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Abstract: Much recent quantitative empirical work on the climate change-conflict nexus has 

focused on cross-national correlations of environmental factors and conflict. Modeling 

conflicts at the national level ignores important local contexts. The current trend towards 

geographically dis-aggregated approaches acknowledges that civil conflicts and other violent 

events are often a function of local factors. This paper examines how droughts in a locale as 

well as in its neighboring areas affect conflict and the mediating effects of public services 

provisions at the local level. Using an existing framework provided by the PRIO-GRID, we 

test our theory on two neighboring East African countries, Ethiopia and Kenya, incorporating 

geo-referenced data on armed conflict events (UCDP-GED) and household data from 

Demographic and Health Surveys (DHS) on electricity and improved water access as measures 

of relevant local public services. The results show that both within-unit droughts and droughts 

in neighboring regions increase chances of violent events. Provision of public services in the 

forms of improved water access mediates the effect of droughts. We find no mediating effect 

associated with electricity access.   
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INTRODUCTION 

A major scientific debate, covering several disciplines and sub-fields, persists over whether 

resource degradation associated with climate change may be linked to political instability and 

violent conflict (Hsiang et al. 2013).
1
 Many papers highlight how resource-stress generates 

violent conflict, but others fail to find a connection, especially at the local level. Both large-N 

studies and field work case studies find mixed evidence for a relationship between resource 

scarcity and violent conflict.  Among all the possible pathways between resource scarcity and 

conflict, drought has received the most attention in quantitative empirical studies, yet two 

unresolved questions remain: first, how far can the effects of drought travel into neighboring 

areas? Second, whether these effects can be mitigated. Clearly, resource scarcity does not exert 

the same effects across all communities, but varies with local conditions and in particular with 

the availability of relevant public services such as improved water access and electricity. This 

paper aims to contribute to our understanding of how droughts may affect local dynamics and 

the spread of conflict pressures, as well as addressing the potential for local adaptability to 

climate change.
2
    

  The existing literature attributes the lack of evidence linking resource stress and violent 

armed conflict to migration, as well as adaptive responses from local communities. Emergency 

relief efforts may also divert crucial resources from other areas towards the drought-affected 

region. We therefore argue that the mobility of individuals, livestock and aid infrastructures 

can lead to the geographic diffusion of climate change pressures from areas that experience 

drought to neighboring regions.
3
 Thus, droughts are assumed to impact conflict dynamics not 

only in the locations experiencing drought but also in surrounding areas; however, the 

provision of public goods like improved water access and electricity that may reduce 

vulnerabilities to drought could be expected to have a mitigating effect and lowering the 

likelihood of violent armed conflict (Detges 2016).   
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To assess our arguments, we use disaggregated data on violent conflicts and the 

provision of public services in Ethiopia and Kenya. The selection of Ethiopia and Kenya is 

motivated both by the great geographic and temporal variation in climate in environmentally 

marginal areas, good availability of survey (DHS) data, and high levels of inter-communal 

armed conflict that arguably is more relevant to resource scarcity than conventional civil war 

(Fjelde and von Uexkull 2012; Hendrix and Salehyan 2012). We find evidence that conflict 

erupts not only in areas with droughts, but also in areas that are within a buffer zone of five 

adjacent grid cells (each of approximately 55 by 55 kilometers) from drought areas. This is 

equivalent to a distance of 300-350 kilometers, within distances reachable for herders in search 

of food and water for their cattle (Pragya 2012: 6). We also find that the provision of improved 

water resources can mitigate the probability of conflict in these areas, while other forms of 

basic public services such as electricity have no such effect.   

 

THEORIES OF SCARCITY AND CONFLICT 

The resource scarcity (RS) literature identifies three mechanisms by which scarcity induces 

conflict. The first mechanism concerns the interaction between scarcities and localized social 

and economic vulnerabilities and the effect of such interactions on state capacity and 

legitimacy. Scarcity triggers a vicious cycle of reduced resources and agricultural production 

that undermine the capacity of states to respond to environmental crises and to provide public 

services to offset the impact of degradation (Theisen et al. 2011/2012).  At the same time, 

demands on governments increase – especially when droughts and scarcity become more 

frequent (Barnett and Adger 2007; Homer-Dixon and Blitt 1998; Kahl 2006).  Social and 

economic vulnerabilities heightened by conditions of scarcity can make individuals susceptible 

to recruitment by rebel groups fueling violent conflicts (Collier and Hoeffler 2004).  
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A second mechanism is the nexus between demands and grievances. Especially ethno-

political divisions and exclusionary policies increase the probability of violent conflict (Kahl 

1998, 2006; Raleigh 2010).  In a process that Kahl labels ‘resource exploitation’, political elites 

and entrepreneurs use the exclusivity of political institutions to restrict specific groups from 

participating in the decision making process. The case of Kenya in the period 1991-1993 

illustrates how exclusive political institutions create permissive conditions that pit ethnic 

groups against each other in conditions of competition over limited resources (Kahl 1998).  

A third mechanism that could potentially increase the probability of conflict is the 

migration of populations because of scarcity and droughts (Reuveny 2007). Main causes of 

environmentally-induced migration include, for instance, rapid-onset disasters like flooding 

and cyclones that can displace large populations rapidly as many low-land coastal areas will 

become uninhabitable. Moreover, prolonged periods of drought caused by changes in 

temperature and precipitation will affect agricultural production, prompting resource 

competition and migration into other (potentially vulnerable) areas (Buhaug et al. 2010; Martin 

2013; Reuveny 2007). Migratory patterns associated with drought will vary considerably 

depending on the existing contextual factors and the duration of the drought (Lilleør and Van 

den Broek 2011; Suhrke 1997).   

Bernauer et al. (2012) conducted a review of the literature concluding that while under 

certain conditions climatic changes might lead to violent armed conflict the link is tenuous and 

not generalizable. Some cross-national studies found statistical evidence to link precipitation, 

temperature anomalies and global weather phenomena to conventional armed conflict. Yet, 

these studies received ample criticism for the selective use of conflict data, unconventional 

empirical strategies, and lack of plausible mechanisms that may explain the results (Böhmelt et 

al. 2014; Buhaug et al. 2014; Burke et al. 2009; Hsiang et al. 2013; Miguel et al. 2004). Recent 

empirical research, both large-n studies and field work case studies, does not find systematic 
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evidence that conflict is the clear outcome of resource scarcity and droughts (Bernauer et al. 

2012; Buhaug et al. 2010; Gleditsch 2012; Kallis and Zografos 2013; Klomp and Bulte 2013; 

Koubi et el 2014; Meierding 2013; Raleigh et al. 2014; Scheffran et al. 2012; Theisen et al. 

2013). Qualitative case studies occasionally find some evidence of low-level communal 

conflicts being associated with resource scarcity under specific conditions. Nevertheless, the 

most deterministic and pessimistic claims are rarely supported (Horowitz 2009; Turner 2004).  

For instance, the complex and indirect nexus between exclusionary political 

institutions, social and ethnic fragmentation, and scarcity are illustrated in the case of the 

Tuareg tribes in the Sahel region. While early research used the Tuareg rebellions in Mali as 

examples of conflict driven by extensive drought, careful analysis has revealed that the 

political exclusion and marginalization of the tribes and the embezzlement of the relief funds 

by government officials contributed to the decision of the tribes to take up arms against the 

government of Mali (Benjaminsen 2008). Similarly, using the case of Sudan, Verhoven (2005) 

posits that the manipulation of environmental shocks by entrepreneurial elites is a leading 

cause of conflict.  

Further, there is a body of field work studies from sub-Saharan Africa that find 

evidence that droughts lead to more cooperation, rather than conflict. In Ethiopia on the border 

with Somalia, agro-pastoral communities often develop sharing agreements that stabilize 

household incomes and mitigate the impact of droughts on households and communities 

(Bogale and Korf 2007). Ericksen and Lind (2007) find corroborating evidence from fieldwork 

in Kenya, but also stress the significance of both local and state level adaptation policies. They 

highlight the role of political processes of exclusion and distribution of resources in either 

accentuating or mitigating the adaptation process. Yami et al. (2013) find evidence that local 

communities in Tigray, Northern Ethiopia, develop village bylaws to govern the management 

of resources, but these bylaws are strained by droughts and landless youths. In a study of 
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Northern Kenya, Adano et al. (2012: 67) document increasing cooperation in dry periods, and 

increasing violence during the wet season, emphasizing that the presence of local institutions 

may dampen conflict. However, Ember et al. (2012; 2014) found the opposite effect of drought 

to conflict in the Turkana region contradicting the findings by Witsenburg and Adano (2007). 

In the Turkana region attacks were more intense during both the drier and the drought seasons.  

The growing availability of geographically disaggregated environmental, social, and 

conflict data has spur-facilitated a uniquely local analysis of the resource-conflict nexus (for 

early examples of the latter, see Buhaug and Rød 2006; Raleigh and Urdal 2007). Several grid-

based studies of Sub-Saharan Africa have found no or only negligible effects of water scarcity 

or drought (Raleigh and Urdal 2007; Theisen et al.  2011/2012).
4
 Using a country-level 

analysis Wischnath and Buhaug (2014) found similar non-results for Asia. In addition to the 

geographical disaggregation, several recent contributions also disaggregate violent conflict, 

following claims that communal conflicts, not state-based civil wars, may be more likely 

outcome of resource scarcity (Gleditsch 2012).  Finally, Fjelde and von Uexkull (2012) found 

that drought is associated with higher levels of inter-communal conflict. To some extent, the 

development towards disaggregation has produced challenges of the opposite kind from those 

associated with cross-national studies: locally focused studies may ignore social effects that 

extend geographically beyond a local area, as a result of migration, for instance. In this paper 

we explore the likelihood of violent armed conflict incidents in areas geographically proximate 

to drought regions rather than solely focusing on the drought areas.  

 

DIFFUSION OF CLIMATE CHANGE PRESSURES 

The relationship between drought and migration is well established, though there are 

significant differences between households and communities in their responses to drought. In a 

review of existing evidence on ‘environmental migration’, Lilleør and Van den Broek (2011) 
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conclude that generally, studies analyzing the effect of rainfall deficits on migration ‘seem to 

find evidence of increased migration’ (p. S78).  A similar conclusion is reached by Morissey 

(2013). In a longitudinal study of the Ethiopian rural highlands, Gray and Mueller (2012: 140) 

find drought to be a significant ‘push factor for migration’. Male labor migration is 

significantly and strongly affected by drought, in particular for the most land scarce 

households, while female migration has been traditionally unaffected. Gray (2011) finds 

similar patterns in a longitudinal study of five highland provinces in Kenya, where labor 

migration in the context of drought was particularly strong among households characterized by 

low soil quality.  

For pastoral communities in Kenya and Ethiopia migratory movements have become 

increasingly difficult over the years. Sedentary livestock-keeping often results in overgrazing 

and excessive trampling, and eventually permanent soil degradation (Evans 1998). Soil 

degradation in turn disrupts the traditional grazing ranges: “missing” grazing opportunities near 

urban centres make much larger swathes of territory unsuitable for livestock production (Krätli 

et al. 2013). Pastoral communities therefore often split up with the elderly, women and children 

settling near urban centers and relief points, while the herds moved hundreds of kilometers 

away in search of pasture in the care of the young men (Schlee 2010). This has eroded 

traditional methods of conflict management and conflict-related norms between groups and 

increased the vulnerability of pastoralists to raids. With the easy availability of weapons from 

nearby military, conflicts over access and cattle raids have become more lethal (McCabe 2004; 

Mkutu 2001). Viable grazing and water points which are abandoned due to insecurity quickly 

degrade and become unsuitable for grazing with shrubs replacing grasses.  

Recent decades have therefore seen a significant reduction in available grazing lands 

and a greater concentration of livestock and populations in safe grazing areas. Whereas 

previously drought occurred in approximately ten year cycles, climate change has led to 
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shrinking drought cycles. Pastoralists are less able to build up their herds and regenerate 

pastures before the next drought; their communities are less resilient to drought (Erasmus at al. 

2012).  As a result of weakened traditional governance mechanisms and easy access to arms, 

environmental pressures render “traditional” conflicts less manageable (Pragya 2012; 

Witsenburg and Adano 2007).  Pastoralists are often targeted by neighboring groups in the 

process of migrating away from drought areas. These forced migrations render pastoralists like 

the Turkana in Kenya exceedingly vulnerable to opportunistic attacks by the Pokot tribes 

(McCabe 2004).  

Building on the migratory patterns observed among pastoralist communities, that is, 

droughts lead to migratory movements into proximate areas, we argue that increasing 

environmental pressures on neighboring locations from the drought areas increase the 

likelihood of conflict in these adjacent areas. Thus we formulate our first hypothesis:  

H1: Areas adjacent to drought areas have higher likelihood of experiencing conflict. 

 

THE CONDITIONING EFFECT OF PUBLIC SERVICES PROVISIONS  

Case studies of herder-farmer conflicts in Africa support the argument that these conflicts are 

often driven by social tensions that primarily reflect institutional failures and mismanagement 

at the local level (Adano et al. 2012; Benjaminsen et al. 2012; Eck 2014). There is further 

evidence that local political behaviors are driven by distribution of resources and corruption. 

This affects the ability of states to control the areas where vulnerabilities are manifested, 

causing social conflict. Resource degradation could thus be a symptom of institutional 

breakdown. In the context of these social conflicts, environmental factors interact with political 

decisions and potentially lead to the onset of conflict (Gizelis and Wooden 2010; Turner, 2004: 

883).   
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Existing scholarship highlights the significance of governance both at the local and 

country levels in mitigating environmental shocks (Omelicheva 2011). State institutional 

capacity to handle crises accounts for the effect of droughts on conflict (Barnett and Adger 

2007). The effects of resource scarcity differ across communities depending on local 

conditions and the coping ability to shocks of local communities. Existing scholarship has 

considered some possible interactions. At the country level, Couttenier and Soubeyran (2013) 

find that countries with higher levels of ethnic fractionalization and lower levels of democracy 

become more conflict prone than more ‘robust’ countries when hit by a drought, though 

substantially the effect is weak. Subnational level evidence is mixed though. Fjelde and von 

Uexkull (2012) find that rainfall shortages might increase the likelihood of communal conflicts 

conditional on political exclusivity and marginalization of groups.  Theisen et al. (2011/2012) 

and Wischnath and Buhaug (2013), on the other hand, both find that droughts do not 

particularly affect the conflict risk in areas populated by vulnerable and marginalized ethnic 

groups.  

This paper takes a different approach to addressing local adaptation and governance. 

We focus on policy outcomes such as the provision of public services that enable local 

communities to better handle resource scarcity. So in some ways, we focus on the mediating 

effects of local public services and infrastructure that are related to climate change pressures. 

The provision of such public services, either from the state or from international agencies and 

organizations, does not always correlate with political institutions or processes. Theoretically, 

this is not surprising given different propositions from relevant literatures. First, the literature 

of distributive politics often suggests an urban bias because urban dwellers are much better at 

collection action and/or they are just geographically closer to government agencies, posing a 

more immediate threat (Bates 1981; Campante et al. 2013). Note that urban dwellers are not 

always natural constituencies of the government; they might be the “excluded” groups 
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following the definition of “excluded” political status often used in the conflict literature.
5
 

Moreover, others have argued that politicians have incentives to focus efforts on core 

supporters because the strength of core supporters is likely to be central to leaders’ future 

survival (Cox and McCubbins 1989). However, studies such as Stokes (2005) suggest that 

leaders might also target the so-called swing supporters: those who have limited ethnic 

attachment to any particular party. Because of their indifference, they are most likely to be 

swayed by transfers and public goods to their local communities.  

Provision of public services can reduce the likelihood of conflict by reducing overall 

grievances and by making rebellions costlier. More specifically, investments in local public 

goods can improve living conditions of the local population. Investments in education and 

public health often improve human capital which matters greatly for household income, which 

is often considered a significant component for the opportunity cost to join a rebel group. 

Increasing such opportunity cost should reduce chances of violence, all else equal (Brubaker 

and Laitin 1998; Fearon and Laitin 2003). Moreover, the ability of the government to improve 

public goods provision is a crucial determinant of government control over the local 

population. Here the role played by public goods is subject to different interpretations. In 

Berman et al. (2011), the local population trades information about insurgents for public goods 

provided by the government which enables the latter to better control the territory. In Thyne 

(2006) and Hechter (2013), on the other hand, increasing service provision sends a signal to the 

local group that the government cares about their welfare, which can win the hearts and minds 

of potential collaborators.  

Public services vary greatly, for instance, from those related to education, 

infrastructure, to those on public health. This paper focuses on access to basic services that are 

directly related to climate change pressures because we think they can substantially improve 

the ability of communities to manage conflict when facing challenging environmental 
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conditions. Here, we simply refer to the ability of a local community to adapt to external 

shocks (in our case, climate change pressures). For example, how prepared a local community 

is facing continued water shortage? Public services such as better water access and a more 

efficient irrigation system can certainly help a local community and reduce the negative effects 

of climate change pressures such as droughts. For instance, in a study of first order 

administrative subdivisions of sub-Saharan Africa between 1990 and 2010, Detges (2016) 

found that regions with higher proportions of households with access to an improved water 

source moderated communal conflict risks. Therefore, our second hypothesis posits that: 

H2: Relevant public services provision mitigates local conflicts arising from climate 

stress. 

EMPIRICAL ANALYSIS 

To empirically assess our hypotheses, we use disaggregated data on conflicts, droughts, and the 

provision of public services in Ethiopia and Kenya. We follow the recent literature and use the 

grid-cell based PRIO-GRID (grid-cells with 0.5 × 0.5 decimal resolution) as the level of analysis. 

This might be criticized because they do not reflect natural boundaries or political borders; 

different studies can use grids of varying sizes. The grid-cell approach does have advantages 

compared to using administrative areas as the unit of analysis. First, the very stationary nature of 

the grid structure allows units of observation that are identical in shape and size and exogenous to 

the feature of interest. Second, the grid-cell structure is also fixed in space and time, insensitive to 

changes in political boundaries and development. Note that border adjustments and changes in 

administrative areas can in themselves ignite conflict: for example, the redrawing of boundaries in 

the then three provinces of South Sudan contributed to the onset of the second civil war in 1983. 

Third, administrative divisions are of very unequal size and function between countries. Finally, 

some administrative divisions (e.g. Turkana in Kenya) are so large that aggregating to the 

administrative division level often hides important within-unit variation. 
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Ethiopia and Kenya are selected on both theoretical and empirical grounds. Both countries 

experience geographic and temporal variation in climate and high levels of inter-communal armed 

conflict. Many people live in areas where livelihoods strongly depend on rainfalls. Indeed, 

Ethiopia and Kenya have among them the largest pastoral populations in the world. One reason 

why we suspect that climate change pressures such as droughts can diffuse between neighboring 

regions is because of the movement of people away from areas with droughts, which brings 

pressures and competition for resources to the receiving communities. Finally, both countries 

have relatively strong governments with extensive patron-client networks, contributing to 

significant variation in the local provision of public services. 

Dependent Variable: We use the Uppsala Conflict Data Program’s Geo-referenced Event 

Dataset (UCDP-GED) (Sundberg and Melander 2013), which provides geo-coded violent 

events in Africa, 1989-2010. An event is defined as “an incidence of the use of armed force by 

an organized actor against another organized actor, or against civilians, resulting in at least 1 

direct death in either the best, low or high estimate categories at a specific location and for a 

specific temporal duration” (Sundberg et. al 2010). For each violent event, the UCDP-GED 

offers the PRIO-GRID grid IDs to specify the location of the event. We create our dependent 

variables based on conflict locations in the UCDP-GED: this is a binary variable that takes the 

value of 1 in cases where one or more conflict events were registered by the UCDP-GED in a 

given grid-cell-year; and 0 otherwise.
6
  

Chances of experiencing at least one violent event for a grid-cell in the country-years 

covered by our study are relatively low. For instance, in the 1,083 grid-cell-years in the 

empirical analysis when we use electricity access as a measure for public service provisions, 

there are 99 grid-cell-years in which at least one violent event occurred, i.e., 9.14 % of the total 

observations. Moreover, our regression analysis models grid cells from four country-years: 
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Kenya of 2003 and 2008 and Ethiopia of 2000 and 2005. This is because the DHS data for 

public service provisions are only available for these country years.  

Measuring droughts in and outside of a grid-cell: We are mostly interested in the effects of 

droughts on violent events conditional on the level of local public service provisions. An 

inherent challenge with grid-based analyses is to determine what the appropriate geographical 

focus should be. In particular, how far can the effect of inclement weather or environmental 

shocks extend?  As a first step, we operationalized such neighborhood by considering grid-

cells within a certain order of geographical proximity. We measure drought levels in those 

neighborhoods to test local diffusion of climate change pressures.  

For drought, we use the Standardized Precipitation Index (SPI6) variable that indicates 

within-year deviations in precipitation based on monthly data. For each month, the SPI6 index 

measures deviation from long-term normal rainfall during the six preceding months. The 

values are standardized where deviation estimates less than 1 standard deviation indicate near 

normal rainfall; 1 to 1.49 standard deviations from mean indicate moderately dry conditions; 

1.5 to 1.99 indicate severely dry conditions; and values in excess of 2 standard deviations 

indicate extremely dry conditions. The monthly data are aggregated to a yearly format and 

categorized to indicate anomalous years. The final SPI6 variable we use in this study, the 

annualized SPI6, is coded 1 if there were at least three consecutive months with SPI6 ≥ 1 in the 

given grid cell during the year (moderate drought); SPI6 = 1.5 if SPI6 was ≥ 1.5 for at least two 

consecutive months (severe drought); and SPI6 = 2.5 if both of the above criteria are met 

(extreme drought). A SPI6 value of 0 indicates that no drought event occurred during that year.  

Based on the SPI6 data provided by the PRIO-GRID, we calculate series of variables 

that capture the climate conditions of neighboring grid cells. This is one salient feature of this 

paper that differs from most previous studies on climate and conflicts. Most, if not all, recent 

research treats grid-cells as independent observations so that the focus is on whether there is an 
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effect of climate conditions within a particular grid-cell on conflict events within the same unit. 

However, given the size of the normal grid-cells studied (e.g. 55x55 km at the equator), it is 

very likely that violent events would be affected by conditions outside that particular spatial 

unit.  

There are a number of ways that the spatial diffusion effect might occur. First, violent 

events in neighboring units trigger similar events for the unit under concern: this is the spatial 

spill-over of conflicts often discussed in the literature. Spatial lags of the dependent variable 

are often used to capture such effect – we include such a spatial lag of conflicts in our 

empirical analysis. Second, for a grid-cell, climate conditions of neighboring units might 

directly affect its chances of experiencing conflicts. There are a few recent studies that consider 

this type of neighborhood effects. Theisen (2012) uses a measure that gives the distance in 

kilometers to the nearest drought to control for whether violence occurs near droughts but not 

exactly where droughts occurred due to migration and related processes. Using grid cell level 

data for Kenya 1989-2004, he finds that distance to drought in the previous year increases 

chances of conflict. Harari and La Ferrara (2012) model conflicts in one grid-cell as a function 

of lagged conflict in the cell itself, contemporaneous conflict in the neighboring cells, 

covariates in the cell itself, and covariates in the neighboring cells which include climate 

condition variables. However, they find that most neighborhood characteristics are statistically 

insignificant, suggesting in general that the impact of the climate characteristics is a strictly 

local one.  

Similar to Harari and La Ferrara (2012), we create series of spatial lags of the SPI6 

variable. SPI6lag:1 measures the mean SPI6 level among contiguous grid-cells; SPI6lag:3 

measures the mean SPI6 level among grid-cells that are within three orders of proximity in the 

grid-cell structure; SPI6lag:5 is the mean SPI6 level among grid-cells that are within five orders 

of proximity in a given year. Incidentally, traditional grazing ranges are reported as several 
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hundred kilometers in length – with recurring conflicts at borders between traditional grazing 

lands.  Sometimes the geographic range of the grazing grounds is close to 325 km (Pragya 

2012: 6), equivalent of a spatial lag of 5 order of geographical proximity. These three spatial 

lags of the SPI6 variable are created to reflect neighborhood effects, in which neighborhood is 

defined by geographic proximity.  

Measuring local public services provisions using DHS: We follow Hegre et al. (2009) and use 

DHS data, focusing on questions that cover the provision of basic public services of electricity 

access and improved water access. Recent waves of the Demographic and Health Surveys 

(DHS) often come with GPS files that gives the longitudes and latitudes of survey clusters so 

that we can locate these clusters to specific grid-cells.
7
 This enables us to calculate, for grid-

cells that have DHS clusters, the percentages of households that have electricity 

access/improved water access respectively.
8
  

On average over half of the grid-cells for Kenya and Ethiopia have no DHS survey 

clusters. For example, there are 76 out of 192 grid-cells in Kenya in 2003 that have DHS 

survey clusters. For the other 116 grid-cells, we spatially interpolate their values based on 

neighboring grid-cells’ available information. We calculate the weighted average value (of 

electricity access/improved water access respectively) of those neighboring grid-cells that have 

DHS survey information, using inverse distance as the weights. In the main text, we only show 

results using interpolated DHS data up to one order of proximity of a grid-cell, that is, using 

information from contiguous grid-cells that have DHS surveys. We calculate up to 3 orders of 

proximity of grid-cells in unreported robustness checks and the main results do not change. 

For electricity access, we use DHS household questionnaire question no. 111, the first 

question: “Does your household have: Electricity?” This is a simple yes or no answer. We 

calculate the percentage of households that have electricity within a grid-cell as the measure for 

electricity access. For both countries, electricity access at the grid-cell level is low: distribution 
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of grid-cell level household electricity access is skewed with many grid-cells having zero 

percent (see Figure 1a); the means for Kenya 2003, 2008 are 5.7%, 11.2% respectively, and for 

Ethiopia 2000 and 2005 7.9% and 10.9% respectively. 

For improved water access, we use DHS household questionnaire no. 101. The question 

asks: “What is the main source of drinking water for members of your household?” There are 

thirteen potential answers on the questionnaire describing various sorts of water access 

facilities. We followed World Health Organization (WHO) and United Nations Children’s 

Fund (UNICEF)’s core questions on drinking-water and sanitation for household surveys to 

define improved water facilities.
9
 In the data, there are more types of facilities than in the 

WHO/UNICEF classification: most of these are different spelling and names used. We provide 

Table A-1 in an online appendix to show the detailed classifications of improved water access. 

We calculate, at the grid-cell level, the percentage of households that have improved water 

access. The distributions of improved water access measured at the grid-cell level in both 

countries are also highly skewed (Figure 1b): means for Kenya 2003, 2008, and Ethiopia 2000 

and 2005 are 32.0%, 54.5%, 11.1%, and 40.5% respectively.  

Insert Figure 1 here 

Control variables: we control for the population size for each grid (Gridded Population of the 

World, version 3, CIESIN 2005). Population estimates are available for 1990, 1995, 2000, and 

2005. We linearly interpolate the data for years without data.
10

 We take log transformation for 

population size. The logged GDP per capita variable is based on the G-Econ data set (Nordhaus 

2006), which indicates the economic gross cell product for five-year intervals from 1990 to 

2005. The GDP per capita variable is calculated by multiplying the GDP value with one billion 

divided by the population of the G-Econ 1 x 1 decimal degree cell. The results are GDP per 

capita for 1990, 1995, 2000, and 2005. Similarly, we linearly interpolate the data for years for 

which data are not available.
11
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We also control for time-invariant and slow-moving variables. Mountain gives the 

proportion (i.e., average pixel value, in percentage) of mountainous terrain within each cell 

(UNEP-WCMC 2002). Distance to border is the distance (in kilometer, logged) from the cell 

centroid to the border of the nearest neighboring country, regardless of whether the nearest 

country is located across international waters. Distance to capital is the distance (in kilometer, 

logged) from the cell centroid to the national capital city in the corresponding country. 

Population, GDP per capita, mountain area, distance to border, and distance to capital are all 

variables provided by the PRIO-GRID. 

We also control for four other variables: urbanization, the number of mineral extraction 

facilities, strength of pre-colonial institutions, and national elections. Urban areas are often 

subject to higher chances of violence in a developing country context. We calculate the 

percentage of urban area within a grid cell using the Urban Extents Grid, v1 (1995) data from 

the Global Rural-Urban Mapping Project (GRUMP).
12

 Areas are defined as urban where 

contiguous lighted cells from the nighttime lights or approximated urban extents based on 

buffered settlement points for which the total population is greater than 5,000 persons (Balk et 

al.. 2006; CIESIN 2011).
13

 Resource wealth and extraction are often associated with increased 

risks of internal political conflict and violence (Ross 2012; Asal et al. 2014). We create a 

variable that captures the number of mineral facilities within a grid cell.
14

  

We include a measure for the complexities and strength of pre-colonial institutions. 

Recent studies suggest that the remnant of centralized ‘state-like’ institutions before 

colonization affects present day likelihood of conflict. For instance, Wig (2016) argues that 

excluded groups with centralized traditional institutions can rely on these institutions to more 

credibly bargain with the state. This could affect both their risk of conflict, and also their 

access to public services. We use a digitized version of George Peter Murdock’s ‘jurisdictional 

hierarchy’ data (Nunn and Wantchekon 2011).
15

 This atlas (Murdock 1967) is intended to 



Droughts, Local Public Goods, and Conflicts  
 

 
18 

 

capture the degree to which an ethnic group exhibited a high level of political centralization 

prior to colonization, ranging from 0 for stateless societies, through 1 or 2 for petty and larger 

paramount chiefdoms or their equivalent, to 3 or 4 for large states.
16

 Finally, we control for the 

effects of national elections. This is a binary variable indicating whether there was a national 

election in a given country year: there was only one election, in Kenya 2008. Correlation and 

summary statistics of these variables are presented in Table B-1/2 from the online appendices.   

A violent event in one grid-cell is likely to increase the probability of a violent event in 

a neighboring cell. Failing to account for such spatial dependence can lead to biased parameter 

estimates (Franzese and Hays 2007). A standard approach to model spatial dependence often 

involves the inclusion of a spatial lag of the dependent variable. The use of spatial lags for 

binary dependent variables has been employed in the analysis of conflict (Ward and Gleditsch 

2002), but this is often computational challenging. For large data sets such as ours for which 

the unit of analysis is grid-cell, computation becomes difficult. We follow a more practical 

approach (Pierskalla and Hollenbach 2013) and use a temporally lagged spatial lag, Spatial 

lagt-1: this is the average level of violent events in adjacent grid-cells.
17

 This avoids spatial 

simultaneity by assuming that it takes on average one year for what happened in neighboring 

units to affect the grid cell of concern.  

We also control for temporal dependence. We follow Theisen et al. (2011) and create a 

conflict history variable using the decay function of time since last event, 2−(𝑡/𝛼): t is the time 

(number of years) since last violent event; we let α=5, assuming that the risk of violent events 

decreases by half every 5 years.
18

  

Empirical results: We link the dependent variable to observed covariates via a standard logit 

link function to the linear predictor, 𝑝(𝑦𝑖,𝑡 = 1|𝜃𝑖,𝑡) =
𝑒

𝜃𝑖,𝑡

1+𝑒
𝜃𝑖,𝑡

. The linear predictor is in turn is 

a function of climate change and other explanatory variables: 

𝜃𝑖,𝑡 = 𝛽0 + 𝛽′𝑥𝑖,𝑡 + 𝜌𝑤𝑖𝑦𝑡−1 + 2−(𝑡/𝛼) + 𝜖𝑖,𝑡 
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𝛽0 is the population intercept, 𝛽′𝑥𝑖,𝑡 are the effects of grid-specific characteristics including 

SPI6 and its spatial lags. 𝜌𝑤𝑖𝑦𝑡−1 represents the temporarily lagged spatial lag term. 2−(𝑡/𝛼) is 

the decay function of time since last violent event.  

The results without the interactive effects between droughts and public services are 

reported in Tables 1: we have two droughts variables – SPI6 captures droughts within a grid-

cell; SPI6lag:5 measures the diffusion effect of droughts, that is, average drought level of the 

neighboring units up to 5 orders of proximity.
19

 First, we find that the effect of conflict history 

is always statistically significant (Conflict history). It seems that violent events in Kenya and 

Ethiopia for the years included in this analysis show consistent patterns of temporal 

dependence. On the other hand, the coefficient of the spatial lag of conflict is positive, but not 

statistically significant (Spatial lagt-1), which lend no support for the spatial diffusion of 

conflicts often found in conflicts studies. Second, among the control variables, only national 

election is consistently statistically significant across six model specifications, reflecting the 

violence in Kenya’s 2008 election.   

Insert Table 1 here 

Turning to the impact of drought, Table 3 shows that the coefficient estimates of the 

SPI6 and SPI6lag:5 variables are both consistently statistically significant and their substantive 

effects are important.
20

 One way to get a sense of the substantive effect of a variable in a 

logistic model is to divide the coefficient by 4, which gives an upper bound of the predicted 

difference corresponding to a unit difference in the independent variable (Gelman and Hill 

2007). For instance, the coefficient mean estimate for the SPI6 variable is 0.625 from the third 

model specification. Using this, it suggests that the predicted difference in probability of a 

violent event, between grid-cells suffering moderate drought (coded as 1) and those with no 

drought (coded as 0), has an upper bound of around 0.156. In other words, all else equal, a 

grid-cell with moderate drought has a 0.156 higher probability to experience violent events 
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than a grid-cell with no drought. Similarly, if we use the mean coefficient estimate of the 

SPI6lag:5 variable, 0.876, from the last model specification, we learn that the predicted 

difference in probability of a violent event, between grid-cells with neighboring units suffering 

moderate drought and those with neighboring units with no drought, has an upper bound of 

0.219.  

Tables 1 also provide marginal effects of the two measures of local public provisions. 

Here, we find no statistical significance. It seems that electricity access and improved water 

access independently have no effect on violent events. Table 2 shows the test results once we 

added in interactive effects between the droughts variables (SPI6 and SPI6lag:5) and the two 

types of public services. The estimates of control variables are similar to those in Table 1. We 

therefore focus our discussion on the interactive effects.  

Insert Table 2 here 

Table 4 shows that for electricity, the p-values of the interactive terms are very large, 

indicating the lack of interactive effect between this type of public service and drought 

conditions. The only statistically significant interactive effect is with SPI6lag:5 and improved 

water, with a p-value of 0.03 (fourth model specification). The p-value of the interactive effect 

between SPI6 and improved water (third model specification) is 0.15, falling short of common 

p-value thresholds such as 0.05 and even 0.10. However, in a model with an interaction term, 

not only the marginal effect but also the associated standard errors vary with the value of the 

other lower-order variable in the interaction term (Friedrich 1982). It has become a common 

practice to visualize the interactive effects using confidence intervals associated with different 

levels of lower-order variables in the interactive effect. Therefore, we use simulations to 

further illustrate the mediating effects of water access on drought conditions both in (SPI6) and 

outside a grid cell (SPI6lag:5).   
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In Figure 2, for both SPI6 (Figure 2(a)) and SPI6lag:5 (Figure 2(b)), we simulate the 

conditional effect of improved water access on drought. For every value of improved water 

access (x-axis in Figure 2), holding all other variables as their mean levels, we first calculate 

the probability of a violent event when SPI6/SPI6lag:5 is at its mean level; we then 

increase SPI6/SPI6lag:5 from the mean by one standard deviation and calculate the probability 

again; then we calculate the difference in these two probabilities, that is, what is the change in 

probability of conflict when SPI6/SPI6lag:5 increases from its mean by one standard deviation 

conditioning on a given level of improved water access? We plot the 95% confidence intervals 

of such probability changes using grey vertical lines; the dark solid dots are the means of the 

simulated probability changes. We also display the distribution of the improved water access 

variable by light gray histograms in the lower background. Figure 2 shows that when grid-cell 

level improved water access percentage is low, approximately between 0 and 15%, an increase 

from the mean in drought conditions in a given grid-cell itself (Figure 2(a)) and in neighboring 

units (Figure 2(b)) by one standard deviation increases the probability of conflict; once 

improved water increase to more than 15%, this significance disappears as indicated by the 

confidence intervals now including 0.  

Insert Figure 2 here 

In sum, from Table 2 and Figure 2, we find a mediating effect for the improved water 

access variable, but not for the electricity access variable.
21

 The reason why we chose to 

include electricity access is that electricity might help to mitigate the effects of droughts; for 

example, one needs electricity if water needs to be pumped to households. Interestingly, we 

find no such posited mediating effect. Improved water access’s mediating effect is intuitive. 

For instance, facing decreasing rainfall, the difference between relying on improved water 

access such as public tap water and covered well and on unimproved water access such as 

rivers and streams is very likely to matter for the local population.   
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There are a number of reasons that might motivate a robustness check using 

temporally lagged droughts variables. First, within the same year, it is hard to determine 

whether an individual violent event precedes or follows the drought if we use contemporary 

droughts variables as in the main text. Second, if the impact of a drought takes some time to 

realize, this would also indicate that t-1 is equally or more valid as a measurement. Therefore, 

in online appendix D, we use temporarily lagged (by one year) droughts variables: SPI6
t−1

and SPI6
lag:5

 
t−1

. The results are reported in Table D-1: the results are similar to those in 

Table 1 and 2 of the main text. 
22

 

Finally, the UCDP-GED data set is not the only geo-coded event data for conflicts. 

Another prominent data project is the Armed Conflict Location and Events Dataset (ACLED) 

(Raleigh et al. 2010). ACLED has a clear advantage over similar event data sets because it 

also includes non-violent events and riots and protests.  However, comparing the two data 

sets, Eck (2012) claims that the UCDP often reports more events in rural or remote areas. 

This is generally the case when looking at country-years in mostly Africa. When we narrow 

down to this study, ACLED actually picks up more events and grid-cells with events. For 

Kenya 2003 and 2008 and Ethiopia 2000 and 2005, UCDP reports 217 events in 99 grid-cell-

years while ACLED 897 events in 188 grid-cell-years; limiting to fatal events, ACLED 

reports 495 events in 145 grid-cell-years.
23

  

We conducted analysis replacing our dependent variable with the ones using all 

ACLED events, only fatal ACLED events, and only non-fatal ACLED events respectively. 

Detailed results are reported in online Appendix C. The general findings are that first, 

droughts variables, either SPI6 or SPI6lag:5, have no effect on conflicts/violence using 

ACLED; and second, we do not find any mediating effect associated with electricity access 

or improved water access.
24

 Why such null effect for drought variables and the mediating 

effect of public goods variables when using ACLED data? Theoretically, the UCDP is part of 
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the ACLED as it only reports events that are part of the armed conflicts (>=25 death);
25

 

ACLED include all events with or without casualty or even with no violence at all. The 

different findings using UCDP vs. ACLED seems to suggest that the effect of droughts in 

increasing conflicts is more likely to be present in the broader context of existing armed 

conflicts: in regions with armed conflicts, climate change pressures make things worse by for 

example increasing resource scarcity. In other words, the UCDP events are part of the 

broader conflict processes and climate change pressures increase the chances of such violent 

events because grievances or other deeper causes for conflicts are already there. For the non-

UCDP events that are in ACLED, climate change pressures seem to be unable to affect the 

chances of their occurrences. A second reason why we find null result using ACLED might 

be because ACLED includes all types of events. Even when only using fatal events,
26

 there 

are quite a large number of different sub-types; it is likely that climate change might affect 

some but not other event types and when we mix event types together, the effects disappear.   

 

CONCLUSION 

Unlike most current studies that study conflict in areas that experience drought, we have 

argued that the effects of climate change might diffuse from one location to another and 

conflict might erupt in areas that are proximate to drought regions. This requires us to not only 

consider climate change conditions in one location, but also those in neighboring areas while 

modeling domestic violent events. We also posit that the provision of services and public 

services such as improved water access mitigates the social effect of drought and reduces the 

likelihood of conflict. We empirically assess our hypotheses by first incorporating the 

mechanism of local diffusion of climate change pressures and second, modeling the mediating 

effects of government public services provisions at the local level. 
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We find that both within-unit drought and neighboring grid cells’ climate change 

conditions are statistically related to violent events. Together, such findings suggest that at 

least in the spatial-temporal domain covered by our study, it is both the diffusion effect of 

droughts and within unit climate conditions that increases the chances of violent events.  We 

further consider how local public services provisions might reduce the chances that drought 

causes conflict. Public services provisions at the local level often improve the quality of life in 

conflict-prone zones which in turn reduces the material foundation of grievances against the 

state. The provision of key infrastructure also facilitates the government’s capacity to fight in 

the region if conflicts resumes. We indeed find that local public services in the form of 

improved water access mediate the effects of droughts on violent events: beyond some 

threshold levels of improved water access, the positive effect of droughts on violent events 

disappears.    

The research has two primary policy implications. Firstly, the political economy effects 

of a drought can spread far beyond the area where livelihoods have been compromised by 

missing rainfalls. Unless a government is able to act fast enough to prevent such diffusion 

effect in the first place – which might involve a policy to buy or preserve livestock – assistance 

needs to be provided in the areas where communities move to. Secondly, investment in 

reliable water infrastructures is likely to enhance communities’ ability to cope with both 

rainfall shocks and any influx of migrants displaced by rainfall shocks elsewhere. Based on 

our estimates, the threshold beyond which droughts from within a locale and neighboring areas 

cease to increase the chances of conflicts is around 15% households with improved water 

access (Figure 2); this is not an extremely high target for national governments and 

international community to reach.    
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Figure 1: Distribution of public goods variables.  

 
a): Electricity 

 

 
b): Improved Water Access 
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Figure 2: Effects of one standard deviation increase from the mean in drought in a grid 

cell and in neighboring grids, conditional on the level of improved water access. 

 
 

a): effects of SPI6 

 

 
 

b): effects of SPI6
lag:5
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Table 1: Local public goods, droughts, and chances of violent events in Kenya (2003/8) and Ethiopia (2000/5).  

 electricity water 

 Coef. ̂σ p>|t| Coef. ̂σ p>|t| Coef. ̂σ p>|t| Coef. ̂σ p>|t| 

 Intercept -10.684 5.777 0.06 -10.540 5.767 0.07 -11.866 5.816 0.04 -11.611 5.808 0.05 

SPI6 0.674 0.196 0.00    0.625 0.205 0.00    

SPI6
lag:5

    0.962 0.333 0.00    0.876 0.358 0.01 

Electricity access (%) -0.012 0.010 0.22 -0.011 0.010 0.24       

Improved water (%)       -0.004 0.008 0.57 -0.005 0.008 0.57 

GDP per cap 0.010 0.549 0.98 0.018 0.549 0.97 0.125 0.545 0.82 0.118 0.546 0.83 

Population 0.178 0.129 0.17 0.169 0.128 0.19 0.171 0.130 0.19 0.165 0.129 0.20 

Mountain -0.239 0.592 0.69 -0.314 0.590 0.59 -0.288 0.590 0.63 -0.356 0.590 0.55 

Dist to border 0.344 0.220 0.12 0.346 0.220 0.12 0.366 0.225 0.10 0.367 0.224 0.10 

Dist to capital 0.031 0.454 0.95 -0.002 0.451 1.00 0.135 0.450 0.76 0.093 0.449 0.84 

Mineral facilities 0.102 0.378 0.79 0.109 0.375 0.77 0.130 0.373 0.73 0.133 0.371 0.72 

Urbanization 0.032 0.060 0.60 0.030 0.061 0.62 0.018 0.059 0.77 0.018 0.060 0.77 

National election 2.014 0.429 0.00 2.092 0.442 0.00 2.063 0.455 0.00 2.135 0.460 0.00 

Pre-colonial inst. 0.046 0.192 0.81 0.088 0.190 0.64 0.028 0.190 0.88 0.072 0.189 0.70 

Conflict history 6.826 0.778 0.00 6.763 0.770 0.00 6.692 0.763 0.00 6.644 0.755 0.00 

Spatial lag
t−1

 1.390 1.324 0.29 1.558 1.312 0.24 1.373 1.321 0.30 1.538 1.310 0.24 

AIC  304.4   307.9   305.7   309.0  

N. of obs.  928   928   928   928  
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Table 2: Local public goods, droughts, and chances of violent events in Kenya (2003/8) and Ethiopia (2000/5).  

 electricity water 

 Coef. ̂σ p>|t| Coef. ̂σ p>|t| Coef. ̂σ p>|t| Coef. ̂σ p>|t| 

 Intercept -10.686 5.782 0.06 -10.642 5.779 0.07 -11.644 5.856 0.05 -10.862 5.896 0.07 

SPI6 0.675 0.221 0.00    0.823 0.246 0.00    

SPI6
lag:5

    1.070 0.365 0.00    1.434 0.428 0.00 

Electricity access (%) -0.012 0.012 0.31 -0.005 0.013 0.70       

SPI6×Electricity -0.000 0.009 1.00          

SPI6
lag:5

×Electricity    -0.011 0.016 0.47       

Improved water (%)       -0.002 0.008 0.83 0.002 0.008 0.77 

SPI6 × Water       -0.020 0.014 0.15    

SPI6
lag:5

 × Water          -0.052 0.024 0.03 

GDP per cap 0.010 0.549 0.98 0.013 0.550 0.98 0.046 0.553 0.93 -0.019 0.557 0.97 

Population 0.178 0.129 0.17 0.167 0.129 0.20 0.185 0.131 0.16 0.179 0.131 0.17 

Mountain -0.238 0.593 0.69 -0.297 0.591 0.61 -0.185 0.596 0.76 -0.226 0.595 0.70 

Dist to border 0.344 0.220 0.12 0.346 0.220 0.12 0.350 0.224 0.12 0.333 0.222 0.13 

Dist to capital 0.032 0.455 0.94 0.011 0.450 0.98 0.125 0.454 0.78 0.037 0.459 0.93 

Mineral facilities 0.102 0.378 0.79 0.128 0.378 0.73 0.136 0.377 0.72 0.125 0.379 0.74 

Urbanization 0.032 0.061 0.60 0.023 0.062 0.71 0.020 0.060 0.73 0.017 0.061 0.78 

National election 2.014 0.431 0.00 2.108 0.443 0.00 2.083 0.459 0.00 2.100 0.468 0.00 

Pre-colonial inst. 0.046 0.192 0.81 0.086 0.191 0.65 0.049 0.192 0.80 0.080 0.191 0.68 

Conflict history 6.826 0.779 0.00 6.797 0.774 0.00 6.789 0.781 0.00 6.873 0.785 0.00 

Spatial lag
t−1

 1.389 1.326 0.29 1.516 1.313 0.25 1.390 1.322 0.29 1.573 1.322 0.23 

 AIC  306.4   309.3   305.6   305.1  

N. of obs.  928   928   928   928  
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1
 We refer to droughts and the more general term of resource degradation interchangeably. In 

reference to the broader discussion about renewable natural resources and conflict, we prefer 

the term ‘resource scarcity’ over the often used ‘environmental scarcity’. 

2
 While studies like this address the effect on conflict of ‘climate change’, admittedly what we 

are able to study are effects of historical variations in weather (Gleditsch 2012). The criticism 

of our inability to address climate change as such is particularly pertinent when studying 

deviations from relatively short-term averages, over relatively short periods of time. Hence, the 

relevance for understanding future challenges associated with a changing climate rests on the 

assumption that variations in weather will increase as a result of climate change, which is 

predicted to lead to more frequent and extensive droughts in Africa (Boko et al. 2007; Hsiang 

et al 2013). 

3
 Here we define neighbourhood based on proximity in geography. Future research should 

consider distance as a function of transportation or other types of networks. 

4
 Grid-based studies of East Africa have produced somewhat different results, though none 

provide strong support for the resource scarcity perspective (O’Loughlin et al. 2012; Raleigh 

and Kniveton 2012; Theisen 2012).  Finally, a country-level study found a greater effect of 

conflict in wetter years (Hendrix and Salehyan 2012). 

5
 Wucherpfennig et al. (2011) and Theisen et al. (2011) treat groups classified as powerless, 

discriminated, separatist autonomy, or regional autonomy as “excluded.”  In our data, the 

correlation between urbanization and political exclusion is weak (at 0.01).        

6
 This binarization process loses information because there are grid cells that experienced 

multiple violent events. However, multiple counts within each grid-cell year sometimes are 

likely to be realizations of the same conflict process (Pierskalla and Hollenbach 2013).   

7
 Each cluster has, in Kenya and Ethiopia, around 25 households.  
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8
 If there is more than one DHS cluster in a grid-cell, we take the mean of each cluster, then the 

mean of all the cluster means.  

9
 http://www.who.int/water_sanitation_health/monitoring/oms_brochure_core_questionsfinal24608.pdf, 

accessed February 03, 2014.  

10
 For 2008, we use the 2005 data.  

11
 For 2008, we use the 2005 data. It is unclear from the PRIO-GRID documentation whether 

the GDP variable from G-Econ data set is in current or constant US dollars. We checked the 

original data from G-Econ and we believe the variable is in 2005 US $ at market exchange 

rates (http://gecon.yale.edu/sites/default/files/gecon_data_20051206.pdf).  

12
 http://sedac.ciesin.columbia.edu/data/set/grump-v1-urban-extents, accessed July 2014.  

13
 This variable based on 1995 data. While dated it is the only source that provide data at grid-

cell level.   

14
 Data are from the US Geological Survey: http://pubs.usgs.gov/of/2006/1135/, accessed July 

2014.  

15
 http://scholar.harvard.edu/nunn/pages/data-0, accessed July 2014.  

16
 If there is more than one ethnic group within a grid cell, we use the measure for the 

dominant group.  

17
 We use eight adjacent cells.  

18
 We experiment with other values for α such as 2, 3, 4, and 6; the main results do not change. 

19
 In robustness checks not reported here, we exclude grid-cells that have annual precipitation 

lower than 100 millimetres: these are areas that are uninhabited and by definition, never 

experience drought. Our key results hold when we exclude these grid-cells.   

20
 Replacing SPI6lag:5 with SPI6lag:3 and SPI6lag:1 does not change the main result concerning the 

effect of drought from neighbouring grids; regression tables available upon request.   

21
 There are other indicators of local services from the DHS. For instance, one indicator is 

http://www.who.int/water_sanitation_health/monitoring/oms_brochure_core_questionsfinal24608.pdf
http://gecon.yale.edu/sites/default/files/gecon_data_20051206.pdf
http://sedac.ciesin.columbia.edu/data/set/grump-v1-urban-extents
http://pubs.usgs.gov/of/2006/1135/
http://scholar.harvard.edu/nunn/pages/data-0
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improved sanitation (question 108: “What kind of toilet facility do members of your household 

usually use?”). We chose not to include this variable, because even though it matters for public 

health, its connection with conflicts is very weak. In robustness checks not reported here, we 

find that improved sanitation has no direct effect on conflicts; nor does it mediate the effect of 

drought variables.    

22 The only notable difference is that there is evidence for a mediating effect of electricity 

access on neighboring unit’s droughts at year t-1. 

23
 The correlations between the binary dependent variable using the UCDP data and ones 

created using ACLED are between 0.2 and 0.3, depending whether we use all ACLED events, 

only fatal events, or only non-fatal events to create the binary dependent variables.   

24
 Though electricity access itself seems to be associated with higher chances of a grid-cell-

year experiencing fatal ACLED events.   

25
 See the codebook: http://ucdp.uu.se/downloads/ged/ucdp-ged-40-codebook.pdf, “Only 

events linkable to a UCDP/PRIO Armed Conflict, a UCDP Non-State Conflict or a UCDP 

One-Sided Violence instance are included. Events are included for the entire period, i.e. both 

for the years when such conflicts were active and for the years when such conflicts where not 

active.”   

26
 Moreover, the ACLED codebook suggests the fatal vs. non-fatal difference might not be that 

accurate given different estimates of fatalities or the lack of such information: “ACLED only 

codes estimated casualties when reported by source materials. It cannot verify the numbers 

reported from sources and does not use fatalities as the basis for event inclusion. Very often, no 

fatality information is available for events from sources and such reported fatality totals are 

often erroneous, as the numbers tend to be biased upward.” http://www.acleddata.com/wp-

content/uploads/2015/01/ACLED_Codebook_2015.pdf, accessed July 22, 2016.  

http://ucdp.uu.se/downloads/ged/ucdp-ged-40-codebook.pdf
http://www.acleddata.com/wp-content/uploads/2015/01/ACLED_Codebook_2015.pdf
http://www.acleddata.com/wp-content/uploads/2015/01/ACLED_Codebook_2015.pdf

