other unpaid activities, and

18% of the final sample were not involved in any work activity. While 16% of girls were

not involved in work-related activities, 19% of boys were not involved in any work-related

activities.

In Table C.4.2, we describe the share of total variation in time use that is explained the

variation within a household. As was true for the other three countries, a large part of the

total variation in time use for all activities is due to the variation among siblings within the

household, with as much as 32% of the variation in leisure time in Rounds 4 and 5 coming

from the within household component.

C.4.1 ASSOCIATION BETWEEN GENDER AND TIME USE WITHIN A HOUSEHOLD

Table C.4.3 shows the main results for the Peru sample. Like in the other three countries,

girls in Peru spend less time on leisure than their male siblings, though the difference is

small (0.05 standard deviations). This appears to come primarily with more time spent on
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work. Also common to the other three countries, study time is increasing and leisure time

is decreasing in age. But unlike in the other countries, birth order is not a determinant of

time use.

C.4.2 HETEROGENEITY IN THE ASSOCIATION OF GENDER AND TIME USE WITHIN A

HOUSEHOLD

In Peru, there is no significant interaction between gender and age (Table C.4.4). This is

contrast to Ethiopia and Vietnam, where girls increase study time and reduce leisure time

at a faster rate than boys as they age. Table C.4.5 suggests that girls in Peru study more

if they are the eldest sibling, but the coefficient on the interaction term is not statistically

significant. As in the other three countries, there is no significant interaction between gender

and wealth (Table C.4.6). On the whole, it is unsurprising that no conclusions can be drawn

from the heterogeneity analysis for Peru, considering the sample is much smaller than for

the other countries due to the low quality of its time use data.

C.4.3 NON-PARAMETRIC EXPLORATION OF THE GENDERED LEISURE DEFICIT

Like in Ethiopia and Vietnam, the gap in incidence of leisure poverty emerges at age six in

Peru. The gap closes at 17 (Figure C.4.1). Like in Vietnam, a large gap in leisure poverty

incidence exists at low birth orders (Figure C.4.2). That gap reverses for young children in

very large families (birth order>6). As in the other three countries, the gap in incidence of

leisure poverty is present across the wealth distribution in Peru (Figure C.4.3). The gap is

widest at the top, as it is in India.
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C.4.4 FIGURES

Figure C.4.1: Incidence of leisure poverty by age, Peru

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Peru. The solid (purple) line
represents the incidence of leisure poverty by age for girls and the dashed (orange) line represents
the incidence of leisure poverty by age for boys.

Figure C.4.2: Incidence of leisure poverty by birth order, Peru

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Peru. The solid (purple)
line represents the incidence of leisure poverty by birth order for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.
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Figure C.4.3: Incidence of leisure poverty by wealth index, Peru

Note: Data are taken from Rounds 4 and 5 of the Young Lives study for Peru. The solid (purple) line
represents the incidence of leisure poverty by wealth index for girls and the dashed (orange) line
represents the incidence of leisure poverty by age for boys.

C.4.5 TABLES

Table C.4.1: Average time use (in hours) in Peru

Study Work Leisure

Mean 8.20 2.25 13.55
Standard deviation 2.10 2.06 2.17
Number of observations 2,871 2,871 2,871
Mean for girls 8.31 2.26 13.43
Mean for boys 8.08 2.24 13.68

Note: This table presents the age distribution for the sample for Peru. These results use
data on the Young Cohort from Rounds 4 and 5 of the Young Lives study.
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Table C.4.2: Decomposition of inequality in time use in Peru

Study Work Leisure

% within household: Round 4 29.40 26.37 32.38
% within household: Round 5 18.61 20.10 21.05

Number of observations 2,871 2,871 2,871

Note: This table shows the part of the total inequality in time use for three activities that is
explained by the within household inequality for the final sample for Peru. These results
use data on the Young Cohort from Rounds 4 and 5 of the Young Lives study.

Table C.4.3: Intra-household allocation of time use, Peru

Dependent variable: Study Work Leisure

Female 0.009 0.027 -0.050*
(0.040) (0.019) (0.027)

Age 0.173*** 0.011 -0.174***
(0.037) (0.017) (0.029)

Age Squared -0.007*** 0.001 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.007 -0.020 0.040
(0.042) (0.017) (0.035)

Number of observations 2,871 2,871 2,871
Adjusted R2 0.358 0.510 0.552

Note: This table reports results from a household fixed effects model described in
Equation 2. These results use data on the Young Cohort from Peru from Rounds 4 and 5 of
the Young Lives study. Robust standard errors clustered at the level of primary sampling
unit are given in parentheses. * (**, ***) indicates statistical significance at the 10% (5%,
1%) level.
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Table C.4.4: Heterogeneity in the association between time use and gender by age, Peru

Dependent variable: Study Work Leisure

Female -0.108 0.063 -0.006
(0.133) (0.065) (0.089)

Age 0.167*** 0.013 -0.171***
(0.037) (0.016) (0.030)

Age Squared -0.007*** 0.001 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.007 -0.020 0.040
(0.042) (0.017) (0.035)

FemaleXAge 0.010 -0.003 -0.004
(0.013) (0.007) (0.007)

Number of observations 2,871 2,871 2,871
Adjusted R2 0.359 0.510 0.552

Notes: This table reports results for the heterogeneous relationship between gender and
time use by age in household fixed effects model described in Equation 2. These results
use data on the Young Cohort from Peru from Rounds 4 and 5 of the Young Lives study.
Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.4.5: Heterogeneity in the association between time use and gender by birth order,
Peru

Dependent variable: Study Work Leisure

Female -0.015 0.039** -0.047
(0.040) (0.018) (0.029)

Age 0.179*** 0.008 -0.174***
(0.037) (0.017) (0.029)

Age Squared -0.008*** 0.001 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.004 -0.021 0.040
(0.043) (0.017) (0.035)

FemaleXEldest 0.085 -0.044 -0.008
(0.051) (0.026) (0.036)

Number of observations 2,871 2,871 2,871
Adjusted R2 0.361 0.513 0.551

Notes: This table reports results for the heterogeneous relationship between gender and
time use by birth order in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Peru from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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Table C.4.6: Heterogeneity in the association between time use and gender by wealth
index, Peru

Dependent variable: Study Work Leisure

Female -0.046 0.053 -0.040
(0.134) (0.062) (0.066)

Age 0.174*** 0.011 -0.174***
(0.037) (0.017) (0.029)

Age Squared -0.007*** 0.001 0.006***
(0.002) (0.001) (0.001)

Birth Order -0.007 -0.020 0.040
(0.042) (0.017) (0.035)

FemaleXWealth 0.101 -0.047 -0.017
(0.211) (0.098) (0.109)

Number of observations 2,867 2,867 2,867
Adjusted R2 0.357 0.510 0.551

Notes: This table reports results for the heterogeneous relationship between gender and
time use by welath index in household fixed effects model described in Equation 2. These
results use data on the Young Cohort from Peru from Rounds 4 and 5 of the Young Lives
study. Robust standard errors clustered at the level of primary sampling unit are given in
parentheses. * (**, ***) indicates statistical significance at the 10% (5%, 1%) level.
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