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Abstract

Conflicts and climate hazards are among the main drivers of food insecu-
rity globally. Some of the most severe famines in modern history have oc-
curred in locations where conflict intersects with climate hazards, such as the
Ethiopian famine of the 1980s and more recent crises in Yemen and South
Sudan. Yet, existing research tends to focus on climate hazards and con-
flict as separate drivers of food insecurity, and there is limited systematic
evidence on their combined impact. We address this gap by investigating
the effect of the 2008 flood in Myanmar on medium-term food security in
the affected population, and testing the role of ongoing conflict in shaping
this impact. Preliminary findings reveal that the 2008 flood itself increased
food insecurity by 7-18%. However, this effect goes up by 61-106% for every
one standard-deviation increase in conflict experienced in a location that was
exposed to flood. In particular, children in conflict-affected areas displayed
lower weight and height for their age compared to children in non-exposed
locations. Our findings point to the importance of achieving and sustaining
peace as a valuable strategy for reducing local vulnerability to climate im-
pacts. These results may contribute to actionable insights for policymakers
to design disaster risk management and adaptation strategies that account
for the unique vulnerabilities of conflict-affected regions.
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1. Introduction

In 2023, 282 million people globally suffered from acute food insecu-
rity[53]. Violence and climate-related extremes — the two main drivers of
food crises [19] — have been on the rise in the past decade [63, 37], carrying
devastating effects on agricultural production, access to and prices of food,
undermining individuals’ ability to meet their food needs [e.g. 137, 133, 134].

As climate-related disasters grow in frequency and intensity, they heavily
impact economies, communities and livelihoods [49, 34]. Agriculture, deeply
reliant on weather and climate, is especially vulnerable, with recurrent dis-
asters threatening food security and the sustainability of food systems [11].
A growing literature has examined the effect of weather extremes on food se-
curity, and especially of flood events, the dominant type of extreme weather
events [e.g. 92, 100, 140]. These studies find that flood exposure is associated
with lower food consumption, and higher levels of hunger and malnutrition
(140, 100, 92], with potentially long-lasting consequences for the health and
well-being of exposed individuals [39]. Existing studies also point to the nega-
tive effects of armed conflict on food security, both in the short and long term
[113]. Conflicts destruct and disrupt crop harvests and land [43], deteriorate
local income, labor, and means of production [129, 38], impair food markets
and agricultural output [42, 2], cause spikes in food prices [42] and overall
increase the risk of hunger and malnutrition, with long-lasting consequences
for exposed populations, and especially infants and children [86].

Previous research has not only estimated the negative impacts of armed
conflict and flood events on food security; they have also highlighted how
these impacts vary over space and across groups, enabling considerable progress
in enhancing preparedness and humanitarian relief. Despite this progress, the
existing literature tends to study each of these drivers of food insecurity in
isolation, thus overlooking the possible compound effects of armed conflict
and weather-related hazards. As some of the most severe food crises have
occurred in locations exposed to both violence and climate-related extremes
8], understanding how these shocks interact and combine is fundamental to
improve the effectiveness of monitoring, early warning, and relief programs
and thus minimize the risk of widespread food insecurity and famines.

The present paper aims at improving our understanding of the compound
effect of exposure to armed conflict and flood on food insecurity. To this end,
we present a novel theoretical framework that illustrates how armed conflict
amplifies the impacts of flood on food insecurity on the individual level. We



focus on the effect of cyclone Nargis that hit Myanmar in 2008, with human
costs that were unprecedented in the history of the country. Although the
extent of the inundated area in 2008 was lower than previous floods in the re-
gion — the flood that hit Myanmar and Bangladesh in 2003 covered a 10 times
wider area — Nargis claimed considerably higher deaths [124] and caused se-
vere impacts on food security [108]. This was partially due to exposure, as
the flood hit a coastal area that was densely populated (Figure 1). How-
ever, the extent and duration of the 2008 flood, along with the population
exposed, cannot fully explain its devastating impacts. We argue that these
impacts were primarily driven by a lack of preparedness and heightened vul-
nerability resulting from armed conflict, which amplified the negative effects
of the flood on food insecurity by damaging critical infrastructure, increasing
displacement, heightening vulnerability, and reducing coping capacity.

We combine sub-national data on armed conflict, satellite-derived infor-
mation on flood extent and exposure, and survey data on food insecurity to
investigate the role of conflict in exacerbating the impact of the 2008 flood
on food insecurity. We find that the 2008 flood increased food insecurity by
7%-18%. However, this effect soars to 61%-106% if a location is concurrently
exposed to armed conflict and its severity increases by one standard devia-
tion. In particular, children in conflict-affected areas displayed considerably
lower weight and height for their age compared to children in non-exposed
locations. These effects are long-lasting, as evident in the impact of flood
and armed conflict on children’s height seven years after Nargis.

Our findings contribute to the literature in three key ways. First, we
provide robust empirical evidence for the role of armed conflict exposure in
shaping the effect of floods on food security, breaking the disciplinary silos
that characterize existing analyses of food crises. Further, we utilize spa-
tially and temporally disaggregated data to capture localized dynamics and
variations. High-quality satellite data on flood extent enable us to estimate
exposure at the sub-national level, going beyond traditional country-level as-
sessments of food systems [40]; systematic, granular information on armed
conflict fatalities and duration allow us for a more nuanced assessment of
the impacts of violence, beyond large-scale and high-intensity wars which
are over-represented in the literature [40]. Lastly, our focus on Myanmar
overcome the traditional ‘African bias’ observed in both peace and conflict
and food research [60, 40].

In line with SDG16 advocating for peace, justice, and strong institutions,
our findings point to the importance of achieving and sustaining peace as a



valuable strategy for reducing local vulnerability to floods, and minimizing
food insecurity in flood-affected locations. As extreme weather events are
anticipated to become increasingly frequent [63], policymakers require solid
scientific insights in different temporal and spatial contexts to tailor effective
disaster risk management and adaptation strategies — such as those involving
infrastructure, technology, management, and insurance. These measures are
essential to safeguard the most vulnerable populations and support global
food security.

The remainder of the paper is organized as follows: in the first section,
we review the literature examining armed conflict and weather extremes as
drivers of food insecurity; next, we present our theoretical framework that
connects exposure to floods, exposure to violence, and increased food inse-
curity. The following subsection briefly introduces the case of Myanmar and
presents the data and methods employed in the analysis. The final sections
discuss the results and conclude.

2. Literature review

Flooding and armed conflict are critical drivers of food insecurity, each
with distinct yet interconnected impacts on agricultural production, liveli-
hoods, and access to food. Here we present a brief overview of key findings
in the literature on the individual impacts of flooding and armed conflict on
food insecurity.

2.1. Flooding and food insecurity

Climate change alters the timing, duration, and intensity of seasonal rain-
fall, amplifying variability in river flows and increasing the frequency and
intensity of floods [51, 125, 48]. The effect of flood on food security is highly
heterogeneous, and dependent on localized dynamics such as losses in subsis-
tence crop production, damage to infrastructure or livelihoods, and issues like
waterborne diseases and poor sanitation that impair food utilization [101].
Flood exposure therefore has significant yet heterogeneous implications for
food security.

Flooding is already the most widespread environmental hazard globally,
and projections indicate that the proportion of people exposed to floods will
continue to rise due to climate change [75]. Indeed, using satellite imagery
to estimate flood and population exposure for over 900 flood events between
2000 and 2018, Tellman et al. [124] find that between 255 and 290 million
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people were directly affected by floods. Also, Reed et al. [100] investigate
to what extent flooding affects food security levels in Africa, and find that
approximately 12% of people experiencing food insecurity between 2009 and
2020 were affected by flooding.

Floods directly reduce food availability by destroying crops and livestock,
eroding soil quality, and damaging agricultural infrastructure such as irriga-
tion systems and farmland [107]. Recovery from flood-induced crop loss often
has prolonged consequences, with impacts on food production and availability
persisting across multiple seasons. For example, Yiran et al. [139] investigate
the effect of recurrent annual floods on food production in Ghana. They
find that flooding results in a decline in food production among subsistence
farmers, increasing household food insecurity in affected communities. In
the same vein, Sam et al. [107] find that floods obstruct agricultural pro-
duction, destroy infrastructure, and disrupt livelihoods, ultimately affecting
household food security in flood-prone areas of India.

In addition to these direct effects, floods also disrupt food access, both
physical and economic. Flooding can destroy markets, disrupt supply chains,
and damage roads and storage facilities, impeding the transportation of food
to affected areas and limiting the ability of affected populations to obtain
food from elsewhere. Such disruptions frequently result in localized shortages
and increased food prices due to reduced supply and economic spillovers [34,
7]. For example, Breisinger et al. [18] find that in addition to deteriorating
household incomes in flood-affected areas due to reduced farm household
incomes, significant losses and increases in food insecurity also manifested in
areas unaffected by the flood, due to economic spillover effects.

Furthermore, floods exacerbate economic vulnerabilities by causing job
and income loss, destroying cash crops, and increasing migration pressures.
These factors collectively limit households’ ability to purchase food, com-
pounding the challenges of food access, particularly for displaced populations
[99]. In a study of rural riverine households in Punjab, Pakistan, Ahmad and
Afzal [4] find that food insecurity among households increased during flood-
ing, mostly due to migration leaving households with limited employment
opportunities and reduced access to land and farming activities [see also
114].

Despite recent advancements in the study of how climate-related shocks
affect food insecurity, however, there is an incomplete assessment and un-
derstanding of food insecurity at the individual and household level after
climate-related shocks in the literature (see e.g. Hadley et al. [57] for a
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comprehensive review).

2.2. Armed conflict and food insecurity

Existing literature also point to armed conflict as a significant predictor
of food insecurity through its effect on food availability and access. Studies
show that conflict disrupts food systems, destroys infrastructure, reduces
farming activities and output, and limits market access, leading to increased
food prices and reduced availability [for comprehensive reviews, see e.g. 19,
77, 113, 84].

The decline in food availability often results from the destruction and
disruption caused by conflict, which lowers total factor productivity and eco-
nomic efficiency through resource depletion, land abandonment, displace-
ment of workers, and loss of life [30]. Furthermore, conflict can indirectly
decrease food production by displacing people to less fertile areas or prompt-
ing a shift toward low-risk subsistence crops that prioritize household needs
but reduce overall agricultural output [69, 14, 111, 70, 43]. Previous research
suggests that violence undermines food security by reducing agricultural out-
put and crop and livestock holdings [see e.g. 103, 10, 2]. For example, Olsen
et al. [91] found that armed conflict in South Sudan led to cropland aban-
donment (a 16% reduction in cultivated croplands between 2016 and 2018),
contributing to decreasing levels of food supply and increasing food insecurity
levels. Fighting also disrupts infrastructure and trade routes. For example,
Tandon and Vishwanath [122] find that the ongoing conflict in Yemen has
disrupted supply chains and caused widespread food insecurity beyond just
the immediate locations of violence.

Second, armed conflict has well-documented impacts on food consump-
tion patterns, nutrition, and resilience [55, 86, 6, 1], with consequences that
extend through demand-side channels as well [33, 20]. Investigating the im-
pact of violent conflict and food security in Malawi and Ethiopia, Muriuki
et al. [87] find that exposure to violence on average decreases food consump-
tion scores by 16%. Looking at the impact of armed conflict on household
food insecurity in Tigray, Ethiopia, Weldegiargis et al. [133] find that house-
hold food insecurity access, food insecurity experience, and hunger scales
increased by 43.3 percentage points compared to the prewar period. House-
holds located near conflict zones often face limited market access and higher
prices for goods [126]. For example, higher food prices during war time leads
to poorer diets and higher levels of hunger [see e.g. 105, 3, 126, 54]. Studies



also find that food insecurity increases due to forced displacement, reduc-
ing both the quantity and quality of accessible food [83, 130]. Even in the
absence of direct violence, conflict can lead to the loss of family members,
community networks, and primary caregivers, which undermines household
income, reduces purchasing power, and weakens support systems [3]. Also,
conflict restricts the movement of individuals, which in turn limits access to
food. Roadblocks, market closures, safety concerns, and movement restric-
tions during or after conflict hinder access to food markets [22, 41, 65]. Fear
of danger may also drive individuals to rely on nearby food sources that are
often lower in both quality and quantity [123, 102, 12].

Thus, armed conflict affects food security both directly and indirectly by
reducing agricultural output, disrupting transportation and market networks,
increasing food prices, and diminishing household income through higher
unemployment and lower wages. These factors collectively contribute to
reduced food availability and access.

2.3. Research gaps and contribution of the study

While significant progress has been made in understanding the individual
effects of flooding and armed conflict on food insecurity, key gaps remain.
Importantly, there is a notable lack of research examining the compound
effects of floods and armed conflict on food security. More broadly, studies
investigating the intersection of conflict and extreme weather events remain
sparse, despite growing evidence that these compound hazards have unique
and severe implications for food systems. In addition, much of the existing
literature on flooding and food insecurity is geographically concentrated in
Africa, leaving other regions underexplored [60, 40]. This study addresses
these gaps by investigating the combined impact of flooding and armed con-
flict on food insecurity, contributing to a more nuanced understanding of the
factors driving vulnerability in conflict-affected regions.

3. Theoretical framework

The prevalence of food insecurity is unequally distributed and shaped by
spatial and temporal variations across key drivers. Crucially, the presence
of multiple vulnerabilities likely exacerbates the level of food insecurity and
associated health consequences [32]. However, the interplay and effects of
compound hazards influencing food insecurity is currently unknown. The
compound impact of extreme weather events and violent conflict is likely



more detrimental to food security than the isolated effect of conflict or climate
extremes. We therefore present a novel theoretical framework that outlines a
compound vulnerability! model to illustrate how different hazards contribute
to compound risks for food security. Our theoretical framework illustrates
how the effects of flood are exacerbated by armed conflict, leading to both
short and long-term effects on food security.

3.1. Armed conflict shapes the effect of flood exposure on food security

Based on the above discussion, we contend that exposure to armed con-
flict would be a compound factor that further intensifies the negative effect of
flooding on individual level food insecurity. Violence shapes the impact of ex-
treme events on societies and increase disaster risk by contributing to create
and intensify hazards, altering hazard exposure, and enhancing the vulner-
ability of affected populations [95]. Here, we present four channels through
which armed conflict exposure is likely to intensify the negative effect of flood
on food insecurity: through damages to critical infrastructure, increased dis-
placement, heightened vulnerability, and reduced coping capacity to recover
from the flood impact.

In the short term, armed conflict can contribute to increase the likelihood
and intensity of floods by causing large-scale damages to the environment and
critical infrastructure, impairing the maintenance and operation of technical
systems, and forcing engineers and technical staff to flee the conflict areas,
with a consequent loss of information and management capacity [95, 23, 13,
95]. For instance, the escalation of violence in Sudan disrupted maintenance
efforts, leaving drainage systems ill-prepared to cope with flood events and
increasing flood risk [13]. These effects can also be long-lasting: a study of
the effects of the war in Korea finds that the use of incendiary bombs as part
of a ’scorched-earth’ strategy and the destruction of hydraulic dams had long-
term consequences on the Korean environment, and contributed to increasing

'In line with the widely acknowledged definition provided by the Intergovernmental
Panel on Climate Change [63], vulnerability is here understood as the propensity to be
adversely affected by exogenous or endogenous shocks, decreasing the capacity of individu-
als, households, and communities to prepare for, mitigate, and recover from the impacts of
conflict and climate hazards on food insecurity. We understand food insecurity as a state
where the ability to acquire adequate and safe food is limited or uncertain, as opposed to
a situation of food security, where ‘[...] all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food which meets their dietary needs and
food preferences for an active and healthy life’ [47].
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public health risks in the following decades [62]. The magnitude and extent
of the 2010 flood in Pakistan were intensified by the massive deforestation
induced by the Taliban insurgency and anti-state military activities in the
years prior to the flood [88].

Second, conflict increases exposure to flood by displacing large popula-
tions, leaving them significantly more susceptible to hazards in their new
locations compared to their original homes [104, 36]. In the short-term, in-
ternally displaced persons (IDPs) may be more exposed to flooding as they
are forced to live in precarious conditions, where they rely on aid, provided
rations, vouchers, or cash for food and have less opportunities to meet their
basic food needs [90]. Displaced communities also lose their support sys-
tems and display lower social capital, with detrimental implications for their
vulnerability to climate hazards [67]. This lost social network and height-
ened vulnerability may have long-lasting impact. Following the end of the
Sierra Leone Civil War (1991-2002), large numbers of people migrated to
Freetown, in search for better livelihood opportunities. Many, particularly
poor migrants and conflict survivors, constructed substandard shelters in
high-risk areas such as floodplains, which had long-term negative impacts on
their exposure to climate hazards [95]. Similarly, conflict-induced migration
and displacement heightened the exposure of conflict-affected populations in
Colombia to landslides and flooding [117].

Third, conflict makes affected individuals and groups more vulnerable to
the negative impacts of flood by deteriorating households’ welfare, disrupting
healthcare, and weakening governance and institutions which fail to enforce
disaster management laws, or implement adequate preparedness measures
[104, 13]. Conflicts harm access to healthcare and basic service provision,
and overall impairs health and well-being [131, 26, 45, 66, 128|, making in-
dividuals more vulnerable to the effects of flood on food insecurity. Violence
deteriorates livelihood and reduces income opportunities and economic pro-
ductivity [28, 29]. As economic conditions deteriorate, households may be
forced to reallocate expenditures and resort to precarious livelihood strate-
gies to cope, such as borrowing or purchasing food on credit, selling assets,
taking on hazardous jobs, or even child labor [27]. In turn, direct destruction
or deterioration of livelihoods and income shape the impact of flood on food
security [101]. For example, the conflict in Pakistan exacerbated people’s
vulnerability to the 2010 flood by deteriorating rural livelihood [88]. Armed
conflicts are also likely to reduce social capital, exacerbating communities’
vulnerability to flood impacts. A study of Sri Lanka finds that internally
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displaced people (IDPs) are more vulnerable to the impact of natural-related
disasters, due their lower levels of social capital and the loss of community
connections, trust, and access to informal institutions [68].

Fourth, we argue that exposure to conflict also fundamentally hampers
individuals, communities and governments’ coping capacity. Although armed
conflict do not seem to reduce the availability of accurate and timely warnings
ahead of flood events in conflict-affected areas [64], military activities dam-
age critical infrastructure and networks [56], hindering emergency response
capacity during flood events, and leading to an increased susceptibility to
weather extremes [95, 13, 59]. Areas with recent or ongoing conflicts may
also have low or limited access to a robust support systems for flood victims,
deepening the impact of food insecurity. For example, the protracted con-
flict situation in Afghanistan hindered climate-related disaster risk operations
and activities due to logistical challenges, generalized insecurity, and lack of
trust and legitimacy, which hampered the efforts of NGOs and international
donors involved in disaster risk reduction [85].

Conflict often limits government and NGO reach, complicating post-
disaster recovery efforts. In the Philippines, the war exacerbated vulnerabil-
ity to tropical cyclones by reducing resources for disaster response — partly
because the military, a key player in disaster relief operations, was preoc-
cupied with combat — as well as through insurgents’ intentional efforts to
disrupt humanitarian aid [59]. Armed groups and/or the government may
purposefully prevent humanitarian aid to reach the affected population as
a way to exacerbate food crises, as recently witnessed in the conflicts in
Somalia, Syria, Yemen, Ethiopia, and South Sudan [73]. In conflict areas,
governments may use food deprivation as a weapon to deter residency in
contested territories or to encourage mobilization [79].

In the long term, conflicts also affect political structures and governance,
promoting corruption, and increasing exclusion and marginalization, which
reduce governments and communities’ capacity to cope against flood impacts
and exacerbate their effects on food insecurity. Corruption often thrives in
conflict-affected areas, as neo-patrimonial practices prosper in highly uncer-
tain environments [78, 44, 136]. In turn, capacity to cope against the effects
of floods is likely to decline in clientelistic regimes, which have have lower
incentives to engage in collective action problems [50]. Keefer et al. [72], for
example, find that earthquake mortality is higher when governments have
less incentives to provide public goods, such as in autocracies and corrupt
states. In Bangladesh, bribery and extortion practices, which force local
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populations to over-extract environmental resources, have exacerbated their
vulnerability to climate-related hazards [98]. Corruption often obstructs the
development of adaptation projects, promoting a misallocation of funding
away from the most affected regions, in favour of the politically privileged
46].

Armed conflicts also shape vulnerability to floods by exacerbating sys-
temic inequalities [35] which worsen the impacts of floods on food secu-
rity especially for some groups. Armed conflict increases income inequality
within countries, with effects that last for 10 years after the hostilities end
and are particularly pronounced for high-intensity conflicts [15]. In turn,
inequality may represent an important channel through which armed con-
flict exacerbates the impacts of climate hazards: Income inequality is one of
the strongest predictors of flood-related mortality, even when accounting for
economic development and flood exposure [80]. In the United States, excess
deaths after tropical cyclones are more prevalent in counties characterised
by poor housing and lower socio-economic status [93]. Inequity in the dis-
tribution of resources and practices, including barriers in the access to land
and food, are major factors shaping the impact of climate hazards on food
security [74, 106].

Lastly, armed conflict fosters marginalization and exclusion [58]. Identity-
based conflicts exacerbate vulnerability by reflecting and reinforcing broader
societal divides [36], which further deepen disparities in food access and se-
curity [94]. The experience and politics of violence influence disaster man-
agement and the provision of relief [85], shaping who receives support and
how vulnerabilities are addressed. Politically dominant groups which have
greater access to political resources are more likely to secure funding to mit-
igate, respond and adapt to climate-related impacts [9, 115]. By contrast,
groups excluded from political and economic systems often receive less insti-
tutional support during disasters, making recovery slower and food insecurity
more pronounced due to structural inequality [110]. Marginalized groups fre-
quently endure long-lasting and deep-rooted vulnerabilities due to systemic
discrimination [106]. In Mexico, inequality in entitlements and long-lasting
marginalization have created unequal patterns of exposure and vulnerabil-
ity to flood hazards and unequal risks [31]. Similarly, historical patterns of
marginalization and exclusion, shaped by the long-lasting legacy of slavery
and colonialism, are root causes of vulnerability to climate hazards in the
Caribbean [82, 112].

Overall, the intersection of floods and armed conflict may give rise to com-
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plex emergencies which severely hamper domestic and international emer-
gency response [76]. Conflicts, in other words, are a catalyst for disasters,
increasing the likelihood that weather-related hazards precipitate into hu-
manitarian crises [116, 97, 96, 21]. The above discussion leads us to formu-
late the following hypothesis:

Hypothesis: Armed conflict exacerbates the negative effect of flood exposure
on indiwidual-level food insecurity.

4. Armed conflict and flooding in Myanmar

The main goal of the study is to account for and measure compound
hazards regarding exposure to flooding and armed conflict and its impact on
individual level food insecurity. We test our hypotheses based on individual-
level survey data from Myanmar.

The chosen case is particularly well suited to address the research question
in four main regards. First, Myanmar exemplifies the intersection of climate
hazards and conflict [16, 71, 61]. The flood hazard provide a strong founda-
tion for quantifying its consequences on food insecurity [127]. Cyclone Nargis
in 2008 led to one of the most disastrous crises ever recorded, which impacted
millions of people, and caused over 100 000 fatalities [109, 124, 17, 52, 119].
The lack of response from the military junta and its blockade of international
aid operations received massive critique by the international community in
its aftermath [121].

The continued flood hazard in Myanmar makes it a critical case for
studying climate-induced food insecurity. Second, Myanmar’s history of
prolonged conflict, including ethnic tensions and armed struggles [see e.g.
89, 118, 24, 25], allows for analyzing how conflict exacerbates climate vulner-
ability. The diversity of Myanmar’s conflict zones allows us to explore how
localized and systemic conflicts interact with climate shocks. Third, findings
from Myanmar can inform broader theoretical frameworks and policymaking
for similar contexts in conflict-prone and climate-vulnerable regions. Thus,
we argue that Myanmar is a most likely or critical case, where both climate
hazards and conflict are likely to be significant drivers of vulnerability. This
makes it ideal for testing the combined impact of these factors.

Moreover, Myanmar shares key characteristics with other South and
Southeast Asian, such as agriculturally dependent economies vulnerable to
social instability and climatic hazards, including Bangladesh, Cambodia and

12



the Philippines. These similarities enhance the generalizability of the find-
ings to comparable regions. However, Myanmar’s unique political and socio-
economic context may limit the extent of this generalizability. To compre-
hensively assess the external validity of these findings, similar analysis should
also be conducted in other settings.

5. Data and methods

We rely on a combination of satellite-derived granular information and
survey-based data to represent flood extent, armed conflict exposure, and
food insecurity at a spatially granular level.

5.1. Data sources

Our main dependent variables are the weight for age and height for age of
children aged 0-5, drawn form the Demographics and Health Surveys (DHS).
DHS collected data on households in Myanmar between December 2015 and
July 2016. Weight (height) for age is provided by DHS and measures the
weight (age) of each child in the surveyed household, relative to the average
weight (age) distribution for children of the same age. Both measures are
commonly used in the literature to proxy food insecurity and malnutrition
[see e.g. 5, 126]. As height responds more slowly to nutrition changes and
captures variations in growth and development, height for age is generally
used to capture medium to long-term effects on food security [81, 132].

Relying on DHS’ geo-location, we overlay this measure of food insecurity
with geo-referenced data on flood exposure and conflict exposure. This data
structure creates observations for 4,689 children for Myanmar in 2008.

Our measure of flood exposure is drawn from the Global Flood Database
[GFD 124]. GFD combines textual information on flood events from the
Dartmouth Flood Observatory with satellite imagery from MODIS to map
flood extent and duration globally in 2000-2018. As event-based data may
under-represent the maximum flood extent, owing to uncertainty in news
reporting, satellite-enhanced mapping enables a more accurate and reliable
representation of flood exposure [124]. We spatially overlay the flood extent
map provided by GFD with the household location drawn from DHS to
obtain a flood exposure dummy, coded as 1 if a household was within the

inundated area and 0 otherwise. We also include a measure of flood duration
as provided by GFD.
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Our conflict variable is derived from the geo-referenced version of the Up-
psala Conflict Data Program [UCDP 37, 120]. The UCDP provides monthly
‘best estimates’ of armed conflict fatalities related to organized political vi-
olence of all types. Armed conflict is defined as the use of armed force leads
to at least 25 deaths in a calendar year [37]. Similarly to the flood exposure
variable, we construct a binary measure of conflict exposure by drawing a
25km buffer area around UCDP geo-location of any armed conflict event in
2006-2008, and overlaying it with geo-located household data from DHS.?

Lastly, we construct a measure of ‘compound” exposure which interacts
the number of battle-related deaths in 2006-2008 with the flood exposure
indicator, to measure the number of fatalities related to armed conflict in
the flooded area.

Figure 1 visualizes the households (red dots) exposed to the 2008 flood
(blue) and to armed conflict (yellow circle).

5.2. Empirical strategy and specification

Our identification strategy relies on a spatial regression discontinuity de-
sign (SRDD). Ideally, SRDD would compare households located very close
to either side of the flood border. This approach minimizes differences in
unobservable characteristics, such as baseline geography, infrastructure, or
socio-economic conditions, and ensures that households differ only in their
exposure to the flood, thus providing a strong basis for causal inference. How-
ever, due to data limitations, narrowing our analysis to households near the
flood border would lead to a significant reduction in sample size, weakening
statistical power.

To address these practical challenges, we estimate our models based on
the whole sample of households but maintain the central logic of SRDD by
implementing key adjustments. First, we explicitly control for distance to the
flood border — the running variable — by including polynomials of distance
in the regression model. These polynomials capture how food insecurity
changes smoothly with increasing distance from the flood. A second-order
polynomial ensures that the effect of distance is accounted for, while isolating
the sharp discontinuity in food insecurity that is expected at the flood border
due to exposure. Despite using the whole sample, the flood border remains
the critical treatment threshold, and the model is designed to identify the

2Note that we drop conflict events with insufficient geographic precision.
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Figure 1: DHS households exposed to flood and armed conflict, Myanmar, 2008.
The red dots represent the households surveyed by DHS in 2015-2016; the blue area covers
the extent of the 2008 flood event as reported by GFD; the yellow circles represent the
25km buffer area drawn around the armed conflict event reported by UCDP in 2006-2008.
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causal effect of crossing this boundary.

Second, we include region fixed effects to ensure that comparisons are
only made between households within the same context. This adjustment
addresses potential confounding factors arising from broader regional differ-
ences, such as static or slow-changing differences in governance, infrastruc-
ture, or disaster response mechanisms.

Thus, to estimate the effects of flood exposure on food insecurity we run
the following regression:

Yier = & + ﬁFcr + /\Ccr + 5f(Distancecr) + Xicrﬂ- + Gcrc + r + €icry (1>

where ;. is our measure of food security for child ¢ in DHS cluster ¢ and
region r; F,,. is the flood exposure dummy; and C., is the conflict exposure
dummy. f(Distance..) is a polynomial in distance of each cluster to the
closest flood area border. Our preferred specification uses a second-order
polynomial but results are robust to alternative choices. The vector X,
collects individuals and household level controls such as age , sex and age of
the household head, number of household members. With G.. we capture
cluster-level controls such as slope, local past rainfall and temperature, urban
or rural classification, or month of the interview. As the DHS survey was
conducted in 2015-2016 right after another flood hitting the country, we also
control for the extent of the 2015 flood to exclude that the effect is driven by
the most recent flood event. Region fixed effects 7, capture broad geographic
and institutional factors and €;.,. is the error term. Finally, we control for the
number of people exposed to flood using gridded data on population from
WorldPop [138], provided at a 1 kilometer resolution, and adjusted to match
country-level estimates from UNDP.

6. Results

Table 1 presents the summary statistics for the full sample. The aver-
age levels of weight and height, corresponding to the 19-21 percentile of the
standard values recommended by the World Health Organization, are consid-
erably lower than the recommended standard for 0-5 years old children [135].
As shown in the Table, the 2008 flood exposed 5% of the individuals included
in the DHS survey in 2015-2016. However, households display considerable
heterogeneity in their proximity to the flood border, from a mean distance of
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33.56 kilometers, up to 250.61 kilometers. Household characteristics suggest
moderate education levels among mothers (with a mean lower than 3 years)
and an average household size of shy of 6 members.

Table 1: Summary Statistics

Mean Min Max SD Count

A. Dependent Variables

Weight for age 1906.09  0.00  9980.00 2345.62 4689
Height for age 2155.00  0.00 9980.00 2516.54 4689
B. Independent Variables

2008 Flood, dummy 0.05 0.00 1.00 0.21 4689
2008 Flood duration 0.11 0.00 7.00 0.63 4689
2015 Flood, dummy 0.02 0.00 1.00 0.13 4689
Distance to flood border 33.56 0.00 250.61 45.54 4689
Slope 1.87 0.02 12.85 2.60 4689
Rainfall, 2000 2309.23 638.00 4748.00 1090.20 4634
Rainfall, 2005 2381.71 642.00 5097.00 1122.02 4634
Child’s sex 1.48 1.00 2.00 0.50 4689
Child’s age in months 30.20 0.00 59.00 16.98 4689
Mother’s education 2.89 0.00 6.00 1.92 4314
Sex of household head 1.17 1.00 2.00 0.38 4689
Age of household head 4522 18.00  98.00 14.51 4689
Household size 5.98 2.00 24.00 2.36 4689
Fatalities, 2006-2008 6.69 0.00 137.00 26.27 4689

Table 2 presents the results from our spatial discontinuity analysis, re-
porting the impact of flood and exposure on two measures of food insecurity:
weight for age (models 1-4) and height for age (models 5-8).

The results indicate that exposure to flood events is significantly associ-
ated with reduced weight for age and height for age in exposed children. The
estimates from models 1 and 2, using the binary flood exposure indicator as
the main independent variable, suggest that children exposed to floods weigh,
on average, 308.10 to 346.07 units less compared to non-exposed children.
When interpreted as a percentage of the average weight for age (1906.09),
this corresponds to a decrease of about 16.16-18.15%), indicating a significant
negative effect of flood exposure on children’s weight. For height for age, the
results also show negative effects, although the magnitude is slightly smaller,
with an effect of around 6.7%-14.70% (models 5-6).

We also observe consistent negative effects of flood duration on both
weight for age and height for age. Specifically, the coefficients for flood
duration in models 34 suggest that each additional year of flood exposure
leads to a reduction of 99.857-114.106 units in weight for age, which translate
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to a 5.2%-5.9% decrease. Similarly, flood duration results in a 3.8% 5%
decrease in height for age (models 7-8), with the effect remaining significant
across both outcomes. These findings highlight that longer exposure to floods
exacerbates food insecurity and underscore the long-term impacts of the flood
on child development.

The results are robust to different model specifications, suggesting that
the negative effects of flood exposure on food security are not merely driven
by confounding household or regional factors. Notably, the coefficients on
flood exposure and duration remain robust after controlling for distance,
suggesting that even children living farther from the flood border experience
significant nutritional deficits, albeit to a lesser degree. These results also
underscore the spatial spillover effects of floods, likely due to the disruption
of regional infrastructure, food systems, and healthcare access.

Crucially, the effects are considerably higher for individuals that were ex-
posed to armed conflict, as reported in Table 3. The results of the interaction
term, indicating whether households in the inundated area were also affected
by armed conflict, confirm our hypothesis on the role of armed conflict in
shaping the impact of flood on food security.

The results show that, for weight for age, the coefficients for the inter-
action terms are consistently negative and considerably higher in magnitude
than the the isolated effects of flood exposure. For locations exposed to both
flood and violence, if armed conflict fatalities increase by one standard devi-
ation, the effect of flood exposure on weight for age soars to 61%. Similarly,
1-standard deviation increase in armed conflict fatalities in areas exposed to
both flood and conflict is associated with a reduction in children’s height
for age such by 106% ® This suggests that, although the 2008 flood had a
negative and significant impact on food security by itself this impact was
considerably worsened by the exposure to and the increase in the intensity
of armed conflict. Exposure to violence and flood had severe implications
on food security, and was especially detrimental to children’s height for age,
casting a long shadow on children’s development and growth. The results
reflect the complex interaction between climate hazards and political drivers

3These effects are computed from the coefficients reported in columns 2 and 4 of Table
3. We first multiply the coefficients for armed conflict fatalities by the standard deviation
of armed conflict fatalities (26.27); we then divide the standardized coefficient by the
isolated effect of flood exposure on each outcome, as reported in Table 2 (models 2-6) to
obtain the relative increase.
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of vulnerability, whereby armed conflict and flood hazard intertwine to give
rise to disproportionately severe consequences. This has important policy im-
plications, emphasizing the need for integrated intervention strategies that
address both immediate disaster relief and the broader socio-political context
in conflict-affected areas.

Dependent variable: ‘Weight for age Height for age
(1) &) 3) (4) &) (6) (7) (8)

Flood -346.067 -308.103 -316.827  -145.140

(76.764)""  (117.346)" (192.391)  (198.683)
Flood duration -114.106 -99.857 -109.044 -83.756

(24.437)™"  (30.893)""" (48.348)""  (46.247)"

Distance polynomial yes yes yes yes yes yes yes yes
Sex by age effects yes yes yes yes yes yes yes yes
Region fixed effects yes yes yes yes yes yes yes yes
Geography controls yes yes yes yes yes yes yes yes
Urban indicator yes yes yes yes yes yes yes yes
Exposed population no yes no yes no yes no yes
Household controls no yes no yes no yes no yes
2015 Flood no yes no yes no yes no yes
R? 0.28 0.32 0.28 0.32 0.21 0.24 0.21 0.24
N 4689 3849 4689 3849 4755 3904 4755 3904

Table 2: Impact of flood exposure on children’s weight for age (1-4) and height for age (5-8). Models
1-2 and 5-6 use the binary flood exposure indicator as main independent variable; Models 3-4 and 7-8 use
flood duration.
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Dependent variable: Weight for age Height for age
(1) 2 ®3) 4)

Flood -263.751 -254.326  -263.953  -117.137
(100.811)™ (142.448)* (217.276) (211.457)
. x Fatalities, 06-08 -8.160 -7.198 -4.618 -5.903
(L176)**  (1476)"*  (1.942)* (2.139)*
Distance Polynomial yes yes yes yes
Sex by Age Effects yes yes yes yes
Region Fixed Effects yes yes yes yes
Geography Controls yes yes yes yes
Urban Indicator yes yes yes yes
Population and Household Controls no yes no yes
2015 Flood no yes no yes
R? 0.29 0.32 0.21 0.24
N 4689 3849 4755 3904

Table 3: TImpact of flood and conflict exposure on children’s weight for age (1-1) and height for age
(3-4).

7. Conclusion

Our study of the 2008 flood in Myanmar highlights the role of armed
conflict exposure in exacerbating flood impacts on food security, with long-
term implications on children’s nutritional status and development. The 2008
flood had a significant negative effect on food security, yet the exposure to
armed conflict worsened this impact substantially.

Our study underscores the need for targeted interventions in flood-prone
areas, and suggest the potential of pursuing peace-building and conflict pre-
vention programmes as effective strategies to mitigate the impacts of floods
on food security.
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