INSTITUTE OF DEVELOPING ECONOMIES

. IDE Discussion Papers are preliminary materials circulated.
to stimulate discussions and critical comments

IDE DISCUSSION PAPER No. 907

Weather shocks and child nutritional status in rural
households in Bangladesh: Does labor allocation have
a role to play?

Kirara Homma', Abu Hayat Md. Saiful Islam?,

Masanori Matsuura®, Bethelhem Legesse Debela*

Jan 2024
Abstract

Despite substantial efforts to improve food and nutrient intake in the last decades, child
undernutrition remains a daunting challenge, particularly in rural areas of developing
countries. Today, frequent extreme weather events harm agricultural production,
exacerbating the food shortage problem in these regions. Although off-farm labor is found
to be an ex-ante strategy for mitigating weather shocks, little is known about how
household labor reallocation in response to weather shocks is associated with child
nutritional status as an ex-post strategy. We investigate how different forms of labor
activity mitigate the effect of rainfall shocks on children’s nutritional status, using three
waves of nationally representative panel data from rural households in Bangladesh. Our
findings show that less rainfall during the main cropping season the year before the
survey is associated with a lower weight for age z-score (WAZ score) of children under the
age of five years. Furthermore, the findings indicate that there are heterogeneous

mitigating impacts of different types of maternal labor affecting the link between rainfall

! Institute for Food and Resource Economics (ILR), University of Bonn

2 Corresponding author, Department of Agricultural Economics, Bangladesh Agricultural
University (saiful _bau econ@yahoo.com)

3 South Asian Studies Group, Area Studies Center, Institute of Developing Economies (IDE-
JETRO)

4 Department of Agricultural Economics and Rural Development, University of Gottingen



shocks and child health, but no impacts of household-level labor time and other household
members’ labor time. Maternal off-farm self-employment mitigates the negative impact
of rainfall shortage, whereas maternal on-farm labor exacerbates the rainfall shock
impact. Additionally, the mitigating impacts of maternal labor allocation differ between
child’s gender. Our results therefore underscore the importance of providing sufficient
off-farm employment opportunities for mothers and addressing maternal time
constraints through targeted policies to cope with rainfall shocks and improve child

nutrition.

Keywords: Child nutrition, Labor allocation, Weather shock, Fixed effect model,
Bangladesh
JEL classification: F15, 014, O30

The Institute of Developing Economies (IDE) is a semigovernmental,
nonpartisan, nonprofit research institute, founded in 1958. The Institute merged
with the Japan External Trade Organization (JETRO) on July 1, 1998. The
Institute conducts basic and comprehensive studies on economic and related
affairs in all developing countries and regions, including Asia, the Middle East,

Africa, Latin America, Oceania, and Eastern Europe.

The views expressed in this publication are those of the author(s). Publication does
not imply endorsement by the Institute of Developing Economies of any of the views

expressed within.

INSTITUTE OF DEVELOPING ECONOMIES (IDE), JETRO
3-2-2, WAKABA, MIHAMA-KU, CHIBA-SHI
CHIBA 261-8545, JAPAN

©2024 by author(s)
No part of this publication may be reproduced without the prior permission of the
author(s).



Weather shocks and child nutritional status in rural Bangladesh:
Does labor allocation have a role to play?
Kirara Homma* Abu Hayat Md. Saiful Islam® Masanori Matsuura*

Bethelhem Legesse Debela®

Abstract

Despite substantial efforts to improve food and nutrient intake in the last decades, child undernutrition
remains a daunting challenge, particularly in rural areas of developing countries. Today, frequent extreme
weather events harm agricultural production, exacerbating the food shortage problem in these regions.
Although off-farm labor is found to be an ex-ante strategy for mitigating weather shocks, little is known
about how household labor reallocation in response to weather shocks is associated with child nutritional
status as an ex-post strategy. We investigate how different forms of labor activity mitigate the effect of
rainfall shocks on children’s nutritional status, using three waves of nationally representative panel data
from rural households in Bangladesh. Our findings show that less rainfall during the main cropping
season the year before the survey is associated with a lower weight for age z-score (WAZ score) of children
under the age of five years. Furthermore, the findings indicate that there are heterogeneous mitigating
impacts of different types of maternal labor affecting the link between rainfall shocks and child health,
but no impacts of household-level labor time and other household members’ labor time. Maternal off-
farm self-employment mitigates the negative impact of rainfall shortage, whereas maternal on-farm labor
exacerbates the rainfall shock impact. Additionally, the mitigating impacts of maternal labor allocation
differ between child’s gender. Our results therefore underscore the importance of providing sufficient
off-farm employment opportunities for mothers and addressing maternal time constraints through

targeted policies to cope with rainfall shocks and improve child nutrition.
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1. Introduction

Despite significant efforts in recent decades to improve food and nutrient intake worldwide,
many children continue to suffer from undernutrition. Globally, the number of children under
the age of five who are stunted or wasted in 2022 is 148.1 million and 45 million, respectively
(UNICEF etal., 2023), and 12.3% of children are underweight (World Bank, 2022). In addition
to the minimally improving nutrition status, the current changing climate potentially
exacerbates the problem of child undernutrition. Climate change increases unpredictable
weather patterns and extreme weather events, affecting agricultural production (e.g., Cooper
et al., 2019b; Freudenreich et al., 2022). For example, according to Lesk et al.’s (2016)
estimation, droughts and extreme heat reported during 1964-2007 significantly reduced

national cereal production by 9%-10%. Then, this adverse effect on agricultural production
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threatens the food and nutritional security of people, especially in low-income countries,
through various ways.

There are two direct mechanisms through which weather shocks influence child nutrition
(UNICEF, 2014). The first is the food and nutrient intake path (Amondo et al., 2023; Cooper
et al., 2019b). Weather shocks reduce the effectiveness of current production strategies based
on the previous climate regime (Bandyopadhyay and Skoufias, 2015), resulting in lower
agricultural yields. As a result of this agricultural loss, food availability decreases, particularly
in rural areas of developing countries where people heavily rely on agriculture for their
livelihood (e.g., Baker and Anttila-Hughes, 2020; VVogel et al., 2019). This results in a worse
nutritional status of household members. The second is the disease path (e.g., Hellde'n et al.,
2021; Levy et al., 2016). Excessive rainfall will likely worsen water quality (Delpla et al.,
2009), leading to a high risk of contracting infectious diseases such as diarrhea (Cooper et al.,
2019a). Disease exposure, in turn, lowers the uptake and retention of essential nutrients from
food (Omiat and Shively, 2020). Therefore, to improve the nutritional resilience of children
in the face of climate change, it is crucial to ensure constant food consumption and minimize
disease exposure or support children in recovering from disease under weather shocks. One
potential means to mitigate the impact of climate shock is through labor reallocation within
the household. This paper investigates whether and how labor reallocation occurs as a strategy
to achieve this goal, especially focusing on rainfall shock.

Labor reallocation is an important strategy for rural households in developing countries,
where adaptation options are limited due to restricted social safety nets and access to credit
markets (Branco and Féres, 2021). Rural households in developing countries allocate their
labor to various activities: self-employment and wage employment in an off-farm sector and
self-employment and wage employment in an on-farm sector. Different potential mechanisms

exist between off-farm and on-farm sectors, thereby influencing how labor allocation in these
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sectors affect child nutrition under weather shocks. Off-farm labor increases household
income while decreasing rural households’ dependence on their own produced food and
allowing them to access food through the market even under weather shock conditions
(Nguyen et al., 2017). In addition, household income allows them to increase healthcare
expenditures when needed. For example, it allows them to buy proper medicines for infected
children. Thus, off-farm labor is likely to reduce the negative effects of weather shocks on
child health via food intake and disease paths. Meanwhile, on-farm labor can improve
household food consumption if the climate is favorable. However, in the face of weather shocks,
households frequently fail to produce enough food unless they plan ahead and adopt effective
adaptation strategies, such as splitting the doses of fertilizers, adopting extreme-weather-
tolerant species (Pandey et al., 2007), and diversifying crop and income (Sibhatu and Qaim,
2018; Islam et al., 2018; Matsuura, Luh, and Islam, 2023). Furthermore, such ex-ante
strategies are inefficient because farmers do not apriori know the weather predictions during
a cropping season when making decisions. On the contrary, mothers’ allocation labor to on-
farm work potentially increases time available for child care due to the proximity of the
on-farm work to the homestead (Debela et al., 2021). Thus, although on-farm labor is
vulnerable to weather shocks in terms of ensuring food consumption, it may have a positive
impact on child health in a disease environment. Because households can choose between off-
farm and on-farm labor participation flexibly even after observing the current weather
(Mathenge and Tschirley, 2015), labor reallocation between off-farm and on-farm activities
in response to weather shocks would be more efficient than ex-ante labor strategies in dealing
with unexpected weather shocks. Despite the importance of labor allocation for rural
households in developing countries, the existing literature has not considered a comprehensive
evaluation of various coping strategies (Gao and Mills, 2018). Identifying the heterogeneous

impact of various types of labor on child nutritional status under each weather shock would
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thus assist rural households and policymakers in promoting preferable household labor
strategies to improve child nutritional status under weather shocks. To the best of our
knowledge, little is known about how households reallocate their labor after the shocks and
whether such reallocation is related to the nexus between weather shocks and child nutritional
status.

Given this knowledge gap, this paper seeks to identify how each form of labor mitigates the
effect of rainfall shocks on the nutritional status of children. Specifically, we ask three
research questions First, does rainfall shocks negatively influence child nutritional status?
Second, how do households allocate their labor into off-farm and on-farm self-employment,
and off-farm and on-farm wage employment in response to rainfall shocks during the main
cropping season? Third, how does each labor activity mitigate the impact of rainfall shocks on
child nutritional status, and whose labor activities (maternal versus others) are the most crucial
in this context?

To answer these questions, we combine three waves of a nationally representative rural
household survey in Bangladesh, which includes household-level labor data and individual-
level anthropometric information, with georeferenced historical climate data (rainfall and
temperature). We employ a fixed effects model to control for potential unobserved
heterogeneities on labor allocation choices. Our model exploits variations in the nutritional
status of children within households. That is, we compare the nutritional status of children in
the same family environment but exposed to different rainfall shocks depending on their birth
time. By doing so, we can remove the effect of specific household time-invariant
characteristics on child nutrition and labor decision, and estimate the mitigating impacts of each
type of labor activity.

Child undernutrition remains a major issue in our study country, Bangladesh. According to

anationwide survey in 2019, 22.6% of children under the age of five are underweight, 28% are
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stunted, and 9.8% are wasted (BBS and UNICEF, 2019). Furthermore, Bangladesh is one of
the world’s most vulnerable countries to climate change. Hanifi et al. (2022) found that
average monthly temperature and the variability of monthly rainfall have been rising in
Bangladesh since the 1970s. Therefore, identifying coping strategies for weather shocks to
improve child nutritional status is vital in this setting.

This study contributes to the existing body of knowledge in several ways. First, we focus
on individual-level nutritional outcomes. Since collecting information from all household
members is time-consuming, a survey often collects only household-level information.
However, food is not necessarily allocated equally among household members. Our dataset
with individual-level anthropometric measures, food intake, and information about disease
infection allows us to investigate the allocation of intra-household resources. Second, we look
at the dynamics of child nutritional status using three-wave panel data. Many previous studies
have used cross-sectional data to investigate the association between weather shocks and child
nutrition (Cooper et al., 2019b). We provide further evidence of the impact of rainfall shocks
on child nutritional status and its underlying mechanisms by analyzing panel data using a fixed
effect model. Third, in contrast to previous research on household coping strategies, which
has often focused on ex-ante behavior, we investigate ex-post labor reallocation in response
to rainfall shocks. This is a more flexible and efficient strategy given the expected increased
vulnerability to weather shocks. Furthermore, we distinguish four different types of labor
based on the rich information contained in the data. The labor activities are on-farm
employment or self-employment and off-farm employment or self-employment. This is
particularly relevant as diversifying labor hours by job type within the same sector is also
important for mitigating some of the entrepreneurial risks associated with self-employment
(Bandyopadhyay and Skoufias, 2015).

The remainder of this article is organized as follows. In the next section, we introduce
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conceptual framework. Section 3 outlines the data used for the analyses. After presenting the
empirical strategy in Section 4, Section 5 reports the results. We discuss the interpretation and

robustness of our results in Section 6. Section 7 concludes the paper.

2. Conceptual framework

In this section, our objective is to conceptualize how rainfall affects child nutritional
status and how the allocation of household labor can influence the associations between
rainfall and child nutrition. Although there are many causes of child undernutrition
(UNICEF, 2014),* we assume that rainfall shock has a direct impact on child nutritional
status via two factors: food intake and disease environment. Omiat and Shively (2020)
state that a child i's nutritional status from household h in time t (Hin) is determined
by the child’s health endowment (uint), food intake of child i (Cin), environmental
conditions affecting child disease prevalence (Dint), vectors of exogenous characteristics
(Xi) of the child, the child’s mother, the household, and the community. In addition, this
paper considers the effect of childcare practices (Tint), such as time for breastfeeding, food
preparation, and washing the body. Although longer childcare time is likely to benefit child
health, the time available for childcare practices is determined by time constraints. In other
words, more time spent on the labor market or leisure results in less time spent on
childcare (Debela et al., 2021). Considering that mothers are often the primary persons
who take care of their children (Shroff et al., 2009), mother’s labor time is particularly
important to determine child nutrition particularly in the developing country like

Bangladesh where child care infrastructures are not sufficient or absent. Therefore, the

! They construct a conceptual framework for malnutrition, in which the causes of malnutrition are divided into
three groups: immediate causes, underlying causes, and basic causes. Although it is difficult to completely
separate all channels under the association between rainfall shocks and child nutritional status (Ogasawara and
Yumitori, 2019), the aim of this article is not to fully list the potential mechanisms linking rainfall shocks with
child nutritional status but rather to identify a household strategy to mitigate the impacts of rainfall shocks on
child nutrition.
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nutritional status of the child can be expressed in the following specification.

Hint = f(Kint, Cint, Dint, Tint, Xi) (1)
where
Cint= 1 { Ynt-1 (Rnt-1), PFnt (Lhe), XM XM, X% }
Dint = m { Rt, L, L%, XM, XM X% } (2
Tine = n (L%t L%, X XM X, X))

Equation 2 expresses how recent rainfall and current household labor affect the nutritional
status of each child. The first input into the nutritional status of the child is the current intake
of food for child i (Cint), which consists of the agricultural production of the household in the
previous year (Y1), the amount of food currently purchased (PFn:), characteristics of the
child (X)), the household (X"), and the community (X%). We assume that previous rainfall
(Rnt-1) affects food intake by changing agricultural yields and that labor allocation can play a
role in mitigating this fluctuation through purchased food. For example, if a household’s
agricultural yields are insufficient, they can increase off-farm labor (L°".), which generates
household income and allows them to purchase more food. Due to the time lag between
harvesting and purchasing, we assume that current on-farm labor has no effect on the amount
of currently purchased food. Furthermore, due to the possibility of unequal intra-household
food allocation, the amount of food consumed is unlikely to be uniform among children from
the same household. Instead, the amounts can be determined depending on the child’s age
or gender.

The second input is the prevalence of the disease (Dit), which is affected by the current
rainfall (Rnt), off-farm and on-farm labor (L°"nt), and other characteristics. Although sufficient
rainfall tends to increase crop yields, inadequate rainfall will likely result in low yields (Omiat
and Shively, 2020). Furthermore, extreme low and high rainfall often harms agricultural yields

because small-scale farmers cannot adapt to unusual rainfall (Cooper et al., 2019a). However,



whether a child becomes infected with a disease and how quickly a child recovers depend on
household labor. By reallocating labor, a household can adjust the amount of time available
for childcare. For example, if a child contracts a disease, his mother may increase on-farm
while decreasing off-farm labor to take care of him since on-farm agricultural activities are
typically located close to the homestead and easier to combine with childcare (Debela et al.,
2021). However, an increase in off-farm labor may also help the child recover from the disease
since it is likely to increase household income, which allows them to purchase a proper
medicine for a child. Furthermore, child characteristics can capture the inherent ability to
resist disease, while household characteristics can capture the ability that a household takes
care of the child in the disease environment, and community characteristics can capture the
impacts of health facilities.

Daily childcare practices (Tin) are the third input in Equation (2). Here, we assume that a
household maximizes the utility by improving the nutritional status of the current child.
However, other factors motivate labor participation in response to rain shocks. For example,
agricultural yields in the previous year change household resource constraints, affecting labor
participation decisions especially for self-employment. Alternatively, a household can change
farm labor based on the expectation of agricultural yields at the end of the cropping season,
which is determined by current weather conditions. An important determinant of child
nutrition is how much time is devoted to childcare practices while working.

Based on the assumptions explained in the preceding, the effects of rainfall on each input of

the child’s nutritional status can be written as follows:

dc _ dc ady dc dpr dLoff
dR¢—q  dY dRy—y = dPF dLOST dRy_4

dD dD dap dLeff dD dL°"
= ®
dR; dR; dLoff dR; dLom™ dR;




dT daT < ark  dr*

= (4T (k=off
dR,_dR, _ dIF th_1+th) (k = off or on)

The first line in Equation 3 represents the impact of previous rainfall on child health through

. . dc dy
food intake. We hypothesize that T

IS positive, since more (less) rainfall in the

t—1
previous year leads to higher (lower) agricultural yields and increases (decreases) current
food intake, which results in a better (worse) nutritional status of the child. Meanwhile,

dc dPF dL°ff
dPF dLoff dRs_4

can capture the ability of households to cope with agricultural yield loss due

to rainfall shock. Therefore, the requirement that the effect of labor reallocation on food intake

compensates for the agricultural yield changes caused by rainfall in the previous year is:

dc dy dc dpF dL°/f 0 (@)
dY dRi—; = dPFdL°ff dRy_,

Intuitively, a higher amount of purchased food increases food intake ((;TCF>0)-
Furthermore, an increase in off-farm labor is likely to lead to higher household income,

mitigating budget constraints, including food purchase (;%ff > 0). Thus, Equation 4

dLofr
ARt—q

requires < 0. In this case, the reallocation of labor plays a role in mitigating the impact

of rain on the health status of the child through the food intake path.

The second line of Equation 4 represents the impacts of rainfall on child health through the
prevalence of diseases. We hypothesize that :T? is positive, since larger rainfall increases the
t

dp dLoff dDp dLom

prevalence of disease. However, — ar T aion ar,

can capture the ability of the

household to deal with a severe disease environment due to current heavy rainfall. Therefore,
the requirement that labor reallocation offsets the negative disease prevalence effect as a result

of current rainfall is as follows:

dD dp dL°/f  dp dLen _ 5)
dRy dLoff dR, = dLO™ dR;
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dp dLoff dD dLon

Equation 5 requires ——= ar, | aLon dr,

< 0. The labor should be reallocated to satisfy

this requirement. In this case, there are two scenarios. The first focuses on the role of on-farm
labor. When a household experiences heavy rainfall, they should increase on-farm labor,

which is likely to increase time available for childcare and decrease disease prevalence when

compared to off-farm work (dcan < 0). The second focuses the role of off-farm labor. When a

o
household experiences heavy rain, they should increase off-farm labor because it can improve

the quality of childcare practices under the risk of disease infection by increasing the available
household income for healthcare (% < 0) and decreasing the prevalence of disease, despite

the decrease in the availability of time for childcare.?

The last line represents the impacts of childcare practices on child health. The availability
of childcare practices, which influence child nutrition, is directly determined by labor
reallocation following shock. There are two hypotheses. On the one hand, on-farm labor can
improve childcare practices by increasing parents’ time to care for their children. The working
time of a childcare provider is especially important for this. On the other hand, off-farm labor
can improve childcare practices by increasing household income, which allows a household
to purchase necessary goods for children. To deal with rainfall shocks through childcare

practices, labor allocation should satisfy the following equation:

ar , dik daLk
dLk (th_l T d_Rt) =0 (6)

This implies that labor should react to previous and current rainfall in opposite directions.
From Equations 4, 5, and 6, we derive the following household labor strategy to mitigate

recent rainfall shocks on child health:

2 We assume that the change in labor in response to previous rainfall is motivated by the change in agricultural

k
ar Al _ o | k=off or on).

yield and does not influence disease prevalence (m ™
t—-1
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<0 (7)

3. Data
3.1.  Household data

The primary source of data for this study is the Bangladesh Integrated Household Survey
(BIHS), a three-wave panel survey conducted in 2011/2012, 2015, and 2018/2019.3 The
design and implementation of the survey were conducted by researchers at the International
Food Policy Research Institute. The survey locations are rural areas in each of the county’s
seven administrative divisions. The total sample sizes in the first, second, and third waves are
6,503, 5,430, and 4,891 households, respectively.* The sample is nationally representative of
rural Bangladesh and representative of rural areas of each of the seven administrative divisions
of the country.

The BIHS dataset has anthropometric measures of all household members. Our focus is
child nutritional status. Hence, we restricted the sample to households that have at least one
child who is under five for each wave. Thus, our sample is not balanced. We drop individuals
with missing values in any variables we use in our estimation. In the end, our sample size for
the first, second, and third waves becomes 1,244, 2,385, and 1,879 children from 925, 1,720,
and 1,308 households, respectively.

As an outcome variable, we employ weight for age z-score (WAZ score)® for children under
five years of age. The WAZ score captures the prevalence of being underweight. Underweight
is a severe problem in developing countries, as it is associated with higher risks of mortality

in children under 5 (e.g., Black et al., 2003; Fishman et al., 2004), and Bangladesh is one of the

3 The data source is available in the following link: https://dataverse.harvard.edu/dataverse/
IFPRI/?g=title%3A%22Bangladesh+Integrated+Household+Survey+%28BIHS%29%22

4 This is the original sample, and we ignore split samples due to marriage. The attrition rate per year is low.
Furthermore, Ahmed and Tauseef (2022) stated that the attrition between 2011/12 and 2018/2019 is random.
Thus, we do not adjust our estimates for attrition.

5> The WAZ score in this survey is calculated based on the 2006 WHO growth standards.
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countries with the highest prevalence of underweight (Chowdhury et al., 2018). In addition,
the WAZ score captures both chronic and acute nutritional deficiencies, which is consistent
with our focus on food intake and disease pathways. Panel A in Table 1 presents summary
statistics of the main variables of interest (The full table for all variables is available in Table
Al in the Appendix). The average WAZ scores for waves 1, 2, and 3 are —1.590, —1.541, and
—1.278, respectively, which slightly improve over time but are still negative. The prevalence
of underweight in waves 1 and 2 are more than 30% but in wave 3, it decreases to 23.9%. In
terms of labor time, at household level, off-farm self-employment accounts for the majority
of their labor, followed by off-farm employment or on-farm self-employment depending on
survey wave, and on-farm employment time is the shortest across all waves. Meanwhile,
maternal labor time has a different pattern. They spend most of their time on off-farm labor.
Their average on-farm labor time, including self-employment and employment, is less than 1 h
per week. This is because the majority of mothers do not work on-farm. On the other hand,
mothers spend 5-6 and 2-4 hours per week on off-farm self-employment and off-farm
employment, respectively. As for the household-level daily wage, which is only available for
employment labor and not for self-employment labor, the off-farm wage increases over time,

whereas the on-farm wage is relatively stable.

3.2.  Climate data
Climate data is derived from the Climate Hazards Group Infrared Precipitation with
Station dataset, which contains monthly rainfall and temperature from January 1980 to
December 2019 on a global grid with 0.5-degree latitude by 0.5-degree longitude. Climate
information is merged with BIHS data at the household level using geographical location
data for each household in the BIHS sample.

To capture recent climate situations during the main cropping season, called Rabi
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season,® we construct weather (i.e., rainfall and temperature) shock variables for each
household following the study by Makate et al. (2022). The rainfall shock variable is
defined as a normalized deviation in Rabi season rainfall in a specific year from the

historical average Rabi season rainfall. That is,

. rainp—rain
Rainshock, = —2——"t (8)

Prainy,

where rainn: is the total rainfall that household h receives during Rabi season in year t,

rainne is the average rainfall from the Rabi season for household h over the last 31 years
from year t, and prain, is the standard deviation of the rainfall during the same period. In other
words, this implies how far the seasonal rainfall in year t is from the expected amount
calculated by the historical average rainfall. We calculated this variable for each survey year
(t) and each year prior to the survey (t — 1), and we used them as the main explanatory
variables.” Temperature shock variables are also calculated in the same way but are used as
control variables.

Panel B in Table 1 presents the climate characteristics of each wave. Rainfall shocks in
each survey year are —1.170, —1.157, and —0.218 in waves 1, 2, and 3, respectively, which
means that rainfall during the Rabi season in survey periods is typically lower than the historical
average rainfall during the same season over the previous 31 years (i.e., 69.939, 71.396, and
67.597 for each wave). Table 1 also shows that, with the exception of the year preceding the
first survey wave, the average monthly temperature during Rabi season in survey periods tends

to be lower than the historical average temperature during the same season for the previous 31

6 Rabi season in Bangladesh is from November to February. Before the green revolution, Kharif season (from
March to June) was the main cropping season, but now due to expansion of the irrigation system, Rabi season is the
main cropping season, when the main rice (Boro rice) and many other winter crops are grown.

" We use the rainfall shock variable as a continuous variable, instead of dummy variables that imply flood or
drought events, because some households receive only moderate rainfall over time, which means that all
explanatory variables are zero. In this case, we cannot identify the impact of rainfall. However, we also define
flood and drought dummy variables and analyze the impact of extreme rainfall as a robustness check. These
results are summarized in Section A.2.
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years (around 20 °C for all waves). We focus on the Rabi season because the survey was mainly
conducted during the Rabi season. That is, child nutritional status is measured in the survey
and is likely to be influenced by weather conditions at the survey time. However, we also
check the impact of rainfall shocks in other season (i.e., Kharif season) in Section 6.4.
Additionally, Figure 1 visually shows the rainfall shock variations for each year. As you

can see, rainfall differs quite a bit depending on the year.

As defined, positive (negative) values in the rainfall shock variable imply that there is more
(less) rainfall than the historical average. Since a more wet weather condition and a more dry
weather condition are likely to have different impacts on child health, we also defined positive

and negative shock variables as follows:

L , rainp—ran
PositiveRain,, = ——"¢ 9)
Prainy,

if rain,; > rainy,;, and 0 otherwise.

. . rainp—rain
NegativeRain,, = —2%—"¢

X (=1) (10)

Prainp;

if rain,, < rainy;, and 0 otherwise. By including positive and negative rainfall shock
variables together in our estimation, we allow positive and negative rainfall shocks to
influence child nutritional status differently.

To capture historical climate patterns, we calculate historical average rainfall and
temperature over the last 31 years and their coefficient of variation during the Rabi season.
The coefficient of variation of historical rainfall and temperature can capture the fluctuation
of the climate conditions for each place. Since the fluctuation of climate conditions makes it
difficult to predict climate in the future, households need specific strategies to avoid the risks

caused by weather shocks. In other words, households in more fluctuating climate zones may
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employ systematically different labor strategies than those in less fluctuating climate spots.
To distinguish such an ex-ante strategy from an ex-post coping strategy after the shocks, we
include the coefficient of variation of historical climates (rainfall and temperature) and their
historical average into our estimation as control variables. These controls enable us to identify
the impacts of labor changes in response to recent rainfall shocks as rainfall shock variable

coefficients.

4. Empirical strategy

To estimate the change in labor allocation in response to recent rainfall shocks and its
effects to mitigate the impacts of rainfall shock on child nutritional status, we employ a
fixed effects panel data model. Household labor allocation decision is likely to be related to
observed and unobserved characteristics of the household, resulting in an endogeneity
problem.®

For example, a husband with progressive views on gender inequality is more likely to

allow his wife to work outside the home. At the same time, this progressive attitude may
lead to better treatment of children by the husband (Duflo, 2012). In such a case, regardless
of labor changes, unobserved differences in gender equality perspectives would affect
household food consumption in favor of children after rainfall shocks. Hence, one cannot
distinguish impacts of labor reallocation after households experience shocks from impacts
of specific household characteristics, i.e., a more mother.’

Multi-period panel data is useful to address unobservable heterogeneity. One way to

analyze panel data is the random effects model. According to Gao and Mills (2018), the random

8 Simultaneity bias is another common cause of endogeneity issues, however, in our setting, reverse causality
may not be problematic since weather condition is exogeneous.

9 Although several indicators can capture women empowerment, it is difficult to directly measure household
head’s opinion against gender equality due to limitation of our data.
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effects model is particularly appropriate when the over-time variation in the dependent and
independent variables is small in comparison to the cross-sectional variation in time t.
However, this model requires the assumption that time-invariant effects are uncorrelated with
the explanatory variables, which does not apply in our case. For example, the geographical
characteristics of the location of the resident place (e.g., altitude) do not change dramatically
over time, but are likely to be correlated with the rainfall patterns, which are our main
explanatory variables, as well as the health status of the resident.

Thus, using three-wave panel data, we employ a fixed effect model with household and
time fixed effects. This method eliminates all time-invariant unobserved heterogeneity while
avoiding the above-mentioned assumption (Wooldridge, 2015).1°

Our model takes advantage of variation in child nutritional status within households with
multiple children who are raised in the same family environment but are exposed to different
rainfall shocks depending on when they are born. This allows us to remove the effect of
specific household time-invariant characteristics on child nutrition and estimate the impacts
of each labor form on mitigating the effects of rainfall on child nutritional status. However,
we acknowledge that our fixed effect model with multiple controls cannot completely
eliminate the potential endogeneity problem caused by time-variant unobservable
heterogeneity. Therefore, the results should be interpreted as correlation rather than causal

relationship.

4.1.  Model specification
4.1.1. Impact of rainfall shock on child nutritional status

First, we estimate the total effect of rainfall shocks on child nutritional status in the

10 As an additional check to choose the preferable method, we conduct Hausman test and compare the results
from fixed-effects model and random-effects model. Besides, as robustness check, we employ a correlated
random effect model.
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following specification:

Yinat = @y + @y RainShockyg,_q + ayRainShockyg, + azsWhae + X5 a0c

+X{ac@u + O + Ve + Einar 11)

where Yingt IS the weight for the age z-score for a child i from household h living in division
d! in year t. RainShocks—1 and RainShockna: are rainfall shock variables during Rabi season
in the previous year of the survey and in the survey year, respectively, which are our main
explanatory variables. Whqt captures the climate characteristics for each residence place,
including the temperature shock variables for the previous year of the survey and the survey
year, the historical average rainfall and temperature during Rabi season for the past 31 years,
and their coefficient of variation. Historical climate control variables help us distinguish
household ex-ante and ex-post labor decision making (Rose, 2001). Furthermore, we control
for individual-level child characteristics (X©) such as gender and month of age, as well as a
vector of time-variant household characteristics (X"): demographic indicators of the
household head and mother of child i, household size, market access, asset index, farm size,
irrigation system, access to clean water supply, and daily wage rate. We also include fixed
effects for households and years (6h and , respectively). A fixed household effect is included
to remove the effect of time-invariant characteristics at the household level. The year fixed
effect accounts for specific events in the survey year that affect the outcome variables.

Standard errors are clustered at the household level.

4.1.2. Labor reallocation and labor-mitigating impacts

Next, we use the same set of explanatory and control variables as in Equation 11 to estimate

11 Bangladesh was divided into seven administrative divisions during the survey periods: Barisal, Chittagong,
Dhaka, Khulna, Rajshahi, Rangpur, and Sylhet.
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labor reallocation in response to recent rainfall shocks. For each labor activity (off-farm self-
employment, off-farm wage employment, on-farm self-employment, and on-farm wage
employment), a variable is generated measuring labor time. These variables are calculated as
weekly labor hours at the household or mother level.*?

Lastly, as for mitigating impacts of each labor activity, we include interaction terms
between each labor time and rainfall shock variables in Equation 11. The estimation model is

written as follows:

Yinae = Bo + B1Ll¥ + BoLF X RainShockyg,_1 + f3L¥ X RainShockyy, + BsRainShockyge_, +

BsRainShockyar + BsWhat + XfhaeBe + XthatBu + On + Ve + €har (12)

where L* is weekly working time of labor k of household h living in division d in year t, at
the household level or the mother level, depending on the specifications. We examine the
mitigating impacts for each form of labor. g1 captures the direct effect of labor on the WAZ
score, and /> and s represent the effects of labor on the relationship between the one-year
prior rainfall shock and the nutritional status of the child and between the current rainfall
shock and the nutritional status of the child, respectively. By comparing those labor impacts
with rainfall shock effects, we confirm which labor type can mitigate the negative effects of
rainfall shocks or not. Further, by comparing the labor- mitigating impacts between the
mothers and other household members, we analyze whose labor is important to achieve better

child nutritional status under rainfall shocks.

5. Results

5.1. Rainfall shocks and child nutritional status

12 Because a household must allocate the total amount of available working time to different labor activities,
each labor time is likely to be decided concurrently, potentially causing endogeneity. Therefore, we do not
claim causality based on the results.
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Table 2 summarizes the effect of rainfall shocks on the WAZ score of children. Column
(1) shows that as rainfall in the year prior to the survey year is larger than the historical
average rainfall, WAZ score for a child under five years of age tends to increase. However,
as rainfall in the survey year increases above the historical average rainfall, WAZ score for
a child under five years of age tends to decrease. The opposite effects of rainfall shock by
year can be explained as the different paths through which rainfall is associated with the
WAZ score: food consumption path or disease path (Omiat and Shively, 2020). We will
discuss these potential paths in Section 6.

To investigate the relationship between rainfall and WAZ score more precisely, we separate
positive and negative rainfall shocks and include them as explanatory variables in our
specification (Columns (2)).*®

Column (2) shows that negative past rainfall shock is not significantly associated with
WAZ score, but positive past rainfall shock is positively and significantly associated with
WAZ score. This result implies that the positive association between the prior rainfall shock
and the WAZ score is mainly driven by the positive effect of more rainfall and not the
negative effect of less rainfall. In other words, more rainfall in the previous year than the
historical average rainfall increases the WAZ score significantly. In particular, a one-standard-
deviation increase in previous rainfall is associated with an average 0.360 standard-deviation
increase in WAZ score, which is 24.5% of the mean WAZ score for the entire sample (—1.470).

Regarding the current rainfall shock, while the positive rainfall shock does not have a

13 In this paper, we focus on the ability of households to mitigate rainfall shocks on child nutritional status
through labor allocation, and do not thoroughly investigate the mechanism under the relationship between
rainfall shock and child nutritional outcome. However, we confirm that inadequate rainfall in the previous year
(i.e., negative prior rainfall shock) is negatively and significantly associated with agricultural harvest (Table A5
in the Appendix). This result explains the path of food consumption because less harvest may lead to less food
consumption, resulting in a lower WAZ score. Furthermore, we confirm that less rainfall in the survey year (i.e.,
negative current rainfall shock) is negatively and significantly associated with the prevalence of diarrhea (Table
A6 in the Appendix). This result explains the path of the disease because a lower prevalence of the disease is
likely to improve the WAZ score.
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significant association with the WAZ score, the negative rainfall shock is positively and
significantly associated with WAZ score. This result implies that the negative association
between the current rainfall shock and the WAZ score is mainly driven by the positive effect
of less rainfall and not by the negative effect of more rainfall. In other words, less rainfall in
the survey year than the historical average rainfall significantly increases WAZ score.
Specifically, a one-standard-deviation decrease in the survey year rainfall is associated with
a 0.181 standard-deviation increase in the WAZ score, which is 12.3% of the mean WAZ

score for the whole sample (—1.470).

5.2.  Labor reallocation

In this section, we examine the reallocation of household labor in response to rainfall shocks.
Table 3 reports the results of the change in labor in response to previous and current rainfall
shocks. In Columns (1), (2), (3), and (4), we use household-level labor time (average weekly
hours) for each activity as outcome variables. The results indicate that since households had
more rainfall during Rabi season in the previous year than the historical average rainfall, they
were more likely to decrease the labor time for off-farm wage employment and on-farm self-
employment. On average, a one-standard-deviation increase in previous rainfall is associated
with a decrease of approximately 15.5 h in the off-farm wage employment time and a decrease
of 9.3 h in the on-farm self-employment labor time. Regarding the current rainfall shocks,
more rainfall leads to a decrease in off-farm self-employment labor time. Specifically, on
average, a one-standard-deviation increase in current rainfall is associated with about 12.7 h
decrease in off-farm self-employment labor time.

To summarize, a household’s working time for off-farm employment and on-farm self-
employment tends to decrease in response to adequate rainfall during the Rabi season in the

previous year. Furthermore, in response to adequate rainfall during the Rabi season in the
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current year, a household tends to decrease working time for its off-farm self-employment.
We assume that reactions to previous rainfall shocks are based on total agricultural yields from
the previous year, and reactions to current rainfall shocks are based on agricultural yield
expectations at the end of the current cropping season.

In Columns (5), (6), (7), and (8), we focus on maternal labor time, instead of household
level. On the one hand, a one-standard-deviation increase in previous rainfall is associated
with a 5.7-h decrease in off-farm wage employment time and a 2.7-h decrease in on-farm self-
employment labor time, which is consistent with the result of household-level labor time. On
the other hand, contrary to the results of household-level labor time, only maternal off-farm
wage employment time is significantly associated with the current rainfall shock in Column
(6). It indicates that one-standard-deviation increase in current rainfall is also associated with
a decrease of 4.9 h in off-farm employment labor time. Moreover, one-standard-deviation
decrease in current rainfall is associated with a 2.1-h increase in off-farm wage employment
time.

In addition to Table 3, we analyze the labor changes of household members other than
mothers as a result of recent rainfall shocks (Table A2 in the Appendix). We find that the
different patterns of labor change depending on the type of labor. First, as with off-farm self-
employment, changes in labor time at the household level are likely to be driven primarily by
household members other than mothers. In response to positive past rainfall shock, mothers
do not change their labor time for off-farm self-employment while other members decrease their
labor time for off-farm self-employment. Furthermore, only household members other than
mothers significantly decrease their labor time in response to a positive current rainfall shock.
Second, as with off-farm employment and on-farm self-employment, labor time changes at
the household level are likely to be driven primarily by mothers, as labor time for other

household members does not change significantly in response to rainfall shocks. Lastly,

22



regarding on-farm wage employment, no household members are likely to change their labor

time in response to rain shocks.

5.3.  Labor-mitigating impacts

Then, we investigate how changes in working time in each labor are associated with the
effects of rainfall shocks on child nutritional status, specifically the positive impact of
higher past rainfall and the positive impact of lower current rainfall on WAZ score.
Because mothers are the primary caregivers for their children (Shroff et al., 2009), their
labor time should have the greatest influence on child nutritional status. We confirm it
with our data set by analyzing the mitigating impacts of labor time at the household level,
as well as the labor time of household members except mothers (Table A3 and A4 in the
Appendix). The results show that household-level labor time allocation, except the
mother’s labor time, does not have important impacts on the association between rainfall
shocks and child nutritional status in terms of coefficient size and statistically significant
level. Therefore, in the present section, we only report the result of mother’s labor time.

Table 4 presents the results to mitigate the impacts of maternal labor time. First, we focus
on the direct effect of labor time on child nutritional status. Although off-farm self-
employment labor time is negatively and significantly associated with the WAZ score in
Column (1), on-farm employment and self-employment are positively and significantly
associated with the WAZ score in Columns (3) and (4). We discuss this opposite
association of labor time on the WAZ score between off-farm and farm labor in Section 6.

Second, we focus on interaction terms between rainfall shocks and each labor time to
capture labor-mitigating impacts. On the one hand, the interaction term coefficient for
negative past rainfall and off-farm self-employed labor time is 0.012. This result implies

that increasing maternal labor time for off-farm self-employment by 1 h per week increases
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the negative association between less rainfall in the previous year and WAZ score (food
consumption path) by 0.012 standard deviations. On the other hand, farm labor has
different impacts on the relationship between rainfall shocks and the nutritional status of
the child. The coefficient of interaction term between negative past rainfall and farm labor
time (both self-employment and employment) is significantly negative. This means that as
a mother works longer in on-farm labor, the negative effect of inadequate past rain fall on
WAZ score is worsened (food consumption path). Moreover, the coefficient of interaction
term between positive current rainfall and farm employment time is significantly negative.
It means that the more a mother engages in on-farm employment, the worse the negative
association between more current rainfall and the WAZ score (disease path). Furthermore,
the interaction term’s coefficient between negative current rainfall and on-farm self-
employment time is significantly negative. It means that the more a mother engages in on-
farm self-employment, the lower the WAZ score, even though less current rainfall is likely
to improve her child’s nutritional status. While the direct impact of on-farm labor time on
WAZ score is positive and significant, on-farm labor may exacerbate the negative effect

of rainfall shocks on child nutritional status.

5.4.  Heterogeneous impacts among child gender

We investigated how each form of labor mitigates the impacts of rainfall shocks on
WAZ score; however, the mitigating impacts may differ among child gender. As explained
in Section 2, the characteristics of the child, such as sex and age, are likely to influence
intra-household resource allocation, resulting in different health outcomes. In this section,
focusing on the gender aspect, we analyze heterogeneous impacts of labor between boys
and girls. Table 5 shows different heterogeneities depending on the form of labor.

By comparing Columns (1) and (2), we show that off-farm self-employment decreases
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only girls” WAZ scores significantly. This implies that when a mother has less time to care
for her children due to time constraints imposed by off-farm work, girls are more likely
than boys to be negatively impacted. In other words, if a mother does not have enough
time for childcare practices, she may prefer to spend her time with boys.

The impacts of farm self-employment in Columns (5) and (6) and farm employment in
Columns (7) and (8) are significant only for boys and girls, respectively. In addition, the
direct effect of on-farm self-employment also shows this trend. That is, longer working
time in farm self-employment is significantly associated with a better nutritional status of
boys, but not girls. Our empirical results on gender heterogeneity suggest the potential

gender discrimination of child health.

6. Discussion
6.1.  Potential paths linking rainfall to child nutritional status

As explained in Section 5, rainfall shocks both in the previous year and in the survey year
are associated with the WAZ score for children in opposite directions. This is because each
rainfall shock affects child health in a different way. First, changes in agricultural yields
can explain the positive association between past rainfall and WAZ score. According to
the literature, while adequate rainfall frequently increases agricultural yields, a lack of
rainfall is likely to result in lower yields for rural farmers who cannot afford irrigation
(Adeleke and Babalola, 2020). We confirm empirically that less rainfall the previous year
(i.e., negative past rainfall shock) is significantly associated with lower agricultural harvest
(Table A5 in the Appendix). A household in developing countries’ rural areas tends to rely
on local agricultural products for their food consumption. Therefore, lower agricultural
yields directly translate to a smaller amount of food consumption, which leads to a worse

nutritional state of the child. Considering that the surveys were conducted during the main
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cropping season in each year, the nutritional status at the survey timing is influenced by
the agricultural yields of households before the survey, which are determined by rainfall
in the year prior to the survey (i.e., past rainfall shock). In summary, our finding of a
positive association between past rainfall and WAZ score is due to an increase in food
consumption caused by higher agricultural yields the previous year as a result of more
rainfall.

Second, the path of disease prevalence can explain the negative association between
current rainfall and WAZ score. It is well documented that excessive rainfall increases the
prevalence of diseases such as diarrhea, which prevents essential nutrients from being
absorbed and has a huge impact on the health status of children (Omiat and Shively, 2020;
Le and Nguyen, 2021; Levy et al., 2016; Rabassa et al., 2014). An important note is that
this path to prevalence of the disease depends on access to clean water. It could be the case
that children without access to clean water are not only more strongly influenced by rainfall
shock, but they also originally have a lower health status than those with access to clean
water. Therefore, we control for the access to piped drinking water and sanitary toilets in
our estimations. We confirm that lower current rainfall (i.e., negative current rainfall
shock) is negatively and significantly associated with diarrhea prevalence (Table A6 in the
Appendix). Although current rainfall has an impact on agricultural production in the
survey year, change in agricultural production would affect nutritional status after it is
harvested at the end of the cropping season. Therefore, considering that the survey was
conducted during the cropping season, current rainfall cannot affect nutritional status
through agricultural yields. To summarize, our finding of a negative association between
current rainfall and WAZ score (or a positive association between negative current rainfall
shock and WAZ score) is most likely due to a decrease in disease prevalence caused by

lower current rainfall.
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6.2.  Labor reallocation

We identify how a household changes the portfolio of labor in response to previous and
current rainfall. Regarding the past rainfall shock, larger rainfall than the historical average
amount leads to a decline in off-farm employment and on-farm self-employment, both at
household level and the mother level. We interpret these responses as a result of higher
agricultural yields in the previous year due to adequate previous year rainfall. We
confirmed that more previous rainfall is associated with higher agricultural yields in the
last 12 months. First, additional agricultural yields are likely to improve household food
consumption after the harvest season in the previous year until the harvest season in the
current year. As aresult, a household may feel less need for agricultural production to feed
household members and income to buy food, resulting in shorter labor time in both off-farm
employment and on-farm self-employment. Although we cannot directly observe this
mechanism, we confirmed that more rainfall in the previous year is associated with a higher
household dietary diversity score, which is calculated based on the last 7 days of food
consumption information (Column (1) in Table A7 in the Appendix). Furthermore, larger
agricultural yields are also likely to improve household income through sales of their
products. We confirm a positive association between higher current rainfall and higher
current income from on-farm activities (Column (2) in Table A7 in the Appendix). As for
current rainfall shocks, higher rainfall than historical average rainfall tends to decrease labor
time in off-farm activities, while lower rainfall than historical average rainfall tends to
increase labor time in off-farm employment labor. Our findings of the household strategies
are consistent with previous literature (Branco and Féres, 2021; Ito and Kurosaki, 2009).
These responses are interpreted as a result of expectations for agricultural yields at the end

of the season. More rainfall, as confirmed by our dataset, is likely to boost agricultural
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yields. Moreover, Ito and Kurosaki (2009) show that farmers faced with more production
risk in their farm production engage in non- agricultural work more. Therefore, if
households observe fewer rainfall during the cropping season, they are likely to put less
effort into farm labor expecting to get lower agricultural yields, whereas they increase off-
farm labor.

It is important to mention that the flexibility of labor changes differs among the form of
labor as well as among household members. As for off-farm self-employment, only
household members, except mothers, change their working time in response to rainfall
shocks. However, in terms of off-farm employment and on-farm self-employment, only
mothers change their working time. In addition, in terms of on-farm employment, no one
changes the working time in response to rainfall shocks. Especially by focusing on
maternal labor, mothers react flexibly to the rain shock by changing their off-farm
employment work time. This implies that off-farm employment is the most flexible labor
form to react to rainfall shocks for mothers. In contrast, to cope with rainfall shock,

mothers may need support to change their other forms of labor.

6.3.  Labor-mitigating impacts

Now, we investigate how each form of mother’s labor mitigates the impacts of rainfall

shocks on child nutrition status. First, we find opposite effects of labor time itself on the WAZ

score between on-farm and off-farm labor. That is, a longer working time for farm activities

leads to a higher WAZ score, whereas a longer working time for off-farm activities leads to a

lower WAZ score. This result is most likely due to differences in working environments. Farm

labor may be easier to balance work and childcare practices in developing countries than off-

farm labor because people engaged in farm labor primarily work on their own family farm or

in locations close to their home (Debela et al., 2021). Thus, if mothers work longer hours for
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farm labor, they will have more time to spend with their children. However, if mothers work
longer for off-farm labor, it is more difficult to use the time for childcare practices.
Furthermore, when mothers have less time for domestic work, they tend to first decrease
cooking time, which leads to less dietary diversity (Komatsu et al., 2018). Although such time
constraints can be offset by the help of other household members (Johnston et al., 2018), we
find that the results do not change when we control for the working capacity of the household
(number of working-age household members) as shown in Table A8 in the Appendix.
Therefore, we conclude that such time constraints of mothers would result in a lower child
health status.

Then, we also find the differences among each labor in the impacts on the relationship
between rainfall shocks and the WAZ score. Regarding off-farm labor, we find that longer
working time is likely to mitigate the negative association between the past rainfall shock and
the WAZ score. The potential mechanism is that longer working hours are likely to be
associated with higher income from off-farm activities, which results in better food security
for households and therefore better nutritional status. This result is consistent with previous
literature finding a positive effect of off-farm income on food security (e.g., Dzanku, 2019; Gao
and Mills, 2018).

Contrary to these results, for on-farm labor, we find that longer working time may worsen
the negative effects of past rainfall and current rainfall shocks on the WAZ score. First,
negative coefficients of interaction terms between farm activities and negative past rainfall
shock suggest that when rainfall is insufficient for agricultural production in the previous year,
an increase in maternal on-farm labor time may harm the nutritional status of their child. This
is because if a household does not have enough food due to poor harvests, they must buy food.
However, longer working time in farm labor leads to shorter working hours in off-farm labor,

which reduces household income. As a result, labor should be shifted away from the farm.
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Second, negative coefficients of interaction terms between on-farm activities and positive
current rainfall shock suggest that when disease prevalence is higher due to higher rainfall, an
increase in maternal on-farm labor time may harm their child’s nutritional status. Once children
have a disease, parents must take care of them in person while purchasing appropriate medical
supplies to support them. If mothers work longer on farms, they are more likely to spend longer
time with childcare. However, longer working time in on-farm labor leads to shorter working
time in off-farm labor, which increases the probability that mothers cannot afford to expend
enough healthcare. Therefore, this result implies that the negative impact of increasing farm
labor exceeds the positive impact of increasing farm labor.

In summary, with regard to maternal labor time, our findings suggest that while a longer
working time of on-farm labor itself has a positive impact on child nutritional status, on-farm
labor does not play a role in coping with rainfall shocks and mothers should switch their labor
to off-farm labor. Given that longer working hours in off-farm labor are directly associated
with lower child nutritional status due to time constraints, it is essential to provide mothers
with adequate off-farm opportunities as well as childcare supports during their work as an ex-
post strategy following a rainfall shock. In addition, we conducted the same analysis with the
labor time at the household level as well as the labor time of household members except
mothers. Results show that working time for all forms of labor and their interaction terms with
rainfall shocks are insignificantly associated with WAZ score when we consider both statistic
and economic significances. This implies that, in the context of child nutritional status under
rainfall shock, how mothers allocate their labor is more important than household-level labor

allocation.

6.4.  Survey timing and seasonality

The main reason why we focus on rainfall during the Rabi season is because the survey was
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conducted mainly during the Rabi season and recall periods of much information in our data
set are included in the Rabi season. In addition, the Rabi is the most important season in
Bangladesh when most of the diversified crops including Boro rice (account for about 55% of
total rice production) are grown throughout the country. Although specific survey timing (e.g.,
survey month) may be related to our findings, we do not have complete survey timing
information. As a result, we were unable to control for it, which is our limitation.

Bangladesh has another cropping season called Kharif, which runs from March to June.
Using Equation 11, we investigate the impacts of rainfall shock during the Kharif season in the
survey year as Well as the year before the survey. We find that the past Kharif rainfall shock has
a trend similar to the past Rabi rainfall shock. That is, more rainfall in the previous year than
the historical average rainfall significantly increases the WAZ score at the 1% level (Column
(1) in Table A9). The results show that current rainfall shocks during the Kharif season are
not significantly associated with the WAZ score. This is most likely due to the time lag between
Kharif season and survey date. Because diarrhea prevalence is sensitive to current rainfall,
rainfall during Kharif season would have no effect on the prevalence of diarrhea during the
survey (Column (4) in Table A9), resulting in insignificant impacts of Kharif season rainfall

shocks on child nutritional status.

6.5.  Robustness check

To confirm the robustness of our findings, we performed an additional analysis. First, we
analyze the association between rainfall shocks and the WAZ score by using five different
methods: the pooled ordinary least square (OLS) model with covariates, the pooled OLS
model with household fixed effect, the household fixed effect model without singleton
observations, the individual fixed effect model, and the correlated random effect (CRE) model.

This validates the robustness of our empirical strategy. Second, we use an alternative
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definition of rainfall shocks and reanalyze the rainfall impacts to rule out measurement error.
We create a dummy variable that equals one if survey year rainfall exceeds historical average
rainfall. In addition, we define flood and drought variables to account for extreme rainfall
shocks. Third, to overcome our limitation of unavailable survey date information, we only
focus on the first months of the Rabi season and compare the rainfall impacts with the impacts
of the whole Rabi season rainfall. Then, instead of reallocating labor, we investigate other
coping strategies such as change in total labor time, migration, and livestock sale after rainfall
shocks. Finally, we study the impacts of rainfall shocks on child undernutrition as measured
by other indicators such as underweight, wasting, and stunting. These robustness check results
confirm our earlier findings. More detailed descriptions of each analysis and result are

summarized in Section A.2 of the Appendix.

7. Conclusions

Children’s undernutrition remains a major issue in developing countries’ rural areas. To
achieve household and intra-household food security in the face of weather shocks, rural
households must properly allocate their labor among farm and off-farm activities. Identifying
how each type of labor reduces the effect of weather shock on child nutritional status would
assist farmers and policy makers in selecting and promoting appropriate labor allocation to
cope with weather shocks.

Using data from the three-wave panel survey in Bangladesh, we investigate the impacts of
each form of labor on the association between rainfall shocks and child nutritional status. First,
our findings show that child nutritional status is improved by more rainfall in the previous year
of the survey through better agricultural yields, as well as less rainfall in the survey year
through lower prevalence of disease like diarrhea. In addition, we find significant mitigating

impacts of maternal off-farm self-employment. That is, a longer working time for maternal off-
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farm self-employed labor mitigates the negative association between previous year’s rainfall
shortage and WAZ score. However, an increase in maternal on-farm labor supply may
exacerbate the negative effect of insufficient previous rainfall on WAZ score. It implies that
on-farm labor does not play a role in coping with rainfall shocks, so mothers should shift their
labor to off-farm labor if rainfall was scarce the previous year. Furthermore, findings show
that maternal labor has consistent mitigating impacts in the case of extreme rainfall shocks
(i.e., flood and drought) but different impacts between child’s gender.

However, it is also important to consider the direct impact of working hours on child health.
Our empirical results find that, while longer maternal off-farm labor time is associated with a
lower WAZ score, longer maternal on-farm labor time significantly improves WAZ score, most
likely due to differences in working environments. Since people who engage in farm labor in
developing countries mainly work on their own family farm or the places that are relatively
close to their home, farm labor can be easier to balance work and childcare practices (Debela
et al.,, 2021). Lastly, we find heterogeneous labor-mitigating impacts among household
members. In contrast to maternal labor, we find no significant mitigating impacts of household-
level labor or labor by household members other than mothers. Therefore, we conclude that
maternal labor allocation plays an important role in coping with rainfall shocks in the context
of child health.

The current paper adds to the literature by demonstrating the various impacts of different
types of labor under the same conditions. Considering the possibility of further increasing
extreme weather in the near future, it is even more important for households to adapt to the
fluctuation of rainfall through reallocation of labor. Our findings can guide rural households
to make their labor decision after experiencing rainfall shocks. Furthermore, by comparing
labor impacts at different units (i.e., household level, a mother, and other household members),

we provide insights about whose labor time is important in the context of child health, which
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had not been well studied to our knowledge. While we undertook various robustness checks
supporting our findings, we acknowledge that there is still a potential endogeneity problem
caused by simultaneous decision making of labor time. We therefore interpret our results
merely as an association rather than causality.

Bangladesh still suffers from the problem of child undernutrition, despite the substantial
efforts to improve food and nutrition in recent decades. Specific projects, such as social safety
nets or money transfers, are, of course, effective ways for rural households to deal with income
shocks, but their recipients are limited (Branco and Féres, 2021). However, labor reallocation
in response to shocks can be adapted by any household. As a result, our results of off-farm self-
employment labor-mitigating impact underscore the importance of policies that provide off-
farm labor opportunities to mothers in rural settings in order for them to cope with rainfall
shocks and thereby improve child health. A variety of off-farm labor opportunities allows
mothers to select a more suitable job based on their circumstances, resulting in a higher rate
of working mothers with children away from home. Furthermore, such a policy should take
into account maternal time constraints. Supporting mothers who work and care for children is
another crucial role of these policies. Possible ways include the introduction of childcare
spaces in a work place, the adoption of kindergartens in rural areas, and the implementation

of babysitter services.
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Table and Figure

Table 1: Summary Statistics

Round 1 Round 2 Round 3
A. Main variables of interest Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Child characteristics
Weight-for-age Z-score -1.590 (1.064) -1.541 (1.053) -1.278 (1.066)
Underweight (=1) 0.330 (0.470) 0.328 (0.470) 0.239 0.427)
Labor
HH Labor hours: Off farm, Self 29.990 (30.770) 31.621 (34.853) 33.872 (38.894)
HH Labor hours: Off farm, Emp. 14.312 (24.255) 18.617 (29.865) 23.374  (36.020)
HH Labor hours: On farm, Self 23.439 (28.559) 10.896 (22.253) 9.746 (23.120)
HH Labor hours: On farm, Emp. 7.342 (17.410) 6.569 (17.100) 4.439 (14.165)
Mother Labor hours: Off farm, Self 6.604 (8.490) 5.130 (8.536) 5.175 (18.500)
Mother Labor hours: Off farm, Emp. 2.813 (6.956) 3.181 (8.315) 4.321 (10.344)
Mother Labor hours: On farm, Self 0.349 (2.597) 0.340 (3.305) 0.173 (1.928)
Mother Labor hours: On farm, Emp. 0.198 (2.206) 0.114 (1.767) 0.136 (2.314)
HH Daily wage (TK): Off farm, Emp. 27.973 (91.567) 57508 (152.627) 71.771  (187.568)
HH Daily wage (TK): On farm, Emp. 42.677 (97.996) 49.855  (122.441) 46.817  (140.114)
B. Climate variables Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Rainfall -0.650 (0.605) -1.242 (0.247) -0.724 (0.345)
Past rainfall shock
Current rainfall shock -1.170 (0.481) -1.157 (0.427) -0.218 (0.487)
Historical rainfall CV 0.360 (0.068) 0.383 (0.071) 0.362 (0.066)
Historical average rainfall (mm) 69.939 (20.785) 71.396 (20.227) 67.597 (19.082)
Temperature 0.138 (0.013) -0.693 (0.065) -0.004 (0.036)
Past temperature shock
Current temperature shock -0.270 (0.031) -0.377 (0.073) -0.182 (0.026)
Historical temperature CV 0.102 (0.005) 0.103 (0.006) 0.105 (0.006)
Historical average temperature (°C) 20.865 (0.860) 20.836 (0.937) 20.744 (0.980)
Observations 1244 2385 1879
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Figure 1. Histogram of rainfall shocks during Rabi season for each year

Note: Calculation by authors.
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Table 2: The effect of rainfall shock on weight for age Z-score

1) )
Past
Past rainfall shock 0.203*
(0.107)
Positive past rainfall shock 0.360*
(0.216)
Negative past rainfall shock -0.151
(0.119)
Current
Current rainfall shock -0.166***
(0.059)
Positive current rainfall shock 0.042
(0.205)
Negative current rainfall shock 0.181***
(0.062)
Controls
Past temperature shock 0.523 0.972
(0.893) (1.059)
Current temperature shock -1.013*  -1.259**
(0.574) (0.642)
Historical rainfall CV 0.043 -2.514
(3.166) (3.945)
Historical temperature CV -172.489  -182.524
(122.219) (120.469)
Historical average rainfall (mm) 0.024 0.012
(0.019) (0.022)
Historical average temperature (°C) -1.430 -1.505
(1.219) (1.132)
Year FE Yes Yes
HH FE Yes Yes
N 5508 5508

Notes: Household fixed effect model is employed. Robust standard errors clustered by household in
parentheses. Child characteristics (sex, age), mother characteristics (age and educational attainment) and
household characteristics (household head’s characteristics such as age and educational attainment,
household size, market access, asset, livestock, farm size, irrigation, access to clean water, daily labor
wage) are controlled but not reported. *** denotes significance at 1% level, ** at 5% level, and * at 10%
level.
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Table 3: Labor change in response to prior and current rainfall shocks

1) ) @) (4) () (6) () (8)
HH HH HH HH HH HH HH HH
Off, Self-emp.  Off, Emp.  On, Self-emp. On, Emp. Off, Self-emp. Off, Emp.  On, Self-emp. On,
Emp.
Past
Positive past rainfall shock -9.715 -15.469** -9.261* 1.015 3.950 -5.729** -2.704** -0.126
(7.339) (6.741) (5.092) (2.638) (2.429) (2.444) (1.172) (0.601)
Negative past rainfall shock 0.401 -2.283 -0.923 0.067 0.446 0.875 -0.087 -0.032
(4.327) (3.954) (3.368) (1.231) (1.068) (1.396) (0.264) (0.381)
Current
Positive current rainfall shock -12.698* -9.091 0.911 3.609 -1.328 -4.934** -1.508 0.666
(7.330) (5.531) (5.022) (2.822) (2.614) (2.052) (0.982) (0.611)
Negative current rainfall shock 1.976 2.448 0.462 -0.792 0.625 2.125*** 0.210 0.016
(2.081) (1.565) (1.829) (0.753) (0.527) (0.541) (0.222) (0.118)
Controls
Daily wage: Off farm, Emp. -0.039*** 0.096*** -0.011** -0.003 -0.001 0.001 0.000 0.000
(0.007) (0.006) (0.005) (0.002) (0.001) (0.002) (0.001) (0.000)
Daily wage: On farm, Emp. -0.040*** -0.017*** -0.018*** 0.101*** 0.000 -0.003* -0.000 0.004***
(0.006) (0.004) (0.005) (0.005) (0.002) (0.002) (0.001) (0.001)
Past temperature shock 54.784 8.171 -23.351 -9.402 -4.521 11.618 -7.015 5.076
(39.296) (36.921) (28.073) (11.849) (11.910) (11.592) (5.379) (3.173)
Current temperature shock -23.127 18.141 21.742 0.678 0.381 -0.810 6.199* -1.902
(23.625) (20.747) (16.191) (8.658) (7.522) (6.917) (3.510) (1.654)
N 5508 5508 5508 5508 5507 5507 5507 5507

Notes: The unit of outcome is hours per week. Column (1) to (4) employ labor hours at household level, and column (5) to (8) employ labor hours of mother
(individual level) as outcome variables. Household fixed effect model is employed. Robust standard errors clustered by household in parentheses. The same set of
controls as in Table 2 are included but not reported. District, year, and household fixed effects are included but not reported. *** denotes significance at 1% level,
** at 5% level, and * at 10% level.
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Table 4: Mitigating impacts of maternal labor time

1) ) ©) (4)
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Maternal Labor hours -0.018*** 0.001 0.063*** 0.079***
(0.006) (0.006) (0.016) (0.019)
Positive past x Labor 0.018 0.059 0.003
(0.019) (0.045) (0.063)
Negative past x Labor 0.012** -0.004 -0.035* -0.039*
(0.005) (0.006) (0.021) (0.018)
Positive current x Labor -0.010 0.003 -0.050 -0.085**
(0.017) (0.013) (0.035) (0.043)
Negative current x Labor -0.000 0.005 -0.025* -0.015
(0.004) (0.004) (0.015) (0.016)
Past
Positive rainfall shock 0.280 0.291 0.365 0.372*
(0.258) (0.228) (0.225) (0.217)
Negative rainfall shock -0.216* -0.134 -0.147 -0.135
(0.125) (0.121) (0.119) (0.117)
Current
Positive rainfall shock 0.080 0.075 0.079 0.080
(0.230) (0.220) (0.208) (0.203)
Negative rainfall shock 0.180*** 0.153** 0.192*** 0.185***
(0.064) (0.063) (0.062) (0.062)
N 5507 5507 5507 5507

Notes: Household fixed effect model is employed. Robust standard errors clustered
by household in parentheses. The same set of controls as in Table 2 are included but
not reported. District, year, and household fixed effects are included but not reported.
Rainfall shock variables are also included but not reported. *** denotes significance
at 1% level, ** at 5% level, and * at 10% level. The coefficient of Line 2 in Column
(4) is dropped in household fixed effect model. CRE model shows that the coefficient

is insignificant.
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Table 5: Mitigating impacts of mother’s labor time

@) @) @) 4) ®) (6) @) )
Boys Girls Boys Girls Boys Girls Boys Girls
Off, Self-emp. Off, Self-emp. Off, Emp. Off, Emp. On, Self-emp. On, Self-emp. On, Emp. On, Emp.
Mother Labor hours: Self -0.015 -0.019** 0.014 0.001 0.062* 0.038 0.015 0.156*
(0.011) (0.008) (0.013) (0.007) (0.029) (0.030) (0.093) (0.092)
Positive past x Labor 0.026 0.023 0.036 0.156* 1 -0.088 2 8
(0.023) (0.041) (0.107) (0.085) (0.082)
Negative past x Labor 0.013 0.012 -0.012 -0.007 -0.035 -0.036 0.007 -0.093**
(0.010) (0.008) (0.011) (0.008) (0.025) (0.041) (0.093) (0.045)
Positive current x Labor 0.006 -0.061* -0.012 0.022 -1.426*** 0.006 -0.060  -0.203***
(0.025) (0.035) (0.040) (0.018) (0.307) (0.113) (0.060) (0.057)
Negative current x Labor -0.005 0.003 0.002 0.006 -0.008 0.016 4 -0.059
(0.006) (0.005) (0.008) (0.005) (0.013) (0.053) (0.085)
N 2815 2692 2815 2692 2815 2692 2815 2692

Notes: Household fixed effect model is employed. Robust standard errors clustered by household in parentheses. The same set of controls as in Table 2 are
included but not reported. District, year, and household fixed effects are included but not reported. Rainfall shock variables are also included but not reported.
*** denotes significance at 1% level, ** at 5% level, and * at 10% level. 1>*4Those coefficients are dropped in household fixed effect model. In CRE model,
the coefficient for ¢, 2, 3, and * are positive and significant at 1% level, positive and significant at 10 % level, negative and significant at 1% level, and negative

and significant at 1% level, respectively.
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Al

Appendix

Supplementary tables

Table Al: Summary Statistics

Round 1 Round 2 Round 3

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Child characteristics
Weight-for-age Z-score -1.590 (1.064) -1.541 (1.053) -1.278 (1.066)
Underweight (=1) 0.330 (0.470) 0.328 (0.470) 0.239 (0.427)
Age of child in months 28.991 (16.955) 29.971  (17.094) 29.850  (17.339)
Gender of child (=1 if male) 0.490 (0.500) 0.525 (0.500) 0.508 (0.500)
HH characteristics
Male HH head (=1) 0.950 (0.218) 0.852 (0.356) 0.830 (0.376)
Age of HH head 41531 (13.688) 40.903  (13.486) 43.885  (13.823)
Schooling year of HH head 3.597 (3.924) 3.690 (3.855) 3.878 (3.994)
Household size 5.423 (1.956) 5.862 (2.170) 7.016 (2.684)
Market access (minute) 18.191  (11.258)  15.907 (9.643) 13.412 (8.748)
Asset index (Scores for component 1)  0.360 (1.868) -0.500 (2.021) 0.367 (1.893)
Livestock ownership (=1) 0.925 (0.263) 0.156 (0.363) 0.244 (0.430)
Farm Size(decimal) 148.729 (174.218) 101.072 (176.648) 105.675 (161.951)
Irrigation(=1) 0.885 (0.319) 0.436 (0.496) 0.457 (0.498)
Piped water access (=1) 0.015 (0.123) 0.021 (0.145) 0.043 (0.202)
Sanitary toilet access (=1) 0.277 (0.447) 0.436 (0.496) 0.506 (0.500)
HH Daily wage: Off farm, Emp. 27973  (91.567) 57.508 (152.627) 71.771 (187.568)
HH Daily wage: On farm, Emp. 42,677  (97.996) 49.855 (122.441) 46.817 (140.114)
Age of Mother 27.358  (6.251) 27.384  (5.683) 27.527 (5.916)
Schooling year of Mother 5.029 (3.562) 5.422 (3.499) 6.318 (3.587)
Labor
HH Labor hours: Off farm, Self 29990 (30.770) 31.621  (34.853) 33.872 (38.894)
HH Labor hours: Off farm, Emp. 14312 (24.255) 18.617  (29.865) 23.374  (36.020)
HH Labor hours: On farm, Self 23439  (28.559) 10.896  (22.253) 9.746 (23.120)
HH Labor hours: On farm, Emp. 7.342 (17.410) 6.569 (17.100) 4.439 (14.165)
Mother Labor hours: Off farm, Self 6.604 (8.490) 5.130 (8.536) 5.175 (18.500)
Mother Labor hours: Off farm, Emp. 2.813 (6.956) 3.181 (8.315) 4.321 (10.344)
Mother Labor hours: On farm, Self 0.349 (2.597) 0.340 (3.305) 0.173 (1.928)
Mother Labor hours: On farm, Emp. 0.198 (2.206) 0.114 (1.767) 0.136 (2.314)
HH Daily wage (TK): Off farm, Emp.  27.973  (91.567) 57.508 (152.627) 71.771 (187.568)
HH Daily wage (TK): On farm, Emp.  42.677  (97.996) 49.855 (122.441) 46.817 (140.114)
Climate
Past rainfall shock -0.650 (0.605) -1.242 (0.247) -0.724 (0.345)
Current rainfall shock -1.170 (0.481) -1.157 (0.427) -0.218 (0.487)
Historical rainfall CV 0.360 (0.068) 0.383 (0.071) 0.362 (0.066)
Historical average rainfall (mm) 69.939  (20.785) 71.396  (20.227) 67.597  (19.082)
Past temperature shock 0.138 (0.013) -0.693 (0.065) -0.004 (0.036)
Current temperature shock -0.270 (0.031) -0.377 (0.073) -0.182 (0.026)
Historical temperature CV 0.102 (0.005) 0.103 (0.006) 0.105 (0.006)
Historical average temperature (°C) 20.865 (0.860) 20.836 (0.937) 20.744 (0.980)
Observations 1244 2385 1879
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Table A2: Labor change in response to prior and current rainfall shocks: Household

members except mothers

1) @) ©) (4)
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Past
Positive past rainfall shock -14.157* -9.802 -6.495 1.157
(7.246) (6.351) (4.974) (2.743)
Negative past rainfall shock -0.021 -3.155 -0.839 0.099
(4.148) (3.732) (3.357) (1.232)
Current
Positive current rainfall shock -11.660* -4.193 2.456 2.952
(6.916) (5.317) (4.872) (2.809)
Negative current rainfall shock 1.338 0.321 0.253 -0.807
(2.029) (1.454) (1.821) (0.759)
Controls
Daily wage: Off farm, Emp. -0.039*** 0.095*** -0.011** -0.003
(0.006) (0.006) (0.005) (0.002)
Daily wage: On farm, Emp. -0.041*** -0.014%*** -0.018*** 0.097***
(0.006) (0.004) (0.005) (0.005)
Past temperature shock 59.219 -3.458 -16.326 -14.475
(37.332) (35.281) (27.555) (12.049)
Current temperature shock -22.502 19.078 15.417 2.548
(21.890) (19.360) (15.789) (8.775)
N 5507 5507 5507 5507

Notes: The unit of outcome is hours per week. Household fixed effect model is employed.
Robust standard errors clustered by household in parentheses. The same set of controls as in Table
2 are included but not reported. District, year, and household fixed effects are included but not
reported. ** denotes significance at 5% level and * at 10% level.
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Table A3: Mitigating impacts of labor time, HH-level

@) @ 3) (4)
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
HH Labor hours -0.000 -0.003** -0.000 0.006
(0.001) (0.002) (0.002) (0.005)
Positive past x Labor -0.003 0.002 -0.004 -0.004
(0.005) (0.006) (0.008) (0.008)
Negative past x Labor -0.001 0.000 0.000 -0.003
(0.001) (0.002) (0.002) (0.003)
Positive current x Labor -0.007* 0.006 0.007 0.003
(0.004) (0.006) (0.006) (0.009)
Negative current x Labor -0.000 0.001 0.000 -0.002
(0.001) (0.001) (0.001) (0.002)
N 5508 5508 5508 5508

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District, year,
and household fixed effects are included but not reported. Rainfall shock variables are also
included but not reported. * denotes significance at 10% level.

Table A4: Mitigating impacts of labor time, Household members except mothers

1) ) ©) (4)
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Labor hours 0.001 -0.004* -0.001 0.003
(0.002) (0.002) (0.002) (0.005)
Positive past x Labor -0.004 -0.000 -0.004 -0.002
(0.005) (0.006) (0.008) (0.008)
Negative past x Labor -0.001 0.000 0.000 -0.001
(0.001) (0.002) (0.002) (0.003)
Positive current x Labor -0.007* 0.006 0.008 0.007
(0.004) (0.007) (0.006) (0.009)
Negative current x Labor -0.000 0.001 0.000 -0.001
(0.001) (0.001) (0.001) (0.002)
N 5507 5507 5507 5507

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District, year,
and household fixed effects are included but not reported. Rainfall shock variables are also

included but not reported.
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Table A5: The effect of rainfall shock on agricultural harvest (kg)

@) ) 3) (4) ©)
Past

Positive past rainfall shock 582.490 604.434 580.860
(750.569)  (739.796)  (733.919)

Negative past rainfall shock -1.6e+03** -1.6e+03** -1.5e+03**
(786.853)  (787.537)  (771.140)

Positive rain dummy 290.455
(640.698)
Flood 497.440
(944.923)
Drought -707.841***
(267.301)
Controls
Past temperature shock 3046.158 3200.003 3238.544 6133.400 5001.883
(4094.631) (4239.844) (4239.076) (4117.274) (4021.600)
HH controls Yes Yes Yes Yes Yes
Mother controls No Yes Yes Yes Yes
Child controls No No Yes Yes Yes
N 5508 5508 5508 5508 5508

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District, year,
and household fixed effects are included but not reported. *** denotes significance at 1% level,
** at 5% level, and * at 10% level.
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Table A6: The effect of weather shock on prevalence of diarrhea

1) ) (©)
Past
Past rainfall shock -0.065
(0.272)
Positive past rainfall shock -0.010
(0.675)
Negative past rainfall shock 0.077
(0.351)
Positive rain dummy
Flood -0.479
(0.642)
Drought -0.227**
(0.102)
Current
Current rainfall shock 0.166**
(0.081)
Positive current rainfall shock 0.533
(2.499)
Negative current rainfall shock -0.159*
(0.083)
Positive rain dummy
Flood!
Drought -0.123
(0.076)
Controls
Past temperature shock -2.359  -2.328 -2.633*
(1.586) (1.620) (1.515)
Current temperature shock 1.486 1.392  2.620***
(0.979) (1.070) (0.874)
N 1396 1396 1396

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District,
year, and household fixed effects are included but not reported. *** denotes significance at 1%
level, ** at 5% level, and * at 10% level. Sample is restricted to children under 24 months. The
coefficient of current flood dummy is missing in fixed effect model because only a quite few
households experience flood during Rabi season in the survey year and most of the values takes 0.
Even when using CRE model, this term is dropped. Thus, we cannot specify the impact of current
flood on the prevalence of diarrhea in our setting.

49



Table A7: The effect of rainfall shock on household dietary diversity score and farm income

@ 2
Outcome HDDS Farmincome
Past
Positive rainfall shock  0.550**
(0.278)
Negative rainfall shock  0.217
(0.141)
Current
Positive rainfall shock 3.5e+04**
(1.4e+04)
Negative rainfall shock -982.818
(3479.434)
N 5508 5508

Notes: Robust standard errors clustered by household in parentheses. The same set of controls
as in Table 2 are included but not reported. District, year, and household fixed effects are
included but not reported. *** denotes significance at 1% level and ** at 5% level.
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Table A8: Mitigating impacts of maternal labor time by controlling for working capacity

1) @) ©) (4)
Off, Self-emp.  Off, Emp. On, Self-emp. On, Emp.
Maternal Labor hours -0.018*** 0.001 0.063*** 0.079***
(0.006) (0.006) (0.016) (0.019)
Positive past x Labor 0.018 0.059 0.003
(0.019) (0.045) (0.063)
Negative past x Labor 0.012** -0.004 -0.036* -0.039*
(0.005) (0.006) (0.021) (0.018)
Positive current x Labor -0.010 0.003 -0.050 -0.085**
(0.017) (0.013) (0.035) (0.043)
Negative current x Labor -0.000 0.005 -0.025* -0.015
(0.004) (0.004) (0.015) (0.016)
Past
Positive rainfall shock 0.281 0.295 0.367 0.374*
(0.258) (0.227) (0.225) (0.216)
Negative rainfall shock -0.216* -0.132 -0.146 -0.134
(0.126) (0.122) (0.120) (0.117)
Current
Positive rainfall shock 0.080 0.076 0.079 0.081
(0.230) (0.220) (0.208) (0.203)
Negative rainfall shock 0.180*** 0.153** 0.192*** 0.186***
(0.064) (0.063) (0.062) (0.062)
N 5507 5507 5507 5507

Notes: Household fixed effect model is employed. Robust standard errors clustered by household in
parentheses. The same set of controls as in Table 2 are included but not reported. District, year, and household
fixed effects are included but not reported. Rainfall shock variables are also included but not reported. ***
denotes significance at 1% level, ** at 5% level, and * at 10% level. The coefficient of Line 2 in Column (4)
is dropped in household fixed effect model. CRE model shows that the coefficient is insignificant.
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Table A9: The effect of rainfall shock: Different definitions

1) 2) ©) 4) () (6)

Outcome WAZ WAZ WAZ Diarrhea Diarrhea Diarrhea
Past
Positive Kharif rainfall shock 0.342*** -0.238
(0.131) (0.276)
Negative Kharif rainfall shock 0.044 0.168
(0.089) (0.195)
Positive rainfall shock 0.362*  0.219 -0.192 -0.391
(0.202) (0.208) (0.536)  (0.537)
Negative rainfall shock -0.206* -0.192* -0.146 -0.064
(0.112) (0.115) (0.322)  (0.344)
Current
Positive Kharif rainfall shock 0.119 -0.362
(0.214) (0.416)
Negative Kharif rainfall shock 0.133 -0.396
(0.133) (0.304)
Positive rainfall shock: Nov. 3.903** 2.979
(1.581) (2.781)
Negative rainfall shock: Nov. 0.392* -0.331
(0.237) (0.309)
Positive rainfall shock: Nov.& Dec. -1.010 !
(1.152)
Negative rainfall shock: Nov.& Dec. 0.055 -0.416
(0.133) (0.270)
N 5508 5508 5508 1396 1396 1396

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. year, and
household fixed effects are included but not reported. *** denotes significance at 1% level, **
at 5% level, and * at 10% level. *Most of the sample receive negative rainfall shock. Therefore,
the coefficient of this term is dropped. The coefficient is also dropped in CRE model.

A.2 Robustness check
A.2.1  Analysis with different estimation strategies

First, we analyze the association between rainfall shocks and the WAZ score using
five different methods. That is, pooled OLS model with covariates, pooled OLS model
with household fixed effect, household fixed effect model without singleton
observations, individual fixed effect model, and correlated random effect (CRE)

model. Table A10 shows the results. In general, we find a positive association
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between past rainfall and the WAZ score, as well as a negative association between
current rainfall and the WAZ score. By this, we confirm the robustness of our results

on the impact of rainfall shocks on child nutritional status.

Table A10: The effect of rainfall shock on WAZ score: Different methods

@ 2 3 4 ®)
Past
Positive past rainfall shock 0.072 0.360 0.360* 0.098 0.057
(0.132) (0.337) (0.217) (0.125) (0.122)
Negative past rainfall shock -0.135*** -0.151 -0.151 -0.099**  -0.130***
(0.050) (0.185) (0.119) (0.048) (0.047)
Current
Positive current rainfall shock 0.060 0.042 0.042 0.056 -0.016
(0.108) (0.319) (0.205) (0.103) (0.100)
Negative current rainfall shock 0.090** 0.181* 0.181*** 0.090** 0.090**
(0.046) (0.096) (0.062) (0.043) (0.043)
Model Pooled OLS Pooled OLS Fixed effect Fixed effect CRE
HH FE No Yes Yes No No
Child FE No No No Yes No
N 5508 5508 3753 5508 5508

Notes: Robust standard errors clustered by household in parentheses. Child characteristics (sex,
age), mother characteristics (age, educational attainment, occupation) and household
characteristics (household head’s characteristics such as age, educational attainment, and
occupation, household size, market access, asset, livestock, farm size, irrigation) are controlled in
all regressions but not reported. In column (3), we exclude observations which show up only one
round. *** denotes significance at 1% level, ** at 5% level, and * at 10% level.

A.2.2  Alternative measurements of rainfall shocks

Next, we use an alternative definition of rainfall shocks and analyze the association
between rainfall shocks and the WAZ score, as well as labor reallocation in response
to rainfall shocks. To differentiate positive and negative values in rainfall shock, we

define the dummy variable as follows.
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Table A11: Child nutrition and maternal labor change in response to prior and current rainfall shocks: Different definitions

) @ @) @) ©) ®) U] ®) © (10)
A. Model: FE WAZ WAZ Off, Self-emp. Off, Emp. On, Self-emp. On, Emp. Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Past
Positive past rain dummy 0.248 2.792* -3.123* -1.652** -0.699
(0.170) (1.675) (1.645) (0.786) (0.671)
Past Flood 0.213 2.647 -2.775 -3.579*** 0.441
(0.229) (3.134) (3.189) (1.289) (0.484)
Past Drought -0.052 0.047 -0.261 0.016 0.037
(0.059) (0.718) (0.551) (0.211) (0.121)
Current
Positive current rain dummy  -0.160* 0.584 -1.283 -0.082 -0.028
(0.091) (1.150) (0.906) (0.314) (0.184)
Current Flood 0.497** -3.321* -0.316 -1.113** 0.714
(0.252) (1.986) (2.112) (0.505) (0.854)
Current Drought 0.102* 1.229* 1.886*** 0.001 -0.113
(0.059) (0.693) (0.535) (0.236) (0.136)
B. Model: CRE WAZ WAZ Off, Self-emp. Off, Emp.  On, Self-emp. On, Emp. Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Past
Positive past rain dummy 0.160 0.511 -2.138*** -0.778** 0.308
(0.104) (1.316) (0.704) (0.310) (0.387)
Past Flood 0.084 -0.000 -1.612* -1.307*** 1.528*
(0.164) (2.493) (0.891) (0.408) (0.863)
Past Drought -0.103*** -0.083 -0.280 0.174 0.021
(0.033) (0.529) (0.325) (0.116) 0.077)
Current
Positive current rain dummy  -0.070 -0.421 0.068 0.026 0.110
(0.049) (0.662) (0.525) (0.130) (0.115)
Current Flood 0.250 -3.742** 2.273 -0.371** 0.457
(0.173) (1.507) (2.232) (0.177) (0.601)
Current Drought 0.015 0.008 1.208*** 0.022 -0.167
(0.039) (0.564) (0.307) (0.116) (0.108)
N 5508 5508 5507 5507 5507 5507 5507 5507 5507 5507

Notes: The outcomes are the WAZ score and maternal working hours per week for each type of labor. Household fixed effect model is employed. Robust standard errors
clustered by household in parentheses. The same set of controls as in Table 2 are included but not reported. Year and household fixed effects are included but not reported.
*** denotes significance at 1% level, ** at 5% level, and * at 10% level.
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Table A12: Labor change in response to prior and current rainfall shocks: Different definitions

() @ ©) @) ®) (6) @) ©)
A. HH-level Off, Self-emp.  Off, Emp.  On, Self-emp. On, Emp. Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Past
Positive past rain dummy -4.666 -13.847%*%*  -12.611%** 3.657
(5.397) (4.885) (4.257) (3.237)
Past Flood -7.715 -5.964 -4.812 3.076
(8.389) (7.007) (5.581) (3.069)
Past Drought -2.461 -0.367 1.720 0.140
(2.047) (1.795) (1.550) (0.636)
Current
Positive current rain dummy -1.405 -4.499* -2.284 0.999
(3.113) (2.551) (2.232) (1.272)
Current Flood -12.726 -1.216 10.722* 0.997
(9.608) (4.514) (5.577) (3.036)
Current Drought -1.301 2.798* 0.054 -0.199
(2.140) (1.478) (1.725) (0.737)
N 5508 5508 5508 5508 5508 5508 5508 5508
B. HH except mothers Off, Self-emp.  Off, Emp.  On, Self-emp. On, Emp. Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Past
Positive rain dummy -7.670 -10.745** -10.931*** 4.362
(5.390) (4.591) (4.197) (3.247)
Flood -10.803 -3.221 -1.177 2.648
(8.664) (6.478) (5.481) (3.165)
Drought -2.382 -0.097 1.688 0.099
(1.890) (1.698) (1.541) (0.643)
Current
Positive rain dummy -1.873 -3.205 -2.217 1.023
(2.930) (2.379) (2.205) (1.266)
Flood -9.396 -0.900 11.834** 0.282
(9.357) (3.963) (5.480) (3.454)
Drought -2.607 0.906 0.063 -0.084
(2.037) (1.383) (1.706) (0.744)
N 5507 5507 5507 5507 5507 5507 5507 5507

Notes: The unit of outcome is household-level working hours per week for each labor. Household fixed effect model is employed. Robust standard errors clustered by
household in parentheses. The same set of controls as in Table 2 are included but not reported. Year and household fixed effects are included but not reported. *** denotes
significance at 1% level, ** at 5% level, and * at 10% level.
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PositiveRain Dummyy, = 1 if rain,, = rainy,, and 0 if rain,, < rain,;

By doing so, we can specify whether household h receives more rainfall than the
historical average in year t or less. Here, we do not create a negative rainfall dummy,
since the negative rainfall shock is fully captured as O in the positive rainfall dummy.
In addition, to capture extreme rainfall shocks, we define flood and drought variables

as follows:

Floodn: = 1 if Rainshockn: = 1, and O otherwise

Droughtn: = 1 if Rainshocknt < —1, and O otherwise

Since extreme rainfall is likely to cause more severe impacts on both agricultural
yields and disease prevalence, analysis with flood and drought variables would show
additional evidence about mechanisms for labor-mitigating impacts. We employ both
fixed effect and CRE models for this analysis.

Columns (1) and (2) in Table A11 summarize the impacts of rainfall shocks on the
WAZ score. Column (1) shows that the sings for the coefficients of the associations
between rainfall shocks and the WAZ score are the same as in Table 2, but the results
are only significant for the current rainfall shock (Line 4 in Panel A). This
insignificant result for past rainfall shock is most likely due to the dummy variable,
which cannot capture variations in rainfall. Column (2) displays the impact of rainfall
shocks on WAZ score as measured by flood and drought variables. We obtained
consistent results with Table 2 for past rainfall shock, but the results are not

significant in the fixed effect model. The results suggest that when households
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experience drought during the Rabi season the previous year, the WAZ score of the
children in those households tends to decrease. This makes sense, since drought is
likely to damage agricultural yields. As for the current rainfall shock, we find that
both flood and drought are positively associated with the WAZ score in the fixed effect
model. The positive relationship between the current drought and the WAZ score is a
consistent result with Table 2, which is explained by the path of prevalence of the
disease. However, the positive relationship between the present flood and the WAZ
score is inconsistent with the previous literature. A possible explanation of this result
Is that there are quite a few households experiencing flooding in the survey year
(CurrentFloodn: = 1). In this case, the coefficient is extremely sensitive to values
of a small number of observations which take one. In future work, we will study the
mechanisms under which flood influences child nutritional status.

Columns (3)—(6) show labor reallocation in response to rainfall shocks measured
by positive rainfall dummy. As households have more rainfall during Rabi season in
the previous year than historical average rainfall, mothers from those households tend
to significantly increase off-farm self-employment while decreasing off-farm
employment and on-farm self-employment. The results are consistent with Table 3,
although the increase in off-farm self-employment is not significant in Table 3.
Meanwhile, as for the current rainfall shocks, we do not find significant decrease in
off-farm employment in response to more current rainfall.1* As explained before, this
insignificant result may be driven by the fact that a dummy variable cannot capture the

variations in rainfall.

14 Only off-farm employment significantly changes in response to current rainfall shock in Table 3.
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Columns (7)—(10) show the reallocation of maternal labor in response to rainfall
shocks measured by flood and drought variables. If households are faced with floods
in the previous year, mothers tend to decrease on-farm self-employment, which is
consistent with Table 3. However, contrary to the previous result, we do not find
significant changes in off-farm activities in fixed effect model. Regarding the current
flood and drought incidences, we find consistent off-farm labor reactions. That is, if
households face flood in the current year, mothers tend to decrease their off-farm labor,
whereas if they face with drought in the current year, mothers tend to increase their
off-farm labor. It implies that generally high rainfall can be an incentive to increase
on-farm labor based on higher yields expectation while decreasing off-farm labor due
to time constraint, whereas low rainfall can threaten their agricultural production,
therefore, encouraging them to switch to off-farm labor. However, we also find that
mothers reduce their self-employment on the farm in response to current flood. To
understand this result, we analyze labor reallocation in response to floods and droughts
at household level and household members except mothers level. The results are
presented in Table A12. We find that, when it comes to off-farm labor, household
members, with the exception of mothers, do not change their labor in response to
flood and drought; however, when it comes to on-farm labor, they increase on-farm
self-employment in response to the current flood. To summarize, our findings suggest
that a household attempts to cope with a flood by increasing off-farm labor performed

by mothers while increasing on-farm labor performed by other household members.

Then we check the robustness of the results for labor-mitigating impacts. Panel A in

Table A13 shows results with a positive rainfall dummy. As for labor direct impacts,
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while a longer working time of off-farm self-employment leads to lower WAZ score,
a longer working time of on-farm employment leads to higher WAZ score, which is
consistent with Table 4. Regarding labor-mitigating impacts, we do not find a
significant impact of off-farm self-employment in Column (1). However, in Column
(4), we find that on-farm employment has a negative significant impact on the
association between positive current dummy and WAZ score, which is consistent
with Table 4. Furthermore, in Column 2, we find a negative significant impact of off-
farm employment on the association between positive current dummy and WAZ
score. Although we do not find the mitigating impact of off-farm self-employment,
this is likely to be because of the problem of the positive rainfall dummy variable.
This dummy cannot capture any differences in the rainfall scale that each household
receives.

Panel B in Table A13 shows results with flood and drought variables. Regarding
direct impacts of labor, while longer working time of off-farm labor leads to a lower
WAZ score, longer working time of on-farm labor leads to a higher WAZ score,
which are consistent with Table 4. Therefore, we confirm the quite robust result of
negative direct off-farm impact and positive direct on-farm impact. Regarding labor-
mitigating impacts, we find that off-farm self-employment is likely to mitigate both
past flood and drought impacts on child nutritional status. Furthermore, off-farm
employment is likely to mitigate the current impact of drought on child nutritional
status. However, a longer working time for on-farm self-employment in response to

the flood event in the previous year and the drought event in the current year is likely

Table A13: Mitigating impacts of maternal labor time: Different rainfall definitions
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@) ) ©) Q)

Panel A: Dummy Off, Self-emp.  Off, Emp.  On, Self-emp.  On, Emp.
HH Labor hours -0.005** 0.003 -0.002 0.037**
(0.002) (0.002) (0.009) (0.017)
Positive past x Labor -0.003 0.046 0.032
(0.021) (0.040) (0.047) !
Positive current x Labor -0.003 -0.010* 0.023 -0.045**
(0.005) (0.006) (0.015) (0.022)
Controls
Positive past rain dummy 0.285 0.152 0.241 0.270
(0.207) (0.178) (0.171) (0.171)
Positive current rain dummy -0.141 -0.101 -0.165* -0.153*
(0.098) (0.095) (0.091) (0.091)
Panel B: Flood, Drought Off, Self-emp. Off, Emp. On, Self-emp.  On, Emp.
HH Labor hours -0.011*** -0.000 0.027*** 0.052***
(0.003) (0.002) (0.009) (0.013)
Flood past x Labor 0.038*** 0.058 -0.441%** 2
(0.011) (0.054) (0.073)
Drought past x Labor 0.007* -0.003 -0.015 -0.044**
(0.004) (0.004) (0.011) (0.015)
Flood current x Labor -0.077 0.013 8 -0.1527**
(0.061) (0.027) (0.017)
Drought current x Labor 0.004 0.008* -0.032*** -0.017
(0.004) (0.005) (0.010) (0.020)
Controls
Past Flood -0.108 0.107 0.298 0.226
(0.273) (0.243) (0.240) (0.229)
Past Drought -0.089 -0.042 -0.044 -0.045
(0.064) (0.060) (0.059) (0.059)
Current Flood 0.777** 0.431 0.525** 0.627***
(0.338) (0.406) (0.254) (0.231)
Current Drought 0.081 0.068 0.103* 0.111*
(0.065) (0.060) (0.060) (0.059)
N 5507 5507 5507 5507

Notes: Notes: Household fixed effect model is employed. Robust standard errors clustered by
household in parentheses. The same set of controls as in Table 2 are included but not reported.
Year and household fixed effects are included but not reported. Rainfall shock variables are also
included but not reported. *** denotes significance at 1% level, ** at 5% level, and * at 10%
level. 1, 2, 3Those coefficients are dropped in household fixed effect model. In CRE model, the
coefficient for * and 2 are both insignificant, and the coefficient for 2 is again dropped.
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to worsen child nutritional status. Lastly, a longer working time in farm employment
in response to the drought event in the previous year and the flood event in the current
year is likely to worsen child nutritional status. In summary, our results suggest that,
while off-farm labor in response to extreme rainfall events is likely to mitigate the
decline in child health, on-farm labor in response to extreme rainfall events may
worsen child nutritional status. In other words, even in the case of extreme rainfall,

off-farm labor can be a household coping strategy against a rainfall shock.

A.23  Surveytiming

Although the survey was conducted mainly during the Rabi season, the date of interview
varies between households. Unfortunately, interview date information is not available, thus
we cannot control for survey timing differences. In this section, we construct the rainfall
shock variables for the first month of the Rabi season (i.e., November) and the first and
second months of the Rabi season (i.e., November and December) to investigate our
findings more. Table A9 summarizes the impacts of rainfall shocks on the WAZ score
(Columns (2) and (3)) and prevalence of diarrhea (Columns (5) and (6)). In Column (2),
both positive and negative November rainfall shocks are positively and significantly
associated with the WAZ score. However, both positive and negative November—
December rainfall shocks are not significantly associated with the WAZ score in Column
(3). This implies that there are heterogeneous impacts of different timing of rainfall even
within the same season. Further research on the mechanism through which each rainfall
timing influences child health differently would be our future work. Regarding the impact
on diarrhea prevalence, we did not find any significant impact of different rainfall timings.

The possible explanation for this result is that diarrhea prevalence is sensitive to current
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rainfall and November and December rainfall is not important for diarrhea prevalence of

households that have an interview after December.

A.2.4  Other coping strategy against rainfall shocks

As an ex-post strategy, this paper focuses on household labor reallocation in
response to a rainfall shock. However, there are other strategies that households can
employ in the aftermath of a shock. In this section, we analyze the adaptation of total
labor time change, migration, and livestock sale following rainfall shocks, as well as
their mitigating impacts. Total labor time is measured as the total working time of
all types of labor activities for the past 7 days at both the household and maternal
levels. The migration strategy is captured by a dummy variable that equals 1 if any
of the household members has been a migrant currently and 0 otherwise.*®

Livestock sale is measured as the total value of the sale of livestock for the last
12 months (1,000 Bangladesh Taka). First, we investigate the changes in the
household coping strategy in response to rainfall shocks. Then we analyze the
mitigating impacts of each coping strategy. The results are summarized in Tables
Al4 and A15, respectively.

Column (1) in Table Al4 shows that at the household-level total labor time
decreases significantly in response to more rainfall than historical average rainfall in
the previous year and also in response to more rainfall than historical average rainfall
in the current year. At the maternal level, the total labor time decreases significantly

in response to more rainfall than historical average rainfall in the survey year but

15 This variable is constructed based on the following question: Has anyone, who was a member of your
household in the last baseline survey, currently a migrant (living away for 6 months or more) within the
country (but not in same upazila) or abroad?
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Table Al4: Other coping strategies in response to prior and current rainfall shocks

1) @ ©) (4)
Total HH labor  Total maternal labor Migration  Livestock sale
Past
Positive past rainfall shock -33.429*%** -4.609 -0.168** -25.409*
(10.060) (3.364) (0.074) (14.717)
Negative past rainfall shock -2.738 1.202 -0.034 1.579
(5.619) (1.680) (0.050) (5.987)
Current
Positive current rainfall shock -17.269* -7.105**
(9.022) (3.338)
Negative current rainfall shock 4.094 2.976***
(2.682) (0.750)
Controls
Past temperature shock 30.202 5.159 -0.235 35.694
(49.962) (16.917) (0.286) (41.311)
Current temperature shock 17.435 3.869
(31.219) (10.667)
N 5508 5507 5286 5508

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District, year,
and household fixed effects are included but not reported. *** denotes significance at 1% level,
** at 5% level, and * at 10% level.

Table A15: Mitigating impacts of other coping strategies

(1) @ 3) (4)
Strategy Total HH labor  Total maternal labor Migration  Livestock sale
Strategy -0.001 -0.003 0.038 0.000
(0.001) (0.005) (0.177) (0.001)
Positive past x Strategy -0.006 0.004 0.039 0.012
(0.006) (0.017) (1.720) (0.017)
Negative past x Strategy -0.000 0.000 -0.030 0.001
(0.001) (0.005) (0.169) (0.001)
Positive current x Strategy 0.000 -0.012 -0.683** -0.001
(0.004) (0.010) (0.282) (0.002)
Negative current x Strategy 0.001 0.002 0.017 -0.000
(0.001) (0.003) (0.117) (0.000)
N 5508 5507 5286 5508

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. District, year,
and household fixed effects are included but not reported. Rainfall shock variables are also
included but not reported. ** denotes significance at 5%.
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significantly increases in response to less rainfall than historical average rainfall in
the survey year (Column (2)). Those results correspond with the labor allocation
results in Table 3.1°

In other words, a household is likely to change total working time to change a
specific form of labor time, rather than changing the allocation of working time to each
form of labor. However, we also analyze the mitigating impact of changing total
labor time. Columns (1) and (2) in Table A15 indicate that the total change in labor
at both the household and maternal levels does not influence the associations between
rainfall shocks and the WAZ score. As a result, we conclude that, in order to mitigate
the negative impacts of rainfall shocks on child nutritional status, the type of labor that
a household changes is important, but total labor time is not.

Regarding the analysis of migration and livestock sale, we only include past
rainfall shocks because migration and livestock sale decisions are already made
before the main cropping season in the survey year. In Table A14, Column (3) shows
that households with more rainfall the previous year are less likely to have a migrant.
This result is consistent with previous literature because migration is one of the major
coping strategies for farmers against negative shocks on agricultural production. If
a household receives adequate rainfall, agricultural yields are likely to increase,
reducing the need for a migrant to supplement income. However, Column (3) in
Table A15 shows that migration does not have a role in improving child nutritional

status in the face of rainfall shocks. Instead, migration is even negatively associated

16 Household-level off-farm employment and on-farm self-employment decrease in response to positive past
rainfall shock, and household-level off-farm self-employment decreases in response to positive current rainfall
shock. Maternal off-farm employment decreases in response to positive current rainfall shock, while increase in
response to negative current rainfall shock.
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with the impact of positive current rainfall shock on child nutritional status. The bias
in sample selection is a concern in migration analysis. Migration is classified into
two types. One is that all household members leave rural areas. In this case, such
households are removed from our sample, and we will not be able to observe themin
the subsequent survey. However, because we confirm that attrition is random, this
would not be a problem. The other is that some members migrate but the family lives
in the same neighborhood. In this case, the capacity of household labor (e.g., the
number of workers) is altered, which may result in labor allocation self-selection.
Although a migrant’s remittance can capture the labor capacity of the migrant and
control the effect of the migrant, the information about remittance in our data has
many missing values. Thus, we cannot use it in our estimation. Alternatively, we
consider labor wage and the working capacity of each household: that is, daily wage
of employment labor and the number of working-age (older than 12 years old)
household members. We add them to the estimation as controls. Results are
summarized in Tables A16 and Al7, and we confirm that the results of labor
reallocation and labor-mitigating impacts do not change after controlling for the
labor wage and working capacity.

In Column (4) in Table A14 shows that households that receive more rainfall in the
previous year tend to decrease livestock sales. This result makes sense since if there
is adequate rainfall, households have enough agricultural yields, and they do not
need to sell their livestock in order to purchase additional foods. However, as shown
in Column (4) of Table A15, livestock sales have no effect on the associations

between rainfall shocks and WAZ score. As a result, we conclude that livestock sales
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Table A16: Labor change in response to prior and current rainfall shocks by controlling for working capacity

@) &) ®3) 4) ©) (6) ) )
HH HH HH HH Mother Mother Mother Mother
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp. Off, Self-emp. Off, Emp. On, Self-emp.  On, Emp.
Past
Positive rainfall shock -8.600 -13.890** -8.471* 1.039 3.804 -5.859** -2.707** -0.136
(7.147) (6.683) (5.037) (2.639) (2.433) (2.500) (1.176) (0.593)
Negative rainfall shock 0.985 -1.457 -0.509 0.080 0.370 0.806 -0.088 -0.037
(4.311) (3.964) (3.290) (1.230) (1.065) (1.420) (0.266) (0.383)
Current
Positive rainfall shock -12.074* -8.206 1.354 3.622 -1.410 -5.008** -1.510 0.660
(7.240) (5.546) (5.008) (2.818) (2.615) (2.067) (0.981) (0.607)
Negative rainfall shock 2.034 2.529 0.502 -0.790 0.617 2.118*** 0.210 0.016
(2.060) (1.599) (1.773) (0.754) (0.528) (0.540) (0.223) (0.118)
Controls
HH Daily wage (TK): Off farm, Emp. -0.041*** 0.093*** -0.012** -0.003 -0.000 0.001 0.000 0.000
(0.006) (0.006) (0.005) (0.002) (0.001) (0.002) (0.001) (0.000)
HH Daily wage (TK): On farm, Emp. -0.042*** -0.019*** -0.020*** 0.101*** 0.001 -0.003* -0.000 0.004***
(0.006) (0.004) (0.005) (0.005) (0.002) (0.002) (0.001) (0.001)
Working capacity 3.386*** 4.794%** 2.401* 0.075 -0.445** -0.399 -0.009 -0.029
(1.267) (1.478) (1.350) (0.216) (0.190) (0.421) (0.058) (0.040)
Past temperature shock 59.886 15.396 -19.734 -9.289 -5.191 11.017 -7.028 5.032
(38.976) (36.539) (27.839) (11.800) (11.938) (11.839) (5.394) (3.158)
Current temperature shock -27.391 12.104 18.718 0.584 0.940 -0.308 6.210* -1.865
(23.289) (20.016) (16.073) (8.633) (7.553) (7.114) (3.518) (1.635)
N 5508 5508 5508 5508 5507 5507 5507 5507

Notes: The unit of outcome is hours per week. Columns (1) to (4) employ labor hours at household level, and column (5) to (8) employ labor hours of
mother (individual level) as outcome variables. Household fixed effect model is employed. Robust standard errors clustered by household in parentheses.
The same set of controls as in Table 2 are included but not reported. District, year, and household fixed effects are included but not reported. *** denotes

significance at 1% level, ** at 5% level, and * at 10% level.



Table A17: Mitigating impacts of maternal labor time by controlling for working capacity

1) (2) 3) 4
Off, Self-emp. Off, Emp. On, Self-emp. On, Emp.
Maternal Labor hours -0.018*** 0.001 0.063*** 0.079***
(0.006) (0.006) (0.016) (0.019)
Positive past x Labor 0.018 0.059 0.003
(0.019) (0.045) (0.063)
Negative past x Labor 0.012** -0.004 -0.036* -0.039*
(0.005) (0.006) (0.021) (0.018)
Positive current x Labor -0.010 0.003 -0.050 -0.085**
(0.017) (0.013) (0.035) (0.043)
Negative current x Labor -0.000 0.005 -0.025* -0.015
(0.004) (0.004) (0.015) (0.016)
Past
Positive rainfall shock 0.281 0.295 0.367 0.374*
(0.258) (0.227) (0.225) (0.216)
Negative rainfall shock -0.216* -0.132 -0.146 -0.134
(0.126) (0.122) (0.120) (0.117)
Current
Positive rainfall shock 0.080 0.076 0.079 0.081
(0.230) (0.220) (0.208) (0.203)
Negative rainfall shock 0.180*** 0.153** 0.192*** 0.186***
(0.064) (0.063) (0.062) (0.062)
N 5507 5507 5507 5507

Notes: Household fixed effect model is employed. Robust standard errors clustered by household in
parentheses. The same set of controls as in Table 2 are included but not reported. District, year, and household
fixed effects areincluded but not reported. Rainfall shock variables are also included but not reported. ***
denotes significance at 1% level, ** at 5% level, and * at 10% level. The coefficient of Line 2 in Column (4)
is dropped in householdfixed effect model. CRE model shows that the coefficient is insignificant.

cannot be used as a coping strategy against rainfall shocks in the context of child
health. In conclusion, we confirm that maternal labor reallocation is more effective
than other strategies for improving child health under rainfall shocks as an ex-post

coping strategy.

A.2.5 Alternative measurements of child nutrition status

In this section, we analyze the impacts of rainfall shocks on child undernutrition

captured by other measures: underweight, weight for height z-score (WHZ), wasting,



height for age z-score (HAZ), and stunting.*’

Those measurements were calculated based on the 2006 WHO growth standards.
Underweight, wasting, and stunting are defined as dummy variables, which equal 1 if
the WAZ, WHZ, and HAZ scores are less than —2 standard deviations, respectively.
Column (1) in Table A18 shows that higher past rainfall and lower current rainfall
significantly decrease the occurrence of underweight, which is consistent with the
WAZ score. In other words, recent rainfall shocks tend to influence not only the
severity but also the occurrence of child underweight. However, while we do not find
significant impacts of rainfall shocks on the WHZ score (Column (2)), we do find
evidence of the same patterns of rainfall impacts on child health measured by wasting

dummy, HAZ score, and stunting dummy (Columns (3), (4), and (5)).

Given our findings, we finally check labor-mitigating impacts using an
underweight dummy, a wasted dummy, and a stunted dummy. The results are
summarized in Table A19. We find consistent results of labor-mitigating impacts for
underweight. That is, on the one hand, off-farm maternal labor can decrease the
occurrence of undernutrition caused by rainfall shocks, while longer working hours
can directly increase the occurrence. On the other hand, on-farm maternal labor can
accelerate the occurrence of undernutrition due to rainfall shocks, despite the
positive direct impact of on-farm working time. One exception is that a longer
working time for farm self-employment after more rainfall than the historical
average in the previous year is likely to have a positive impact on child nutritional

status. This result implies that self-employment on farms would be associated with

17 Stunting captures chronic nutritional deficiency, while wasting is a acute nutritional deficiency
measure. Underweight is a composite measure of both chronic and acute deficiencies. (Croft, Trevor
N., Aileen M. J. Marshall, Courtney K. Allen, et al. 2018. Guide to DHS Statistics. Rockville, Maryland,
USA: ICF.)



the negative impact of rainfall shock on child nutritional status, especially through
the path of the disease. Regarding wasting, we find a similar trend of labor impacts
on the association between past rainfall shocks and child nutritional status.
Regarding stunting, we find a similar trend of labor impacts only for off-farm labor
and not for on-farm labor. The plausible explanation is that because our labor
variables are based on labor data from the previous seven days, the recall period of
our labor variables is the last seven days, which is too short to influence stunting

occurrence.

Table A18: The effect of rainfall shock on child undernutrition: Different measures

@ @ 3) (4) ©)
Underweight WHZ  Wasted HAZ Stunted

Past

Positive past rainfall shock -0.207* 0.174  -0.076 0.425 -0.095
(0.107) (0.282) (0.090) (0.313) (0.122)

Negative past rainfall shock 0.057 0.197 -0.080* -0.556*** 0.149**
(0.059) (0.155) (0.048) (0.179) (0.061)

Current

Positive current rainfall shock -0.070 0314 -0.120 -0.267 0.191*

(0.106) (0.276) (0.086)  (0.302)  (0.102)
Negative current rainfall shock -0.056* 0.037 -0.003 0.250***  -0.014
(0.030) (0.077) (0.023)  (0.086)  (0.032)

N 5508 5488 5488 5495 5495

Notes: Household fixed effect model is employed. Robust standard errors clustered by household
in parentheses. The same set of controls as in Table 2 are included but not reported. Year and
household fixed effects are included but not reported. but not reported. *** denotes significance
at 1% level, ** at 5% level, and * at 10% level.



Table A19: Mitigating impacts of maternal labor time: other child health variables

Panel A
Underweight Off, Self-emp.  Off, Emp.  On, Self-emp.  On, Emp.
Maternal Labor hours 0.006** 0.003 -0.015* -0.006
(0.003) (0.002) (0.009) (0.012)
Positive past x Labor -0.000 -0.044** -0.046*** !
(0.008) (0.020) (0.017)
Negative past x Labor -0.006** -0.000 0.002 0.005
(0.003) (0.002) (0.008) (0.009)
Positive current x Labor 0.002 -0.005 0.029** 0.003
(0.008) (0.008) (0.013) (0.008)
Negative current x Labor 0.002 -0.003* 0.012* -0.008
(0.002) (0.002) (0.006) (0.007)
N 5507 5507 5507 5507
Panel B
Wasting Off, Self-emp.  Off, Emp.  On, Self-emp.  On, Emp.
Maternal Labor hours 0.003 -0.003 -0.010 -0.020***
(0.003) (0.002) (0.011) (0.007)
Positive past x Labor -0.007 -0.040** 0.016 2
(0.009) (0.019) (0.013)
Negative past x Labor -0.004 0.002 0.003 0.011*
(0.003) (0.002) (0.009) (0.006)
Positive current x Labor 0.003 0.006 0.014 0.023
(0.012) (0.008) (0.0112) (0.023)
Negative current x Labor 0.001 -0.001 0.003 0.002
(0.002) (0.001) (0.004) (0.006)
N 5494 5494 5494 5494
Panel C
Stunting Off, Self-emp.  Off, Emp.  On, Self-emp.  On, Emp.
Maternal Labor hours 0.006* 0.003 -0.002 0.007
(0.004) (0.003) (0.012) (0.012)
Positive past x Labor -0.002 0.003 -0.037 8
(0.009) (0.023) (0.038)
Negative past x Labor -0.007** 0.002 -0.001 -0.003
(0.003) (0.003) (0.011) (0.006)
Positive current x Labor -0.005 -0.004 0.008 -0.008
(0.007) (0.007) (0.014) (0.019)
Negative current x Labor 0.005** -0.003* 0.006 -0.003
(0.002) (0.002) (0.006) (0.013)
N 5494 5494 5494 5494

Notes: Household fixed effect model is employed. Robust standard errors clustered by household in
parentheses. The same set of controls as in Table 2 are included but not reported. Year and household
fixed effects are included but not reported. Rainfall shock variables are also included but not reported.
*** denotes significance at 1% level, ** at 5% level, and * at 10% level. 1, 2, *Those coefficients are
dropped in both fixed effect model and CRE model.
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