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Abstract

Health-related investments during infancy and childhood, such as breastfeeding,
can play a major role in human capital development. Medical literature suggests
parents’ health is a crucial determinant of successful breastfeeding and infants’
ability to latch on and accept breastfeeding. While direct exposure to environmen-
tal hazards (industrial disasters) has affected individuals’ respiratory, reproductive,
and neurological health, little is known about the intergenerational effects of these
health hazards. In this paper, we exploit how men’s exposure to a catastrophic in-
dustrial disaster in India, the Bhopal Gas Disaster, affected their children’s health.
Using the NFHS-4 data, our results indicate a significant decrease in breastfeeding,
including a reduced likelihood of being breastfed within an hour of birth and for
three months after birth. We postulate the underlying mechanism to be the com-
promised health of the fathers and supplement these results with the health of the
mothers. Our paper is one of the very few that contribute to the scant literature
on the long-lasting intergenerational effects of exposure to industrial disasters.
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1 Introduction

Investments in infancy and childhood are vital for an individual’s long-term human capi-

tal development and resulting economic conditions. These are often also impacted through

intergenerational transmission of parents’ human capital (Almond, Currie, & Duque, 2018;

Almond & Currie, 2011a, 2011b; Black & Devereux, 2011; Cunha, Heckman, & Schen-

nach, 2010; Cunha & Heckman, 2007; Case, Lubotsky, & Paxson, 2002). Among many,

breastfeeding, including the duration of breastfeeding, plays a crucial role in early childhood

development. The World Health Organization (WHO) recommends initiating breastfeeding

within the first hour of birth and that a child be exclusively breastfed for the first 6 months,

after which it should be supplemented with other sources of nutrition.1,2 Optimal breast-

feeding is associated with lower infant and child mortality (Arthi & Schneider, 2021; Keskin,

Shastry, & Willis, 2017), lower probability of gastro-intestinal and dermatological infections

(Kramer et al., 2001), as well as better cognitive ability in early and later life (Fitzsimons &

Vera-Hernández, 2022; Krol & Grossmann, 2018; Rothstein, 2013; Kramer et al., 2008).

Additionally, the duration of breastfeeding before weaning the child is an important marker

for optimal breastfeeding. Jayachandran and Kuziemko (2011) find future desired fertility a

reason for early weaning, an effect larger for girls in families with unrealized son-preference.

Other factors include women’s education levels (Barrera, 1990; Demir, Ghosh, & Liu, 2020);

parental leave policies in the labour market (Jia, Dong, & Song, 2018; Kottwitz, Oppermann,

& Spiess, 2016); social perceptions regarding breastfeeding practices (Bicchieri, Das, Gant,

& Sander, 2022) and availability of breast-milk substitutes such as baby-formula (Demir et

al., 2020; Yue et al., 2023).
1More details on WHO guidance on breastfeeding can be found on the following link: www.who.int/news-room/fact-sheets/

detail/infant-and-young-child-feeding
2In May 2012, many countries endorsed the “Comprehensive implementation plan on maternal, infant and young child

nutrition”, implemented and monitored by WHO, targeting achievement of 50 percent exclusive breastfeeding among 0-6 months
old infants by 2025. In 2021, this number was estimated at around 44 percent, leaving significant ground to be covered for
universal coverage. Moreover, globally, among children under 5 years, over 820,000 deaths could be prevented annually by
optimal breastfeeding in the first two years of life (Victora et al., 2016). Thus, while breastfeeding has been extensively
studied as a mechanism leading to better socio-economic and health outcomes, the dismal progress in achieving optimal rates
in breastfeeding warrants further investigation.

1

www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding


Another potential determinant of breastfeeding duration is the health of the parents as

well as the infants. While literature has heavily focused on the breastfeeding outcomes

through the channel of mothers, some studies have highlighted the importance of accounting

for paternal health as a factor in children’s health outcomes(Kotelchuck, 2022; Azuine &

Singh, 2019). In this study, we explore how breastfeeding outcomes are affected when par-

ents are exposed to an exogenous shock, such as an industrial disaster, during their childhood

(0-13 years of age). In 1984, a gas leak at the chemical pesticide plant operated by Union

Carbide India Limited (UCIL) in the district of Bhopal in Madhya Pradesh, India, exposed

around half a million residents to toxic levels of Methyl Isocyanate gas (Lal, 1996). The

Bhopal Gas Disaster (BGD), India’s deadliest industrial accident to date, had immediate

and long-term health consequences among the residents of Bhopal. Studies have docu-

mented that women suffered from spontaneous abortions, stillbirths, and other reproductive

irregularities (Ganguly, Mandal, & Kadam, 2018; P. Mishra et al., 2009; Cullinan, Acquilla,

& Dhara, 1996; Sathyamala, 1996). Men also suffered from lower education levels, and a

higher probability of being disabled, and unemployed due to exposure to the BGD(McCord,

Bharadwaj, Kaushik, McDougal, & Raj, 2021; Das & Dasgupta, 2022). Our study explores

parents’, specifically fathers’, exposure to the BGD on the duration of breastfeeding on their

children. We would like to note that this study does not diminish the importance of maternal

health on infants’ health. We rather attempt to establish the complementarity of the role of

paternal health on infants’ health through the lens of exposure to an industrial disaster.

Using a nationally representative dataset, National Family Health Survey (NFHS) 2015-

16, we devise an empirical strategy exploiting the interaction of two variations. Our first

source of variation is based on fathers’ exposure to the BGD: we compare children of fathers

born before BGD i.e. up to 1984 (directly exposed to the gas), to those born after BGD

i.e. 1985 onwards (refer to Figure 1). Second, we exploit spatial variation by comparing the

district of Bhopal (where BGD occurred) to the rest of the districts in the state of Madhya

Pradesh. Our empirical strategy is similar to that of Caruso (2017), who estimated the
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effects of natural disasters on human capital development in Latin America.

Our main findings suggest that children of fathers exposed to the BGD were breastfed for

approximately 2.4 fewer months than those not exposed. Additionally, children are 5 per-

centage points less likely to be breastfed within one hour of birth, and 2 percentage points

less likely to be breastfed for the first three months. We postulate that the main driver of

these results is the lower health status of fathers as a result of the gas leak and confirm that

this cohort was more likely to suffer from respiratory issues and have lower anthropometric

health measures. Our results are robust to a battery of tests addressing issues such as age

and gender-related heterogeneity in breastfeeding, in-utero effects, placebo effects, control-

ling for parents’ health and education, and others. We supplement our main estimation by

examining the intergenerational transmission through the mothers’ channel, and our results

are robust to this alternate strategy.3

Our study makes some important contributions to the literature on the socioeconomic

effects of industrial disasters. First, we contribute to a growing conversation on intergen-

erational transmission of health burdens, focusing on the impact of parents’ health status

on that of their children’s (Bevis & Villa, 2022; BjÖrkegren, Lindahl, Palme, & Simeonova,

2019; Lundborg, Nordin, & Rooth, 2018; Bharadwaj, Johnsen, & Løken, 2014; Bhalotra

& Rawlings, 2013). Second, we add to the relatively scant literature on intergenerational

consequences in the context of natural, industrial, and human-made disasters. While studies

have found that exposure to wars, nuclear testing, nuclear accidents, pollution, and other

similar events can have long-term negative impacts on the mental health, cognitive abilities,

and education of children of those affected by these disasters (Kiliç, Özgüven, and Sayil

(2003), Elsner and Wozny(2023), Colmer and Voorheis(2020), Black, Bütikofer, Devereux,

and Salvanes,(2019), Caruso (2017)), the intergenerational impact of these disasters, espe-
3We note that since we focus on the intergenerational transmission of health effects through the channel of the father, we

do not focus on the nutritional content and quality of breast milk, which depends on the mother’s health and care during
pregnancy, among other factors.
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cially industrial disasters, are understudied. Our paper provides evidence that the negative

health shock on parents affected by spills over to their children as well.

Lastly, our study presents insights into the long-run consequences of the BGD and com-

plements recent literature that examines marriage market outcomes, other health-related

outcomes, and economic outcomes due to exposure to the gas leak (Das & Dasgupta, 2022;

McCord et al., 2021; De et al., 2020; Ganguly et al., 2018; Ganguly, Mandal, & Kadam,

2017). The findings have important implications for public policy design, particularly in the

domain of human capital development and industrial disasters. Our findings provide insight

for policy decisions regarding feeding practices and supplemental nutrition for children taking

into account their parents’ health as a result of their exposure to dangerous industrial disas-

ters. While coping strategies for natural disasters are in place, these may not be well-defined

for industrial disasters especially in places with weak legal enforcement mechanisms. Addi-

tionally, the severe adverse effects of industrial disasters are likely to last longer than those of

natural disasters. Accounting for the environmental and long-run spillover effects on future

generations is important for appropriate compensation for individuals who continue to suffer.

The rest of this study is organized as follows - Section 2 lays out details of the Bhopal Gas

Disaster and related antecedent literature on its consequences for health and socio-economic

outcomes. Section 3 outlines the data and empirical strategy. Results, mechanisms, and

heterogeneous effects are presented in Sections 4 and 5, respectively. Section 6 presents ro-

bustness analysis and Section 7 concludes.

2 The Bhopal Gas Disaster (BGD)

On December 3, 1984, at approximately 1:00 AM Indian Standard Time, a malfunction at a

chemical pesticide plant in Bhopal, Madhya Pradesh, operated by Union Carbide India Lim-
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ited (UCIL), lead to toxic gas leaks into the atmosphere. Over 500000 people were exposed

to the chemical, Methyl Isocyanate (MIC), an intermediate product used in the production

of carbamate pesticides. A few months preceding the leak, the plant was operating only at

one-fourth capacity and was planned to be shut down due to a slowdown in pesticide de-

mand following farmer distress resulting from crop failures and famine in India (Shrivastava,

1987). Until arrangements to dismantle the plant were completed, it continued to operate

with sub-standard safety equipment and procedures (Eckerman, 2005). The leak is said to

have been triggered by the non-functioning of the safety device responsible for neutralizing

toxic discharge from the MIC system (Shrivastava, 1987).

Within hours of the leak, 3800 fatalities were reported in the vicinity of the UCIL plant

(MacKenzie, 2002; Fortun, 2001). The death toll within the first few days climbed to 10,000,

and an additional 15,000 to 20,000 deaths over the next two decades were attributed to

direct and indirect exposure to the gas leak (Sharma, 2005). Individuals reported ocular

anomalies such as eye irritation and cataracts (Cullinan et al., 1996; Andersson et al., 1990),

long-term chronic respiratory morbidity (De et al., 2020; Ganguly et al., 2018) and other

respiratory symptoms (Dhara & Dhara, 2002; Cullinan et al., 1996) and were more likely to

be afflicted with cancer (Ganguly et al., 2017; P. Mishra, Raghuram, Bunkar, Bhargava, &

Khare, 2015; Malla, Senthilkumar, Sharma, & Ganesh, 2011). Women suffered from adverse

reproductive health and fertility outcomes, including higher incidence of miscarriages, still-

births and neonatal mortality, menstrual abnormalities and premature menopause (Ganguly

et al., 2018; P. Mishra et al., 2009; Cullinan et al., 1996; P. Mishra et al., 2009; Sathyamala,

1996). Bhopal’s surviving population also experienced neurological symptoms and mental

health issues such as exhaustion and anxiety (Cullinan et al., 1996). Post-traumatic stress

from witnessing deaths and disease led to depression and dejection among children (Irani &

Mahashur, 1986). No systematic effort was made to alleviate the psychological stress caused

due to the gas leak (Basu & Murthy, 2003).
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Additionally, these negative health effects were exacerbated among those in-utero at the time

of the leak. Male children who were in-utero at the time of BGD had lower anthropometric

measures (Ranjan et al., 2003) and higher stunting (Sarangi et al., 2010). In-utero cohorts

experienced higher infant mortality in the five years following the gas leak (Sarangi et al.,

2010) and have a higher likelihood of being vulnerable to cancer as adults (McCord et al.,

2021). Additionally, residents in the region today continue to be subjected to groundwater

contaminated with toxins from the gas leak (B. Mishra & Banerjee, 2014) which has led to

gastrointestinal issues (Sourav, 2019).

Forty years since the disaster, hitherto unknown adverse consequences on human health

continue to be uncovered. In fact, there is a very thin strand of literature covering the

intergenerational consequences of BGD. Our study attempts to substantiate the literature

by presenting evidence of how ill-effects of direct exposure to BGD were transmitted to the

next generation.

3 Methodology

3.1 Empirical Strategy

To empirically estimate the effects of BGD, we exploit two plausibly exogenous variations

- the location of the event and the birth cohort of the father of a child. Our empirical

framework follows the approach similar to Caruso (2017) who exploits spatial and cohort

variation to estimate the long-term intergenerational effects of natural disasters in Latin

American countries over a hundred year time span. In our study, we first exploit the ge-

ographic variation in exposure to the gas leak - the district of Bhopal, the site of the gas

leak, is our treated district, whereas the rest of the state of Madhya Pradesh serves as our

control group. Second, we compare children of fathers prior to the BGD, up to 1984 (treated

group), with those whose fathers were born after BGD, 1985 onwards. Figure 1 provides

a visual representation of our cohort variation. We argue that fathers born before the gas
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leak were directly exposed to the disaster and may be the vessel of transmission of negative

health effects to their children compared to those fathers who were born after the disaster.

Figure 1: Father cohorts based on year of birth

This empirical strategy can be expressed as the following reduced-form regression specifica-

tion for child i of father f belonging to district d and birth-year t :

Yifdt = α0 + β1 · (Bhopald ∗BornBeforeBGDft) + β2 ·Xifdt + δd + γft + πit + ϵifdt (1)

where Yifdt is the outcome variable of interest, breastfeeding duration (months) for the child.

Bhopald is a dummy variable (=1) indicating whether district of residence is the BGD af-

fected Bhopal district. BornBeforeBGDft is a dummy variable (=1) for whether the father

f of child i was born before BGD (1960-84), and thus directly exposed to the gas leak.

The coefficient of interest is β1, which gives us the differential impact of fathers’ exposure

to the Bhopal Gas Disaster on their children’s breastfeeding outcomes. Xifdt is a vector of

control variables - child’s gender, age and sex of household head, household size, rural/urban

residence, caste (=1 for scheduled), and quintiles of wealth index of the household. District

of residence fixed effects (δd) capture time-invariant district characteristics such as regional

traditions and socio-economic conditions. δd also absorbs the Bhopald dummy. γft and πit

are fixed effects for birth-year of the father and the child, respectively, and control for any

age-related effects that are similar across districts. γft absorbs BornBeforeBGDft dummy.

Standard errors are clustered at the district level.
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3.2 Data

We use the 2015-16 round of the National Family Health Survey (NFHS-4), a nationally

representative survey that captures detailed information on the demographics and health

status of surveyed individuals and covers over 600000 households across the country. We

restrict our sample to the state of Madhya Pradesh (MP), where BGD occurred. Figure 2

shows a graphical representation of MP and its districts, with the shaded region highlighting

the district of Bhopal where BGD took place in 1984.

Figure 2: Districts of Madhya Pradesh

Our primary outcome variable of interest is breastfeeding outcomes of the child. Since the

unit of analysis in our study is the child, we use data from the children’s survey in NFHS-4

that collects information on the child’s birth year, gender and breastfeeding outcomes, such

as the duration of breastfeeding and the time elapsed between birth and first breastfeeding.

Specifically, we check whether a child born to a parent who was likely to be in Bhopal at

the time of BGD (1984) is breastfeed less than their counterparts. To distinguish whether

a parent was exposed to the gas leak or not, we ideally need two sources of identification.

First, we need the parents’ district of birth, thereby allowing us to place a person in or out

of Bhopal district at the time of BGD. However, since the NFHS only captures the place of

residence and does not record the place of birth, we rely on the former to identify the father’s
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district of exposure.4 Evidence suggests that migration after BGD was relatively low at less

than 10 percent (Dhara & Dhara, 2002), thus lending confidence in this identification.5 Sec-

ond, we need the father’s year of birth to identify the cohort that was directly exposed vs.

indirectly exposed to the BGD. While the survey does not capture the father’s year of birth,

we are able to extract information on the age of the father from the household survey data

and calculate the father’s year of birth. Lastly, we limit our analysis to the father cohort

aged 18-55 years (born 1960-97) at the time of the survey.

4 Results

In this section, we present the results from the empirical analysis described above. Our

primary outcome of interest is breastfeeding duration (in months). Table 1 presents the

estimates of the coefficient β1 from equation 1. Our preferred specification is in Column 6

which includes the full set of controls, and fixed effects for the district, and the year of birth

of the father and the child. We find that children of fathers who were directly exposed to the

gas leak are 2.5 months less likely to be breastfed than the reference group. The effect size

translates to around 14 % when compared to the mean breastfeeding duration in Madhya

Pradesh of 16.6 months. The coefficients are statistically significant at the 1% level.

One concern with our sample is that the cohort of fathers directly exposed to the BGD is

much older than the reference cohort that was born after the disaster. Given that fertility

and parents’ age are correlated, one might argue that our results are driven by some het-

erogeneity in the fertility characteristics of younger and older fathers. Although we control

for any such differences with fixed effects for father’s birth year, we also re-run regression

equation 1 for a sub-sample of father birth cohorts trimmed at both ends of BGD. Results
4Moreover, since there are high chances of post-marriage migration among women in India (Khalil & Mookerjee, 2019), we

cannot accurately identify the affected cohort of children through their mothers. Thus, we rely on the father cohort for our
empirical analysis since men are less likely to have migrated out of the district. Nevertheless, we run robustness checks through
the channel of the mother and present these results in Section 6.3

5Additionally, it is highly unlikely that there will be inward migration to the district of Bhopal after the disaster, something
we test for in Section 6.2.
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Table 1: Estimates of the impact of Bhopal Gas Disaster on children’s breastfeeding outcomes

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

Bhopald ∗BornBeforeBGDft -3.997∗∗∗ -3.885∗∗∗ -2.893∗∗∗ -2.573∗∗∗ -2.386∗∗∗ -2.382∗∗∗
(0.261) (0.268) (0.275) (0.203) (0.224) (0.218)

Observations 14,783 14,419 14,419 14,419 14,419 14,419

Dependent mean — 16.561 —

Controls No Yes Yes Yes Yes Yes
Father birth year fixed effects No No Yes No Yes Yes
Child birth year fixed effects No No No Yes Yes Yes
District fixed effects No No No No No Yes

Notes: All columns report results from regressions using NFHS-4 child data. The outcome variable, Breastfeeding duration
(months), in columns (1) through (6), measures the total number of months a child was breastfed by their mother. Results
are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. Each column reports results from regressions using
different combinations of fixed effects for the father’s and child’s birth years and for the district of residence, and control variables
indicated by ’Yes’ or ’No’ at the end of the table. Control variables include - the child’s gender, age and sex of household head,
household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at the
district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

are presented in Table 2. In Column (1), the sub-sample includes the 1975-94 birth cohort

representing a 20 year period while, in Column (2), we further trim the birth cohort to

1980-89 representing a 10 year period. This ensures that the cohorts are spread out evenly

on either side of the disaster in 1984. Our estimates are similar to our main results. Thus,

we are reasonably confident that father’s age is not confounding the results.

In Table 3, we present two additional results on breastfeeding outcomes using regression

equation 1. First, in Column (1), we show the point estimates for whether the child re-

ceived breastfeeding within 1 hour of birth. Second, in Column (2), we present estimates for

whether the child was breastfed consistently for at least 3 months. The results show that

children of directly affected fathers cohort are 5 percentage points less likely to be breastfed

within the first hour after birth and 2 percentage points less likely to be breastfed consis-

tently for at least 3 months after birth.
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Table 2: Results based on trimmed father birth cohort

Father’s birth cohort

1975-94 1980-89

(1) (2)

Bhopald ∗BornBeforeBGDft -2.292∗∗∗ -2.364∗∗∗
(0.215) (0.236)

Observations 13,547 9,023

Dependent mean 16.490 17.225

Notes: All columns report results from regressions using NFHS-4 child data. The outcome variable, Breastfeeding duration
(months), in columns (1) and (2), measures the total number of months for which a child was breastfed by her mother. Results,
the coefficients of the interaction term Bhopald ∗BornBeforeBGDft, in columns (1) and (2) are based on the sub-samples of
father’s birth cohorts of 1975-94 and 1980-89, respectively. All regressions include fixed effects for father’s and child’s birth years
and for district of residence and also the following control variables - child’s gender, age and sex of household head, household
size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at district level are
reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

5 Mechanisms and Heterogeneous effects

In the previous section, we presented evidence of a decrease in breastfeeding and the dura-

tion of the breastfeeding among children of fathers who were directly exposed to the BGD.

We posit that the main underlying channel for these results is compromised paternal health

which then negatively impacts children’s health. Below, we explore underlying mechanisms,

such as paternal health, to evaluate the pathways of the intergenerational transmission of

the effects of the toxic leak.

To conduct this exercise, we use the men’s survey from NFHS-4 which includes informa-

tion on the respondent’s anthropometric measures, and whether they were afflicted with any

respiratory issues, such as asthma. 6 Using these health indicators as outcome variables, we

run regressions with the same empirical strategy and independent variables as in equation

1, except for the child’s gender and birth year fixed effects. Standard errors are clustered at

district level.
6According to WHO, "asthma is a chronic lung disease affecting people of all ages. It is caused by inflammation and muscle

tightening around the airways, which makes it harder to breathe."
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Table 3: Estimates of the impact of Bhopal Gas Disaster on additional breastfeeding outcomes

Breastfed within Breastfed for
1 hour of birth at least 3 months

(1) (2)

Bhopald ∗BornBeforeBGDft -0.050∗∗∗ -0.020∗∗∗
(0.009) (0.004)

Observations 14,435 13,351
Dependent mean 0.689 0.965

Controls Yes Yes
Father birth year fixed effects Yes Yes
Child birth year fixed effects Yes Yes
District fixed effects Yes Yes

Notes: All columns report results from regressions using NFHS-4 child data. Breastfed within 1 hour of birth, in column (1), is
a dummy variable for whether a child was breastfed by her mother within 1 hour of birth. Breastfed for at least 3 months, in
column (2), is a dummy variable which measures whether a child was breastfed by her mother for at least 3 months. Results
are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. All regressions include fixed effects for father’s and
child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex of household
head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at
district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

Table 4 presents the results from this analysis. Fathers directly affected the toxic gas leak

are 1 percentage point more likely to exhibit asthma compared to the reference cohort. We

use arm circumference (MUAC) to examine the physical health and nutritional status of the

father.7 The coefficient is -0.28 centimeters which indicates poorer nutrition health among

the affected father cohort. These results suggest that fathers’ compromised health could be

the main explanation for the intergenerational transmission of adverse health outcomes.

In Table 1, we present results by splitting our sample based on the gender of children

to examine if there exists any heterogeneity in outcomes. We find large differences in effect

sizes between male and female children with most of the effect being on females (4.5 months)

with a smaller point estimate for males (0.5 months). This is not surprising as literature

has documented evidence suggesting that girls are weaned earlier than boys due to parents’

son preference which increases the likelihood of the mother becoming pregnant again while
7Mramba et al. (2017) and Roy and Sekher (2022) find that Mid Upper Arm Circumference (MUAC) is a reasonably accurate

indicator of nutritional status
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Table 4: Father’s health outcomes

Asthma Arm circumference
(1) (2)

Bhopald ∗BornBeforeBGDt 0.009∗∗∗ -0.279∗∗∗
(0.003) (0.067)

Observations 8990 8806
Dependent mean 0.012 26.055

Controls Yes Yes
Birth year fixed effects Yes Yes
District fixed effects Yes Yes

Notes: All columns report results from regressions using NFHS-4 men data. Asthma, in column (1), is a dummy variable for
whether the child’s father reported suffering from asthma. Arm circumference, in column (2), is an anthropometric health
indicator which measures the mid-upper arm circumference in centimeters (cm). Results are the coefficients of the interaction
term Bhopald ∗BornBeforeBGDft. All regressions include fixed effects for birth year and for district of residence and also the
following control variables - age and sex of household head, household size, rural/urban residence, caste, and quintiles of wealth
index of the household. Standard errors clustered at district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

the girl child is still very young and of breastfeeding age (Jayachandran & Kuziemko, 2011;

Barcellos, Carvalho, & Lleras-Muney, 2014; Aurino, 2017).

Additionally, we present variation in our results based on the father’s age at exposure at

the time of the disaster. De et al.(2020) investigate trends in long-term respiratory morbid-

ity across various age-cohorts exposed to the BGD and found that older cohorts exhibited

more extreme respiratory symptoms for a longer duration than their younger counterparts.

Following De et al.(2020), we divide our sample into three age-cohorts- 0-6, 7-12, and 13-18.

Our results suggest a greater negative impact on children born to fathers who were older

at the time of the exposure, i.e., they were breastfed less than those whose fathers were

relatively younger at the time of the disaster. These results children born to fathers who

were older at the time of exposure exhibit more severe impacts (were breastfed lesser) as

compared to those born to fathers who were exposed at a relatively younger age.
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Figure 3: Heterogeneity in effects by gender of the child

Note: In figure 3, we plot heterogeneity in effect size by the child’s gender. Coefficients β1 of Bhopald ∗BornBeforeBGDft

along with respective 95% confidence intervals for Breastfeeding duration (months) are on the vertical axis. The horizontal
dotted line indicates zero effect i.e. β1 = 0. All regressions include fixed effects for father’s and child’s birth years and for
district of residence and also the following control variables - child’s gender, age and sex of household head, household size,
rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors are clustered at the district level.

6 Robustness

In this section, we present results from robustness exercises to verify the reliability of our

estimates which show that children of fathers directly exposed to the Bhopal Gas Disaster,

by virtue of being alive and in Bhopal at the time of the gas leak, have adverse breastfeeding

outcomes.

6.1 Falsification

In out empirical strategy, we exploit the timing of the father’s birth to identify the inter-

generational effects of the Bhopal Gas Disaster. We compare the outcomes of children born

to the cohort of men born prior to 1984 to those whose fathers were born after 1984. Our

assumption is that the post BGD born father-cohort was not present at the time of the leak

and, hence, could not have been directly exposed. Thus, children born to this cohort should

not exhibit the same adverse breastfeeding outcomes than those born to the pre-BGD cohort

do. To test the validity of this assumption, we conduct the following falsification test. Using
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Figure 4: Heterogeneity in effects (by father’s age at exposure)

Note: In figure 4, we plot heterogeneity in effect size by the father’s age at time of BGD. Coefficients β1 of
Bhopald ∗BornBeforeBGDft along with respective 95% confidence intervals for Breastfeeding duration (months) are on the
vertical axis. The horizontal dotted line indicates zero effect i.e. β1 = 0. All regressions include fixed effects for father’s and
child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex of
household head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors
are clustered at the district level.

the cohort born in 1991-92 as the reference group, we create dummies for birth-cohorts in

2-year blocks such that the dummy takes value 1 for the fathers born in that 2-year block,

and 0 for fathers born in the 1991-92 block. For instance, for the 1977-78 cohort, the dummy

takes a value 1 for fathers born in 1977 or 1978, and 0 for those born in 1991 or 1992. We run

regressions using these dummies in place of BornBeforeBGDft in regression equation 1.

The outcome variable is Breastfeeding duration (months). Coefficients β1 from these regres-

sions along with 90% confidence intervals are plotted in Figure 5. Visually, we can see that

the estimates for father-cohorts born before the cut-off (BGD) are negative and statistically

significant, in line with our main results reported in Table 1, whereas, the coefficients for

father-cohorts born after the cut-off are statistically indistinguishable from zero. Therefore,

we have reasonable confidence that our empirical strategy is not picking the effect of some

other temporal variation other than BGD.
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Figure 5: Falsification : Breastfeeding duration (months)

Note: In this figure, the results from our event study are presented. The reference cohort is that of children whose fathers
were born in 1991-92. For instance, the plot for 1983-84 is from a regression with BornBeforeBGDft taking value 0 if the
father belongs to the reference cohort i.e. was born in 1991-92, and 1 if born in 1983-84. Father’s birth years are plotted on
the horizontal axis. Coefficients β1 from the regressions for Breastfeeding duration (months) are on the vertical axis
represented by the colored dots and the respective colored vertical line emerging upwards and downwards from the dots are
the upper and lower bounds, respectively, of the 95% confidence interval. The red colored horizontal line indicates zero effect
i.e. β1 = 0. All regressions include fixed effects for father’s and child’s birth years and for district of residence and also the
following control variables - child’s gender, age and sex of household head, household size, rural/urban residence, caste, and
quintiles of wealth index of the household. Standard errors are clustered at the district level.

6.2 Excluding Bhopal’s bordering districts

One concern is that a shock like BGD could have nudged the then residents of Bhopal to

migrate out of the district. Even though empirical evidence to the contrary exists (Dhara &

Dhara, 2002), the concern regarding migration is still non-trivial. Additionally, the direction

of the migration is likely to be out of Bhopal to its neighboring areas, rather than inward

migration into Bhopal (Das & Dasgupta, 2022). To test this, we run regression equation

1 by excluding districts that share their administrative borders with Bhopal.8 Estimates

from this exercise (Table 5) are similar to our main results (Tables 1 & 3) indicating that

migration is, potentially, not a big concern in our study.

8There are five such districts - Rajgarh, Vidisha, Sehore, Raisen, and Harda.
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Table 5: Estimates after excluding Bhopal’s bordering districts

Breastfeeding Breastfed within Breastfed for
duration (months) 1 hr of birth at least 3 months

(1) (2) (3)

Bhopald ∗BornBeforeBGDft -2.411∗∗∗ -0.051∗∗∗ -0.018∗∗∗
(0.235) (0.010) (0.004)

Observations 13,130 13,145 12,165
Dependent mean 16.594 0.687 0.965

Notes: All columns report results from regressions using NFHS-4 child data. Breastfeeding duration (months), in column (1),
measures the total number of months for which a child was breastfed by her mother. Breastfed within 1 hr of birth, in column
(2), is a dummy variable for whether a child was breastfed by her mother within 1 hour of birth. Breastfed for at least 3 months,
in column (3), is a dummy variable which measures whether a child was breastfed by her mother for at least 3 months. Results
are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. All regressions include fixed effects for father’s and
child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex of household
head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at
district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

6.3 Alternative empirical strategy - Mother birth cohorts

Another potential issue with our empirical strategy could be the use of father-cohorts for

estimating inter-generational effects. By and large, the effects on the next generation have

been studied through the maternal channel. However, as discussed earlier, due to high post-

marriage migration of women to their husband’s place of residence, and lack of data on place

of birth, an identification strategy based on mother’s cohort may not be ideal. However, as a

robustness test, we present estimates from an alternative empirical strategy using mother’s

birth-cohorts to identify affected child-cohorts. We follow the same pattern to identify moth-

ers’ cohorts as that of the fathers. In equation 1, the dummy BornBeforeBGDft takes value

1 for children of mothers born up to 1984 (BGD year), and 0 for post-BGD birth cohorts.

All controls and fixed effects remain the same as in equation 1, and we replace fathers’ birth

year fixed effects with that of mother’s birth year. Results (Table 6) suggest adverse breast-

feeding outcomes among children of potentially exposed mothers, similar to the estimates

from our original empirical strategy using father-cohorts.
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Table 6: Estimates based on Mother birth cohort

Breastfeeding Breastfed within Breastfed for
duration (months) 1 hr of birth at least 3 months

(1) (2) (3)

Bhopald ∗BornBeforeBGDft -3.888∗∗∗ -0.044∗∗∗ -0.033∗∗∗
(0.305) (0.012) (0.005)

Observations 14,419 14,435 13,351
Dependent mean 16.561 0.689 0.965

Notes: All columns report results from regressions using NFHS-4 child data. Breastfeeding duration (months), in column (1),
measures the total number of months for which a child was breastfed by her mother. Breastfed within 1 hr of birth, in column
(2), is a dummy variable for whether a child was breastfed by her mother within 1 hour of birth. Breastfed for at least 3 months,
in column (3), is a dummy variable which measures whether a child was breastfed by her mother for at least 3 months. Results
are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. All regressions include fixed effects for mother’s and
child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex of household
head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at
district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

6.4 Additional controls

We include additional controls to the ones specified in equation 1 to verify that our esti-

mates are robust to these new control variables. First, we control for the mother’s health

indicated by Body Mass Index (BMI).9 Since our empirical strategy is based on transmission

of health effects through the father, controlling for mother’s health lends more credibility to

our proposed channel - father’s health. Second, we control for the educational level of both

mother as well as father of a child since parents’ education, especially mother’s education,

is positively correlated with breastfeeding duration (CDC, 2020). Finally, we include fixed

effects for birth order of the child. Jayachandran and Kuziemko (2011) find that birth order

of a child also impacts the duration of breastfeeding. Higher order children are likely to be

breastfed for a longer duration as parents’ fertility preferences are closer to being met and

there is no hurry for the mother to wean the child to try for another child. We present these

results in Table 7 and find results similar to those presented in Table 1.

9For information on Body Mass Index (BMI), please refer the following website - US Centers for Disease Control and
Prevention (CDC)
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Table 7: Estimates after including additional controls

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

Bhopald ∗ Born Before BGDft -2.268∗∗∗ -2.300∗∗∗ -2.275∗∗∗ -2.447∗∗∗ -2.165∗∗∗
(0.214) (0.212) (0.218) (0.213) (0.202)

Observations 14,285 1,4419 14,317 14,419 14,185

Dependent mean — 16.560 —

Additional controls:
Mother’s Body Mass Index (BMI) Yes No No No Yes
Mother’s education No Yes No No Yes
Father’s education No No Yes No Yes
Birth order fixed effects No No No Yes Yes

Notes: All columns report results from regressions using NFHS-4 child data. The outcome variable, Breastfeeding duration
(months), in columns (1) through (5), measures the total number of months for which a child was breastfed by her mother.
Results are the coefficients of the interaction term Bhopald ∗ BornBeforeBGDft. All regressions include fixed effects for
father’s and child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex
of household head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Additionally,
controls are included as follows - mother’s Body Mass Index (BMI) in column (1), mother’s education in column (2), father’s
education in column (3), fixed effects for child’s birth order in column (4), and all of these in column (5). Standard errors
clustered at district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

6.5 Simulations with random assignment

To show that our results are not driven by some random variation between the district of

Bhopal and the reference districts in Madhya Pradesh, we conduct a test of randomization

following Bharadwaj et al.(2014). First, we randomly assign each child in our sample to

either Bhopal or reference districts with equal probability. With this random assignment,

we run regression equation 1 with breastfeeding duration as the outcome variable and record

the coefficient, β1, on the interaction term Bhopald ∗ BornBeforeBGDft. This process is

repeated 10000 times. The density of the 10000 recorded coefficients is then presented in a

histogram (Figure 6). In the graph, the breastfeeding duration (months) is on the horizontal

axis, while density is on the vertical axis. The vertical red line indicates the coefficient, β1,

of Bhopald ∗ BornBeforeBGDft reported in Table 1. In Figure 6, the random estimates

are distributed around zero while our point estimate lies much farther to the left indicating

that our empirical strategy is picking true variation that exists between Bhopal and other

districts due to BGD, and not some random variation.
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Figure 6: Simulated coefficients with random assignment to Bhopal

Note: The figure depicts the results from our test of random assignment. The outcome variable, Breastfeeding duration
(months), measures the total number of months for which a child was breastfed by her mother. Coefficients of
Bhopald ∗BornBeforeBGDft estimated through 10000 simulations are on the the horizontal axis and the density of the
estimated coefficients is on the vertical axis. The vertical line represents our actual estimate of the coefficient of
Bhopald ∗BornBeforeBGDft reported in Table 1. All regressions include fixed effects for father’s and child’s birth years and
for district of residence and also the following control variables - child’s gender, age and sex of household head, household size,
rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors are clustered at the district level.

6.6 Concerns regarding in-utero effects

The aftermath of the Bhopal Gas Disaster has had adverse effects on educational attainment,

employment outcomes, anthropometric measures, incidence of cancer, and infant mortality

for the cohort that was in-utero at the time of gas leak, as well as for the offspring of such

in-utero cohort (McCord et al., 2021; Sarangi et al., 2010; Ranjan et al., 2003). In this

study, we do not dissect the father cohorts based on their in-utero status as our objective is

to examine the consequences of direct exposure to gas leak for the children of the exposed.

Nonetheless, we address this issue by dropping the father cohort that was, potentially, in-

utero at the time of BGD, which is the birth cohort of 1985. Births between January 1985

and September 1985 are likely to qualify as being in-utero at the time of BGD in December
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1984. However, since we do not have data on the month of birth of the father, we drop

the entire birth cohort of 1985 from our sample and re-run regression equation 1 with this

new sub-sample. Results (Table 8) do not change significantly as compared to our primary

estimates.

Table 8: Estimates after excluding father cohort in-utero at BGD

Breastfeeding Breastfed within Breastfed for
duration (months) 1 hr of birth at least 3 months

(1) (2) (3)

Bhopald ∗ Born Before BGDft -2.432∗∗∗ -0.015 -0.028∗∗∗
(0.220) (0.009) (0.004)

Observations 12,774 12,786 11,815

Dependent mean 16.418 0.685 0.966

Notes: All columns report results from regressions using NFHS-4 child data. Breastfeeding duration (months), in column (1),
measures the total number of months for which a child was breastfed by her mother. Breastfed within 1 hr of birth, in column
(2), is a dummy variable for whether a child was breastfed by her mother within 1 hour of birth. Breastfed for at least 3 months,
in column (3), is a dummy variable which measures whether a child was breastfed by her mother for at least 3 months. Results
are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. All regressions include fixed effects for father’s and
child’s birth years and for district of residence and also the following control variables - child’s gender, age and sex of household
head, household size, rural/urban residence, caste, and quintiles of wealth index of the household. Standard errors clustered at
district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

6.7 Adjusting for heterogeneity in breastfeeding duration

Breastfeeding patterns may vary by the age of the parent as well as the child. Differences

over age may arise due to variation in labor-force participation, fertility levels and pref-

erences. Similarly, research finds differential breastfeeding preferences for boys and girls

(Jayachandran & Kuziemko, 2011). We have attempted to control for these sources of het-

erogeneity by using fixed effects for birth year of father and child as well as the child’s

gender, another method of addressing the problem at the source could be adjusting the out-

come variable - breastfeeding duration - for age and gender. This also addresses the issue

of continuing breastfeeding for children who were very young at the time of the survey by

measuring relative breastfeeding duration within age-cohorts. To facilitate interpretation of
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the results, breastfeeding duration was standardized to mean 0 and standard deviation 1. In

Table 9, we present results from various alternative ways of standardization of values - across

age cohorts of father (column 2), mother (column 3), and child (column 4). For comparison,

we also report results on the basis of standardized values of breastfeeding duration without

grouping by age and gender (column 1). We find similar results with some variation in mag-

nitude across specifications. For instance, when adjusted for gender and mother’s age, the

breastfeeding duration was 0.19 standard deviations smaller for the affected cohort.

Table 9: Estimates based on standardized breastfeeding duration

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

Bhopald ∗ Born Before BGDft -0.202∗∗∗ -0.170∗∗∗ -0.193∗∗∗ -0.128∗∗∗
(0.018) (0.017) (0.017) (0.019)

Observations 14,419 14,418 14,417 14,419

Controls Yes Yes Yes Yes
Father birth year fixed effects Yes Yes Yes Yes
Child birth year fixed effects Yes Yes Yes Yes
District fixed effects Yes Yes Yes Yes

Notes: All columns report results from regressions using NFHS-4 child data. The outcome variable is the standardized values
of breastfeeding duration. Various combinations of standardization are reported - ungrouped (column 1), grouped by child’s
gender and father’s age (column 2), grouped by child’s gender and mother’s age (column 3), and grouped by child’s gender
and child’s age (column 4). Results are the coefficients of the interaction term Bhopald ∗BornBeforeBGDft. All regressions
include fixed effects for father’s and child’s birth years and for district of residence and also the following control variables -
child’s gender, age and sex of household head, household size, rural/urban residence, caste, and quintiles of wealth index of the
household. Standard errors clustered at district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1.

7 Conclusion

We study the intergenerational effects of an industrial disaster, the 1984 Bhopal Gas Disaster,

on health outcomes, specifically on breastfeeding duration of children of exposed parents.

Using potentially exogenous spatial and temporal variations, we find evidence of reduced

duration of breastfeeding in children whose parents were exposed to the toxic gas leak. We

also find a smaller probability of being breastfed within an hour after birth as well as that

of being breastfed for 3 months after birth.
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In light of the the long-lasting effects of a one-time industrial disaster, our study provides

suggestive evidence highlighting the significance of examining the intergenerational spillover

effects, especially while determining monetary compensation. In the context of the Bhopal

Gas Disaster, the accused, UCIL, agreed to a compensation of USD 470 million. The Indian

government, on behalf of the survivors of BGD, countered the offer with a demand of USD

3.3 billion, seven times the original offer. However, UCIL refused to pay any more money.

In 2010, the government followed up on the matter with a demand of an additional USD 1.1

billion, arguing that “the initial compensation was based on incorrect figures and failed to

capture the enormity of damage caused to human lives and the environment." However, in

March 2023, the Supreme Court of India rejected this demand for additional compensation,

saying that the issue could not be “raked up three decades after the settlement10." Our find-

ings clearly indicate adverse consequences of the incident on subsequent generations. Poor

breastfeeding in infancy can significantly impact human capital formation among the af-

fected groups. Thus, while assessing losses and deciding legal compensation, it is important

to account for the intergenerational effects by either imputing the present value of losses

to future generations or by including a legal provision for additional compensation to be

determined in the future.
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A Appendix

A1 Descriptive statistics

Table A1: Sample means - Control variables

(1)

Controls (in equation 1):

Child’s gender (=1 if female) 0.476
(0.003)

Rural residence (=1 if rural) 0.759
(0.003)

Caste (=1 if SC/ST) 0.445
(0.003)

Sex of household head (=1 if female) 0.045
(0.001)

Age of household head 41.892
(0.099)

Household size 6.657
(0.019)

Wealth quintile (1 - poorest; 2 - poorer; 3 - middle; 4 - richer; 5 - richest) 2.698
(0.010)

Additional controls:

Mother’s Body Mass Index (BMI) 20.305
(0.023)

Mother’s education (0 - no education; 1 - primary; 2 - secondary; 3 - higher) 1.131
(0.007)

Father’s education (0 - no education; 1 - primary; 2 - secondary; 3 - higher) 1.517
(0.006)

Notes: This table reports the summary statistics of control variables used in various regressions throughout this study. Column
(1) reports the sample means for respective variables. Standard errors are reported in parentheses.
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Table A1: Sample means

District → Full sample Bhopal Rest of MP

Father’s birth cohort → Pre-BGD Post-BGD Pre-BGD Post-BGD

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

Outcome variables:

Breastfeeding duration (months) 16.561 15.528 15.617 18.948 15.043
(11.83) (10.751) (10.203) (12.731) (10.977)

Breastfed within 1 hr of birth 0.689 0.677 0.748 0.677 0.696
(0.463) (0.469) (0.436) (0.468) (0.46)

Breastfed for atleast 3 months after birth 0.906 0.898 0.922 0.924 0.895
(0.291) (0.304) (0.27) (0.265) (0.307)

Covariates:

Child’s gender (=1 if female) 1.443 1.449 1.435 1.423 1.456
(0.497) (0.499) (0.498) (0.494) (0.498)

Rural residence (=1 if rural) 1.741 1.134 1.261 1.679 1.797
(0.438) (0.342) (0.441) (0.467) (0.403)

Caste (=1 if SC/ST) 0.426 0.189 0.261 0.395 0.451
(0.494) (0.393) (0.441) (0.489) (0.498)

Sex of household head (=1 if female) 1.047 1.039 1.104 1.045 1.048
(0.211) (0.195) (0.307) (0.206) (0.213)

Age of household head 42.438 43.346 39.278 44.202 41.325
(14.552) (13.052) (15.768) (13.192) (15.264)

Household size 6.584 5.756 5.443 6.647 6.57
(2.86) (2.308) (2.586) (2.78) (2.916)

Wealth quintile (1 to 5) 2.812 4.346 4.000 2.948 2.685
(1-poorest; 5-richest) (1.463) (0.979) (1.084) (1.54) (1.393)

Mother’s Body Mass Index (BMI) 20.394 22.829 21.258 21.052 19.921
(3.416) (4.043) (3.843) (3.791) (3.036)

Mother’s education 1.199 1.78 1.496 1.144 1.221
(0 - none; 1 - pri.; 2 - sec.; 3 - higher) (0.989) (0.959) (0.921) (1.058) (0.939)

Father’s education 1.577 1.944 1.757 1.551 1.586
(0 - none; 1 - pri.; 2 - sec.; 3 - higher) (0.908) (0.826) (0.812) (0.992) (0.851)

Father’s age 30.177 35.74 27.652 35.849 26.455
(5.732) (4.183) (2.152) (4.326) (2.719)

Notes: This table reports the sample means of outcome variables and other covariates used in various regressions. Column 1
presents information for the full sample, Columns 2 and 3 for the district of Bhopal and Columns 4 and 5 present information
for the rest of the state of Madhya Pradesh. Pre-BGD represents the cohort of fathers born prior to the 1984 disaster and
are the (directly exposed group), whereas Post-BGD is the cohort of fathers born after the disaster (indrectly exposed group).
Standard deviations are reported in parentheses.
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Table A2: Father’s health outcomes

Cancer Heart disease
(1) (2)

Bhopald ∗ Born Before BGDft 0.012∗∗∗ 0.024∗∗∗
(0.001) (0.002)

Observations 8976 8989
Dependent mean 0.002 0.012

Controls Yes Yes
Birth year fixed effects Yes Yes
District fixed effects Yes Yes

Notes: All columns report results from regressions using NFHS-4 men data. Cancer and Heart disease, in columns (1) and
(2), respectively, are dummy variables for whether the child’s father reported suffering from these ailments. Results are the
coefficients of the interaction term Bhopald ∗ BornBeforeBGDft. All regressions include fixed effects for birth year and for
district of residence and also the following control variables - age and sex of household head, household size, rural/urban
residence, caste, and quintiles of wealth index of the household. Standard errors clustered at district level are reported in
parentheses. *** p<0.01 **p<0.05 *p<0.1.
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