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This article provides evidence that rainfall shocks affect conflict through their effect on agricultural pro-
duction and that irrigation infrastructure can mitigate this effect. Using data from Indonesia, we docu-
ment that low rainfall during the agricultural season decreases agricultural production and increases
civil conflict. We then show that the rainfall-conflict link is attenuated by the presence of irrigation
infrastructure in a district. This attenuating effect is specific to irrigation infrastructure; we find no evi-
dence for a similar effect of hydropower dams. Our results are stronger for small-scale conflicts over
natural resources and popular justice than for conflicts over ethnic identity or ethnic separatism. These
results are robust to controlling for interactions between rainfall and a wide range of socio-economic
and geographic district characteristics. We conclude that adaptive policies that mitigate the negative
effects of weather shocks on agriculture may also prevent conflict.
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Climate change is projected to be a major
source of civil conflict, threatening national
security, global stability, and human welfare.
While a growing body of evidence links rising
temperatures and changing rainfall patterns
to increased civil conflict and geopolitical
instability (e.g., Miguel, Satyanath, & Ser-
genti, 2004; Miguel & Satyanath, 2011; Klomp
and Bulte 2013; Fetzer, 2014a, b; Hsiang and
Burke 2014; Maystadt and Ecker 2014; Wisch-
nath and Buhaug 2014; Burke, Hsiang, and
Miguel 2015; Axbard 2016), it is less clear what
mechanisms underlie this relationship. Under-
standing themechanisms that connect weather
shocks to conflict is crucial can help identify

mitigating interventions that may break this
link.1

Agriculture iscritical for livelihoods indevel-
oping economies, and rainfall may affect con-
flict through shocks to agricultural production.
Investments in irrigation infrastructure have
been proposed as an adaptive response to sus-
tain agricultural yields under higher tempera-
tures and irregular rainfall (Duflo and Pande
2007;AsianDevelopmentBank2016a). If agri-
cultural production links rainfall and conflict,
irrigation infrastructure could have the added
benefit of protecting societal stability against
weather shocks.
We test whether agricultural production is

part of the causal linkbetween rainfall and con-
flict, and whether this link can be mitigated by
irrigation. To do this, we use data from Indone-
sia, a country with a long history of conflict
where agriculture is an important source of
income. We begin by constructing data on irri-
gation capacity for all districts in the country,
using a novel dataset on water resources from
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the Ministry of Public Works and Housing
(MPWH)of Indonesia.Wethendocument that
lower rainfall leads to a decrease in agricultural
production and that this effect is significantly
weaker in districts with higher irrigation
capacity.
Next, we use data from the Indonesian

National Conflict Monitoring System (NVMS)
to study the impact of rainfall and irrigation on
conflict.2 We find that lower rainfall leads to an
increase in the number of conflict incidents and
that this effect is mitigated by irrigation infra-
structure: a one standard deviation decrease in
rainfall increases conflict by 0.29 incidents per
district year, and a one standard deviation
increase in irrigation capacity reduces this effect
by approximately 36%.
It is of course not certain that the lower effect

of rainfall on conflict and agricultural produc-
tion in districts with higher irrigation capacity is
duetoacasualeffect.Whilesomeoftheanalyses
presented below control for a wide range of
observed and unobserved district characteris-
tics, it is possible that irrigation capacity is corre-
latedwith remainingunobserved characteristics
that attenuate the rainfall–agricultural–
production and rainfall–conflict relationships.
While we use causal language to improve the
readabilityofthearticle,weurgereaderstokeep
this caveat inmind.
We test several potential threats to our iden-

tification strategy. First, districts with different
levels of irrigation capacity may also differ in
characteristics that affect the relationship
between rainfall and conflict, so that our esti-
mates might not reflect a causal effect of irriga-
tion. For instance, it is possible that irrigation
facilities are built predominantly in districts
that have lower conflict potential, perhaps
because they are more developed or more eth-
nically homogeneous, and this might explain
why rainfall affects conflict less strongly in
these areas.
To address this concern, we control for inter-

actions between rainfall and a wide range of
demographic, socio-economic, and geographic
district characteristics that might affect conflict.
Demographic and socio-economic controls
include percentage of urban households, popu-
lationdensity, religiousand language fractional-
ization, average household education and
percentage of illiterate households, percentage

of total and skilled agricultural labor force, and
housing conditions. Geographic controls
includemeasures of terrain ruggedness and ele-
vation. Including these controls does not sub-
stantially change our estimates, suggesting that
the weaker rainfall–conflict link in districts with
irrigation is not explained by differences in
observable characteristics.

In addition, we conduct a placebo test that
compares the effect of irrigation dams and
hydropower dams. The placement of hydro-
power dams is likely to be affected by similar
unobserved politico-economic characteristics
as that of irrigation dams. If our estimates suf-
fer from omitted variable bias from these char-
acteristics, we would expect both types of
dams to be associated with a weaker rainfall–
conflict link. However, we find that the pres-
ence of irrigation dams strongly mitigates the
rainfall–conflict link, while the presence of
hydropower dams does not. This result
increases our confidence that the effect of irri-
gation infrastructure on conflict comes from its
effect on agricultural productivity and not
from unobserved factors that affect the loca-
tion of large infrastructure projects. In an
additional placebo test, we find that the effects
of rainfall and irrigation on conflict are specific
to rainfall in themain agricultural growing sea-
son, which constitutes further evidence for the
role of agriculture.

Further, one might be concerned that irriga-
tion largely affects conflict by affecting prop-
erty rights over agricultural land and that in
times of economic stress, those property rights
help mitigate conflict (Di Falco et al. 2020). To
explore this possible mechanism, we interact
rainfall with the number of households with
land tenure and find that irrigation capacity
continues to mitigate the negative effect of
rainfall. On the other hand, we do find that
the effects of irrigation capacity are largest in
those regions with weaker tenure, suggesting
that the interaction between tenure security
and irrigation may be playing a role.

We then use detailed information on the
nature of each conflict incident to explore
whether certain types of conflict are more
strongly affected by an agricultural mecha-
nism. We find that the rainfall–conflict link,
as well as the mitigating effect of irrigation,
are substantially stronger for conflict incidents
about natural resources, popular justice, and
law enforcement, than for conflicts over ethnic
identity or ethnic separatism.

Our article contributes to a nascent litera-
ture that explores whether weather shocks

2 These data were previously used by several other studies of
Indonesian conflict, e.g. Tovar-Garcia and Nugroho (2015), Bazzi
and Gudgeon (2016), Bazzi et al. (2019).
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increase conflict through their effect on agri-
cultural production. Harari and La Ferrara
(2018) find that weather shocks during the
agricultural growing season affect conflict in
sub-Saharan Africa, while shocks outside of
the growing season do not. Crost et al. (2018)
explore the role of variation in seasonal rain-
fall in the Philippines. They document that
higher dry season rainfall leads to an increase
in agricultural production, while higher wet-
season rainfall lowers agricultural production.
Consistent with an agriculture-based link
between rainfall and conflict, they find that
an increase in wet-season rainfall is associated
with more conflict, while an increase in dry-
season rainfall is associated with less conflict.
Further evidence for an agricultural mecha-
nism comes from Bellemare (2015), who finds
that higher food prices are associated with
increases in social unrest. In contrast to the
studies by Harari and La Ferrara (2018), Crost
et al. (2018) and Bellemare (2015), Koren
(2018) finds that conflict in Africa is driven
by higher agricultural yields rather than lower
ones. This result is consistent with a variant on
the agricultural mechanism in which armed
groups fight over excess food production.

Evidence against an agricultural mechanism
comes from Sarsons (2015), who finds that
agricultural production in India is less sensi-
tive to rainfall in districts located downstream
versus upstream from irrigation dams but that
irrigation does not change how rainfall shocks
affect conflict. A possible explanation for this
result is that Sarsons studies Hindu–Muslim
riots, which primarily occur in urban settings
and may, therefore, be less directly affected
by agricultural conditions. The richness of
our data allows us to add to this evidence by
studying a variety of conflict types that occur
across rural and urban settings. Like Sarsons
(2015), we find no evidence that the presence
of irrigation affects the link between rainfall
and ethnic conflicts.

Ourarticlemakes fourcontributions tothe lit-
erature. First, we provide additional evidence
that weather shocks affect civil conflict through
their effect on agricultural production. A small
numberofpreviousstudieshavefoundevidence
for an agricultural mechanism (e.g. Bellemare
2015; Crost et al. 2018; Harari and La Ferrara
2018), andwe add to this literature by providing
evidence fromanewcontextwithanovel empir-
ical approach. Our results strengthen the case
that interventions that safeguard agricultural
production against weather shocks may have
the added benefit of reducing civil conflict.

Second,weprovide thefirst evidence that irriga-
tion infrastructurecanmitigate the linkbetween
rainfall shocks and civil conflict. Third, we show
that weather-induced shocks to agricultural
production affect different types of conflicts dif-
ferently. Inparticular,wefindthatnegativeagri-
cultural shocks exacerbate conflict over natural
resources,popular justice,andlawenforcement,
but have little or no effect on conflicts over eth-
nic identity. Finally, our results have important
implications for cost–benefit analyses of irriga-
tion projects in conflict-affected countries.
Large infrastructure projects, such as irrigation
dams, have been criticized for their substantial
social costs in the form of environmental dam-
ages and displacement of people (McCully
1996; Shiva 2012). Although our results do not
takeawayfromthesecosts, theysuggest that irri-
gation infrastructure may have previously
unrecognized benefits in protecting societal sta-
bility against weather shocks.
The rest of the article is organized as fol-

lows. Section 2 introduces background infor-
mation about agriculture, irrigation, and
conflict in Indonesia. Section 3 describes the
data used in the analysis. Section 4 presents
the model, the main results, and robustness
tests to our preferred specification. Section 5
concludes.

Background

Agriculture and Irrigation in Indonesia

Agriculture is an important sector of the Indo-
nesian economy, directly employing almost a
third (31.2%) of the labor force and represent-
ing approximately 14% of the GDP in 2016
(World Bank 2018). Rice is the main staple
crop, representing half of the daily caloric
intake of Indonesian households and using
one-quarter of the planted land area
(FAOSTAT 2019). Rice is primarily grown in
lowland areas, which are concentrated on the
islands of Java, Sumatra, Sulawesi, and Kali-
mantan. In 2015, these islands grew more than
90% of the national rice production, with half
of the national production on Java (Badan
Pusat Statistik 2017).
There are three rice crop seasons in Indone-

sia. The main growing season runs from
October/November through April when aver-
age rainfall exceeds 1,600 mm (Aldrian and
Dwi Susanto 2003; Funk et al. 2014; USDA-
FAS 2016). Planting typically takes place in

Gatti, Baylis and Crost Can Irrigation Infrastructure Mitigate the Effect of Rainfall Shocks on Conflict? 3



October through January with harvest in
March through April across the main produc-
tive areas of the different islands of Indonesia.
The other two production seasons occur from
May to August, but these seasons have both
substantially lower production and smaller
planted area (BPS-Statistics Indonesia 2015b,
2016). Almost three-quarters (73%) of the
total rice production of Indonesia is grown
during this season, whereas the other two sea-
sons account for less than 20% and 7% of total
production, respectively (USDA-FAS 2016).
Approximately 40% of the total rice area in

Indonesia is irrigated, with the remaining 60%
being rainfed (BPS-Statistics Indonesia
2015a). The vast majority of irrigation is sup-
plied by 215 dams,3 which have a total irriga-
tion capacity of 811,000 hectares (ICOLD
2019). Groundwater irrigation plays a compar-
atively minor role, providing only 3,678 hect-
ares of irrigation capacity (MPWH 2018).
Irrigation systems were first developed in Java
during the nineteenth century and expanded
to the rest of the country after World War II,
when intensification of rice production
became a priority for public development.
Since then, the Indonesian government has
been the primary builder of irrigation dams,
funded by subsidies and loans from the Japa-
nese government and international organiza-
tions (Hirsch and Warren 1998). As a result,
the majority of dams in Indonesia are state-
owned (World Bank 2017). In 2017, 184 of
the 215 dams were owned and operated by
the Ministry of Public Works and Housing
with the remaining ones owned and operated
by private or state-owned firms.
While dams are regulated under theMinistry

of PublicWorks and Housing, its policy related
to water management is coordinated with pro-
vincial and district governments as well as other
regional organizations (Mayangsari and Adji
2015; Asian Development Bank 2016b). The
Indonesian Constitution (1945) and the Water
ResourcesDevelopmentAct (1974)established
thatwateruse rights areassignedby thenational
government. In2004, theNewWaterLawstated
that the central government must respect indi-
vidual basic needs and traditional irrigation
rights in itswaterallocationdecisions.Inthecase

ofwater rights for agriculture, the federalMinis-
try of Agriculture works in coordination with
province/district/localagencies toallocatewater
supply (AsianDevelopment Bank 2016a).

The placement of dams is largely determined
by the geophysical requirements of building
and operating them (Swenty 1989; Stephens
2010).Twomain features that determine the sit-
ing of a potential dam are terrain elevation and
slope. Higher elevation increases the dam’s
capacity to provide irrigation merely by gravity
(Swenty 1989; Cech 2009). A moderate slope
will allow irrigationwithout generating soil ero-
sion, while locations with high slope are more
favorable for hydropower dams (Duflo and
Pande 2007; Lipscomb, Mobarak, and Bar-
ham 2013).

Figure 1 shows the geographical distribution
of irrigation capacity in Indonesia. Themajority
of irrigation capacity is located in Java,with sub-
stantial geographic variation across the island.
Central and East Java have districts with more
than 10,000 hectares of irrigation, whereas irri-
gation is less abundant in Western Java.
Groundwater irrigation, which plays a smaller
role overall, is mainly concentrated in Sumatra,
with a substantial within-island variation.

Civil Conflict in Indonesia

Indonesia is the siteofanumberof long-running
internal conflicts with a broad range of origins.
Our analysis uses data from the National Vio-
lence Monitoring System (NVMS), which con-
tains information on conflict incidents that
occurred between 1998 and 2014. The NVMS
dataset distinguishes between different types of
conflict incidents based on their underlying
cause: resources, popular justice, law enforce-
ment, government programs, group identity,
and separatism.

Resource incidents includeconflictsover land
and other natural resources, as well as environ-
mental problems such as incidents resulting
from pollution and environmental damage.
The majority of resource conflicts in Indonesia
is related to landdisputes (TheAsiaFoundation
2017). Property rights over land tend to be inse-
cure, as theyare governedbycontradictory laws
and regulations, and recorded in low-quality
cadastral maps. The resulting uncertainty over
land rights leads to disputes that often turn vio-
lent. Furthermore, the government makes fre-
quent use of its eminent domain to give land
concessions to private companies to develop
plantations, often against the will of local

3 The International Commission on Large Dams (ICOLD)
defines a large dam as the ones with “a height of 15 m or greater
from lowest foundation to crest or a dam between 5 m and 15 m
impounding more than 3 million cubic meters”. Extracted from:
https://www.icold-cigb.org/GB/dams/definition_of_a_large_
dam.asp
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residents who believe they have customary
rights to the land (The Asia Foundation 2017).
This dynamic has led to some highly publicized

violent disputes between plantation owners
and local populations, such as the Mesuji and
Jambi conflicts (Jones 2013; Beckert, Dittrich,
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Figure 1. Irrigation by source in Indonesian districts, 1997 (hectares)Note: Data come from the
Ministry of Public Work and Housing (MPWH). Total irrigation is the sum of dam and
groundwater irrigation capacity in hectares in 1997. The unit of analysis of this study is the
district. Non-district political divisions, such as municipalities, cities, and small islands are
excluded from our analysis.
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andAdiwibowo2014).Other landdisputesarise
between local native populations and migrants,
someofwhich are resettled through the govern-
ment’s transmigration program (Dagur 2014).
Popular justice incidents are defined as retali-

ationoverdisputes thatoccurasa responsetoan
act that is perceived as wrong. These incidents
mostly consist of vigilante killings carried out in
response to real or perceived crimes. The num-
ber of associated killings has increased substan-
tially over the past decades, perhaps as a result
of decreased confidence in the country’s justice
system. They often occur in poor communities
in response to theft and other petty crimes
(Emont 2017). Based on the NVMS data, the
World Bank estimates that between 2005 and
2014, there were more than 33,000 vigilante
attacks, resulting in over 1,600 deaths (Barron,
Jaffrey, and Varshney 2016; The Asia Founda-
tion 2017).
Conflict over lawenforcement consists of vio-

lent incidents triggered by government security
forces. Many of these incidents take the form
of popular retaliation to police brutality that
crimeoften triggers itself. Inmanypoorcommu-
nities, trust in law enforcement is low and police
are seen as unaccountable and overly violent.
The tensions betweenpolice and civilians some-
times escalate into violent confrontations. For
example, in Buol, Central Sulawesi, police shot
and killed seven men who protested the death
of a teenager in police custody. In response, the
local population destroyed police facilities
(International Crisis Group 2012). In another
incident in Bantaeng, South Sulawesi, villagers
attacked a police station after police killed a
manduringa raidongamblersduringawedding
party. The International CrisisGroup estimates
that, since 2010, there have been at least forty
attacks against police stations and personnel as
a result of these tensions (op cit.).
Conflict over government programs is

definedas violent disputes over the implemen-
tation of public programs related to funding
priorities and unmet needs. For instance, a
substantial conflict resulted from the imple-
mentation of the cash transfer program Ban-
tuan Langsun Tunai. Eligibility for this
program was determined by a proxy means
test, but many reports suggested some poor
households, particularly in urban areas, were
erroneously excluded, while wealthier house-
holdswere included.Theperceptionofmistar-
geting and political capture of the program led
to social tensions that erupted in violence
(Cameron and Shah 2014).

Group-identity conflict consists of incidents
provoked by people who identify as part of a
religion, tribe, or ethnic group against people
who identify as part of another group. This cat-
egory includes ethnic riots against Indonesians
of Chinese descent, as well as religious riots
between Muslim and Christian populations
(Bonner 2006; Heijmans and Aditya 2019).
Separatist incidents are attempts to separate
from the central government of Indonesia.
Examples of these conflicts are the Aceh
insurgency between 1976 and 2005, and the
ongoing conflict with the Free Papua Move-
ment in West Papua. Figure 2 contains six
maps with the spatial distribution of conflict
by type of incidents in Indonesia. Most of the
incident types are fairly widespread across dif-
ferent geographic regions of the country, with
the exception of separatist conflict, which is
concentrated in Aceh and West Papua.

The wide range of root causes of conflicts in
Indonesia raises the possibility that different
conflict types are differently affected by shocks
to agricultural productivity. In principle, each
typeofconflictdescribedabovecouldbeaffected
by agricultural productivity shocks, though the
precise mechanisms and effect sizes are likely to
differ.

In particular, we might expect agricultural
shocks to affect natural resource conflicts,
because they directly affect the productivity
of the land and other resources that are being
fought over. A temporary decrease in agricul-
tural productivity makes land grabbing activi-
ties more lucrative, because it decreases the
short-run return of agricultural labor but has
a small effect on the long-run return to con-
trolling the land.

Agricultural shocks might also affect popular
justice incidents, because these often occur as
retaliation over property crimes, such as petty
theft. Shocks that decrease the incomes of indi-
viduals who are close to subsistence level will
most likely increase property crime and may,
therefore, increase retaliation (Gould,Mustard,
andWeinberg 2002; Machin andMeghir 2004).
Economic shocks may also increase the willing-
ness to use violence in retaliation to imagined
crimes, as suggested by previous evidence that
rainfall shocks affect witch killings in Tanzania
(Miguel 2005). Similar logic would cause us to
expect that agricultural shocks affect law
enforcement conflict. To the extent that shocks
increase property crime, they are also likely to
increase police activity, some of which will be
seen as excessive or brutal, and provoke
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retaliation. For conflict over government pro-
grams, a link to agricultural shocks is perhaps
less direct but nevertheless plausible. For
instance, shocks may increase people’s reliance
on government transfers and may, therefore,
increase conflict over their allocation, or, as
above, shocks may decrease the cost of violent
retaliation to perceived unfairness.

Finally, agricultural shocksmaycauseadeteri-
oration in wider economic conditions, which
might leadtotensionsbetweenethnicgroupsthat
erupt in violence, either in organized separatist
conflicts or unorganized identity group riots.

Data

We conduct our analysis at the district-year
level. We use the province and district bound-
aries that existed in 1997, just before the start
of the period of study, before Indonesia began
a decentralization process that split several
provinces and districts. Two provinces, Jakarta
andYogyakarta, are not included in theanalysis
because they cover small, populous areaswhere
agriculture is not relevant. Annual district-level

data on rice area and production come from
theMinistry ofAgriculture of Indonesia.4

Data on weather come from two different
sources. Rainfall is extracted from theWeather
Hazards Group InfraRed Precipitation with
Station data (CHIRPS).5 CHIRPS is a global
dataset that contains high-resolution estimates
of rainfall for 0.05-by-0.05-degree cells. This
data source combines data from satellites and
weather stations to help remove systematic bias
in rainfall measures, a key problem from inter-
polating data from meteorological stations.
Data on temperature are extracted from the
Department of Geography of the University of
Delaware (Matsuura and Willmott 2015). The
temperaturedatasetconsistsofmonthlygridded
datainterpolatedtoa0.5� grid.Bothdatasetsare
overlaid onto district boundaries to obtain
district-level monthly rainfall and temperature
for Indonesia. We use these monthly data to
obtain the sum of rainfall and the average tem-
perature fromNovember toApril, which repre-
sents the weather conditions during the main
rice growing season. This definition of growing
season comes from USDA-FAS (2016), which
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Figure 2. Spatial distribution of conflict in Indonesian districts, 1998–2014Note: Data come from
the Indonesia Conflict Monitoring System (NVMS), 1998–2014. The geographic unit of analysis
of our study is the district. Non-district units, such as municipalities, cities, and small islands, are
excluded.

4 Available at https://aplikasi2.pertanian.go.id/bdsp/en
5 Available at: http://chg.geog.ucsb.edu/data/chirps/
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iscoincidentwiththedefinitionofthewetseason
in the literature (AldrianandDwiSusanto2003;
AsianDevelopment Bank 2016a).6

Data on irrigation capacity are extracted
from the Ministry of Public Works and Hous-
ing (MPWH) of Indonesia.7 Each dam and
groundwater facility is described by location,
irrigation capacity in hectares, and the first
year of operation. For our main measure of
irrigation capacity, we calculate each district’s
irrigation capacity from all facilities listed in
the MPWH data and express it as a share of
the total district area. We also use irrigation
capacity as a fraction of rice acreage and rice
and corn acreage, and find our results effec-
tively unchanged, available in the online sup-
plementary appendix, table A1. To avoid
reverse causality from rainfall and conflict to
irrigation capacity, we use the total irrigation
capacity built before 1998, the first year of
our period of observation.
To validate our measure of irrigation capac-

ity, we test whether it is correlated with the
actual irrigated area, reported by the Histori-
cal Irrigation Dataset (HID) of Siebert et al.
(2015), which contains surface irrigation esti-
mates from satellite images for the years
1995, 2000, and 2005. Results reported in the
online supplementary appendix, table A2,
show that irrigation capacity in 1997 is strongly
positively correlated with average surface irri-
gation at the district level. We also use data
from the World Register of Dams (WRD),
maintained by the International Commission
on Large Dams (ICOLD), to obtain the elec-
tric power generation capacity from hydro-
power dams, which we use in a placebo test.
Dataoncontrol variables come from the1990

Indonesian National Census extracted from
IPUMS-International (Minnesota Population
Center 2018). The census includes socio-
economic characteristics at the household level.
We aggregate this information to the district
level to build baseline variables that we use to
testwhetherourresultsaredrivenbydifferences
in socio-economic characteristics between dis-
tricts with high and low irrigation capacity. Spe-
cifically, we use baseline district-level data on
thepercentageof urbanhouseholds, population

density, household education and literacy, total
and skilled agricultural labor force, religious
and language fractionalization, and housing
conditions. For the latter, we include the per-
centage of households with wood or grass roof,
no floor, and cane or wood walls, respectively.
To capture religious and ethnic diversity, we
generate a Herfindahl-Hirshman Index (HHI),
taking the sumof the square of the shareof each
religion/language in each district.

Data on terrain ruggedness come from the
Food and Agriculture Organization of the
United Nations (FAO) and the International
Institute for Applied Systems Analysis (IIASA)
(FAO/IIASA2010).Weoverlay these data onto
district boundaries to obtain the percentage of
district area that has slope of 0�–0.5�, 0.5�–2�,
2�–5�, 5�–8� and 8�–16�, respectively.

As noted above, we use data on conflict from
the Indonesian NVMS dataset, maintained by
the World Bank and the Government of Indo-
nesia.8 The dataset contains details on more
than 235,000 conflict incidents that occurred
between1998and2014derivedfromnewspaper
sources and checkedwith conflict reports, alter-
native media, and non-media sources (Barron,
Jaffrey, and Varshney 2014). We follow Bazzi
et al. (2019) and Tovar-Garcia and Nugroho
(2015), who use the number of conflict incidents
inagivendistrict-yearas theprimaryoutcomeof
interest. We use the information contained in
the NVMS on conflict categories to conduct a
heterogeneity analysis that separately estimates
effects for each of these six types of conflict.

Descriptive Statistics

Table 1 provides descriptive statistics for rain-
fall, agricultural production, irrigation, and
conflict-related incidents. In our sample, the
main rice production season receives more
rainfall than the rest of the year, getting an
average of 1,680 mm of rainfall compared to
815 mm of rainfall for the rest of the year, a
difference of approximately 50%.

On average, districts experienced 9.1
conflict-related incidents per year. The most
common types of incidents are related to pop-
ular justice and separatist conflicts, which are
responsible for approximately 38% and 24%
of all incidents, respectively. Other common
types of incidents are related to law enforce-
ment (19% of incidents) and natural resources

6 All regions of Indonesia receive substantially more rainfall
during the rainy season with the possible exception of Papua and
Maluku islands which contribute to only 2% of national rice
production.

7 The data comes from the General Directorate for Water
Resources (Direktorat Jenderal Sumber Daya Air) of Indonesia
(sda.pu.go.id).

8 Available at: http://www.worldbank.org/en/news/video/2015/
08/17/indonesias-national-violence-monitoring-system
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(12%). The least common types of conflict are
triggered by government policy and group
identity (both approximately 6% of all
incidents).

Results

Our empirical strategy uses a fixed effects
regression to estimate the interaction between
a district’s irrigation capacity (measured at
baseline in 1997) and growing-season rainfall
in the current year. In particular, we estimate
the following regression:

ð1Þ Yipt = α0 + β1Rit + β2Rit × Irri +Xiptβ + υi

+ ηpt + θt + εipt

where Yipt denotes either the number of con-
flict incidents or the hyperbolic sine transfor-
mation of total rice production9 in district i in

province p and year t;10 Rit is the total amount
of rainfall in the main growing season, which
starts in November of year t − 1 and ends in
April of year t; Irri is the irrigation capacity per
district area; and Xipt is a vector of control vari-
ables that includes the growing-season average
temperature. To address concerns about reverse
causality from rainfall and conflict to irrigation,
our preferred specification defines Irri as district
i’s irrigation capacity in 1997, the year before the
start of the period of observation. To control for
unobservable variables, equation (1) includes
district fixed effects (vi), province-specific time
trends, (ηpt) and year fixed effects (θt). Standard
errors are clustered at the district level to allow
for serial correlation of rainfall and conflict
within districts.11

Table 1. Descriptive Statistics

Mean Standard deviation

Annual rainfall (100 mm) 24.96 6.73
Growing-season rainfall (100 mm) 16.80 4.05
Off-season rainfall (100 mm) 8.15 4.95
Rice area (hectares) 54,715.89 43,033.87
Rice production (tons) 257,460.50 217,538.80
Irrigation capacity in 1997 (% of total district ha) 2.539% 17.413%
Total incidents 9.10 29.69
Resource incidents 1.11 3.00
Popular justice incidents 3.45 10.52
Law enforcement incidents 1.77 4.95
Government policy incidents 0.55 1.38
Separatist incidents 2.19 24.62
Group identity incidents 0.58 3.22
Urban households (% of total in the district) 0.15 0.13
Religion HHI (0 to 10,000) 8433.9 2132.34
Language HHI (0 to 10,000) 5555.4 1805.45
Agricultural labor force (% of total in the district) 0.26 0.082
Skilled agriculture (% of agricultural in the district) 0.25 0.083
Average education level (by HH in the district) 1.29 0.11
Illiterate households (% of total in the district) 0.19 0.08
Cane/wood wall (% of total in the district) 0.66 0.24
No floor (% of total in the district) 0.29 0.27
Wood/grass roof (% of total in the district) 0.20 0.25

Note: The unit of analysis is the district year. Rainfall is extracted from CHIRPS; irrigation capacity and groundwater are fromMPWH; and conflict incidents is
coming from NVMS dataset. Education level between 1 and 2 means that on average household are between primary level incomplete (1) and primary school
complete (2).

9 Total rice production includes low-land and up-land rice
cultivation.

10 We use the hyperbolic sine transformation of rice production
which approximates the logarithmic function but is defined for
zero-valued observations (Bellemare and Wichman 2019). There
are only 34 zero-valued observations, out of a total 3,417 observa-
tions. Results of regressions that use the logarithm of rice produc-
tion are presented in the online supplementary appendix, table A9
and are similar to those based on the hyperbolic sine
transformation.

11 To account for possible spatial correlation, we also estimate
models with spatial autocorrelation robust standard errors
(Conley 2010; Hsiang 2010; Fetzer 2014a), which allow errors to
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All explanatory variables are converted to
z-scores to allow for interpretation of the
results in terms of standard deviations. We
use within-district z-scores to measure rainfall
shocks as deviations from the district’s mean
seasonal rainfall, but results are robust to
using sample z-scores. The coefficient β1
reflects the additional effect of a standard
deviation of rainfall on rice production or con-
flict in districts with zero irrigation capacity.
We expect this estimate to be positive for agri-
cultural production and negative for conflict,
assuming that abundant rainfall decreases
conflict at least partly through its beneficial
effect on agricultural production.
The coefficient β2 reflects how the effect of

rainfall differs between districts with varying
levels of irrigation capacity. If irrigation capac-
ity mitigates the effect of weather shocks, we
would expect agricultural production to be less
dependent on rainfall in districts with high irri-
gation capacity, leading to a negative value of
β2 in regressions that use rice production as
the outcome. When using conflict as the out-
come, we would expect a positive value of β2,
because the conflict-reducing effect of rainfall
is greater in districts with lower irrigation
capacity.

Rainfall and Irrigation Effects on Rice
Production and Conflict

Because one might be concerned that current
irrigation is determined by local time-varying
characteristics that may also affect conflict,
we begin by estimating a reduced form regres-
sion using baseline irrigation capacity as the
explanatory variable.12

Tables 2 and 3 provide estimates of the rela-
tionship among growing-season rainfall, irriga-
tion capacity, and agricultural production as
well as conflict incidents.13 The first column
shows the effect of baseline-year irrigation
capacity interactedwith rainfall on riceproduc-
tion and conflict including province-specific
time trends. The second column presents the
same specification with district-specific time
trends. The third column presents results using
baseline irrigation capacity.14

Table 2 shows estimates for the relationship
among rainfall, irrigation, and agricultural pro-
duction. To interpret the coefficients, note that
the effect of rainfall on agricultural production

Table 2. The Effect of Growing-Season Rainfall and Irrigation Capacity on Rice Production

ihs(rice production)

OLS OLS OLS

(1) (2) (3)

GS rainfall 0.0295*** 0.0316*** 0.0295***
(0.0102) (0.0105) (0.0102)

GS Rainfall × Baseline Irrigation capacity −0.00298** −0.00419**
(0.00126) (0.00169)

GS Rainfall × Current Irrigation Capacity −0.00273**
(0.00123)

Observations 3,417 3,417 3,417
R-squared 0.561 0.639 0.561
Number of districts 201 201 201

Note: Regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects; regression in column 2 contains district-specific linear time trends. Growing-season rainfall is the sum of rainfall fromNovember in t − 1 to
April in year t. In columns 1 and 2, irrigation is defined as the district’s irrigation capacity in 1997, the year before the start of the period of observation. In column
3, irrigation is defined as the district’s irrigation capacity in the current year t. Both irrigation measures are expressed as a fraction of the total district area.
Standard errors, clustered at the district level, are in parenthesis, where ***, **, and * denote statistical significance at the 1%, 5% and 10% levels, respectively.

be correlated across nearby districts within a certain spatial band-
width. As an additional test for spatial correlation, we show that
our results are robust to clustering standard errors at the province
level (the average province contains on average 15 contiguous dis-
tricts). Results of these regressions are presented in the online sup-
plementary appendix, tables A6 and A7.

12 In the online supplementary appendix, table A10 we present
the results of an instrumental variables regression that instruments
current irrigation capacity with baseline irrigation capacity in 1997.

13 In our preferred specifications, irrigation capacity is
expressed as a fraction of total district area. In the online supple-
mentary appendix, table A1, we also show results for irrigation
capacity per capita, and as a fraction of rice area and the sum of
rice and corn area. Results are qualitatively similar to those in
table 3.

14 In table A10 of the online supplementary appendix, we pre-
sent IV estimates of the current year irrigation instrumented by
baseline irrigation on rice production and conflict jointly with the
results of the first stage regressions. Our main results from tables 2
and 3 are robust to the latter specification.
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in a given district is given by ∂Yipt

∂Rit
= β1 + β2Irri,

where β1 is the coefficient associated with rain-
fall and β2 is the coefficient associated with the
interaction between rainfall and irrigation.
Thus, β1 reflects the effect of rainfall on agri-
cultural production in districts whose irriga-
tion capacity is at the sample mean (note that
the variable Irri is expressed in terms of simple
standard deviations, so that a value of Irri = 0
reflects an irrigation capacity at the simple
mean). Using the results from Column 1, in
districts with irrigation capacity at the sample
mean, a one-standard-deviation increase in
rainfall is associated with an increase in rice
production of 3%, broadly consistent with pre-
vious estimates of the effect of rainfall on rice
production in the Philippines (Crost et al.
2018). The negative coefficient associated with
the interaction between irrigation capacity
and rainfall suggests that irrigation mitigates
the effect of rainfall on agricultural produc-
tion. A one-standard-deviation increase in irri-
gation capacity reduces the effect of rainfall on
rice production by approximately 0.3 percent-
age points or 10%. Note, however, that the
rainfall-production relationship remains posi-
tive even in districts with very high levels of
irrigation. For instance, in districts with an irri-
gation capacity that is two standard deviations
above the mean, a one-standard-deviation
increase in rainfall is associated with an
increase in rice production of 2.3%. Column
2 shows that our results are robust to including
district-specific linear time-trends in additions

to the province-specific trends included in col-
umn 1. Moreover, Column 3 shows that our
results are robust to using current irrigation
capacity (Column 3).
The results in table 2 are consistent with the

hypothesis that irrigation protects yields against
low rainfall shocks, so that irrigated districts
have higher agricultural productivity in years
with low rainfall. A limitation of our approach
is that we can only estimate the coefficient asso-
ciated with the interaction between irrigation
capacity and rainfall but not the direct effect of
an increase in irrigation capacity on agricultural
production in yearswith zero rainfall.15We can,
therefore,not ruleout that the lower slopeof the
rainfall–production relationship in districtswith
high irrigation capacity is because irrigation
leads to lower agricultural productivity at high
rainfall levels, though this appears unlikely in
practice.
Table 3 shows estimates for the relationship

between rainfall, irrigation, and conflict. The
results from column 1 show that, in districts with
mean irrigation capacity, a one-standard-
deviation decrease in growing-season rainfall is
associated with approximately 0.3 more conflict-
related incidents. As with the effect of rainfall
on agricultural production, the effect on conflict

Table 3. The Effect of Growing-Season Rainfall and Irrigation Capacity on Conflict

Number of conflict incidents

OLS OLS OLS OLS

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

ihs(rice production) −1.781**
(0.871)

GS rainfall −0.297 −0.170 −0.297
(0.291) (0.319) (0.291)

GS Rainfall × Baseline Irrigation capacity 0.108** 0.101**
(0.0443) (0.0446)

GS Rainfall × Current Irrigation Capacity 0.0993**
(0.0494)

Observations 3,417 3,417 3,417 3,417
R-squared 0.208 0.386 0.208 0.203
Number of districts 201 201 201 201

Note: Regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects. The regression in column 2 contains district-specific linear time trends. Growing-season rainfall is the sum of rainfall from November in
t − 1 to April in year t. In columns 1 and 2, irrigation is defined as the district’s irrigation capacity in 1997, the year before the start of the period of observation. In
column 3, irrigation is defined as the district’s irrigation capacity in the current year t. Both irrigationmeasures are expressed as a fraction of the total district area.
In column 4, we regress the logarithm of rice production on conflict. Standard errors, clustered at the district level, are in parenthesis, where ***, **, and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

15 This effect would be captured by the coefficient β3 in the
regression Yipt = α0 + β1Rit + β2Rit × Irri + β3Rit × Irri + εipt. How-
ever, we cannot estimate this regression since we do not observe
plausibly exogenous changes in irrigation capacity and the time-
invariant irrigation levels in our regression are collinear with dis-
trict fixed effects.
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is mitigated by the presence of irrigation infra-
structure. Specifically, a one-standard-deviation
increase in irrigation capacity reduces the effect
of rainfall on conflict incidents by approximately
0.11 incidents, decreasing the effect of rainfall
on conflict by approximately 36%. Similar to the
results in table 2, the effect of rainfall on conflict
remains negative even for districts with high irri-
gation capacity. In districts with an irrigation
capacity two standard deviations above the
mean, a one-standard-deviation increase in rain-
fall is associated with a decrease in conflict of
0.08.As intable2,ourresultsarerobust to includ-
ingdistrict-specific linear time trends (Column2)
and to using current irrigation capacity directly
(Column 3).
Column 4 shows a simple descriptive regres-

sion of conflict on agricultural production. The
results show that, controlling for district and
year fixed effects, as well as province-specific
time-trends, increases in agricultural produc-
tion are associated with decreases in conflict.
This is consistent with an agricultural mecha-
nism in which higher agricultural production
increases social stability, perhaps by support-
ing rural wages or by stabilizing food prices.
A fundamental concern with this regression
is that it may suffer from reverse causality, as
increases in conflict from non-agricultural
causes may depress agricultural production,
which is why we focus on our results from the
direct regression of rainfall on conflict.
The results in table 3 are consistent with the

hypothesis that irrigation protects social stabil-
ity against low rainfall shocks, so that irrigated
districts experience less conflict in years with
low rainfall. Taken together, the results in
tables 2 and 3 are consistent with the hypothe-
sis that irrigation increases agricultural pro-
ductivity and decreases conflict in years with
low rainfall, in keeping with an agricultural
mechanism.16

Heterogeneous Effects by Type of Conflict

Next, we test for heterogeneous effects across
different types of conflict. If rainfall and irriga-
tion affect conflict through an agricultural

mechanism, we would expect their effect to be
largest for types of conflict directly affected by
shortfalls in agricultural production. Results in
table 4 suggest that the evidence for a conflict-
increasing effect of rainfall and a mitigating
effect of irrigation is strongest for conflicts over
natural resources and popular justice. There is
also some evidence that low rainfall increases
conflict over law enforcement and government
programs, but here we do not find a statistically
significant effect of irrigation infrastructure.
The evidence for an agricultural mechanism is
weakest for separatist and group identity con-
flicts, which are higher in years with abundant
rainfall and in places with more irrigation
infrastructure.

One limitation of the estimates in table 4 is
that they have large standard errors, because
some conflict types are rare in our sample. To
address this limitation, we conducted a factor
analysis that groups types of conflict that tend
to co-occur in the same district in the same year.
The results of this analysis are presented in the
online supplementary appendix, tables A3 and
A4.They show that theeffect of rainfall and irri-
gation is large and statistically significant for the
first factor, which largely consists of conflicts
over natural resources, popular justice and law
enforcement, and small and statistically insignif-
icant for all other factors.

These disaggregated estimates help recon-
cile our results with those of the previous study
by Sarsons (2015). That study focused on reli-
gious riots in India, which are most similar to
the separatist and group identity conflicts in
our data. Like Sarsons (2015), we find no evi-
dence that rainfall affects these types of con-
flict through an agricultural mechanism.

Nonlinear Effects

We next explore possible non-linearities in the
effect of rainfall and themitigating effect of irri-
gation, following previous studies on non-linear
effects of weather shocks on human capital and
farmer behavior (Shah and Steinberg 2017;
Garg, Jagnani, and Taraz 2018; Jagnani et al.
2018). For instance, one might expect that the
effect of irrigation on agricultural production is
particularly strong for years with very low rain-
fall when water constraints become binding in
non-irrigated districts. If this is the case, we
would also expect the conflict-mitigating effect
of irrigation to be strongest at the low end of
the rainfall distribution.Toexplore thispossibil-
ity, we estimate the following equation:

16 As noted above, our analysis is limited by the fact that we can
only estimate the interaction between rainfall and irrigation but
not the direct effect of irrigation. We can, therefore, not rule out
that irrigation decreases agricultural production and increases
conflict in years with high rainfall. We believe this to be unlikely
in practice, though in principle it would still be consistent with an
agricultural mechanism in which conflict is higher in years with
low agricultural production.
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Yipt = α0 + β1negrainit + β1posrainit + β3negrainit
× Irri + β4posrainit × Irri +Xiptβ + υi

+ ηpt + θt + εipt

ð2Þ

where negrainit denotes rainfall levels below
the sample mean (i.e. rainfall levels in district
i in year t, with positive values replaced by
zero), and posrainit denotes rainfall levels
above the samplemean (defined analogously).
The coefficients β1 and β2 capture the slope of
the relationship between rainfall and the out-
comeYit below and above themean of rainfall,
respectively. The coefficients β3 and β4, cap-
ture how these slopes differ in districts with
higher versus lower irrigation.

Column 1 in table 5 shows results for the
effect of rainfall on agricultural production.
The point estimates of coefficients β3 and β4
suggest that the mitigating effect of irrigation
is larger at low levels of rainfall, consistent
with higher productivity of irrigation water
during times of drought. However, the differ-
ence between the point estimates is relatively
small and not statistically significant, so we
cannot rule out that the two coefficients are
equal. Column 2 shows similar results for the
effect of rainfall on conflict. The point estimate
of β4 is larger than that of β3, suggesting a
larger mitigating effect of irrigation at low
rainfall levels, but the difference is not statisti-
cally significant.

We also conducted an analysis in which we
split the rainfall variable into three terciles
and included dummy variables for the terciles
interacted with baseline irrigation capacity.
The results of this analysis are presented in
the online supplementary appendix, table A5.

The point estimates suggest that the conflict-
reducing effect of irrigation is highest for rain-
fall in the lowest tercile and lowest for rainfall
in the highest tercile, consistent with the
results in table 5. However, the large standard
errors associated with these estimates do not
allow us to reject the hypothesis that the
effects of irrigation are the same for rainfall
in all three terciles, making the results of this
analysis inconclusive.

Table 4. Impact of Growing-Season Rainfall by Subcategories of Conflict

Resources
Popular
justice

Law
enforcement

Government
programs Separatism

Group
identity

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

GS rainfall −0.108*** −0.317*** −0.292*** −0.0580** 0.342 0.0776
(0.0397) (0.105) (0.0703) (0.0258) (0.228) (0.0479)

GS Rainfall × Irrigation
Capacity

0.0176*** 0.0677* 0.0139 −0.00434 −0.0138 0.0228**
(0.00507) (0.0349) (0.00885) (0.00350) (0.0292) (0.00929)

Observations 3,417 3,417 3,417 3,417 3,417 3,417
R-squared 0.217 0.232 0.227 0.269 0.223 0.091
Districts 201 201 201 201 201 201

Note: All regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects. Irrigation is defined as irrigation capacity in 1997, the year before the start of the period of observation. Growing-season rainfall is the sum
of rainfall fromNovember in t− 1 toApril in year t. The outcomes are the number of conflict incidents by type of conflict. Standard errors, clustered at the district
level, are in parentheses, where ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 5. Positive Versus Negative Growing-
Season Rainfall Shocks on Rice Production
and Conflict

ihs (rice
production) Conflict

(1) (2)

Positive shocks 0.00781* −0.823***
(0.00457) (0.250)

Negative shocks 0.0118** −0.718***
(0.00583) (0.239)

Positive
Shocks × Irrigation
Capacity

−0.00171*** 0.0973**
(0.000582) (0.0406)

Negative
Shocks × Irrigation
Capacity

−0.00279** 0.139**
(0.00115) (0.0580)

Observations 3,417 3,417
R-squared 0.728 0.250
Number of districts 201 201

Note: All regressions include temperature and temperature interacted with
irrigation capacity, as well as district fixed effects, province-specific linear time
trends, and island-by-year fixed effects. Growing-season rainfall is the sum of
rainfall from November in t − 1 to April in year t. Negative shocks are defined
as rainfall below the mean while positive shocks are defined as rainfall above
the mean. Standard errors, clustered at the district level, are in parentheses,
where ***, **, and * denote statistical significance at the 1%, 5%, and 10%
levels, respectively.
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Overall theresultsdiscussedinthissectionare
consistent with a larger mitigating effect of irri-
gation at times of drought but do not provide
decisive evidence for it.

Robustness Tests

Aprimary concern for our analysis is that irriga-
tion capacitymaybecorrelatedwithunobserved
district characteristics that might mitigate the
effect of rainfall shocks. For instance, it is

possible that irrigation facilities are built pre-
dominantly in districts that have lower conflict
potential, perhaps because they aremore devel-
oped or more ethnically homogeneous, and this
might explain why rainfall affects conflict less
strongly in these areas.

Table 6 presents several robustness tests to
address this concern. First, we control for inter-
actions between rainfall and a wide range of
demographic, socio-economic, and geographic
district characteristics that might affect conflict
and/or the construction of irrigation dams.

Table 6. Robustness Tests: Heterogeneous Effects of Rainfall by Observable Characteristics
and Rainfall by Geographic Location

Number of conflict incidents

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

GS rainfall −0.297 −0.320 −0.311 0.885
(0.291) (0.300) (0.471) (1.146)

GS Rainfall × Irrigation Capacity 0.108** 0.167*** 0.167*** 0.124**
(0.0443) (0.0540) (0.0558) (0.0570)

Rainfall-by-baseline controls x x X
Rainfall-by-outer/inner island x
Rainfall-by-island X
observations 3,417 3,417 3,417 3,417
R-squared 0.208 0.210 0.210 0.211
Number of districts 201 201 201 201

Note: All regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects, and the interaction between rainfall and baseline characteristics: percentage of urban households, religion and language fractionalization,
average educational level by household, percentage of illiterate households total and skilled agricultural labor force, and housing conditions (roof, wall, and
floor); the percentage of district area that has slope of 0�–0.5� , 0.5�–2� , 2�–5� , 5�–8� , and 8�–16� . Growing-season rainfall goes fromNovember in t− 1 to April in
year t. Irrigation is defined as the district’s irrigation capacity in 1997, the year before the start of the period of observation. Standard errors, clustered at the
district level, are in parentheses, where ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 7. Robustness Tests: Heterogeneous Effects of Rainfall by Observable Characteristics
and Geographic Location

Number of conflict incidents

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

GS rainfall −0.297 −1.450*** −1.170** −1.908***
(0.291) (0.504) (0.514) (0.604)

GS Rainfall × Irrigation Capacity 0.108** 0.133 0.172** 0.175*
(0.0443) (0.102) (0.0815) (0.103)

Baseline controls-by-year FE x x x
Outer/inner island FE x
Island-by-year FE x
Observations 3,417 3,417 3,417 3,417
R-squared 0.208 0.306 0.348 0.371
Number of districts 201 201 201 201

Note: All regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects, and the interaction between rainfall and baseline characteristics: percentage of urban households, religion and language fractionalization,
average educational level by household, percentage of illiterate households total and skilled agricultural labor force, and housing conditions (roof, wall, and
floor); the percentage of district area that has slope of 0�–0.5� , 0.5�–2� , 2�–5� , 5�–8� , and 8�–16� . Growing-season rainfall goes fromNovember in t− 1 to April in
year t. Irrigation is defined as the district’s irrigation capacity in 1997, the year before the start of the period of observation. Standard errors, clustered at the
district level, are in parentheses, where ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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Demographic and socio-economic controls
include the percentage of urban households,
population density, religious and language frac-
tionalization, average household education and
percentage of illiterate households, percentage
of total and skilled agricultural labor force, and
housing conditions. Geographic controls
include measures of elevation and terrain rug-
gedness, specifically the percentage of district
area whose slope falls into each of the following
bins: 0�–0.5�, 0.5�–2�, 2�–5�, 5�–8� and 8�–16�.
Column 2 of table 6 shows that our estimates
are virtually unchanged by controlling for the
interaction between rainfall and these charac-
teristics, which suggests that differences in
observable characteristics do not explain the
weaker rainfall–conflict link in districts with
irrigation.

A related concern is that differences in
unobserved geographic characteristics might
drive the results. Indonesia consists of several
islands, which differ in political, socio-eco-
nomic, and climate characteristics. This poten-
tial regional heterogeneity is particularly
relevant because irrigation infrastructure is
geographically concentrated in certain regions
of the country. It is, therefore, possible that
irrigation capacity is spuriously correlated
with spatially correlated unobserved shocks
that affect conflict. We address this concern
by controlling for a set of interactions between
rainfall and geographic fixed effects. Column
3 of table 6 shows results that control for inter-
actions between rainfall and island-group
fixed effects, where island-group is an indica-
tor that divides districts based on whether they
are on the inner islands (Java and Sumatra) or
the outer islands (Bali, Kalimantan, Maluku,

Papua, Sulawesi, and Nusa Tenggara). This
specification controls for spatially correlated
unobservables that may affect the effect of
rainfall on conflict in different geographic

Table 8. Impact of Growing-Season Rainfall on Conflict in Rural versus Urban Areas

Number of conflict incidents

Agricultural Non-agricultural Agricultural Non-agricultural
(1) (2) (3) (4)

GS rainfall −0.153 −0.563 −0.164 −0.565
(0.260) (0.576) (0.257) (0.576)

GS Rainfall × Irrigation capacity 0.158*** −0.0478
(0.0207) (0.325)

Observations 1,717 1,700 1,717 1,700
R-squared 0.209 0.267 0.209 0.267
Number of districts 101 100 101 100

Note: All regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects. Growing-season rainfall is the sum of rainfall from November in t − 1 to April in year t. We split the sample into agricultural and non-
agricultural districts using the median area per capita planted to rice, corn, and cassava. In columns 1 and 2, we estimate the regression without the irrigation
interaction. Columns 3 and 4 shows results corresponding to the same split but including the interaction between rainfall shocks and irrigation. Standard errors,
clustered at the district level, are in parentheses, where ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 9. Robustness Tests: Placebo Tests for
Off-Season Rainfall and Hydropower Dams

Number of
conflict incidents

(1) (2)

GS rainfall −0.480* −0.322
(0.283) (0.301)

GS Rainfall × Irrigation Capacity 0.152** 0.173***
(0.0607) (0.0612)

GS Rainfall × Hydropower
Capacity

−0.0185
(0.106)

OS Rainfall 3.102*
(1.799)

OS Rainfall × Irrigation Capacity −0.0630
(0.154)

Observations 3,417 3,417
R-squared 0.212 0.210
Number of districts 201 201

Note: All regressions include temperature and temperature interacted with
irrigation capacity, as well as district fixed effects, province-specific linear time
trends, and year fixed effects, and the interaction between rainfall and
baseline characteristics: percentage of urban households, religion and
language fractionalization, average educational level by household,
percentage of illiterate households total and skilled agricultural labor force,
and housing conditions (roof, wall, and floor); the percentage of district area
that has slope of 0�–0.5� , 0.5�–2� , 2�–5� , 5�–8� and 8�–16� . Growing-season
rainfall goes from November in t − 1 to April in year t. Irrigation is defined as
the district’s irrigation capacity in 1997, the year before the start of the period
of observation. Off-season rainfall goes from May to October in year t.
Hydropower capacity is total megawatt capacity by district in 1997. In column
1, we include off-season rainfall and their interactions. In column 2, we test for
the effect of hydropower capacity. Standard errors, clustered at the district
level, are in parenthesis. ***, **, and * denote statistical significance at the
1%, 5%, and 10% levels, respectively.
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regions. Column 4 increases the spatial resolu-
tion of this approach by including interactions
between rainfall and island fixed effects. Our
results are robust to this specification, suggest-
ing that they are not driven by spatially corre-
lated unobserved determinants of the rainfall–
conflict relationship.17

It is further possible that our estimates are
biased by unobserved shocks to conflict in dis-
tricts that have different baseline characteris-
tics or that are located on different islands.
This is of particular concern because irrigation
is geographically concentrated on a small
number of islands. Columns 2 to 4 of table 7
show results controlling for interactions
between year fixed effects and both baseline
characteristics and geographic fixed effects,
using the same aggregation as in table 6. The
results show that a one-standard-deviation
increase in irrigation reduces conflict by 0.17,
which is higher than the estimates from our
main regressions in table 3.
Finally, table 8 showsaplacebo test that sepa-

rately estimates equation 1 for agricultural and
non-agricultural districts. If our results are due
to an agricultural mechanism, we would expect
them to be strongest in districts where agricul-
ture is an important sector of the economy and
weak or nonexistent in districts with little

agriculture. We would, however, expect to see
a less pronounced difference if our results are
due to unobserved differences between irri-
gated and non-irrigated districts. For instance,
if the lower effect of rainfall on conflict in irri-
gated districts is driven by their higher level of
overall development, we would also expect to
see a mitigating “effect” of irrigation there.
Table 8 shows that this is not the case, and that
our results are concentrated in agricultural dis-
tricts. Columns 1 and 3 show results for districts
where per capita agricultural area of the three
major staple crops (rice, corn, and cassava) is
above the median. For this subsample, we find
strong evidence that conflict is attenuated by
thepresenceof irrigation. Fordistrictswithagri-
cultural area below the median, we find no sig-
nificant evidence for an attenuating effect of
irrigation (columns 2 and 4). This pattern
increases our confidence that our results reflect
anagriculturalmechanismdrivenby the protec-
tive effect of irrigation rather than unobserved
differences in overall economic development
or other factors that affect conflict potential.

To provide further evidence for an agricul-
tural mechanism, we present evidence from
two placebo tests. Column 1 of table 9 shows
that our results are specific to rainfall during
the main agricultural growing season from
November through April. We find no evi-
dence that rainfall outside of the growing sea-
son affects conflict and no evidence that its
effect is mediated by irrigation capacity. This
result is consistent with that of Harari and La

Table 10. Robustness Tests: Placebo Test for the Effect of Property Rights on Conflict

Number of conflict incidents

Full sample Ownership below the mean Ownership above the mean
(1) (2) (3)

GS rainfall −0.308 −2.218*** −0.458
(0.299) (0.823) (0.426)

GS Rainfall × Irrigation Capacity 0.178*** 0.342*** −0.211
(0.0572) (0.0891) (0.180)

GS Rainfall × Ownership 0.552**
(0.244)

Observations 3,417 1,275 2,142
R-squared 0.210 0.224 0.306
Number of districts 201 75 126

Note: All regressions include temperature and temperature interacted with irrigation capacity, as well as district fixed effects, province-specific linear time trends,
and year fixed effects, and the interaction between rainfall and baseline characteristics: percentage of urban households, religion and language fractionalization,
average educational level by household, total and skilled agricultural labor force, and poverty; the percentage of district area that has slope of 0�–0.5� , 0.5�–2� ,
2�–5� , 5�–8� and 8�–16� . Growing-season rainfall goes fromNovember in t− 1 toApril in year t; irrigation is defined as the district’s irrigation capacity in 1997, the
year before the start of the period of observation. Column 1 presents the results of the estimation of the full sample including the interaction between rainfall and
the percentage of households that own their place of residence. In column 2, we use the districts where the percentage of ownership is below the sample mean. In
column 3, we include the districts where the percentage of ownership is above the samplemean. Standard errors, clustered at the district level, are in parentheses,
where ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

17 To further address this issue, the online supplementary
appendix, tables A6 and A7 present Conley’s spatial autocorrela-
tion robust standard errors. Results are qualitatively similar to
those presented here.
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Ferrara (2018), who found that negative
weather shocks during the growing season
increase conflict in sub-Saharan Africa,
whereas shocks outside of the growing season
do not.

Column 2 of table 9 shows that our results
are specific to irrigation dams. We find no evi-
dence that the effect of rainfall is mitigated by
the presence of hydropower capacity in the dis-
trict. This result goes someway towards addres-
sing the concern that our results are driven by
unobserved characteristics that determine the
placement of large infrastructure projects. For
instance, if dams are built predominantly in dis-
tricts that have lower conflict potential, it might
explain why rainfall affects conflict less strongly
in these districts. However, the placement of
hydropower dams is likely to be affected by
similar unobserved politico-economic charac-
teristics as that of irrigation dams, such as polit-
ical stability, economic development, or
homogenous populations.18 The fact that the
presence of irrigation dams strongly mitigates
the rainfall–conflict link, whereas the presence
of hydropower dams does not, increases our
confidence that our estimates reflect the effect
of irrigation on conflict and is not due to unob-
served factors that affect the location of large
infrastructure projects.

Another potential concern is the possibility
that irrigation capacity is capturing the effect
of property rights of land, which in turn may
help mitigate against conflict during periods
of rain shortfall. To explore this possibility,
we interact the percentage of household that
are owners of their dwelling by district as a
proxy for property rights. In column 1 of
table 10, we show that irrigation capacity still
mitigates the effect of rainfall shocks when
including the tenure interaction, and that
strength of tenure also appears to mitigate
against the conflict effect of rainfall shocks.
When we split the sample, we find that the
effect of irrigation is coming from the districts
where the percentage of ownership is lower
than the average as opposed to places with a
higher percentage of ownership. This finding
suggests that the effect of irrigation may be
in part through its effect of increasing land
tenure security. At a minimum, we cannot
rule out this linkage.

Conclusions

Persistent conflict is a major impediment to
global poverty reduction and economic devel-
opment. A growing body of evidence has
found evidence that weather shocks are an
important driver of civil conflict, but the exact
mechanism driving this link is unknown. To
design policies that can protect society from
the conflict effects of weather shocks, we need
to understand this mechanism, including
where and when it applies.
Our article contributes to this understand-

ing by providing evidence that weather shocks
affect conflict, at least in part, through an agri-
cultural mechanism. Using district-level data
from Indonesia, we show that negative rainfall
shocks lead to a decrease in agricultural pro-
duction and an increase in civil conflict, and
that both effects are mitigated by the presence
of irrigation infrastructure. Compared to a
counterfactual of no irrigation, the country’s
current irrigation capacity decreases the effect
of a one-standard deviation rainfall shock on
conflict from sixty-two incidents to thirty-eight
incidents country wide.19 Our results are
robust to controlling for interactions between
district characteristics and rainfall, as well as
to controlling for unobserved time-varying
shocks at the island level. Placebo tests show
that our results are specific to rainfall in the
growing season and to the presence of irriga-
tion infrastructure. Importantly, we find no
evidence that the presence of hydropower
dams reduced the effect of rainfall on conflict,
which increases our confidence that our results
are not explained by unobserved characteris-
tics that determine the location of large infra-
structure projects.
Importantly, our results suggest that the

effect of rainfall on conflict varies substantially
across locations and across types of conflict.
Specifically, our evidence for an agricultural
link between rainfall and conflict only holds
for rural areas and for conflicts about natural
resources, popular justice, and law enforce-
ment. We find no evidence that rainfall affects
urban conflicts, or conflicts about group iden-
tity and ethnic separatism through an agricul-
tural mechanism. This reconciles our results
with those of Sarsons (2015) who found no evi-
dence that rainfall affects Hindu–Muslim riots,

18 We explore the determinants of placement of hydropower
and irrigation dams in the online supplementary appendix,
table A8, and find no statistically significant differences with
respect to observed district characteristics.

19 We use the coefficients from equation 1 in table 3 to predict
the effect of 1-sd deviation shock to rainfall when there is irrigation
versus the counterfactual of no irrigation.
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a largely urban conflict about ethnic identity,
through an agricultural mechanism.
Our results suggest that irrigation can play a

role in mitigating the effect of weather shocks
on certain types of civil conflict. Large infra-
structure projects, such as irrigation dams,
have been criticized for their substantial social
costs in the form of environmental damages
and displacement of people (McCully 1996;
Shiva 2012). Although our results do not take
away from these costs, they suggest that irriga-
tion infrastructure may have previously unrec-
ognized benefits in protecting societal stability
against weather shocks.

Supplementary Material

Supplementary material are available at
American Journal of Agricultural Economics
online.
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