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Abstract 
Döring, S. 2022. Cooperation and Conflict amid Water Scarcity. Report / Department 
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Research. ISBN 978-91-506-2936-1. 

Over two billion people remain without safe drinking water and more than four billion lack 
basic access to sanitation. Safely managing water is key for livelihoods, food security, energy 
production, and overall socio-economic development. This dissertation analyzes how scarce 
water resources affect cooperation and conflict. First, I study water scarcity in relation to 
communal violence. Second, I consider how water scarcity can be a source of cooperative 
behavior, a key ingredient to peace. 

This dissertation contributes to research on peace and conflict issues and across other 
disciplines, studying the consequences of water scarcity. Essay I shows how lacking 
groundwater access increases incidences of communal violence. This is the first study on armed 
conflict that combines data on groundwater, surface water, and precipitation. Essay II analyzes 
spatial spillover processes of conflict-inducing factors. The study introduces a theoretical 
framework explaining spillover dynamics of communal conflict. Furthermore, the analysis 
shows that drought explains violence not locally but through wider neighborhood exposure. 
Essay III suggests drought-prone regions could be harbingers for water cooperation even in 
places with a history of violence. This research is also the first to analyze water cooperation 
at the sub-national level, thereby providing more detailed insights into peaceful hydropolitics. 
Essay IV shifts to the individual level. Studying the effect of exposure to water scarcity on 
altruism, the essay contributes to our understanding of microdynamics in conflict and adds to 
social psychological research on altruism. 

In sum, the dissertation makes four broader contributions. First, the findings suggest we need 
to look beyond resource scarcity as a cause for conflict. Instead we ought to study the potential of 
peaceful resource sharing and cooperation. Second, the dissertation addresses political actions 
by both individuals and groups, while also considering those in relation to government action. 
Addressing different group levels is key because conflict or cooperation dynamics address 
different spheres of action (individual, group, state). Third, the dissertation covers Africa, 
the Southern Mediterranean, and parts of the Middle East, thereby showing relevant findings 
for a larger geographic area than many previous studies. Lastly, the dissertation contributes 
to research on water issues by focusing on access to groundwater, which has been largely 
neglected in previous research. The findings can provide insights into our understanding of 
sustainable water management and environmental peacebuilding. Climate change challenges 
how we engage with water and, therefore, we must find more sustainable ways to use this 
resource. 
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Introduction 

Social complexity stem[s] in part from the need 
to organize to confront water phenomena, whose 
scale far exceed[s] the agency of any individual. 
The scale of those phenomena, in turn, [is] a 
consequence of the physical properties of water. 
[...] If the energy used in the global economy – all 
transport, power plants, homes, heating systems 
– were one unit of energy, then the water cycle 
of an average hurricane releases roughly one unit, 
the Asian monsoon about ten units, and the global 
annual precipitation several thousand units. 

Water overwhelms humanity. 

From: Boccaletti (2021, p. 10) 

Is water a source for peace or a harbinger for conflict? Most researchers 
probably agree with Rapoport’s statement that "conflict and cooperation are 
complementary" (1992, p. 83). Yet, peace and conflict scholars predominantly 
study resource scarcity as a cause of war. This tendency is not specific to work 
on water or other natural resources. Systematic research on the outcomes of 
peace still remains piecemeal compared to the ocean of studies on violent con-
flict. As peace and conflict scholars, we eagerly study conflict duration, the 
involved actors, the types of violence, or the intensity of fighting. One might 
ask why similar systematic approaches are not as prevalent for the study of 
peace. There is clearly no dearth in notable conceptualizations of peace be-
yond the absence of violence (Galtung 1969; Boulding 1978; Rapoport 1992; 
Höglund & Söderberg Kovacs 2010; Wallensteen 2011; Themnér & Ohlson 
2014; Wallensteen 2015; Goertz 2016; Davenport, Melander, & Regan 2018; 
Söderström, Åkebo & Jarstad 2020). Studying peace and conflict in a single 
study remains methodologically and theoretically challenging. For this disser-
tation as a whole, I do not favor either conflict or peace. I study both. With a 
focus on water scarcity, this dissertation analyzes how resource access affects 
cooperation and conflict. 

In the dissertation’s first part, I study water scarcity in relation to a specific 
type of conflict, namely communal violence. The second part deals with water 
scarcity as a source of cooperative behavior; this includes individual as well as 
group level cooperation. I consider cooperative behavior as a key ingredient 
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to peace. Furthermore, the essays in the second part also account for previous 
exposure to violence, thereby further linking cooperation and conflict. 

Safely managing water is key for livelihoods, food security, energy produc-
tion and overall socio-economic development. The good news is that the vast 
majority of people have safe access to water. Over the last century, worldwide 
water use has increased sixfold and is estimated to increase at about 1% per 
year for the foreseeable future (UN Water 2020). Yet over two billion people 
remain without safe drinking water and more than four billion lack basic ac-
cess to sanitation (ibid). There are about 160 million people who fetch water 
from a river or lake, the majority of them in Sub-Saharan Africa (WHO 2017). 
An estimated 844 million people worldwide spend 30 minutes or more to col-
lect water for everyday needs. In rural Ethiopia, for instance, average daily 
fetching for drinking water may be five hours per household and this work is 
predominantly done by women and children (Calow et al 2010). During El 
Niño drought periods, collecting water can take up to 12 hours a day and then 
often requires entire families to help (MacDonald et al 2019). Globally, 80% 
of households without their own water supply rely on women and girls to fetch 
their water (WHO 2017; Devoto et al 2012). On a large scale we may notice 
great improvements in water supply, yet a significant amount of people across 
the globe continue to face serious challenges. 

Furthermore it is not possible to separate water supply issues from climate 
change. Climate change poses additional risks to sustainable water manage-
ment as extreme variation in weather directly impacts the hydrological cy-
cle; major environmental hazards such as drought and flooding are prime ex-
amples. The Intergovernmental Panel on Climate Change (IPCC) notes that 
global population growth propelled through higher consumption "caused un-
precedented rates of land and freshwater use", with agriculture alone account-
ing for approximately 70% of worldwide water usage (Shukla et al 2019, p. 7). 
This development has contributed to higher greenhouse gas emissions as well 
as significant losses to ecosystems such as forests, savannahs, and wetlands 
(ibid). We know that climate change accelerates land degradation through ex-
ceptional occurrences of precipitation, flooding, droughts, dry periods, and 
heat waves – all phenomena which the IPCC predicts to increase in frequency 
for the foreseeable future (Seneviratne et al 2012; Shukla et al 2019). These 
developments threaten livelihoods because degrading water quality and quan-
tity further elicits severe socio-economic consequences. 

As a unique resource, water has garnered research interest across disci-
plinary boundaries. For example, access to piped water supply decreases 
early childhood mortality and waterborne infectious diseases (Merrick 1985; 
Fewtrell et al 2005; Humphrey 2009; Pickering & Davis 2012; Duflo et al 
2015). Improved sanitation minimizes childhood diarrhea, a cause for stunt-
ing, by 30% (Bhutta et al 2008). Positive health effects through improving 
water access are more significant in lower income countries, and particu-
larly among the least-privileged income groups. Yet, even in areas with rela-
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tively high public health standards, improving water access can significantly 
ameliorate living conditions. For example, establishing household pipes can 
strengthen social integration and mental health (Devoto et al 2012). These are 
important insights that inform more general research on water and society. 

Peace and conflict literature has studied water issues at the inter-state, intra-
state and local levels. There are two main strands of literature in regard to wa-
ter scarcity. For water sharing more generally, existing research has focused 
on freshwater basins and how interactions over transboundary rivers create 
disputes or foster cooperation (Bernauer & Böhmelt 2020). Studying coop-
erative interactions at the subnational level has largely been disregarded by 
such research. Another strand of literature focuses on water by analyzing pos-
sible connections between violence and weather-driven phenomena such as 
meteorological drought, flooding, or more general variations in rainfall. For 
instance, climate-conflict literature enriches our understanding of conflict dy-
namics in civil wars and other non-state conflicts (Koubi 2019; Mach et al 
2020; von Uexkull 2016). 

Both literature strands provide enormous insights into the role of water for 
peace and conflict. Yet, there are also some shortcomings. Climate-conflict 
literature has focused almost entirely on explaining violent conflict and of-
ten neglects cooperation as an outcome. Research on river basins and hydro-
politics provides many great examples for studying both peace and conflict, 
yet the majority of this research is restricted to inter-state relations. Another 
issue within the literature is its focus on a few selected types of water scarcity. 
Climate-conflict studies predominantly deal with drought or rainfall variation. 
Work on transboundary basins naturally focuses on river properties as well as 
national aggregates for water use. Very few of these studies take more holis-
tic approaches combining several parts of the hydrological cycle, i.e., rainfall, 
surface water, and groundwater. 

Addressing these gaps, this dissertation contributes to several strands of lit-
erature within peace and conflict research as well as across other disciplines. 
Essay I shows how lacking groundwater access increases incidences of com-
munal violence. To my knowledge, this is the first study on armed conflict 
that combines data on groundwater, surface water, and precipitation. The 
findings suggest water scarcity can directly affect instances of violence, not 
just through conditional channels as shown in recent research. Essay II an-
alyzes spatial spillover processes of conflict-inducing factors. The study in-
troduces a theoretical framework explaining spillover dynamics of communal 
conflict. Furthermore, the analysis shows drought impacts violence not locally 
but through wider neighborhood exposure. Essays III and IV shift the focus 
toward studying the impact of scarcity on cooperation. The findings in Essay 
III suggest drought-prone regions could be harbingers for water cooperation 
even in places with a history of violence. This research is also the first large-N 
study of water cooperation at the sub-national level and provides detailed in-
sights into peaceful hydro-politics. With survey data on refugees, the unit of 
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analysis in Essay IV shifts to the individual level. Studying the effect of ex-
posure to water scarcity on cooperative behavior, the work contributes to our 
understanding of microdynamics in conflict as well as for countries hosting 
refugees. 

Taken together, the dissertation makes four broader contributions. 1) The 
findings suggest we need to look beyond resource scarcity solely as a cause 
for conflict. Instead we ought to study the potential of peaceful resource shar-
ing and cooperation. 2) The dissertation addresses actions by both individuals 
and groups, while also considering those in relation to government action. Ad-
dressing different group levels is key because conflict or cooperation dynamics 
transition different spheres of action (individual, group, state etc). 3) Much of 
the literature on climate-related violence focuses on Sub-Saharan Africa. The 
dissertation also covers the Southern Mediterranean and parts of the Middle 
East, thereby showing relevant findings for a larger geographic area. Lastly, 4) 
the dissertation contributes to research on water issues by focusing on access 
to groundwater, which has been largely neglected in both climate-conflict and 
hydro-politics literature. 

The dissertation also provides key insights to policy makers. Climate-
change challenges how we engage with water and we therefore must find more 
sustainable ways to use this resource. The impact of extreme weather events 
can be mitigated by proper water management. This requires an understand-
ing of socio-economic dynamics in relation to water scarcity across different 
scales and units of analysis. Providing disaggregated evidence to factors to-
wards climate-resilience enables policy interventions where they are needed 
the most. 

This introduction serves as an entry and overview to the subsequent four 
essays which together form this dissertation. The rest of this introduction is 
structured as follows. In the next section I present several key concepts. The 
following sections situate the work within the previous literature and then in-
troduce the dissertation’s underlying theoretical argument. Subsequently, I 
outline the employed methods and research design choices before providing 
an overview of the essays that constitute the dissertation. I conclude the intro-
duction by summarizing the main contributions and by drawing implications 
for policy work and future research. 

Central Concepts 
The presented theoretical framework builds on several central concepts which 
require further examination. In this section I first discuss the key theoretical 
elements, namely water scarcity, cooperation and non-state conflict as well as 
the involved actors. 

14 



Water Scarcity 

The most central concept for the dissertation is water scarcity. I define wa-
ter scarcity broadly as an excess of water demand over available supply in 
a specific area. This definition builds on conceptual arguments by previous 
literature (FAO 2012, p. 6; Rijsberman 2006, Ostrom 1990). We could also 
think about water scarcity as a deficit of available supply relative to water de-
mand. However, most water literature uses demand-focused approaches as 
such definitions better reflect how human behavior is the starting point for 
understanding water scarcity. 

Throughout the dissertation I also use the following terms interchangeably 
to refer to similar situations of water scarcity: water crisis, water deficiency, 
water stress, or water shortage. While there have have been enormous efforts 
to define and operationalize water scarcity, there is relatively small agreement 
on a commonly applied definition (Falkenmark 1989; Vörösmarty et al 2000; 
Rijsberman 2006; Pedro-Monzonís et al 2015). Yet, most authors agree that 
water scarcity relies on local needs vis-à-vis environmental constraints, but 
also on actual physical water availability (Rijsberman 2006). The latter is also 
a function of the available resources and technology to extract water resources. 
Note that The term water security (as opposed to water scarcity) is also used 
in several policy circles. We can think of water security as the "availability of, 
and access to, water sufficient in quantity and quality to meet the livelihood 
needs of all households throughout the year, without prejudicing the needs of 
other users" (Calow et al 2010, p. 248). 

While I follow a relatively broad definition for water scarcity, it is impor-
tant to acknowledge how concepts on this term differ depending on the liter-
ature. This variation is a direct consequence of the multi-disciplinary char-
acter of research on water issues. Being aware of conceptual distinctions is 
key when considering insights from other fields, particularly in regard to hy-
drology, ecology, and agriculture studies. On the one hand, other research 
might refer to very specific features of water availability for some of the terms 
the dissertation uses interchangeably. There is an entire academic genre de-
voted to distinguishing conceptualizations of water scarcity. For instance, we 
can further classify water scarcity based on industrial, agricultural, and pro-
duction sectors, or through blue and green water (Falkenmark 1997). On the 
other hand, policy-oriented publications tend to treat the term water scarcity 
even more broadly encompassing any reduction in access to water. Nonethe-
less, for the purpose of this work I argue that taking a more parsimonious 
approach better summarizes incompatibilities over water issues at different 
levels of analysis while also allowing for flexibility in operationalizing water 
scarcity. 

Since water issues are often analyzed at the state level, conceptualizations 
are more established for this level of analysis. Here water issues pertain to 
three main categories, namely disputes over quantity, quality, and control 
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(Swain 2012). Yet, I argue that these incompatibilities translate well into dif-
ferent types of actors or units of analysis. For example, conflicts between 
herder groups might arise over how much water to share, whether the water 
is for animals or drinking (quality), and who controls wells or other access 
points. Likewise we can understand scarcity issues on an individual or house-
hold level. Particularly during times of armed conflict, individuals may face 
different types of water scarcity linked to these three domains. Furthermore, 
responses to water scarcity occur on different societal levels: through individ-
ual or group-specific coping strategies and through adaptation processes at the 
macro level (regional, state, and transboundary). 

Further unpacking the water scarcity concept we ought to consider who de-
termines demand and supply. The definition used in the dissertation implicitly 
assumes some type of human agency, i.e., demand and supply are being de-
termined by individuals, groups, or states. While water scarcity often refers to 
the absence of adequate water resources in a specific geographic area, water 
scarcity is always relational and thereby user-dependent. Solely human rela-
tions can exhibit water deficiencies even if water scarcity originates through 
exogenous natural phenomena like geological or climatic processes (e.g. ero-
sion, rainfall, or salination). Thus, how communities consume water deter-
mines their desired and expressed water needs. This means that water scarcity 
is shaped by prevalent norms and practices over water use. Such norms can 
vary by geography, ethnic kinship, income levels, age, or gender, among other 
factors. 

Recurring shortages as well as expected changes to water supply shape per-
ceptions of scarcity. This means water scarcity can be an expression of uncer-
tainty over future water usage (Ostrom 1990). Most norms over water use have 
developed gradually and to some extent they even mirror adaptation processes 
to their respective environment. Established norms over water use can change, 
for instance through higher living standards, but also through induced shortage 
from other uses. Demands from increasing urbanization, agriculture as well 
as manufacturing industries are crucial determinants of water scarcity. These 
sectors can accelerate or even drive erosion, pollution, or other processes that 
in turn further exacerbate water scarcity. In addition, both large scale wars and 
low-intensity armed conflict frequently alter land use, including the destruc-
tion of water infrastructure (Baumann & Kuemmerle 2016; Lin 2020; Zeitoun 
& Talhami 2016). 

Lastly, I consider groundwater a crucial buffer that helps to overcome rain-
fall and surface water shortages. By groundwater I refer to water obtainable 
from below the land surface. More specifically I follow Giordano (2009, p. 
155) who describes groundwater as underground water completely saturating 
"fissures and pores below the earth’s surface". He further explains that ground-
water aquifers are those layers of earth, gravel or stone holding the groundwa-
ter (ibid). In Essays I and III, groundwater is conceptualized through informa-
tion on depth to usable below-surface water resources. Drilling and pumping 
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are more expensive with increasing depth to groundwater tables. Thus, it is 
assumed that access to water is more difficult where groundwater tables are 
on average particularly deep. Yet, depth alone is not sufficient as an indicator 
as it does not say anything about pollution and the general chemical features 
of the water. Furthermore, geology and contingent rock formations exacerbate 
well-building. This means that using groundwater requires knowledge of the 
specific aquifer, know-how of abstraction, and pecuniary means, among other 
things. I argue that everything else equal, access to groundwater should be 
more common in areas with a lower depths to groundwater. 

Actors, Conflict and Cooperation 
The main actors in the essays can be described as different types of non-state 
groups. Definitions of non-state actors vary by literature and sub-disciplines; 
for instance, groups can subsume refugees groups, NGOs, or even armed mili-
tia. 

In conflict research, non-state groups often relate to rebel groups and also 
communal conflict actors (e.g. Cunningham, Gleditsch & Salehyan 2013; 
Sundberg, Eck & Kreutz 2012), however non-state groups as firms, NGOs 
or interest groups are also important actors within political science, develop-
ment studies, or law (Higgott et al. 2000). Essays I and II focus on communal 
conflict actors. In Essay III, I also consider grassroots organizations, NGOs 
and local communal groups –with some belonging to the same groups as in 
Essay I and II. Lastly, Essay IV takes a more micro-level approach by focus-
ing on individuals. Yet the analysis incorporates salient group identities which 
are underlying similar group distinctions as found in the other essays. 

A key sub-category of non-state actors are communal conflict groups found 
in Essays I and II. Within conflict research, the term non-state group often 
generally subsumes a set of actors neither of which controls the state (Sund-
berg, Eck & Kreutz 2012; Pettersson & Öberg 2020). As a specific subset 
of non-state actors, communal groups are defined as informally organized ac-
tors which are mobilized along a common identity. Group affiliation can be 
tied to religious, ethnic, or language distinction; these can intersect and are 
often associated with certain livelihoods (Brosché 2014; Eck 2014; Elfvers-
son 2017; Krause 2018). For instance, parties in farmer-herder conflicts might 
also belong to different religious or language-use groups. Depending on the 
circumstances, these identities can shift and might be exploited for different 
political purposes (Habyarimana et al 2007; Brosché & Elfversson 2012). 

Taking into account a broader category of non-state groups, Essay III in-
cludes all actors not directly representing the government of a state, thereby 
also excluding any lower level administrative representation such as munic-
ipal or federal state capacities. I acknowledge that this represents very dif-
ferent types of actors and organizational structures, yet it is vital for the re-
search question to distinguish actions by non-state groups from those initiated 
by governments. The latter have different mandates and institutional capacity 
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whereas the dissertation centers on cooperative efforts of groups that do not 
possess such attributes. 

Cooperation 
Another central aspect is cooperation. One can think of cooperation as a sign 
of peaceful interaction, or a type of "stable reciprocity" (Axelrod & Hamilton 
1981). Indeed, cooperation usually involves non-violent actions between two 
actors which can represent positive developments. For simplicity I focus on 
cooperation towards peaceful or non-violent means. There are of course also 
more violent types of cooperation. For example military alliances are key to 
some conceptualizations of peace (Rapoport 1992). While I acknowledge that 
collaboration between two actors could aim at violence towards a third actor, 
such discussions are outside the scope of this dissertation. 

Altruism (also referred to as prosocialty) is one key aspect of cooperation. 
Cooperation between individuals or between groups is fundamental to modern 
society. Cooperation among humans has been widely understood as a function 
of prevailing norms and implemented sanctions for those disregarding social 
norms. Altruistic emotions and preferences are key aspects that moderate the 
extent of self-interest and prosocialty, for example how much we strive for 
equity or much we value the well-being of others (Fehr & Fischbacher 2003; 
Kay, Keller & Lehmann 2020). Altruism is defined as the willingness to com-
promise individual welfare for the sake of the welfare of someone else. 

Whether at the state, group or individual level, cooperation predominantly 
results through negotiation and bargaining practices within disputes. Being 
able to cooperate between individuals or as part of group networks is the 
foundation of human progress. Within social psychology, altruism is one key 
aspect of cooperation. Here, altruism is defined as the willingness to compro-
mise individual welfare for the sake of the welfare of someone else. Cooper-
ation among humans has been widely recognized as a function of prevailing 
situational norms as well as possible sanctions for those disregarding social 
norms. Altruistic emotions and preferences are key aspects that moderate the 
extent of self-interest and prosocialty, for example how much we strive for 
equity or much we value the well-being of others (Fehr & Fischbacher 2003; 
Kay, Keller & Lehmann 2020). 

In more general social science research, theories over cooperative behav-
ior are linked to different applications of the Prisoner’s Dilemma (Axelrod 
1980). In Hardin’s work we would observe cooperation if both pastoral-
ist herders limit the number of grazing cattle, instead of choosing to defect 
(Hardin 1968; also: Ostrom 1990). Fearon and Laitin (1996) argue that co-
operation (and non-violence) between different ethnic groups is maintained as 
long as the groups have approximately equal expectations about the fate of de-
fectors. In a related argument, Ostrom (1990) holds that cooperative stability 
can be achieved through institutional authorities which could enforce penalties 
to defectors. Using Hardin’s example, she argues that such institutional frame-
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works make pastoralist herders negotiate over pasture usage (ibid.). Thus, it 
is useful to understand such negotiations seen as cooperative actions in their 
own right. 

Again, the groups that could potentially engage in cooperation are slightly 
different between Essays I-II and Essay III. Essay IV even considers individ-
ual behavior, yet also here in reference to group identity. This is not to say 
that individual behavior can always be aggregated to group actions, or vice 
versa. The rationale of groups however does directly relate to individual-level 
behavior. Thus, I find the following theoretical argument very much applica-
ble regardless of the actual composition of an actor. More specifically I argue 
that individual and group-level explanations of war and peace are intertwined 
as this better reflects actions taken within and across political actors. 

Despite the focus on non-state groups, I acknowledge that such actors do 
not act in vacuum outside of any state influence. For instance, different types 
of non-state actors can be supported by local or foreign governments (Brosché 
2014; Karlén 2017) and governments are crucial when intervening in com-
munal fighting (Elfversson 2015). Therefore, the dissertations makes explicit 
reference to state capacity both theoretically and empirically. This includes ar-
guments over state institutions as important mediating factors between water 
scarcity and cooperation or conflict. 

Relation to Existing Work 

Water is far from a simple commodity, 
Water’s a sociological oddity, 
Water’s a pasture for science to forage in, 
Water’s a mark of our dubious origin, 
Water’s a link with a distant futurity, 
Water’s a symbol of ritual purity, 
Water is politics, water’s religion, 
Water is just about anyone’s pigeon, 
Water is frightening, water’s endearing, 
Water’s a lot more than mere engineering, 
Water is tragical, water is comical, 
Water is far from the Pure Economical, 
So studies of water, though free from aridity, 
Are apt to produce a good deal of turbidity. 

Kenneth Boulding (1962) 
[as cited in Lonergan 2001, p. 109] 

This dissertation broadly speaks to two strands of literature, namely climate-
conflict research, as well as more general International Relations (IR) studies 
on water and conflict. In the subsequent sections I summarize major works of 
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different literature and situate the dissertation in relation to such work. How-
ever, I begin by drawing on more general literature on water use and resource 
allocation. 

Within peace and conflict research, there is both a tradition and ambition 
to reach across disciplines, thereby "draw[ing] on natural science methods, 
quantitative data, statistics, comparative approaches, experimental designs, 
surveys, and new developments in geographical analysis such as geographic 
information system (GIS) [...]" (Wallensteen 2011, p. 17; see also Boulding 
1978). It follows that peace research ought to engage with arguments and 
findings across different fields of scientific inquiry. The insights from this 
dissertation track the footsteps of seminal works on resources from anthro-
pology, economics, geography, health research, or sociology, among many 
others. Such work, for instance, highlights cooperation issues for pasture land 
by herder communities (Hardin 1968), groundwater allocation (Ostrom 1990) 
and access to safe water (Duflo et al 2015). This is also in line with a tradition 
for peace and conflict researchers to engage in questions over water resources 
(Falkenmark 1990; Wallensteen & Swain 1997). 

Studying the effects of water infrastructure combines development studies, 
public health or economics. Such work highlights how improvements in wa-
ter infrastructure can decrease water-related diseases or childhood mortality 
(Merrick 1985; Galiani, Gertler & Schargrodsky 2005; Fewtrell et al 2005; 
Ahuja, Kremer & Zwane 2010; Kremer et al 2011; Duflo et al 2015). Some of 
this research is particularly relevant as it bridges literature on water access and 
property rights, thereby providing insights to links between water scarcity and 
disputes. For example, Duflo and Pande (2007) find that the effects from dam 
construction on poverty vary with existing property rights. For Western Kenya, 
findings by Kremer et al (2011) suggest communal property norms for water 
sharing have been more efficient than systems with private property access to 
water. This relationship flips however with increasing population, higher water 
demand, and the potential for better water infrastructure (ibid). Recently, field 
experiments on environmental issues have also become more frequent in eco-
nomics (List & Price 2016). For example, community resilience is found to be 
higher in rural areas and group identification can explain individual responses 
to take action on communal land erosion (Rapaport et al 2018; Rabinovich et 
al 2020). 

By focusing on different effects from exposure to water scarcity, the dis-
sertation builds on climate-conflict literature. Extensive reviews and meta-
analysis on the links between violence and climate factors have been pub-
lished in recent years (Dell, Jones & Olken 2014; Seter 2016; Theisen 2017; 
van Baalen & Mobjörk 2017; Koubi 2019; Scartozzi 2020; Vesco et al 2020; 
Buhaug & von Uexkull 2021; Theisen et al 2022; Daoudy, Sowers & Weinthal 
2022; among others). This literature does not find robust evidence for links 
between climate-change impact and violence at the inter-state level. Instead 
much more focus is placed on the role of water scarcity in relation to different 
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types of intra-state conflict, including civil war-related violence, social unrest 
and protest, or communal violence (see further below). 

A recurring feature of this literature centers on climate-induced changes as 
external shocks to explain conflict onset (Miguel, Satyanath & Sergenti 2004). 
But there are also insights on conflict dynamics. For instance, variation in 
rainfall patterns has been found to create imbalances between conflict dyads or 
alliances (König, Rohner, Thoenig & Zilibotti 2017), especially in connection 
with ethnic group exclusion and agricultural dependence (von Uexkull et al 
2016; Vesco et al 2021). Climate-conflict literature is also associated with 
research on resource extraction and civilian targeting (Weinstein 2006; Fortna, 
Lotito & Rubin 2018), yet very few studies consider the role of water access 
for one-sided violence. For instance, one study finds local drought conditions 
to decrease the likelihood of violence against civilians (Harari & La Ferrara 
2018) and another provides mixed results looking at similar outcome variables 
(Landis et al 2017). 

Water issues and conflict have also been studied in relation to protest or 
other forms of social unrest. Insights from these studies are slightly diverg-
ing. This might be due to differences in general methodology but also vary-
ing input variables and operationalizations for unrest. Some suggests local 
droughts during the growing season do not affect rioting (Harari & La Fer-
rara 2018). Using different data, others find dry spells to increase the likeli-
hood of rioting, especially in areas with below-average blue water supply or 
competing ethnic groups (Almer, Laurent-Lucchetti & Oechslin 2017; Lan-
dis et al 2017; Unfried, Kis-Katos & Poser 2022). Flooding, in particular, 
has been associated with subsequent political unrest over water issues within 
less democratic regimes and countries with politically excluded groups (Ide, 
Kristensen & Bartusevičius 2020). Similar conditional factors are present in 
a related study linking non-violent protest to water supply cuts (Ide, Lopez et 
al 2020). Evidence from Kenya suggests water insecurity increases the likeli-
hood of protest; however, rather than culminating in violence, external shocks 
from climate-related events are more likely to lead to non-violent campaigns 
(Koren, Bagozzi, & Benjamin 2021). What is more, protests have been stud-
ied in relation to planned construction of hydro-dams. While dams can ab-
sorb shocks from climate extremes on poverty downstream, they can threaten 
livelihoods in locations where dams are built (Duflo & Pande 2007). This also 
might explain social unrest in connection with hydro-projects. Such protests 
directly concern the irreversible impact of dams on local livelihoods (Del Bene 
et al 2018; Brennan & Döring 2014). Here, those organizing unrest or more 
generally working on environmental issues can become the target of repression 
and human rights abuses, a trend also seen in protest movements generally 
(LeBillon & Lujala 2020; Kim 2021; Weidmann & Rød 2019). 
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Communal Violence and Climate-Conflict Perspectives 
Communal violence has been studied from different perspectives and disci-
plines. More qualitative studies on communal violence exist within geography 
whereas quantitative reserach on communal violence is mostly found within 
political science and related subjects. Crucial advances from within ecology 
and human geography contributed to better understanding farmer-herder dis-
putes (Bassett 1988; Benjaminsen & Lund 2002; McCabe 2004; Lund 2008; 
Turner et al 2014). 

Within the last decade communal conflict has received increased attention 
within conflict research, yet still remains understudied when compared to lit-
erature on civil war. The role of water scarcity (and related resources) is a key 
feature in such studies. This connects directly to formal and informal gov-
ernance, which have been argued to be key factors that mitigate communal 
conflicts. Studying communal disputes over water ties together issues over 
land tenure, climate change, and grievances. There are also theorized links 
to migration, an inherent feature of pastoralism. For instance, pastoralists are 
found to avoid land conflict and generally move to more favorable vegetation 
(Lenshie et al 2020). Yet, this can create tension elsewhere. 

The literature suggests group competition over resources largely depends on 
the level of governance as well as socio-economic marginalization (Benjamin-
sen et al 2012; Raleigh & Kniveton 2012; Devlin & Hendrix 2014; Fjelde 
& von Uexkull 2012; Detges 2014, Papaioannou 2016; Balestri & Maggioni 
2017; Linke et al 2017; Nordkvelle, Rustad & Salmivalli 2017; van Weezel 
2017; Vestby 2019; Linke & Tollefsen 2020). Indeed, political and economic 
disparities have been found to increase disputes particularly in settings with 
large income inequality (Fjelde & Østby 2014; Detges 2016, 2017; Hillesund 
2017). This is also visible in the water sector, where service provision has 
been linked with a lowered risk of communal violence (Cao et al 2020). 

Local (and central) governance can hinder or feed into communal con-
flict escalation through legal systems or by fueling expressed grievances (Eck 
2014; De Juan 2015; Wig & Tollefsen 2016). Property rights issues are often 
directly associated with watershed use (Katusiime & Schütt 2020). More gen-
erally, communal conflicts often relate to reforms of the legal system which 
may overrule existing (in)formal over land use practices (Lund 2008; Ben-
jaminsen & Ba 2009; Boone 2014; Turner & Moumouni 2018). This can 
also be linked to governments taking sides in favor of certain ethnic groups. 
Such biases can either aggravate or dampen existing disputes (Brosché 2014; 
Elfversson 2015; Klaus 2017; Krause 2018; Brosché 2022). However, there 
is also potential to resolve disputes through institutions. For this research, 
customary governance has been identified as an important ingredient to the 
resolution of communal conflicts (Brosché & Elfversson 2012; Greiner 2013; 
Higazi 2016; Wig & Kromrey 2018; Elfversson 2019; Petrova 2022). Lo-
cal community and religious organizations hold higher trust and are generally 
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more successful in reaching non-violent solutions to communal disputes (De 
Juan 2015; Cao et al 2018; Krause 2018; Mustasilta 2018, 2020). 

Environmental Peacebuilding and Water Cooperation 
Water as a source of cooperation has been covered partially by environmental 
peacebuilding literature, but more importantly by research on hydro-politics. 
The former specifically analyzes how peacebuilding can be facilitated through 
natural resource management and sustainable environmental policy (Ide et al 
2021; Dresse et al 2018; Ide 2018; Krampe, Hegazi & VanDeveer 2021). 
Among other subjects, this research has contributed rich qualitative accounts 
of water management in post-war society (Conca & Dabelko 2003; Weinthal, 
Troell & Nakayama 2011; Krampe 2016; Ide, Sumer & Aldehoff 2018; Moosa 
2018; Krampe & Gignoux 2018). However, there has been far less compar-
ative cross-case research considering water resources (Schillinger et al 2020; 
Talhami & Zeitoun 2020). 

The literature on hydro-politics has provided both case- and cross-case ev-
idence. Large-n approaches have been driven by several high-quality global 
and regional datasets on water conflict and cooperation. These include for in-
stance the Transboundary Freshwater Dispute Database (TFDD) (Wolf 1998, 
1999) and the related Basins at Risk data (BAR)(Yoffe, Wolf & Giordano, 
2003) covering global events on cooperative or conflictive hydro-political is-
sues. The International River Conflict and Cooperation dataset (IRCC) (Kalb-
henn & Bernauer 2012) uses a similar approach to create international river 
basin dyads. There are also other more regional datasets which may pro-
vide more specialized and higher resolution coverage. The Water Relations 
in Central Asia Dataset (WRCAD) (Menga 2016), for instance, covers water-
related events in the Aral Sea Basin whereas the Water Conflict Chronology 
lists specific conflict events involving water (Gleick 1993). Water-Related 
Intrastate Conflict and Cooperation (WARICC) data (Bernauer et al 2012) in-
cludes unique national and sub-national hydro-events and allows users to dif-
ferentiate by state and non-state actors (see Essay III). The Issue Correlates 
of War (ICOW) River Claims dataset (Hensel et al 2008) represents a dif-
ferent but vital alternative approach by focusing on territorial dispute dyads 
relating to water. The overall picture emerging from these datasets displays 
cooperative water events outweighing the number of conflictual interactions. 
However, cooperation and conflict are not mutually exclusive and may appear 
side by side depending on the level of spatial and/or temporal aggregation. 

These datasets have enabled researchers to conduct empirical comparison 
across river basins, thereby leading to more nuanced inferences from com-
paring water disputes. A crucial insight is that outright water wars are not 
fought between or within countries. Instead , solving water issues rarely, if 
at all, involves violence (Gleditsch et al 2006; Furlong, Gleditsch & Hegre 
2006; Raleigh & Urdal 2007; Tir & Ackerman, 2009; Tir & Stinnett 2012; 
Barquet, Lujala, & Rød 2014; Bernauer & Böhmelt 2014; Devlin & Hen-
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drix 2014; Schmidt, Lee & Mitchell 2021). Here, democratic institutions are 
vital factors vis-à-vis water service provision and peace (Gizelis & Wooden 
2010; Povitkina & Bolkavadze 2019). Country border disputes along water 
delineations (river, lake, etc.) are also at lower risk to provoke conflict (Goe-
mans & Schultz 2016). An often cited source of international water conflict 
are upstream-downstream power asymmetries. While this is visible in cer-
tain cases, there is more evidence that such relationships do not lead to water 
conflict (Beck et al 2014). 

Clearly water shortages can create openly expressed disputes between ri-
parians. Yet, the majority of these incompatibilities result in non-violent out-
comes (Fischhendler 2008; Brochmann & Hensel 2009; Dinar et al 2015; Ovo-
denko 2016; Owsiak & Mitchell 2017; Dinar 2020). This includes the differ-
ent track-based negotiations that are part of hydro-diplomacy. Water diplo-
macy has been key to river claim settlements for decades, yet more explicit 
research on this topic has started to emerge only recently (Susskind & Islam 
2018; Grech-Madin et al 2018; Klimes et al 2019; Salmoral et al 2019; Zareie, 
Bozorg-Haddad & Loáiciga 2021). 

Groundwater 
Groundwater has been mostly neglected by peace and conflict research on 
water. Targeted groundwater governance can decrease over-extraction. Such 
policies can potentially make groundwater use more sustainable (Sekhri 2011) 
or enable higher irrigation-based crop efficiency (Nazari et al 2020). Sekhri 
(2014) finds difficult groundwater access to increase poverty and lead to dis-
putes over well usage, e.g. irrigation vs. drinking water. For Northern Kenya, 
Detges (2014) shows pastoralist fighting to be more likely in proximity to well 
sites. This is also one of a few climate-conflict studies that speak to groundwa-
ter. The findings suggest that violence is more common where access to water 
is scarce, yet this was not tested more explicitly with regard to groundwater 
storage. 

It is crucial to understand that meteorological drought conditions do not 
necessarily correlate with groundwater scarcity. More generally, groundwater 
levels do not vary with local rainfall. Depending on the unit of analysis, such 
considerations can be misguided. In many areas heavy rainfall, following even 
long streaks of drought, can fully replenish groundwater levels, enabling wa-
ter use throughout the year. However, there are some caveats. For instance, 
sporadic rain can increase groundwater contamination, and sustained heavy 
rainfall has even been linked to groundwater decrease (Scanlon et al 2005; 
Taylor et al 2013). The ambiguities between groundwater and weather are 
explained through different local or regional features which make predictions 
over groundwater level more difficult. Changing rainfall or temperature ex-
tremes (e.g. high or low vis-à-vis timing of such events) lead to different 
groundwater-level outcomes. 
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Thus, it is useful to think about climate and groundwater through direct and 
indirect links. First, groundwater is replenished through surface water leak-
ages (wetlands, lakes, and rivers) as well as through precipitation recharge 
(Taylor et al 2013). Though again, groundwater levels often do not directly 
follow local precipitation levels. This is due to differences in evapotranspira-
tion and runoff, which are interacting with weather systems, geology, altitude, 
soil type, or land use. Second, indirect impact between groundwater and cli-
mate patterns appears through the use of groundwater (and surface water) as 
a reaction to climate-induced scarcity. One consequence of prolonged rain-
fall shortages can be intensified groundwater abstraction beyond recharge ca-
pacities. However, cropland changes as a result from drought do not always 
further deplete groundwater. For example, Western Sahel groundwater lev-
els increased even after multiple droughts because land clearances led to soil 
crusting and higher runoff (Leblanc et al 2008; Taylor et al 2013). 

There are several distinct differences between the availability of ground-
water and other water sources. Most types of surface water (wetlands, lakes, 
or rivers) are naturally limited to specific geographic locations, which also 
explains the presence of the earliest, larger human settlements around such 
bodies of water (Rose 2010; Scott 2017; Boccaletti 2021). Yet, the spatial 
distribution of groundwater can be far greater, often providing underground 
water access to larger areas away from rivers (Giordano 2009). Another dif-
ference is the immediate access. While fetching water from rivers or lakes for 
small-scale use requires only basic technology, modes of groundwater extrac-
tion vary greatly by geology. Seasonal handdug wells in riverbeds require far 
less equipment than 450 meter deep boreholes through solid rock formation. 
Furthermore, pollution is a problem for both groundwater and surface wa-
ter. Yet, underground aquifer recharge occurs through filtrating water which 
makes groundwater more important for drinking water and other household 
uses (Giordano 2009). 

Groundwater represents an important buffer for dry seasons. Even for areas 
with rainfed agriculture, groundwater access ensures supply during critical 
growth stages as the sole perennial water supply (Calow et al 2010; Sekhri 
2011; Taylor et al 2013). This is even more important with changing rainfall 
patterns and diverse crop use. Defying increased regional water variability and 
climatic changes, Africa as whole has not seen significant longterm decreases 
in available groundwater (Bonsur et al 2018; Kolusu et al 2019; MacDonald 
et al 2019). Other research on India however finds that further expanding 
irrigation would result in unsustainable groundwater abstraction even for areas 
with climate change-related rainfall increase (Zaveri et al 2016). 

Overall, these different research approaches provide enormous knowledge 
connecting water resources with peaceful or conflictual behavior. Yet, gaps 
remain across different aspects of the literature. Climate-conflict research em-
phasizes water scarcity as a potential driver of violence, but there are fewer in-
sights into how, for example, drought could lead to more cooperative behavior. 
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Figure 1. Theoretical argument 
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While water cooperation is extensively studied by literature on inter-state wa-
ter relations, those analyses often neglect that violence can still occur among 
actors within hydro-basins. Lastly, very few approaches combine varying wa-
ter sources, i.e., they often feature only one of the following: rainfall, surface 
water, or groundwater. Here it is particularly notable that groundwater has 
been largely left out by much of the literature on drought and violent behavior. 

Theoretical Framework 
The theoretical approaches laid out in the four essays can be summarized to a 
broader argument applicable to the dissertation as a whole. This section first 
outlines this overall argument (see also figure 1) and summarizes key theo-
retical paths in more detail. I then briefly discuss how the process could be 
understood as iterative while also considering confounding factors and alter-
native explanations. As a disclaimer I do not render the following arguments 
as deterministic; even for detailed descriptions of mechanisms, causal rela-
tionships are considered probabilistic. 

Water Scarcity and Disputes 
The overarching argument views scarcity as a starting point for both individual-
and group-level processes. While the dissertation focuses on water scarcity, 
other resource scarcities are also applicable to the general theoretical argu-
ment. Facing water scarcity affects livelihoods by deteriorating access to nu-
trition and sanitation, moreover, water scarcity worsens conditions for agri-
culture and other labor sectors that require water. Such changes then lead to 
some type of response by individuals or groups. One possible response can 
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be individual-level coping through altruistic behavior. Specifically for the in-
dividual level, I argue that individual pro-social behavior can facilitate group 
cooperation. This does not mean that cooperation requires a certain degree 
of altruism. However, interactions between non-state groups should be more 
cooperative if group members are more pro-socially. On the flip-side, some ac-
tors who perceive threats to their livelihoods might act less pro-social, thereby 
potentially provoking incompatibilities with other actors. This increases the 
likelihood of incompatibilities between the affected actors. Ensuing disputes 
can either be linked directly to issues over resources or indirectly through ef-
fects on livelihoods. The resulting issues then are either resolved to some 
degree, or in some instances they will be further contested with the potential 
of escalation. 

On the group or individual level, water scarcity emerges through different 
social and cultural processes. At its core, water scarcity implies that the at-
tainable water sources cannot cover what is actually required for average use. 
Again, the same shortage in water quality or quantity does not necessarily lead 
to similar effects everywhere. Even small deviations from water accessibility 
could destroy harvests in one area, while similar water shortages remain unno-
ticeable in other places. Actors that rely on one water source for crop irrigation 
as well as their daily nutrition and sanitation needs will be more affected by 
water scarcity than those with more diverse sources of water allocation. Yet, 
extreme scarcity also impacts those with more diversified water sources be-
cause of redistribution or rationing as well as through aforementioned indirect 
effects. Some regions in Somalia, for instance, are defined as having good 
WASH provisions (Water, Sanitation and Hygiene), yet berkads remain the 
main source of water, with boreholes being the second most important type of 
water access (Mafuta, Zuwarimwe & Mwale 2021).2 Changes to this access 
are therefore more significant in comparison to areas with more diversified 
water use. 

More generally, violent behavior can be linked to established theories on 
income shocks which are seen as drivers to disputes and incompatibility more 
general. Such mechanisms have also been applied in literature on climate 
change impacts, including water scarcity. Extreme water shortages lead to 
lower economic outputs through different paths, especially in already water-
scarce regions. One mechanism links declining livelihoods and the subsequent 
lowered opportunity costs to a higher likelihood of participating in illegal ac-
tivity (Grossman 1991). This also relates to relative deprivation which argues 
that individuals are more inclined to use violence when they perceive a grave 
mismatch between their expectations and their actual situation (Gurr 1970). 
This mechanism is more likely in gradual shifts of scarcity, like drought or de-
pleting water access (Koubi et al 2018). However, these factors alone cannot 

2Berkads are small reservoirs for households lined with stones and concrete which can capture 
rain. 
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lead to violent behavior. Instead, several contextual factors have to coexist for 
violence to prevail. Another issue is that these arguments often say less about 
conditions of cooperation. 

Literature on scarcity and conflict predominantly argues that exogenous 
shocks (e.g. extreme weather events) alter livelihoods through decreased in-
come or generally lower economic activity (Gilmore & Buhaug 2021; Koubi 
2019; Mach et al 2019). This is the case with water scarcity, too. In fact, water 
shortages threaten livelihoods through multiple channels, income-related links 
being just one of them. 

Intense water stress has drastic consequences to health and hygiene by di-
minishing daily access to nutrition and sanitation. People affected by such 
shortages prioritize water collection over farming, other employment, or even 
school attendance; furthermore, extended time to fetch water has been linked 
to increased disputes and violence both within households and between com-
munities (MacDonald et al 2019). Water scarcity can indirectly affect com-
munities through decreased employment opportunities, higher utility costs, 
higher food prices, or health issues. These are significant incisions to daily 
life. Furthermore, entire groups, regions or even countries can feel burdens of 
water shortages when a sufficient amount of its members suffer from scarcity. 

Witnessing suffering from water shortages is one way of creating ingroup 
cohesion. The latter is important because cooperative behavior is implausible 
for larger groups of unaligned actors unless there is a functioning institutional 
framework (Elster 2007). A focal point for group mobilization are ethnic net-
works which in turn can make perceived hardships more salient (Buhaug et al 
2020; Buhaug, Cederman & Gleditsch 2014). Yet, there is still a theoretical 
(and empirical) mismatch between individual level and group processes. A 
key to understanding violence at the group level could be decreased pro-social 
behavior at the individual level. Drought-driven lowered altruism at the indi-
vidual level could increase the likelihood of violence observed at higher group 
levels. Prolonged experiences from environmental scarcity can shape behavior 
over longer periods (Evans 2019). Exposure to drought may not necessarily 
increase support of violence directly. Yet, if hardship decreases pro-social be-
havior, repeated instances of selfishness could create incentives for some indi-
viduals favoring violent behavior. This is especially true for instances where 
cooperative behavior is more directed at specific (in)groups. 

For water shortages we should expect increased pressure on livelihoods in 
times of scarcity. Such pressure makes responses to scarcity more burden-
some, thereby increasing competition over resources. This may lead to dis-
putes, for instance if available water is over-exploited or if resources are ap-
propriated by others (in- or outgroup members). Yet, we can understand such 
disputes both as potential breeding ground for the use of violence, but also as 
source for cooperative action. In the long-term most actors will determine con-
flict to be too costly as compared to finding collaborative solutions. Seminal 
work by Ostrom (1990) demonstrates that habitual, frequent interactions will 
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ultimately create cooperative solutions. This is also an underlying assumption 
of resilience arguments (Folke 2006), namely that exposure to scarcity leads to 
adaptive processes that favor collaboration. Yet, ethnically motivated fighting 
can support parochial behavior and thereby make in- and outgroup differences 
more salient. This salience could diminish pro-social behavior or inter-ethnic 
cooperation commonly found in drought-experienced communities. 

Intervening Processes 
The outlined argument above only briefly notes other important variables, 
specifically the role of institutions or externalizing factors like migration. While 
those are not directly part of the overarching argument, I consider migration 
and institutions as conditioning, mediating, or confounding factors. The spe-
cific relationships vary by point of departure which I argue in the following 
paragraphs. 

Depending on the context, institutions can be either mediating or confound-
ing factors in the causal argument. They are mediating factors between scarcity 
and cooperation mostly in places where institutions are strong. For example, 
high groundwater shortages in Uppsala as experienced in 2019 did not lead 
to armed conflict (and many people are probably just reading about this for 
the first time), instead we were celebrating over 200 years of peace. Clearly, 
many states have functioning institutions that regulate the allocation of water 
and foster cooperation between actors in need. Such governance solutions of-
ten are understood as more formal institutions like a water authority, but they 
can also take the form of Integrated Water Resource Management (IWRM) 
frameworks, river basin organizations, or other types of treaties. Most liter-
ature considers non-state groups to engage predominantly through informal 
institutions, especially where formal governance structures are missing (Os-
trom 1990). However note that even formalized transboundary institutions 
might stipulate resource sharing space for non-state actors such as farmer-
herder groups. Acknowledging the broad range of water sharing institutions 
one must consider differences in prevailing social and administrative norms. 

We can further think about institutions as confounding factors, especially 
in regard to water scarcity and conflict. This is the case where institutions 
do not work as intended because of bias or dysfunction. Others have argued 
that the number of potential interaction actors determines the efficiency of 
institutional interactions (Olson 1974; Fearon & Laitin 1996; Fearon & Laitin 
2003). When informal institutions jar with governance rules, unpunished free-
riding could be one result (Brown & van den Broek, 2020). This can lead to 
both further scarcity and create potential for conflict via different channels. 
First, over-exploitation of water resources is unsustainable, thereby creating 
further scarcity issues in the future. Second, unsanctioned free-riding may 
lead to grievances, non-altruistic behavior, and consequently further tension 
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over resource allocation. Institutions as confounding factors could also include 
cases where existing institutions are biased towards one group, for instance by 
selective resource provisions or one-sided support of armed dispute resolution. 

At the group level, I further acknowledge that cooperation favoring pro-
cesses could be disrupted by parochial behavior. Such disruptions could arise 
from ethnically motivated fighting which makes in- and outgroup differences 
more salient (Hall & Kahn 2019; Skoog 2020). This salience could diminish 
pro-social behavior or inter-ethnic cooperation commonly found in drought-
experienced communities. This again ties to the establishment of institutions 
mediating cooperative behavior between in- and outgroups. 

The dissertation further acknowledges migration through different perspec-
tives. Considering migration as a coping mechanism is what brings together 
refugees fleeing civil war (Essay IV) with migration issues concerning com-
munal groups in the first part (Essay I-II), but also through the proximity and 
history of armed conflict in Essay III. Migration also differs depending on the 
spatial or temporal perspective. In one way, migration away from a water-
scarce area decreases pressure on water resources and potential for disputes in 
that area, yet it might increase water demand and intergroup conflict in another 
area (see Essay II). The latter is also true for migration for other reasons such 
as armed conflict. Moving away from exposure to water scarcity is often con-
sidered a temporary strategy, even if it eventually leads to long-term migration 
(Abel et al 2019; Koubi et al 2016; Swain 1993). Farmer-herder relations are 
special cases of migration patterns in relation to violence and cooperation. It 
is in the nature of most pastoralist groups to move between locations, like pas-
tures or water points. Here we see established norms of migration addressing 
seasonal resource scarcity through moving animals. However, the mobility of 
many groups has been threatened due to land reforms, soil degradation, de-
sertification, or promotion of sedentism. Such disputes arising through com-
petition over scarce resources also explain the emergence of institutions for 
conflict resolution and cooperative solutions as discussed before (Turner et al 
2012; Boone 2014). 

For the overarching argument I assume several iterative processes. These 
can be described in two ways: (1) within the causal argument, and (2) as 
consecutive iterations of the full causal theory, e.g. through a series of re-
peated games between at least two actors. Starting with (1), we can consider 
several feedback loops within the argument. I identify and name six key pro-
cesses that can link back into the causal story. First, cooperation might not 
be durable, thereby fueling future disputes. This also applies to the exclusion 
of third-party actors when cooperation is limited to a set of actors. Second, 
lowered pro-social behavior by one actor can increase resource scarcity for 
others. Third, violence itself can lead to further scarcity or lowered liveli-
hood conditions, for example when infrastructure or resources are destroyed. 
Fourth, previous exposure to violence can change pro-social attitudes, depend-
ing on the context through higher or lower tendency to altruism. Fifth, over 
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time, even disputes initially ending in violence are more likely to turn to more 
cooperative outcomes. 

Furthermore, the overall causal story can also be viewed as a series of re-
peated actions (2). For instance, different cycles of facing scarcity might yield 
either cooperative or conflictual outcomes. Here we can consider specific 
groups as self-regulation entities in which environmental changes (especially 
water scarcity) initiate processes that either limit such change, or attempt to 
return to the previous status quo (Rappaport 1984). This is also analogous 
to theoretical approaches on resilience. For example, Folke (2006) considers 
how actors in changing environments consistently reconfigure their behavior 
based on new challenges. This can entail to "revolt and remember [as] exam-
ples of the interplay across scales [...] in the context of building resilience" 
(Folke 2006, p. 259). Specifically for human adaptation to exogenous shocks, 
Adger considers "social resilience as the ability of groups or communities to 
cope with external stresses and disturbances as a result of social, political and 
environmental change" (Adger 2000, p. 347f). Thus, we might understand a 
given coping mechanism leading to either cooperation or conflict as part of re-
peated processes towards adaptation to scarcity. These arguments also dovetail 
with seminal work on socio-economic behavior. For instance, Ostrom shows 
that repeated interactions, even if conflictual, will eventually lead to more co-
operation over shared resources (Ostrom 1990, 2002, 2007). Such interac-
tion might also include the role of institutions (as introduced above) which 
means repeated cooperative interactions help to create informal or formal in-
stitutions, or to solidify such institutions. Repeated cooperation also fosters 
altruism (Fehr & Fischbacher 2003) and more generally, repeated interactions 
yield cooperative outcomes, with potential setbacks depending on the number 
of involved actors (Olson 1974), the number of iterations (Selten & Stoecker 
1986), in- and outgroup dynamics (Fearon & Laitin 1996) or the history of 
worse-off outcomes (Dal Bó 2005, Dal Bó & Fréchette 2011). These theoreti-
cal and empirical insights highlight the importance of the overall argument as 
an iterative system. 

In sum, the dissertation proposes that scarcity can create incompatibilities 
over resource allocation which then either produce cooperative or conflictual 
outcomes. The exact pathways depend on several underlying factors. Further-
more, the mechanism as a whole should be understood as iterative, thereby 
ideally studied over repeated instances. 

Data and Methodology 
The dissertation strives to be normatively oriented, empirical, and theoretically 
engaged. As Gerring and Yesnowitz (2006, p.133) argue "good social science 
involves a marriage of science and social importance". This research aims to 
be normative because it is aimed at being relevant to concerns in society, es-
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pecially in regard to water provision and peace. Rigorous empirical research 
forms the foundation of informed policy and decisions toward improving de-
velopment. In this section I outline the overall methodological approach, de-
scribe main sources for the data used in the empirical analysis, and discuss 
ethical considerations. 

All essays apply frequentist large-N approaches, albeit with some differ-
ences. Essay I includes mixed effect logit models for conflict incidences and 
Essay II focuses on spatial econometric models. While Essay III uses a simi-
lar approach as in Essay I, it also includes several robustness tests with multi-
nominal modeling or fixed effect eigenvector decomposition, among others. 
Essay IV relies on mixed effect random intercepts to model the multilevel, 
hierarchical character of the data. 

Figure 2. Overview of countries and territories included for the analysis 

An advantage is that these approaches allow for more generalist interpreta-
tion while the obvious disadvantage is that the analyses can lose case-specific 
depth, thereby failing to explain idiosyncrasies across observations. I have 
tried to overcome these challenges in two ways. First, advocating for epis-
temological plurality, case-specific research and critical literature informs all 
four essays both empirically and theoretically. While the data for the essays 
builds primarily on publicly available datasets, my theoretical assumptions on 
(ground)water usage also rest on extensive qualitative data. For all essays, 
I corroborated desk-based information through conversations with other re-
searchers who have conducted in-person visits in the regions that are covered 
by the studies. I also frequently discussed my assumptions on water access 
with technical experts at the Stockholm World Water Week, which is an annual 
gathering of water sector professionals from across the world. This also in-
cluded interviews with hydrologists, stakeholders, or experts on borehole and 
well construction. Additionally, this dissertation builds on a research work in 
Cyprus (five weeks) and Kenya (two months) where I interviewed stakehold-
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ers, policy experts or engineers whose day-to-day job is to drill boreholes or 
prepare structures for small dams.3 

The unit of analysis is the grid cell-year in Essays I-III, while Essay IV 
examines survey respondents per administrative regions. Furthermore, Es-
say IV includes several variables derived from the same grid structure as the 
other essays. Other research has studied communal conflict or water coop-
eration with country-level aggregates. However, such analysis units make it 
more difficult to observe subnational variation (Buhaug & Lujala 2005). This 
applies particularly when considering hydrological factors which can vary sig-
nificantly within countries. By employing PRIO-GRID (Tollefsen 2012) it is 
possible to draw more fine-grained inferences. The grids are based on a global 
fishnet with 0.5 by 0.5 decimal degree cells, which implies each grid cell is 
about 55 by 55 kilometers when measured at the Equator. The processes 
most relevant for communal conflict as well as for domestic water coopera-
tion correspond well to such measurement units. In addition, the impact of 
climate-related variables are more appropriately measured in an area of this 
size. All essays also include additional robustness tests with different grid 
sizes. A main advantage of grid cells is that their boundaries are exogenous to 
previous events and thereby carry no explicit political meaning (Theisen 2012, 
Tollefsen 2015). 

All four essays rely on event data which has several implications for the 
analysis. As Davenport and Moore (2015, p. 14) note, conflict researchers 
"at a minimum [..] need to acknowledge the extent to which the use of con-
venience samples impacts our descriptive and causal inferences". The key 
datasets used in this dissertation are UCDP and WARICC (Essay III). Both 
represent types of convenience samples. Some of the limitations with such 
samples include different types of biases, for example, through geo-coding 
processes or through reporting sources. Nearly all event data is derived from 
news media or reports by policy actors and the literature exemplifies how re-
porting biases or varying coding procedures affect the quality of events data 
(Eck 2012; Otto 2013; Hensel & Mitchell 2014; Gleditsch, Metternich & Rug-
geri 2014; Weidmann 2016; Croicu & Kreutz 2017). These issues apply to 
conflict data as well as other event data. Building on my experience working 
within the water policy sector, I acknowledge that data on water events poten-
tially under-reports many observations due to the nature of track-2 efforts or 
behind-the-door hydropolitics. Such topics mostly are highly sensitive to gov-
ernments as well as NGOs working on inter-community water issues (Grech-
Madin 2021). The full impact of interventions and actions is difficult to as-
certain and, for instance, Essay III aims to minimize biases through different 
control variables, e.g. accounting for government censorship as reporting bias 
could potentially affect analyses of cooperative water events. 

3Other already scheduled in-person visits were canceled due to the Covid19 pandemic. 
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By employing ready-to-use datasets, I rely on the definitions applied from 
the respective data providers. A drawback is that dataset definitions do not 
always fully capture the theoretical concepts one wishes to cover. For exam-
ple, using UCDP non-state violence observations (at organizational level 3) 
to measure communal violence does not fully align with studies more inter-
ested in pastoralist violence only. This data focuses on fatal incidences that 
have reached certain thresholds. This is problematic as it misses instances of 
disputes that are solved non-violently, or even where violence did not reach a 
certain level. Nonetheless, using such data also eases comparability and repli-
cation. Both for data on water cooperation and conflict, it is possible that the 
datasets exclude relevant events, e.g. because they were not included in search 
catalogues or because they were not reported in newspapers. Though, as both 
WARICC and UCDP use rigorous coding routines, I can at least be confident 
that all observations have in fact occurred. Several essays in the dissertation 
use analysis units based on yearly observations of incidences, which makes 
this also less vulnerable to differences in quantity of reporting. 

Essay III also addresses some limitations specific to the original WARICC 
coding. As many water-related events are associated with national capitals, 
I include control variables for the vicinity to the seat of the country admin-
istration. This is because capitals represent hubs for governmental agencies 
and NGOs. In addition, previous studies maintain WARICC events to be bet-
ter suited for within-country comparison (Bernauer et al 2012). I therefore 
argue for capturing annual cooperative incidences instead of counts or scales. 
This is also because the magnitude of improvements in the water sector varies 
between regions and therefore have different baseline water availability. For 
instance, a rural area in a low-income country might drastically improve water 
quantity and quality by establishing a few new boreholes. 

Another integral part of analysis pertains to the use of hydrological data to 
capture water scarcity. The essays differently utilize data for rainfall, drought, 
groundwater, and major surface water bodies. Essays I and III combine all 
of them. Essays II and IV focus on drought to directly link to existing litera-
ture predominantly using drought to capture water scarcity. Groundwater data 
has been used very sparingly in conflict research. I discuss the coding and 
underlying assumptions for the groundwater data in more detail in Essay I. 

The different water measures primarily build on data captured through re-
mote sensing. A disadvantage with such data can relate to validity and relia-
bility. It is also more difficult to obtain micro-level data on water resources. 
However, recent advances in satellite technology have drastically improved 
remote sensing data. I also acknowledge that norms and inter-personal differ-
ences in water use cannot be obtained through remote data collection. I have 
tried to address this by taking into consideration ethnographic accounts of wa-
ter usage as I rely on physical measures of water scarcity. Nonetheless, using 
remote sensing data even at lower spatial resolutions has several advantages. 
It allows one to compare large geographic areas and makes data collection 
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possible without on-site visits. Using such data also avoids the use of sur-
veys on water scarcity reporting which has several ethical upsides. Research 
demonstrates that drought measures correlate well with people reporting such 
events (Linke, Witmer & O’Loughlin 2020) or that there is often little dif-
ference between gauge- and satellite-based rainfall measures (Blatchford et al 
2019; König et al 2017). 

In sum, I acknowledge the challenges in data collection and required under-
lying assumptions about the data generating process. Empirically distinguish-
ing different norms and preferences on water use remains equally as challeng-
ing as collecting comparable micro-level data on water disputes. The advan-
tage of covering larger geographic areas with meso-level data is the ability to 
make more general inferences on the impact of water scarcity on society. 

Ethical Considerations 
Throughout the dissertation several ethical aspects were critically assessed. 
As Wood puts it, "researchers in developing their research design and methods 
should take account of ethical imperatives from the beginning of the project’s 
development" (2006, p. 374). Considering ethical aspects is not new to peace 
research (Gustafsson, Rydén, Tibell & Wallensteen 1984), but engagement 
with ethical questions has increased in recent years. This relates to a range 
of topics, e.g. comparative field research (Wood 2006, Höglund 2011), an-
thropology (Pacheco-Vega & Parizeau 2018), the use of illicit data (Thomas 
et al 2017), reflexive processes (Guillemin & Gillam 2004), interview tech-
niques (Brounéus 2011), desk-based studies (Hoover Green & Cohen 2020) 
and for experimental settings (Morton & Tucker 2014; Humphreys 2015). 
Another issue is that being surveyed in itself can change respondents’ behav-
ior. For instance Zwane et al (2011) find survey participants to increase their 
use of water treatment products in research on effects of water-born disease. 
This creates ethical concerns and could potentially bias model estimates (ibid). 
Ethics also relate to researchers’ own safety, data sharing, working conditions 
and emotional well being (Loyle & Simoni 2017; Kaplan, Kuhnt & Steinert 
2020; van Baalen 2018; Krystalli & Schulz 2022). Some challenges might 
appear specific to the chosen methods, however most issues are in fact inter-
linked. Thus, engaging with different ethical challenges should be on every 
researcher’s agenda. 

There is a tendency to disregard ethical issues within quantitative literature, 
but human subject concerns also pertain to desk researchers, be it for qual-
itative or quantitative approaches (Guillemin & Gillam 2004; Hoover Green 
& Cohen 2020). Problems over getting consent can be obscured through spa-
tial and temporal distances between the researchers and the human subject. 
It is important to be cognizant of such issues. As users of publicly available 
datasets, we regularly lack in-the depth knowledge necessary to assess how 
possible benefits could potentially outweigh any risks (Hoover Green & Co-
hen 2020). 
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For instance, Essays I to III directly utilize observational data compiled 
through human coding procedures (e.g. event data like UCDP, and WARICC, 
but also VDEMs democracy scores or disaggregated measures for GDP) or 
information derived from in situ gauges (precipitation, groundwater) and re-
mote sensing devices (nightlight emissions, land changes). Possible concerns 
with such data relate to the uncertainty over specific actions or being unable to 
detect patterns where events remain undocumented. Another ethical concern 
with such event data is that publication could lead to individual identification 
(Hoover Green & Cohen 2020). This has been addressed in all essays as event 
data is aggregated to PRIO-GRID or larger administrative regions, and actor 
information is not available in the final datasets. 

By utilizing already existing data the thesis conforms to a key ethical guide-
line over reprocessing available information. This is a crucial question ev-
ery researcher should ask themselves, namely whether relevant data for their 
research question already exists or not. This also means one should check 
whether other survey projects study very similar questions (Eck 2011). Ad-
dressing this question has several ethical consequences, especially for peace 
and conflict scholars. If relevant data is available then researchers do not need 
to weigh potential benefits against serious concerns over how respondents 
could be re-traumatized, stigmatized, or be subject to research fatigue. This 
even includes potential issues with privacy and safety for both respondents or 
researchers. There is an immense upside over re-using available data to avoid 
such issues, yet this might also entail compromises. For instance, using estab-
lished data can make it difficult to fully comply with pre-registration and data 
management requirements. But researchers need to seriously question whether 
an additional survey is an option only because of a slightly changed vignette 
or minimally altered geographic setting. Moreover, this is also a question of 
sustainable scholarship because these choices relate to the ethics of adequate 
use of public research funds or human resources. 

Essays I-III only use observational data publicly available. In contrast, Es-
say IV uses both observational data as well as information derived through 
an already completed survey experiment. For the latter, ethical challenges 
ought to be weighed against the potential benefits of conducting a survey. In 
this study potential insights include gaining crucial knowledge of how per-
sons in post-war societies interact or how they perceive certain situations. It 
is extremely valuable for research to provide empirical foundations to policy 
interventions. Such actions can aim at improving people’s lives meaningfully, 
for instance by enabling better integration policies including addressing health 
and well-being. Here it is also important to note that survey participation built 
on consent and that no information allowing for identification of respondents 
was stored as all responses are completely anonymous. There are also other 
ethical considerations that are key when considering surveys in sensitive con-
texts; more in-depth discussions for this particular sample are found in liter-
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ature introducing this data (e.g. Hall & Kahn 2020; Hall et al 2021; see also 
Skoog 2020 for a comprehensive discussion on the data used in Essay IV). 

Presenting the Essays 
The dissertation comprises four essays, each advancing our knowledge on how 
water resources affect cooperation and conflict among non-state actors. Table 
1 provides an overview of the main findings for each essay while also stat-
ing actor types, geographic coverage, and variables of interest. The first part 
(Essays I-II) shed light onto how access to water explains incidences of com-
munal violence while the Essays III-IV provide novel insights into the role of 
water for cooperative actions. 

Essay I: Access to Groundwater and Communal Violence 
The first work "Come rain, or come wells: How access to groundwater af-
fects communal violence" focuses on water scarcity as a driver of conflict. 
The analysis differentiates water resources between groundwater, rainfall, and 
surface water. The Essay argues that it is crucial to analyze different water 
sources to explain incidences of communal violence because drought mitiga-
tion is dependent on the available resources. 

The Essay proposes theories on the effects of water scarcity with explicit 
reference to the availability of different sources of water. The main argument 
rests on the fact that groundwater is more readily available year-round and 
sometimes far away from streams and rivers. As a consequence, groundwater 
provides a much needed buffer to communities that suffer from water short-
ages. The paper also presents conditional arguments further explaining the 
role of groundwater vis-à-vis population density and state presence. On the 
one hand, more densely populated areas create higher demand on water use 
for agriculture, industry, and household water services. This means that the 
effect of dwindling groundwater access should be more pronounced in more 
densely populated areas. State presence, on the other hand, is crucial when 
mitigating the adverse effects of water shortages for communities. Similarly, 
inclusive property rights implemented through the state can dampen the effect 
of groundwater access on communal violence. 

The findings show that lacking access to groundwater increases the risk of 
communal violence. Further, the effect of groundwater access on communal 
violence is conditioned by precipitation levels as well as population density. 
The results also suggest that state presence lowers the effect of groundwater 
on violence. 

The paper makes a number of contributions to the literature. While there 
are many in-depth case studies on farmer-herder conflicts, there are very few 
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large-N studies on communal violence and water scarcity beyond meteorolog-
ical drought. Moreover, no large-N study on armed conflict had incorporated 
groundwater access before. The study is also the first to use geo-spatial data 
on a combination of groundwater, rivers, and precipitation. Furthermore, the 
majority of climate-conflict studies analyzed only Sub-Saharan Africa. Here 
the analysis expands to other geographic areas, where despite being rare, com-
munal violence is not absent. 
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Essay II: Spatial Dynamics of Communal Violence 
Essay II "Uncovering Spatial Patterns of Communal Violence in Sub-Saharan 
Africa" sheds light on the spatial dynamics of communal violence and water 
scarcity. Regarding the latter, the Essay focuses on drought and how such 
water shortage affects fighting through spillover effects. I argue that to explain 
communal violence we have to distinguish local and neighborhood effects. 

As other forms of conflict, instances of communal violence cluster in space, 
yet little explicit theoretical and empirical attention has been given to the spa-
tial processes of communal disputes. Spillover of violence is defined as fatal 
incidences occurring as a direct response to nearby violence. This is different 
from spillover of predictors which describes instances of violence occurring 
due to nearby conflict-inducing factors. For spillover of violence, the paper 
argues that such processes arise through tangible factors, such as movements 
of refugees or arms, as well through intangible factors such as learning or 
emulating behavior. Furthermore, predictors of violence do not necessarily 
influence armed conflict locally, but rather further away. This is especially im-
portant for water shortages. Fighting over such resources might not take place 
where droughts occur, but rather in neighboring areas which might have been 
less affected. 

The analysis in Essay II empirically shows that communal violence spills 
over to other nearby areas. Furthermore, the findings uncover that predictor-
spillover is crucial when explaining incidences of communal disputes, namely 
that drought explains violence not locally but rather through neighborhood 
diffusion processes. 

This Essay provides an important contribution to literature on communal 
violence specifically, and to research on climate-conflict links in general. The 
study is the first to develop theoretical arguments describing spatial dynam-
ics of communal violence. The analysis also represent the first empirical test 
of communal conflict spillover arguments with appropriate spatial regression 
models. Previous studies on drought often neglected predictor spillover dy-
namics and therefore potentially missed the direct impact of drought on vio-
lence. Lastly, the study provides insights into the links between civil war and 
communal conflict, suggesting that civil war fighting affects fatal incidences 
of communal disputes only locally and not through spillover. 

Essay III: Water Cooperation despite War and Scarcity 
Essay III "From Bullets to Boreholes: A Disaggregated Analysis of Domestic 
Water Cooperation in Drought-prone Regions" shifts the focus to the cooper-
ation aspect of the dissertation. The study tests the relationship between water 
scarcity and incidences of water-related interactions, with a specific focus on 
water cooperation. 
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While much of the previous literature has focused on water scarcity and 
violent conflict, this analysis shows water-scarce areas are also more likely to 
witness instances of water cooperation. Everything else equal, more difficult 
access to groundwater is found to increase the likelihood of water cooperation, 
both between non-state actors but also between the government and non-state 
actors. 

Several pathways linking resource scarcity to conflict are similar to those 
explaining how shortages might lead to cooperation. I argue that this is not 
puzzling per se. Upon recognizing resources shortages, communities or other 
actors usually begin to engage on distribution issues through explicit inter-
ventions. Such behavior can be positive, i.e., they might result in sharing 
agreements or other allocation mechanisms. Water scarcity can also lead to 
interactions that are less positive in nature, like the illegal appropriation or 
diversion of water resources. While the theoretical argument assumes coop-
eration to be the more likely result of experienced scarcity, violence might 
still occur over shared resources. For states and non-state actors, violent al-
tercations are costly and will not benefit resource allocation or sharing in the 
long-term. Communities should thus have a particular interest in cooperation 
after incidences of violence. This also dovetails with seminal work by Ostrom 
(1990) who argues that repeated interactions, even if conflictual, will eventu-
ally lead to more cooperation over shared resources. 

The findings suggest that more difficult access to groundwater increases 
the likelihood of water cooperation, both between non-state actors but also 
between the government and other domestic actors. The work further shows 
that the relationship between water scarcity and non-state water cooperation 
is stronger in areas within less democratic countries. This suggests that in less 
democratic countries, actors find solutions to water scarcity without help from 
their central government. The insights from this study link to case studies 
which have long suggested that water scarcity can be a driver for cooperation. 
A large share of areas included in the analysis have witnessed armed conflict. 
Yet, the same areas also show incidences of cooperative water events. In fact, 
I find that areas with armed conflict in the previous year are more likely to 
witness incidences of state-initiated water cooperation. A similar relationship 
is, however, not found for non-state cooperation as an outcome variable. 

This study also contributes to the literature in several ways. To the au-
thor’s best knowledge, the study is the first quantitative, sub-national study on 
water cooperation, or water-related peaceful interaction more generally. The 
findings also go beyond samples use in most previous studies, which focused 
on particularly conflict prone areas. The results hold for different samples in 
Northern Africa and other countries bordering the Mediterranean Sea. 
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Essay IV: Drought Exposure and Altruism 
All parts of the dissertation make assumptions and arguments regarding indi-
vidual behavior following exposure to water scarcity, but only Essay IV specif-
ically tests one causal path of these assumptions. Shifting focus from group 
level to individual level analysis, this paper examines the role of exposure to 
drought for pro-social behavior. 

How drought exposure could shape altruism has been neglected by both 
climate-conflict literature as well as research within social-psychology. This 
Essay considers cooperation through data from surveys among refugees from 
Syria and Iraq. The responses were matched to observational data on drought 
for years respondents left their home areas. War and extended water scarcity 
can negatively affect personal health, especially in regard to mental well-
being. Experiences of livelihood loss have been associated with higher threat 
perceptions and decreased altruism. Here the Essay argues that drought expo-
sure could affect such processes as well. Individuals are more inclined to value 
their own welfare over other individuals’ welfare. Thus lowered altruistic be-
havior should be visible particularly for persons with high drought exposure. 

The findings suggest that drought exposure is associated with decreased 
altruism for the survey respondents generally. The Essay further points to 
moderating effects through group affiliation. Lowered altruism due to drought 
is found to be more pronounced when the potential recipients of cooperative 
actions are presented as members of an ethno-religious outgroup. 

This study ties together literature on social psychology and climate-conflict, 
making three important contributions. As in Essay III, this analysis zooms 
in on cooperation (here as altruism), thereby departing from research with 
armed conflict as the dependent variable. The Essay makes a theoretical 
and empirical case for why this link is important for our understanding of 
the climate-security nexus. Second, for this specific sample, the results sug-
gest water scarcity (measured with an array of different operationalizations 
for drought) decreases pro-social behavior. Third, the findings show that in-
and outgroup relationships are important factors explaining the relationship 
between drought and altruism. While the latter finding could be specific to 
the sample, this still represents an important insight into our understanding of 
resilience in environments hit by armed conflict and water scarcity. 

Conclusion 
In this section the main findings from the dissertation are summarized. I also 
briefly discuss implications for policy work and future research. In the disser-
tation I consider cooperation and conflict as outcome variables. There has been 
much more research on conflict outcomes relative to studies on cooperative, 
peaceful behavior. Yet, if all we do is study conflict, we overlook cooperation 
and peace. Similarly, when we focus too much on what explains cooperation, 
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we underestimate the misery created by rare events such as armed conflicts 
While this is not an argument for always studying war and peace in one study, 
broader research agendas in peace and conflict research should always con-
sider both sides of the coin. 

Essay I finds that lacking access to groundwater increases the likelihood 
of communal fighting. The findings further suggest state presence and prop-
erty rights are important factors mitigating groundwater access on conflict in-
cidence. This highlights the vital role of groundwater access as a tool for 
climate adaptation strategies. The study also suggests that investing in water 
governance and state institutions represent sustainable instruments to address 
disputes in water-scarce areas. 

The second study shows communal violence breeds communal violence 
in nearby areas independent of local conflict-inducing factors. The analysis 
further finds drought exposure to increase the likelihood of violence in nearby 
areas and less locally where such water scarcity occurs. These insights suggest 
future research on climate-conflict should focus more on how environmental 
scarcities affect conflict behavior for different spatial scales. While the analy-
sis focuses on drought, further research should consider other potential causes 
of disputes. The study’s findings also potentially help actors engaged in con-
flict prevention and resolution. As conflict-inducing factors can reach more 
distant areas, it is key to consider how such conflict affects communities not 
directly linked. This can aid more targeted actions of multi-stage integrated 
approaches that bring together peacebuilding efforts with rapid response mea-
sures. 

The findings in Essay III link more difficult groundwater access to instances 
of water cooperation. This applies to cooperation between non-state actors but 
also between the government and other state or non-state actors. The work also 
shows that water cooperation among non-state groups is more likely in areas 
with less democratic governments. This points to certain independence of 
groups in such cases, i.e., actors find solutions to water scarcity without help 
from their central government. This could be vital for organizations working 
in in the water sector. 

Essay IV finds drought exposure to correlate with reduced altruism. While 
the general results suggest drought reduces individual prosocialty, there are 
important variations when looking at differences in ethno-religious group af-
filiation. In particular, the findings suggests exposure to severe water scarcity 
makes individuals are more altruistic towards ingroup members as compared 
to outgroups. This is important as reducing impact of drought could both 
increase altruism and reduce parochial tendencies. The latter could be an im-
portant insight for stakeholders working with communities facing repeated 
drought years, especially in areas with more salient group identities like post-
war societies. 

Significant parts of the dissertation make a special case for the incorporat-
ing groundwater into our analysis on climate, conflict, and cooperation. This 
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is by no means a call to only study groundwater. Yet, there exists very lit-
tle research on groundwater and conflict (or cooperation). This is surprising 
because groundwater represents the largest distributed store of freshwater on 
earth (Taylor et al 2012). About 32 % of Africa’s urban population relies on 
groundwater and there is a potential to use more (Chávez García Silva et al 
2020). Indeed, the quality and quantity of groundwater often remain hidden 
to many of its users. But this also creates challenges to sustainable use, often 
resulting in overextraction and pollution (Gleeson et al 2015). Despite climate-
change-driven weather extremes, there has not been any long-term decrease in 
groundwater storage in Africa (Bonsor et al 2018), even after record-breaking 
drought events (Kolusu et al 2019). This highlights both the potential and 
the urgency of safely managing groundwater storage. Moreover, it stresses 
that we need to further study the impact of groundwater on socio-economic 
changes, including the impact of pollution. To this end research still lacks 
better measures to capture the quantity and quality of available groundwater 
globally (Famiglietti 2014; Cleeson et al 2020). 

Furthermore, there is still a gap on gender issues in relation to water and se-
curity issues. There is ample evidence for issues over gender inequality within 
the WASH sector, climate-resilient farming, and general water service provi-
sions (Perez et al 2015). We ought to further foster insights from research 
on gender, water and armed conflict. Women and girls face a disproportion-
ate burden from water scarcity (Kadir, Shenoda & Goldhagen 2019). Societal 
taboos have also found to make women more reluctant to bring attention to is-
sues with sanitation access (Mafuta et al 2020). Ensuring water access affects 
the well-being of society through different channels, particularly in regard to 
gender issues. This also relates to gender-based violence, for instance in cases 
where women fetching water are regular targets of violence. Stevenson et al 
(2012) find water insecurity measures to be associated with psychosocial dis-
tress among women. Women face a disproportiate burden from water scarcity 
and their voices can be further undermined when WASH services are insuf-
ficient. This also relates to societal taboos making women more reluctant 
to bring attention to menstrual hygiene management (MHM) and sanitation 
(Mafuta et al 2020). Here there are several avenues for future research that 
could ultimately provide important information to stakeholders. 

The dissertation also speaks to several UN Sustainable Development Goals, 
especially considering water (Goal 6) and peace (Goal 16). Using water in a 
sustainable, equitable way is one of the most crucial aspects for human devel-
opment. The IPCC has robust evidences that climate change will significantly 
decrease both renewable surface water and groundwater resources in arid re-
gions (Jiménez Cisneros et al 2014). This dissertation shows that such changes 
can explain violence between actors, but also that there is a vast potential for 
peaceful, cooperative actions. The impact of water scarcity on society is less 
severe in areas with strong democratic institutions and better socio-economic 
status. These are not new insights and they are not necessarily helpful for many 
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professionals working in the water sector or generally on environmental issues. 
However, these relationships highlight the need to strengthen civil society, 
democratic norms and institutions, or social justice and equity. Such actions 
would have an enormous impact on how societies cope with water scarcity. 
Eventually improved access to water resources feeds back into strengthening 
these factors and influences how societies mitigate water scarcity. 

The global water community continues to rely on water scarcity indicators 
for country-aggregate levels. This is unfortunate because more and more fine-
grained data is made available through remote sensing and machine-learning 
applications. Although even more high-resolution data would be beneficial, 
especially on water services, there is certainly an even greater need to make 
existing data more digestible. This means more effort should be placed on 
translating insights from the latest geographic technologies to the policy sector 
and development programming. 

Another issue relates to the nature of how research reaches policy. Scien-
tists might lament that very little of their insights are being adopted by water 
professionals. However, the problem lies not necessarily within the policy 
sector. As researchers we also bear responsibility to make findings visible to 
a range of audiences. This entails communicating knowledge in a way that 
is accessible to stakeholders and the wider public. This could strengthen how 
we engage with water issues and help in finding solutions for more sustainable 
water use. 
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