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Abstract

A large existing literature documents that early-life shocks like famines, wars or rainfall
shocks have negative long-term consequences for adult health and human capital accumula-
tion. But how exactly these adverse shocks translate into adult outcomes and to what extent
they are reversible remains largely unclear. This paper uses panel survey data from Indone-
sia to analyze how rainfall shocks in utero and in the first two years after birth affect the
health and education outcomes of the same individuals at various ages from young children
to young adults. The results show that the negative consequences of an early-life rainfall
shock in terms of height and education already start to materialize during childhood, but
that children born under negative conditions have caught up to others by the time they are
young adults. Women are more affected than men, especially in rural areas. There is little
evidence to suggest that early-life shocks have similar impacts on more short-term health
measures or cause a permanent income shock.
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1 Introduction

Households in developing countries have to cope with a variety of potential health shocks, including
famines, droughts, war, and a wide range of natural disasters. While these shocks are likely to have
adverse effects on all household members in some form, the negative consequences of such shocks
are potentially especially severe for individuals who are exposed to them early in life. Health
shocks during the time in utero or in the first two years of life have been found to have large
long-term consequences for adult health, and can also lead to lower human capital accumulation
and lower earnings.!

Since it is impossible to completely prevent most of these types of shocks, three questions
are of particular interest to researchers and policymakers: First, how large are the long-term
impacts of early-life shocks, do they differ by the type of shock, and which outcomes are affected?
Second, what, if anything, can be done either while the shock occurs or later in life to minimize
the adverse long-run consequences of the shocks? And third, which individuals are particularly
heavily affected, for example due to their location, gender or socio-economic group? Answers to all
of these questions are important for parents and policymakers to behave optimally after a shock
has occurred.

While a large and growing literature focuses on the analysis of early-life shocks and their
later-life impacts, the answers to many of these questions remain unclear. A number of papers
document that early-life health shocks have large negative long-term health consequences for af-
fected individuals (Almond, 2006; Almond et al., 2006; Chen and Zhou, 2007; Hoddinott et al.,
2008; Jayachandran, 2009; Maccini and Yang, 2009; Pathania, 2009; Rocha and Soares, 2011).
Data limitations ensure that most of the existing literature only observes outcomes of individuals
in adulthood, however, and typically does not have any information on physical and cognitive
development during childhood. This makes it impossible to analyze whether the impacts of early-
life shocks are already present among primary school-aged children and further accumulate as
those children grow up, or whether the negative consequences of early-life conditions only manifest

themselves in adulthood. Observing individuals as they are growing up is therefore important to

1For an overview of the recent early-life health shock literature in developing countries see Currie and Vogl
(2013).



better understand the mechanisms through which early-life conditions translate into worse health
outcomes in adulthood.

Additionally, a few recent papers that have some data on outcomes as children have found
that children born under adverse shocks may be able to at least partially catch up to others born
under more favorable circumstances. This includes a partial catch-up on height, which is typically
considered to be a long-term proxy for health since it is difficult to reverse the negative height
trajectory caused by early-life shocks (Crookston et al., 2010; Deolalikar, 1996; Leight et al., 2015;
L.S., 1999; Lundeen et al., 2013; Mani, 2012; Schott et al., 2013; Singh et al., 2014). It remains
largely unclear why and under which conditions such a catch-up is possible, however, and what
role individual characteristics like location or gender play in the process. Most existing papers
are also unable to follow children into adulthood to see whether the initial narrowing of the gap
that they document among younger children continues into adulthood and eventually leads to a
complete catching up over time.

This paper focuses on the pathways through which early-life rainfall shocks translate into
longer-run outcomes. Many developing countries are still heavily dependent on agriculture, which
makes households vulnerable to unexpected variations in rainfall through the effect on agricultural
output, food prices or the availability of employment. These impacts lower the availability of
household resources to invest in young children after adverse shocks. Rainfall shocks may also
directly have health consequences if they influence the prevalence rate of waterborne diseases. To
carry out the analysis, the paper exploits detailed Indonesian household panel survey data from
1993 to 2014. Children who were born within a window of a few years around the first survey are
observed multiple times in later waves as they grow up. This provides information on the impact
of early-life rainfall shocks on outcomes like height and education at various stages of children’s
physical and cognitive development, and can be used to test whether the negative impacts of
adverse rainfall shocks in early childhood become visible early as the children grow up and if there
is a narrowing of the health gap as children get older. Information on household income and
short-term measures of health like weight for height can be used to disentangle whether early-life

shocks have long-term consequences because they occur during a critical time period in children’s



development, or because rainfall shocks that occur in early childhood make it more likely that the
child or household is hit by subsequent health or income shocks.

The results show that both in-utero and post-birth rainfall shocks affect the years of schooling
and height of children in Indonesia as they become older, but that children born under adverse
early-life conditions are able to catch up substantially by the time the children have become young
adults. Women are more heavily affected by rainfall shocks than men, and the effect is especially
pronounced for completed years of schooling. In many cases, the impacts of early-life rainfall
shocks for people born in rural and urban areas are relatively similar to one another. There is no
strong evidence that early-life shocks affect household income and on short-term health measures,
however. This suggests that rainfall shocks are likely to affect adult health through a one-time
shock occurring during a critical time period of the child’s life rather than through a series of

negative shocks that continue at older ages.

2 Hypotheses

Based on the existing literature, a couple of potential pathways could explain why early-life shocks
have long-term impacts on adult outcomes since most existing papers do not observe those out-
comes while individuals are growing up. Figure 17 shows those pathways in a diagram, working
backwards from the adult impacts. The short-fall of adult outcomes could only manifest itself in
adulthood, for example because the impact of early-life shocks has been latent and only becomes
visible after a certain stage of physical and cognitive development. Alternatively, the negative
impacts from early-life shocks could be due to the accumulation of negative impacts since early
childhood.

Most of the existing literature is unable to disentangle these two different channels due to lack
of data on outcomes of the same individuals over time. Implicitly, however, many paper argue for
a version of the second channel.? The first step of the empirical analysis therefore tests whether

early-life rainfall shocks only influence adult outcomes or whether they already affect outcomes as

20mne of the main arguments for using height as a measure of health in the existing literature is that it is thought
to be a cumulative measure that is more susceptible to early life conditions than other measures like weight, which
measure more short-term investments in health.



the children are growing up.

If the impacts of early-life shocks only have important consequences in adulthood, this could
either be driven by our inability to measure more subtle impacts earlier in life, or be due to the
nature of the biological process, which then needs to be further explored. On the other hand, if the
adult effects are the cumulative impacts since early childhood, or if they get attenuated over time,
the next step is to analyze whether those impacts come from a one-time shock or repeated shocks.
In the first case, a one-time shock occurring during a critical time period in physical or cognitive
development could cause permanent setbacks that are irreversible later in life. Alternatively, if the
impact of the shock wears off over time, the negative impacts of a one-time shock may not be as
irreversible as often assumed in the literature.

In the second case, it is possible that having experienced a negative early-life shock makes
children or the households that they live in more susceptible to other shocks in the future and
therefore leads to negative long-run consequences. Alternatively, if the impact disappears over
time, more resources could flow into a household to help the household cope with the consequences
of the original shock, or children with a bad early-life shock could become less susceptible to future
shocks. This hypothesis is usually refereed to as the Thrifty Genes hypothesis.

In both cases, the underlying mechanism by which early-life rainfall shocks affect later-life
outcomes could either work directly through a health channel, or affect outcomes indirectly through
its impact on household income. Some papers like Maccini and Yang (2009) find empirical patterns
that are consistent with a direct health channel in the form of water-borne diseases. This entails
that more rainfall would lead to negative outcomes. A household income channel predicts the
opposite pattern: Negative impacts should occur during times with less rainfall than usual, for
example because of lower household income from agriculture due to a worse harvest or due to

higher food prices.

3 Data and Empirical Estimation Strategy

The primary dataset used in the empirical analysis is the Indonesian Family Life Survey (IFLS).

The IFLS household survey is representative of 83 percent of the Indonesian population and is a



panel dataset consisting of five waves. Detailed questions about a wide range of socio-economic
and health outcomes were collected from the same households in 1993, 1997, 2000, 2007 and 2014
(Frankenberg and Karoly, 1995; Frankenberg and Thomas, 2000; Strauss et al., 2004, 2016, 2009).
Importantly, individuals are followed even if the household moves or if an individual leaves the
original household. The same individuals can therefore be followed over a time span of about 20
years.

This setup makes it possible to analyze how early-life rainfall shocks affect long-run outcomes
and when those effects manifest themselves, which is typically very difficult in a developing country
context due to data unavailability. Of particular interest for the empirical analysis are therefore
household members who were very young at the time of the first survey in 1993, since the follow-
up surveys provide a wealth of information on their household and personal outcomes at various
points while growing up. My analysis will therefore focus on children born between 1990 and 1994.
Those children are 19-24 years old by the time of the last survey in 2014. At this age, it is possible
to study the long-run impacts of early-life shocks on physical health measures like height since
individuals will have stopped growing. Many people will also have completed their schooling in
this age group, although this is not true for individuals choosing to pursue higher education.

To construct early-year rainfall shocks, the birth location needs to be known. The IFLS collects
information on respondents’ province, kabupaten (district) and kecamatan (sub-district) of birth,
but this question is not asked for young children in the household. In those cases, the birth location
of children can be inferred through the parents’ migration history and their location around the
time of the child’s birth. Since many Indonesian households in the sample have not moved over
time, in most cases the birth location is also the current location of the household.

Administrative boundaries in Indonesia have changed dramatically over time and especially
after the end of the Suharto regime in the late 1990s. A large decentralization of power to districts
has incentivized the creation of a many new districts®. This means that birthplace information
collected from earlier surveys in general will be less precise than that collected in more recent
surveys since names have changed and districts have split into smaller areas. Depending on the

survey wave, kecamatan codes and/or names are provided, and newer surveys provide a partial

3For an analysis of the political economy impacts of the decentralization see Burgess et al. (2012)



mapping of birth locations over time. Birth location information is not collected from every
individual in every survey, however. To achieve the most complete birth location information
possible while also relying more heavily on more reliable and up to date information, information
available in the IFLS was combined with information on administrative splits from the Indonesian
Statistical Service and a crosswalk of kecamatan codes developed by Olken (2009). Where available,
the most recent birthplace information is used. Birth locations are then geocoded and matched to
the closest grid point of the rainfall data.*

Rainfall data on a 0.5 grid on longitude and latitude coordinates comes from the University of
Delaware, and contains monthly rainfall data from 1900 to 2008. Rainfall shocks are constructed
by standardizing rainfall in the time period of interest around an individual’s birth by subtracting
long-term average rainfall from rainfall in the specific time window before or after birth, and
dividing that value by the standard deviation. This implies that rainfall shocks can be interpreted
in terms of standard deviations. Three rainfall shock variables are constructed: An in utero variable
that captures the rainfall shock in the 12 months prior to birth, and two post-birth variables that
capture rainfall shocks in the first and second year of a person’s life, respectively.

The regression equation takes the following form:
Yijki= Bo + Prrainfalljy + 0; + ni + €;

Yijkl 1s an outcome variable of interest for individual ¢ born in location j in year & and month
. The coefficient of interest is [, which measures the impact of an early-life rainfall shock on
later-life outcomes. 6; are birth location fixed effects and 7, age fixed effects. The empirical results
are robust to including month fixed effects. Standard errors are clustered at the rainfall grid point
level. In some regressions, I use the change in a variable between the survey year and 1997 as
my outcome of interest. This has the advantage that it directly incorporates information on an
individual’s physical or cognitive development over time into the analysis.

The main analysis focuses on completed years of schooling and height (measured in centimeters)

as outcome variables, as well as on two other outcome variables: stunting and cognition test scores.

4Especially because of frequent splits and other changes in administrative boundaries, contradictions emerge
between recorded information at different administrative levels. Where possible, these discrepancies are resolved
based on other information in the survey or manually.



A person is stunted if he or she is more than two standard deviations shorter than expected. To
construct this variable, a person’s height is standardized based on WHO information on the typical
height distribution expected at this age (measured in months and reported separately for men and
women).

From the 2000 survey round onwards, the IFLS tests respondents’ cognitive abilities by admin-
istering the Raven’s Standard Progressive Matrices test. In this non-verbal test, respondents are
asked to complete a series of visual problems: They are shown a pattern that contains a missing
piece, and are then given a choice of a number of potential patterns to complete the pattern. The
test is widely accepted as a useful test of systematic method of reasoning and is recommended by
the World Health Organization for worldwide use (Kaplan and Saccuzzo 1997). The IFLS uses the
standard version of the test, which includes 12 colored matrices, and adds on five math problems.
There are slight variations in the exact number of problems given to respondents in each wave. As
is common in the literature, I use the percent of correctly answered questions in this test as my
outcome variable.

Height and cognition measures are among the most commonly used variables in the literature
on the long-term consequences of early-life shocks. Height is often used as a proxy for overall
health because it is easy to measure and because health is determined relatively early in life based
not only on genetic factors, but also based on diet and illnesses experienced in childhood. This is
typically thought to make adverse conditions early in life only partially reversible at older ages.
Lower height is associated with increased mortality and increased risk of cardiovascular diseases
(Gunnell et al. 2003). Lower educational attainment could be a consequence of a combination of
lower physical health and decreased cognitive development: Less healthy children may be physically
unable to attend school, for example, whereas deficits in cognitive development may make it harder
for a child to do well in school. Analyzing the impact of early-life shocks on schooling, height and
cognition test scores therefore makes it easier to disentangle potential mechanisms through which

the shocks translate into differences in school attainment.



4 Results

4.1 Descriptive Figures

To get a first sense of the impact of early-life rainfall shocks on later-life outcomes and of the
adjustment processes that occur while the children are growing up, Figures 1 to 16 show scatterplots
for the four main outcome variables. The outcome variables include two height measures, height
measured in centimeters and an indicator variable equal to one if a child is stunted, as well as the
completed years of schooling and the percent of correct answers given to the Raven test. These
last two variables proxy for cognitive abilities. The figures plot the correlation between an in-utero
rainfall shock of individuals born between 1990 and 1994 and each of these outcome variables
without any further controls. Odd figure numbers show the relationship between early-life rainfall
and a given outcome variable in each of four surveys waves in 1997, 2000, 2007 and 2014. Even
figure numbers, on the other hand, plot the relationship of the change in the outcome variable in
2000, 2007 or 2014 relative to the 1997 outcome value.

Figure 1 shows the effect of an in-utero rainfall shock on height in centimeters for the same
sample of women. The first sub-figure reveals that in 1997, there is a positive relationship between
rainfall and height among girls who are 3 to 7 years old at this point: Positive rainfall shocks,
which mean higher than expected rainfall, are associated with taller children on average. This
positive relationship persists in 2000, when the women are between 6 and 10 years old, although
the estimated linear regression line is slightly less steep. By the time the women are 13 to 17 years
old in 2007, the positive relationship has become substantially weaker, and in 2014, when the
women are 20 to 24 years old the regression line is horizontal. This disappearance of the impact
of an in-utero rainfall shock on height as the girls become adults suggests that women with very
negative rainfall shocks are able to catch up to women who had much more favorable conditions
in-utero over time.

Figure 2 uses the same data, but reports changes rather than levels. In the first sub-figure, a
woman’s height in 1997 is subtracted from her own height in 2000, and analogous variables are

constructed for 2007 and 2014. As the graphs show, the change variables mirror the relationship of



the rainfall shock and height measured in levels: Between 2000 and 1997, girls who experienced a
very negative rainfall shock have grown slightly more than girls with a positive rainfall shock, and
this effect becomes substantially greater in the later waves. Figure 2 therefore supports the idea
that individuals with worse early-life conditions are able to catch up to women born with better
rainfall over time.

Figures 3 and 4 show similar scatterplots for stunting. Stunted individuals are more than two
standard deviations shorter than they should be when compared to the WHO reference population
based on age in months and gender. The outcome variable stunted is therefore an indicator variable
that is equal to one if a woman is stunted at a certain age, and zero otherwise. Figure 3 shows a
similar dynamic pattern to the one in Figure 1: In 1997, women born after a highly negative in-
utero rainfall shock have a substantially higher likelihood of being stunted than women born after
a positive shock. Over time, however, the likelihood of being stunted drops among women with
negative rainfall shocks, while it remains more stable for women with positive shocks. Together
with the mirrored patterns in Figure 4, this again suggests that a number of women born after
adverse early-life shocks are able to catch up over time.

Figures 5 to 8 focus on the dynamic patterns of two measures of cognitive abilities, completed
years of schooling and the percent of correct answers in the Raven test. Figures 5 and 6 show
that a similar catching-up process seems to occur for years of schooling as for height, but that the
advantage women born with positive rainfall shocks have relative to women born under negative
shocks appears to be more persistent over time. By 2014, convergence in the completed years of
schooling has occurred, however. Qualitatively similar empirical patterns emerge in Figures 7 to 8.
Since the Raven test was only administered from the 2000 wave onwards, this cognition variable
is missing a 1997 graph.

Figures 9 to 16 show the same graphs for men. The empirical patterns for men are similar to
those for women for height in centimeters, years of schooling and cognition, although the catching-
up process is not as consistent and pronounced for height in the male sample as it is for the female
sample. The stunting results show a very different pattern: Across all waves, men with a positive

rainfall shock in utero have a slightly higher probability of being stunted than those with a negative
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rainfall shock. This contradicts the typical finding that a negative rainfall shock, a drought, should
lead to higher malnutrition rates for which stunting is typically used as a measure.

Overall, the simple descriptive figures therefore suggest three main takeaways: First, in contrast
to most of the existing literature on the long-run impacts of adverse early life shocks, the long-run
effects on both physical health and cognitive ability have usually disappeared by the time the
Indonesian men and women are in their teens and are mostly non-existent when the individuals
are between 20 and 24 years old. Second, as predicted by much of the existing literature, younger
children born under more favorable rainfall conditions have an advantage relative to children born
under unfavorable conditions. But a catching-up process over time leads to a convergence of
outcomes later in life. Lastly, these effects are much more pronounced and more consistent for

women than for men.

4.2 Main Results

While the figures are suggestive, they do not include any fixed effects and do not take into account
that individuals born in the same location at around the same time will have highly correlated
rainfall shocks. Tables 1 to 4 therefore show the regression result analogues of the figures with a
few changes: To capture early-life shocks that occur in the first couple of months after birth as
well as in-utero shocks, the regressions simultaneously include three standardized rainfall shock
variables: the in-utero shock as well as the rainfall shock in the first 12 months and in months
13 to 24. The regression also include age and birth location fixed effects, and standard errors are
clustered at the birth location level. As before, the regressions condition on observing the same
individuals over time.?

Tables 1 and 2 show the main results for women. Panel A of Table 1 shows that the impact
of early-life rainfall shocks on height for women is very similar to the figures: In 1997, a one
standard deviation higher rainfall in-utero than expected leads to an increase in height of about

one centimeter, which is also statistically significant at the one percent level. In 2000, this effect is

still statistically significant but has decreased in size, while the coefficient becomes much smaller

5Tn the very large majority of cases, the empirical results are robust to dropping this condition.
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and statistically insignificant in 2007 and 2014. The height difference regressions in the last three
columns show that as in the graphs the change in height relative to a woman’s height in 1997
moves in the opposite direction: Women who experienced a positive rainfall shock in utero grow
more slowly, and this effect increases in absolute magnitude and statistical significance in later
waves.

Panel A also shows that similar impacts occur for rainfall shocks in the first and second year
after birth: Women have a height advantage in younger years when they experienced a positive
rainfall shock in early life, but they lose this advantage in their teens and early adulthood. There
is no consistent pattern between the different early life rainfall shocks with respect to magnitudes,
however. All three shocks seem to be of similar importance.

Panel B reports the stunting results. Relative to Panel A, the sample in Panel B is smaller
because the World Health Organization (WHO) reference tables for height used to determine
stunting among children based on age in months and gender does not extend the calculations to
far into adulthood, so the older women in 2014 are dropped from the analysis due to missing
comparison values.® The results show that the probability of being stunted is lower among women
with positive rainfall shocks in utero, but this health advantage persists into adulthood and we
see no similar catching-up process as in Panel A. Post-birth shocks in general have no statistically
significant impact on stunting rates and the magnitudes of the estimated coefficients are typically
much smaller, with the exception of a shock in the first 12 months after birth, which leads to an
increase in the probability in being stunted between 2007 and 1997. In contrast to the graphs,
children in the extreme left tail of the height distribution are therefore unlikely to catch up after
a negative in-utero shock, but women seem to be insulated from negative long-run consequences
due to post-birth shocks.

Panel A of Table 2 shows that catching-up is also harder for completed years of schooling. A
woman born after a positive one-standard deviation rainfall shock in utero has about 0.04 more

years of schooling in 1997, and this effect wides in 2000 before becoming smaller and statistically

SWHO reference population values are provided up to age 19 for every month. To construct the stunting variable,
I calculated a person’s age in months on the interview date since the survey includes information on the birth month.
Depending on birth date and interview date, individuals can still be 19 in the 2014 survey when they were born in
1990. The individuals in Panel A and Panel B are therefore not directly comparable.
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insignificant in later waves. But for both types of post-birth shocks, the educational advantage
of a good early-life rainfall shock persists even into adulthood, although the effect is imprecisely
estimated for the shock in the second year of life.

The cognition results measured by the percent of correctly answered questions in the Raven
test are more imprecisely estimated. Women with a favorable rainfall shock after birth answer
about two to three percentage points more questions correctly. This advantage seems to disappear
in later waves, also some of the estimated coefficients are relatively large, if imprecisely estimated.
Since the Raven test was administered for the first time in the 2000 survey, it is impossible to
study whether there is a cognition advantage in 1997.

Overall, Tables 1 and 2 show that many of the takeaways from the graphs remain: the long-
run effects of early life rainfall shocks are lower in general than may be expected based on large
parts of the existing literature, and a catching-up process seems to at least partially explain this.
Convergence of outcomes over time is more difficult to achieve for women in years of schooling
than it is in terms of height, although the catching-up process is also more limited for stunted
women.

Tables 3 and 4 show the analogous results for men. As for women, men have a height advantage
after positive rainfall shocks in younger years that disappear as they grow up, although the in-
utero effects are imprecisely estimated. As in the graphs, if anything men actually have a higher
likelihood of being stunted after a positive rainfall shock than after a negative shock, although this
effect only shows up in the change specifications that compare a man’s stunting status in 1997 to
that in later years. Table 4 finds no statistically significant impact of early-life rainfall shocks on
cognition test scores, and much smaller effects on completed years of schooling for men than for
women. A positive rainfall shock in the second year of life actually leads to a reduction in the
completed years of schooling of about 0.6 years in 2014. Overall, as in the graphs, the long-term

impacts of early life shocks are therefore typically lower and less persistent for men than for women.
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4.3 Extensions

To better understand the dynamic patterns in Tables 1 to 4, it is useful to test whether they are
likely caused by a one-time shock during a critical phase of physical and cognitive development
or whether the initial shock in early life caused multiple other shocks later in life. Tables 5 and
6 focus on other health outcomes and on household expenditures, respectively. In the existing
literature, the typical explanation for why early-life shocks lead to long-term consequences is that
the shocks disturb physical and cognitive development during a critical time, making it difficult to
reverse these negative impacts later in life. If this is true, some of the results above suggest that
the negative consequences may not be as irreversible, or the critical time period not as narrow,
as often thought. Alternatively, it is possible that having experienced a shock early in childhood
makes children more likely to experience further shocks later in life, which could partially balance
out the negative early childhood shocks and lead to the narrowing of the health gap. The Thrifty
Genes Hypothesis, for example, suggests that individuals who have experienced an early-life shock
may become more efficient at handling shocks later in life. This could make them less susceptible
to diseases than children without this experience. It is also possible that an early-life rainfall shock,
which may proxy for a household income shock, could lead to positive income shocks in the future
as a reaction to the shock, for example because relatives or the government provide additional
resources to affected households to alleviate the negative impacts of the rainfall shock.

Table 5 reports the results using the body mass index (BMI) and lung capacity as outcome
variables. While the BMI can be constructed from height and weight data across all the surveys
between 1997 and 2014, lung capacity for the sample was only measured in 2000 and 2014. Both
of these measures are widely used as health indicators. The BMI measures weight for height
and thereby captures malnutrition, which in turn directly correlates with overall health. Lung
capacity is used to measure lung disease like asthma, but has also been found to be correlated with
mortality, cardiovascular diseases and cognitive decline (Albert et al., 1995; Cook et al., 1991). In
contrast to height, both weight for height and lung capacity can be more easily influenced later
in life, however, and therefore capture short-term investments in health to a larger extent than

height. If the long-term consequences of early-life shocks stem primarily from a one-time shock
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early in life rather than a series of shocks, we would therefore not expect to see similar empirical
results to those in the earlier results.

As Table 5 shows, the impacts of early-life rainfall shocks experienced before and after birth
on these more short-term health measures are much less pronounced than for height. There is no
evidence of large and consistent effects on the BMI or on lung capacity for men or women. Since
these measures have an important short-run component and since there is no evidence of large
impacts even in 1997 when the children are young, these results are much more consistent with a
one-time shock during a critical period of physical health development that is captured in height
rather than with a series of shocks experienced during childhood.

Table 6 reports the results for per-capita household expenditures over time. Even around the
time of birth as measured by expenditures in 1993, the results only find a positive impact of higher
rainfall on per-capita household expenditures for women in the second year after birth, but not
for earlier shocks. Those positive impacts persist in 1997, but become smaller and statistically
significant in later waves. There are no similar effects for men. These results suggest that rainfall
shocks have temporary effects on household income, but that for the most part they are not asso-
ciated with more permanent income changes. They also do not support the idea that households
that experienced a negative shock later receive more resources, which in turn would allow them to
invest more resources into the catching-up process of their child.

A different way of getting at the likely underlying channels is to focus on the location of a
household in early childhood. Rural households are typically believed to be more affected by
rainfall shocks than urban households due to their involvement in agriculture. If households are
more likely to have a better harvest and an increased household income after good rainfall shocks,
then rural households may be able to invest more resources in their children after a positive
rainfall shock. Urban incomes, which are less dependent on agriculture, should be less affected by
the weather. On the other hand, papers like Maccini and Yang (2009) find results consistent with
larger health impacts for men from rainfall shocks in urban settings, which they hypothesize could
be due to a higher prevalence of water-borne diseases in urban areas after higher rainfall. This is

a potential explanation for the negative education impacts from higher rainfall observed in some
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specifications in Table 4 if higher rainfall has negative impacts on cognitive development for men.

Tables 7 to 14 estimate the main results separately for rural and urban areas. Tables 7 to 7
show that women in rural and urban areas experience similar impacts on years of schooling and
height as well as a similar catching-up process over time, which contradicts the typical story that
rainfall shocks predominantly affect children in rural areas. Tables 11 to 14 find again that men
in general are less impacted by negative early-life rainfall shocks than women. They also show,
however, that men in urban areas have a stronger and more persistent positive impact of rainfall
shocks in the first 12 months after birth on completed years of schooling, whereas favorable rainfall
in the second year after birth leads to lower schooling in rural areas while growing up.

Overall, these tables suggest that children born in urban environments face broadly similar
long-term consequences as children born in rural areas. These results would be consistent with

urban households being affected by rainfall through food prices.

5 Conclusion

This paper has estimated the impact of early-life rainfall shocks on education, health and cognition
outcomes at different points in time. The results suggest that both in-utero and post-birth shocks
have longer term impacts because they occur during a critical time period in the children’s physical
and cognitive development.

There is little evidence that rainfall shocks around the time of birth have persistent income
effects of households over time, and there is no consistent evidence that more short-term measures
of health, measured by the body-mass index and lung capacity, are permanently affected. The
impacts are larger for height, which is a more long-term measure of health that heavily depends
on childhood conditions, but children adversely affected in early childhood manage to catch up
to others born under more favorable conditions by the time they reach adulthood. Education
impacts for women are more persistent, although the gap narrows over time as well. Women are
more heavily affected by rainfall shocks than men on both health and education outcomes. While
most of the effects are consistent with a transitory income shock leading to a shortfall in household

resources which cause negative consequences since it occurs during a critical child development
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phase, the negative impact of higher rainfall shocks for men in some specifications support similar
evidence in the literature that men could be more susceptible to water-borne diseases. The results
are quite similar across rural and urban areas.

These results suggest that children experiencing adverse rainfall shocks in urban areas should
not be neglected in favor of a sole focus on children born in rural areas. The evidence showing
that catch-up is possible for children even for a measure like height, which has traditionally been
seen as more permanent and its trajectory very difficult to change for older children, suggests that
with the right kind of interventions it may be possible to insulate children from negative long-term

consequences.
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Table 1: Impact of Rainfall Shocks on Height (Women)

Panel A: Height in cm (1990-1994)
height height difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.9364*** (.6932%** 0.0423 -0.0891 -0.2432  -0.8941*  -1.0256%**
(0.2743) (0.2351) (0.3888) (0.2455)  (0.1999)  (0.5001) (0.3109)
post (0-12 months) | 0.8946*** (.8857***  -0.4752 0.2755 -0.0089  -1.3698***  -0.6192**
(0.2783) (0.2310) (0.4441) (0.2996)  (0.2074)  (0.4636) (0.2967)
post (13-24 months) | 0.5158* 0.6191* -0.7910* -0.4302 0.1032  -1.3068*** -0.9461***
(0.2805) (0.3139) (0.4589) (0.3096)  (0.2122)  (0.4701) (0.3052)
N 858 858 858 858 858 858 858
R squared | 0.7321 0.6776 0.1352 0.1412 0.1452 0.3793 0.7076
Panel B: Stunting (1990-1994)
stunted stunting difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | -0.0486 -0.0762*  -0.1219%** -0.0962***  -0.0276 -0.0733 -0.0476
(0.0407) (0.0381) (0.0337) (0.0321)  (0.0311)  (0.0503) (0.0396)
post (0-12 months) | -0.0310 -0.0222 0.0255 0.0250 0.0088 0.0565* 0.0560
(0.0323) (0.0251) (0.0191) (0.0259)  (0.0287)  (0.0304) (0.0421)
post (13-24 months) | -0.0016 -0.0322 -0.0101 -0.0130 -0.0306 -0.0086 -0.0114
(0.0282) (0.0285) (0.0241) (0.0270)  (0.0196)  (0.0354) (0.0328)
N 490 490 490 490 490 490 490
R squared | 0.1946 0.1730 0.1903 0.1765 0.1478 0.1996 0.1773

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 2: Impact of Rainfall Shocks on Schooling and Cognition (Women)

Panel A: Years of Schooling (1990-1994)
schooling schooling difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0352*** 0.1165***  0.0503  -0.1546 0.0812**  0.0150 -0.1899
(0.0133)  (0.0321)  (0.0657) (0.1311) (0.0310) (0.0641)  (0.1293)
post (0-12 months) | 0.0439*** 0.1193*** (0.1929** 0.2792* 0.0754**  0.1489* 0.2352
(0.0160)  (0.0295)  (0.0804) (0.1488) (0.0315) (0.0783)  (0.1504)
post (13-24 months) | 0.0704***  0.0997**  0.2052**  0.2166 0.0293 0.1347 0.1461
(0.0220)  (0.0414)  (0.0852) (0.1674) (0.0398) (0.0891)  (0.1713)
N 925 925 925 925 925 925 925
R squared | 0.4600 0.7456 0.4533 0.2382 0.6789 0.3947 0.2385
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero 0.9372 1.4662*  -0.7056 0.5290 -1.6428
(0.9938)  (0.8104) (1.1937) (01.2854)  (1.8033)
post (0-12 months) 2.2747%% 0.9270 0.8523 -1.3478 -1.4224
(1.1322)  (0.7819) (0.9818) (1.0484)  (1.2610)
post (13-24 months) 2.8818%*  1.2048 0.3199 -1.6771 -2.5619
(1.1699)  (0.8178) (1.2021) (1.3369)  (1.5592)
N 738 738 738 738 738
R squared 0.2443 0.2054 0.1651 0.1814 0.1939

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 3: Impact of Rainfall Shocks on Height (Men)

Panel A: Height in cm (1990-1994)

height height difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.5199 0.4370 -0.0463  0.1234  -0.0829  -0.5661  -0.3965

post (0-12 months)

post (13-24 months)

(0.4205)  (0.3443)  (0.5718) (0.3513) (0.3342) (0.5311)  (0.3707)
0.7088%* 0.9167*** -0.0043 0.3867  0.2079 -0.7131  -0.3220
(0.3164)  (0.3374)  (0.4849) (0.3330) (0.3312) (0.5501)  (0.3486)
0.5186%* 0.6811%**  0.1245 -0.0479  0.1625 -0.3941  -0.5666
(0.2546)  (0.3109)  (0.6253) (0.3540) (0.2648) (0.5983)  (0.3497)

N 837 837 837 837 837 837 837
R squared | 0.6813 0.5446 0.2521 0.1215  0.2080 0.2255 0.6805
Panel B: Stunting (1990-1994)
stunted stunting difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | -0.0810 0.0084 0.0406  0.0252  0.0893* 0.1216** 0.1062*

post (0-12 months)
post (13-24 months)

N
R squared

(0.0606)  (0.0587)  (0.0584) (0.0660) (0.0481) (0.0559)  (0.0619)
-0.0039  -0.0154  -0.0130 -0.0259 -0.0114  -0.0090  -0.0220
(0.0302)  (0.0307)  (0.0265) (0.0289) (0.0297) (0.0301)  (0.0342)
0.0237  0.0206  0.0447* -0.0001 -0.0031  0.0210  -0.0238
(0.0230)  (0.0285)  (0.0256) (0.0343) (0.0286) (0.0319)  (0.0429)
470 470 470 470 470 470 470
0.1760  0.1936  0.1670  0.1410  0.1859  0.2042  0.1431

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 4: Impact of Rainfall Shocks on Schooling and Cognition (Men)

Panel A: Years of Schooling (1990-1994)

schooling schooling difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0107 0.0601 0.0782 0.0512 0.0493 0.0674 0.0405
(0.0189)  (0.0430) (0.0744) (0.1287)  (0.0503)  (0.0741) (0.1269)
post (0-12 months) | 0.0426***  0.0682 0.1014 0.0137 0.0256 0.0588 -0.0289
(0.0137)  (0.0457)  (0.0777) (0.1575)  (0.0459)  (0.0775) (0.1576)
post (13-24 months) | 0.0279 0.0233  -0.2004** -0.6044***  -0.0046 -0.2283** -0.6323***
(0.0284)  (0.0487)  (0.0905) (0.1862)  (0.0540)  (0.1029) (0.1989)
N 962 962 962 962 962 962 962
R squared | 0.3751 0.6391 0.3601 0.2005 0.5650 0.3154 0.2070
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero -0.5382  -0.1626 -1.4920 0.3756 -0.9538
(1.0573)  (0.6472) (1.0935) (1.2467) (1.3856)
post (0-12 months) 1.4175 -0.0894 0.0653 -1.5069 -1.3522
(1.3376)  (0.6937) (1.2962) (1.4462) (1.5735)
post (13-24 months) 0.4106 0.5284 -0.9686 0.1178 -1.3792
(1.1511)  (0.8619) (1.2482) (1.2595) (1.1306)
N 755 755 755 755 755
R squared 0.2932 0.2069 0.1556 0.1970 0.2353

Note: *** p<0.01, ** p<0.05, * p<0.1



Table 5: Impact of Rainfall Shocks on Other Health Outcomes

Panel A: Women (1990-1994)

body mass index (bmi) lung capacity

Specification 1997 2000 2007 2014 2000 2014
in-utero | -0.0881  -0.0405 1.739 0.207  -3.139 0.0985

(0.0950)  (0.128) (1.400) (0.189) (4.415) (1.967)

post (0-12 months) | -0.0234  0.0832  3.974 0.0895 4.626  1.774
(0.0957) (0.117) (3.621) (0.184) (3.657) (2.937)

post (13-24 months) 0.173 -0.0351  -2.628*% -0.0466 4.730* -1.491
(0.117)  (0.0763) (1.391) (0.161) (2.778) (2.061)

N 1464 1807 1919 1830 473 1826

Panel B: Men (1990-1994)

body mass index (bmi) lung capacity

Specification 1997 2000 2007 2014 2000 2014
in-utero | -0.170*  0.0108 0.361  -0.200  5.545 2.277
(0.0931) (0.0792) (0.563) (0.178) (4.700) (3.134)

post (0-12 months) | 0.0800 0.0886  -1.372 0.119 1.872  -1.855
(0.142)  (0.122) (1.283) (0.114) (4.739) (3.299)

post (13-24 months) | -0.0293  -0.178  -1.923 -0.168  2.943  0.442
(0.0754)  (0.140) (1.850) (0.115) (2.156) (3.325)

N 1480 1830 1884 1676 522 1677

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 6: Impact of Rainfall Shocks on Per-Capita Household Expen-
ditures

Panel A: Women (1990-1994)
per-capita household expenditures
Specification 1993 1997 2000 2007

in-utero | -0.0316  -0.0255  -0.0298  -0.0539
(0.0376)  (0.0294) (0.0258) (0.0667)
post (0-12 months) | -0.00278  0.0142  0.0119  -0.0319
(0.0485)  (0.0281) (0.0338) (0.0435)
post (13-24 months) | 0.0594* 0.0650%*  0.0277  0.0239
(0.0303) (0.0273) (0.0261) (0.0359)
N| 993 1670 1907 2051

Panel B: Men (1990-1994)
per-capita household expenditures
Specification 1993 1997 2000 2007

in-utero (0-12 months) | -0.0267  -0.0449  -0.0103 -0.0561*
(0.0404)  (0.0384) (0.0320) (0.0319)
post (0-12 months) | 0.0316  0.0227  0.0418  -0.0212
(0.0381)  (0.0293) (0.0381) (0.0430)
post (13-24 months) | -0.0462 0.0264  -0.0186 0.0740**
(0.0501)  (0.0304) (0.0286) (0.0284)
N 1074 1696 1911 2007

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 7: Impact of Rainfall Shocks on Height (Women, Rural)

Specification 1997 2000

Panel A: Height in cm (1990-1994)

height height difference to 1997

2007 2014 2000 2007 2014

in-utero | 0.7730**  0.5946*

-0.0904  -0.4420 -0.1784  -0.8634*  -1.2150%**

(0.3152)  (0.3283)  (0.4704) (0.4082) (0.2236)  (0.4869)  (0.4289)

post (0-12 months) | 1.0633** 0.9592**  -1.0183 0.2398  -0.1041 -2.0816***  -0.8234*

post (13-24 months) | 0.0259 0.2547

N 496 496
R squared | 0.7593 0.7168

(0.4075)  (0.3990)  (0.6550) (0.5944) (0.2412)  (0.6625)  (0.4166)

-0.8636  -0.4222  0.2288 -0.8895* -0.4480

(0.3184)  (0.3992)  (0.5423) (0.4091) (0.3475)  (0.5083)  (0.3968)

496 496 496 496 496
0.1677 0.1587  0.1436 0.3539 0.6972

Specification 1997 2000

Panel B: Stunting (1990-1994)

stunted stunting difference to 1997

2007 2014 2000 2007 2014

in-utero | -0.0695  -0.0883
post (0-12 months) | -0.0157  -0.0386
post (13-24 months) | 0.0329 0.0013

N 282 282
R squared | 0.2267 0.2009

-0.1022**  -0.0551  -0.0188 -0.0327 0.0143

(0.0573)  (0.0527)  (0.0486) (0.0455) (0.0431)  (0.0673)  (0.0578)

0.0615* 0.0587  -0.0229 0.0772 0.0744

(0.0366)  (0.0359)  (0.0365) (0.0574) (0.0380)  (0.0524)  (0.0598)

-0.0053 0.0057  -0.0317 -0.0382 -0.0272

(0.0440)  (0.0429)  (0.0376)  (0.0409) (0.0286)  (0.0524)  (0.0477)

282 282 282 282 282
0.2031 0.1766  0.1735 0.2197 0.1975

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 8: Impact of Rainfall Shocks on Schooling and Cognition (Women, Rural)

Panel A: Years of Schooling (1990-1994)

schooling schooling difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0558%  0.1358***  -0.0215 -0.4693** 0.0800* -0.0773  -0.5250**
(0.0281) (0.0481)  (0.0935)  (0.2016) (0.0435) (0.0949)  (0.2039)
post (0-12 months) | 0.0731***  0.1060**  0.1774* 0.1503 0.0329  0.1043 0.0772
(0.0270) (0.0484)  (0.0943)  (0.2061) (0.0597) (0.0907)  (0.2099)
post (13-24 months) 0.0521 0.1106*  0.2397**  0.2385 0.0585  0.1877 0.1864
(0.0400) (0.0589)  (0.1125)  (0.2344) (0.0502) (0.1230)  (0.2421)
N 530 530 530 530 530 530 530
R squared | 0.4707 0.7601 0.4512 0.3184 0.6825  0.3938 0.3197
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero 1.5495  2.9403**  (.5382 1.3908 -1.0113
(1.7157)  (1.3525)  (1.3986) (2.3011)  (2.3469)
post (0-12 months) 1.3192 0.6809 1.4223 -0.6384 0.1030
(1.4732)  (1.1369) (1.2263) (1.6065)  (1.5537)
post (13-24 months) 2.1235  2.2556**  1.7605 0.1321 -0.3630
(1.4320)  (1.0993) (1.2194) (1.9115)  (1.8865)
N 412 412 412 412 412
R squared 0.2947 0.2610 0.3011 0.2282 0.2561

Note: *** p<0.01, ** p<0.05, * p<0.1



Table 9: Impact of Rainfall Shocks on Height (Women, Urban)

Panel A: Height in cm (1990-1994)
height height difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014

6¢

in-utero | 1.1911%%*  0.8390%*  0.0736 03894  -0.3521  -1.1176  -0.8017**
(0.3748)  (0.3776)  (0.6875)  (0.2749)  (0.3159) (0.7837)  (0.3625)
post (0-12 months) | 0.7556  0.9514*  0.5506 0.6112  0.1959  -0.2050  -0.1444
(0.5186)  (0.5067)  (0.6461)  (0.4390)  (0.4576) (0.5710)  (0.4720)
post (13-24 months) | 1.2069%*  1.1182%*  -0.8771  -0.3991  -0.0887 -2.0840%* -1.6060%**
(0.4489)  (0.4484)  (0.8818)  (0.4300)  (0.4842) (0.9343)  (0.4830)
N| 349 349 349 349 349 349 349
R squared | 0.7359  0.6716  0.1471 02480  0.2102  0.5034 0.7547

Panel B: Stunting (1990-1994)
stunted stunting difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014

in-utero | -0.0519  -0.0652 -0.1801** -0.2116*** -0.0133  -0.1282  -0.1597*
(0.0593)  (0.0590)  (0.0658)  (0.0626)  (0.0626) (0.0805)  (0.0818)
post (0-12 months) | -0.0498  -0.0221  -0.0190  -0.0017  0.0277  0.0309 0.0482
(0.0548)  (0.0378)  (0.0574)  (0.0308)  (0.0415) (0.0425)  (0.0465)
post (13-24 months) | -0.0865%* -0.0948**  -0.0323  -0.0513  -0.0083  0.0542 0.0351
(0.0345)  (0.0393)  (0.0433)  (0.0439)  (0.0352) (0.0462)  (0.0517)
N| 187 187 187 187 187 187 187
R squared | 0.2267  0.2009  0.2031 0.1766  0.2226  0.1751 0.1982

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 10: Impact of Rainfall Shocks on Schooling and Cognition (Women, Urban)

Panel A: Years of Schooling (1990-1994)

schooling schooling difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0201  0.1119** 0.1553*  0.1097  0.0918**  0.1352 0.0896

post (0-12 months)

post (13-24 months)

(0.0200)  (0.0504) (0.0901) (0.1611) (0.0439) (0.0822)  (0.1653)
-0.0137  0.1028%  0.1542  0.3149 0.1165%* 0.1679*  0.3285*
(0.0190)  (0.0562) (0.0999) (0.1883) (0.0315) (0.0956)  (0.1883)
0.1176%%*  0.1059  0.2117** 0.2027  -0.0117  0.0941  0.0851
(0.0337)  (0.0670) (0.1003) (0.2615) (0.0570) (0.1014)  (0.2700)

N 384 384 384 384 384 384 384
R squared | 0.5197 0.7806 0.6335 0.3122 0.7246 0.5762 0.3006
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero 0.5212 0.1659 -1.6222 -0.3553 -2.1434
(1.6627) (0.8866) (1.8374) (1.6563)  (2.5541)
post (0-12 months) 4.1049**  0.9213  -0.6348 -3.1836*  -4.7397**
(1.8557) (1.2812) (1.6860) (1.8473)  (2.2853)
post (13-24 months) 2.6368  -0.2217  -1.2660 -2.8586%  -3.9028
(1.6593)  (0.9253) (2.4078) (1.6048)  ( 2.5966)
N 314 314 314 314 314
R squared 0.2799 0.2619 0.1598 0.2613 0.2324

Note: *** p<0.01, ** p<0.05, * p<0.1



Table 11: Impact of Rainfall Shocks on Height (Men, Rural)

Panel A: Height in cm (1990-1994)
height height difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014

1€

in-utero | 0.5196  0.4509  0.2705 -0.0130 -0.0687 -0.2491  -0.5326
(0.5803) (0.3914) (0.6866) (0.4313) (0.3929) (0.6623)  (0.4686)
post (0-12 months) | 0.8473** 0.9409%*  0.0776  0.2217  0.0936  -0.7697  -0.6256
(0.4235) (0.4781) (0.8021) (0.4413) (0.4540) (0.7887) (0.4135)
post (13-24 months) | 0.4821  0.7769*  0.3313  -0.2364  0.2048  -0.1508  -0.7185
(0.4120) (0.4137) (0.6838) (0.4451) (0.3650) (0.6564) (0.4712)

N| 506 506 506 506 506 506 506
R squared | 0.6895  0.5526  0.2875  0.1430  0.2244  0.2429  0.6772

Panel B: Stunting (1990-1994)
stunted stunting difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014

in-utero | -0.1141  -0.0405  0.0368  0.0261  0.0736  0.1508**  0.1402*
(0.0844)  (0.0697) (0.0627) (0.0707) (0.0528) (0.0713)  (0.0772)
post (0-12 months) | -0.0039  0.0254 -0.0116 -0.0112  0.0293  -0.0077  -0.0073
(0.0390)  (0.0366) (0.0375) (0.0390) (0.0345) (0.0414)  (0.0434)
post (13-24 months) | 0.0387  0.0643  0.0690%* 0.0431  0.0256  0.0303  0.0044
(0.0520) (0.0446) (0.0369) (0.0451) (0.0373) (0.0464) (0.0652)

N| 2714 274 274 274 274 274 274
R squared | 0.1824  0.2293  0.1826  0.1727  0.1857  0.1768  0.1628

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 12:

Impact of Rainfall Shocks on Schooling and Cognition (Men, Rural)

Panel A: Years of Schooling (1990-1994)

schooling schooling difference to 1997

Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0463* 0.1599** 0.0863 -0.0904 0.1136 0.0400 -0.1367
(0.0254) (0.0635)  (0.1079) (0.1988)  (0.0745)  (0.1053) (0.1926)

post (0-12 months) | 0.0237  -0.0049 -0.0021 0.1147 -0.0286 -0.0259 0.0910

post (13-24 months)

(0.0226) (0.0547)  (0.1009)  (0.1928)  (0.0538)  (0.1016)  (0.1945)
0.0380  0.0031 -0.3437%%* _0.8362%%* -0.0350 -0.3818%F* -0.8743%**
(0.0393) (0.0691)  (0.1246)  (0.2250)  (0.0639)  (0.1226)  (0.2227)

N 574 574 574 574 574 574 574
R squared | 0.3707  0.6364 0.3820 0.2959 0.5590 0.3468 0.3051
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero -0.5745 0.2820 -3.3341%* 0.8565 -2.7596
(1.6861)  (1.0479) (1.3802) (1.9032) (1.9468)
post (0-12 months) 1.8892 0.3655 -0.8779 -1.5237 -2.7671
(2.0055)  (1.2409)  (1.7081) (2.4725)  (2.0841)
post (13-24 months) -1.3694 1.7130 -3.2829* 3.0824* -1.9134
(1.7355)  (1.2738) (1.6856) (1.6513) (1.9927)
N 438 438 438 438 438
R squared 0.3417 0.2871 0.2197 0.2396 0.2637

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 13: Impact of Rainfall Shocks on Height (Men, Urban)

Panel A: Height in cm (1990-1994)

height height difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.3004 0.3493  -0.6929  0.0112  0.0489  -0.9933  -0.2893
(0.5476)  (0.5193) (0.8818) (0.5438) (0.3143) (0.8801) (0.4638)
post (0-12 months) | 0.5464 0.8104 0.3066  0.8102  0.2641  -0.2397 0.2638
(0.3948)  (0.5517) (0.6771) (0.7051) (0.4782) (0.7309) (0.6778)
post (13-24 months) | 0.8020**  0.9622*  -0.7175  0.2302  0.1602  -1.5195  -0.5718
(0.3203)  (0.5332) (1.0770) (0.4456) (0.4154) (1.0870) (0.3932)
N 320 320 320 320 320 320 320
R squared | 0.7366 0.5911 0.2987  0.2028  0.3408  0.3047 0.7505
Panel B: Stunting (1990-1994)
stunted stunting difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | 0.0164  0.1470**  0.0468  0.0438  0.1307*  0.0304 0.0274
(0.0751)  (0.0694) (0.0996) (0.0942) (0.0753) (0.0928)  (0.0865)
post (0-12 months) | 0.0027  -0.0814  -0.0297 -0.0811* -0.0841 -0.0324  -0.0838
(0.0394) (0.0486) (0.0365) (0.0434) (0.0615) (0.0524)  (0.0609)
post (13-24 months) | 0.0411 -0.0187  -0.0098  -0.0529  -0.0598 -0.0508  -0.0939
(0.0438)  (0.0466) (0.0354) (0.0349) (0.0597) (0.0584)  (0.0573)
N 178 178 178 178 178 178 178
R squared | 0.2962 0.3184 0.2657  0.2204  0.3339  0.3839 0.2795

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 14: Impact of Rainfall Shocks on Schooling and Cognition (Men, Urban)

Panel A: Years of Schooling (1990-1994)

schooling schooling difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero | -0.0298 -0.0674  0.0284 0.1011  -0.0377 0.0581 0.1309

post (0-12 months)

post (13-24 months)

(0.0265)  (0.0704) (0.1216) (0.2059) (0.0677)  (0.1151)  (0.1992)
0.0578%%% 0.2088%* 0.2430%* -0.0412 0.1510%*  0.1851%  -0.0990
(0.0185)  (0.0802) (0.0974) (0.1892) (0.0772)  (0.0973)  (0.1919)

0.0252 0.0314 -0.0557  -0.4011*  0.0062 -0.0809

-0.4263*

(0.0384)  (0.0751) (0.1082) (0.2367) (0.0835)  (0.1136)  (0.2471)

N 379 379 379 379 379 379 379
R squared | 0.4682 0.7030 0.4796 0.2339  0.6393 0.4215 0.2294
Panel B: Cognition (Raven Test Percent) (1990-1994)
cognition cognition difference to 1997
Specification 1997 2000 2007 2014 2000 2007 2014
in-utero -0.9114  -0.6672 0.5192 0.2441 1.4306
(1.6847) (0.8705) (1.6116) (1.6301)  (2.3709)
post (0-12 months) 0.3276  -0.0902  1.2093 -0.4177 0.8817
(1.9061)  (1.0403) (2.1005) (1.9598)  (2.7139)
post (13-24 months) 2.6295%  -1.4944*  2.0909 -4.1238***  -(0.5385
(1.4215)  (0.8097) (2.3923) (1.5108)  (2.0877)
N 306 306 306 306 306
R squared 0.3297 0.1622 0.2022 0.2629 0.2683

Note: *** p<0.01, ** p<0.05, * p<0.1
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Figure 1: The Impact of In-Utero Shocks on Height (Women)
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Note: Height measured in centimeters. This figure as well as all the following figures plot the correlation between in-utero rainfall shocks and a given outcome
variable. The rainfall shock is standardized by subtracting expected rainfall in the birth location from actual rainfall in utero, and dividing by the standard
deviation of rainfall in that area. Odd numbered graphs show the impact of rainfall on the level of an outcome variable, whereas even numbered graphs plot

the change of the outcome variable in a survey year relative to the same person’s outcome value in 1997.
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Figure 2: The Impact of In-Utero Shocks on Height Difference (Women)
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Figure 3: The Impact of In-Utero Shocks on Stunting (Women)
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Note: A person is defined as stunted if he or she is more than two standard deviations shorter than expected based on a WHO reference population that
takes into account a person’s age in months and gender.
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Figure 4: The Impact of In-Utero Shocks on Stunting Difference (Women)
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Figure 5: The Impact of In-Utero Shocks on Completed Years of Schooling (Women)
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Figure 6: The Impact of In-Utero Shocks on Completed Years of Schooling Difference (Women)
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Figure 7: The Impact of In-Utero Shocks on Cognition Test Score (Women)
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Note: Cognition test scores come from responses to the Raven’s Matrices Test. Test scores are calculated as the percent of questions answered correctly.
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Figure 8: The Impact of In-Utero Shocks on Cognition Test Score Difference (Women)
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The Impact of In-Utero Shocks on Height (Men)

Figure 9
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Figure 11: The Impact of In-Utero Shocks on Stunting (Men)
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Figure 12: The Impact of In-Utero Shocks on Stunting Difference (Men)
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Figure 13: The Impact of In-Utero Shocks on Completed Years of Schooling (Men)
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Figure 14: The Impact of In-Utero Shocks on Completed Years of Schooling Difference (Men)
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Figure 15: The Impact of In-Utero Shocks on Cognition Test Score (Men)
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Figure 16: The Impact of In-Utero Shocks on Cognition Test Score Difference (Men)
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Figure 17: Potential Pathways from Early-Life Rainfall Shocks to Later-Life Outcomes
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