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Abstract 

More than one-quarter of the world’s population lives in water-scarce areas, while most countries 

share at least one transboundary river. If water scarcity is this prevalent, should we expect riparian 

countries to fight over the water allocation of shared rivers? To answer this question, I develop a 

modified one-shot three-stage river sharing game where countries can resort to force to solve their 

water allocation problem. Using backward induction, I solve for the probability of the downstream 

country initiating conflict against the upstream country and the likelihood of the latter responding 

with force to the former’s hostile actions. I test the model empirically using a set of all upstream-

downstream riparian dyads with available data from AQUASTAT and the Correlates of War Pro-

ject for the years 1960 to 2010. The main contribution of this paper is that it demonstrates how 

upstream and downstream riparian countries differ in their decision to use force against the other 

country when experiencing water scarcity. I find that water scarcity increases the likelihood of the 

downstream country initiating conflict, but it has no effect on the upstream country’s likelihood of 

responding with force. If history is a predictor of the future, then the results imply that as more 

riparian countries become water-scarce, militarized conflicts between upstream and downstream 

countries are likely to increase, especially if there is heterogeneity in water availability between 

the riparian dyad.  
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1. Introduction 

Governments consider water to be a matter of national security whose scarcity could potentially 

lead to interstate conflicts. While conflicts solely triggered by water disputes are extremely rare, 

interstate conflicts partially triggered by water scarcity are not uncommon. For instance, right be-

fore the 1967 Six-Day War between Israel and its Arab neighbors erupted, Israel and Syria ex-

changed fire over the Headwater Diversion Plan (Cooley 1984, Wolf 1998).1 More recently, 

clashes erupted between Uzbekistan and its upstream co-riparians, Tajikistan and Kyrgyzstan, over 

the dams that the upstream countries were planning to build; Islam Karimov, the former Uzbeki-

stani president, stated in 2012 that the tension over the dams could lead to war in Central Asia (The 

Economist 2012). While not a war, the water dispute in Central Asia led to a deadly conflict be-

tween Kyrgyzstan and Tajikistan on April 28, 2021 (Imanaliyeva and Ibragimova 2021). These 

incidents suggest that water has the power to ignite international conflicts. 

Although water is not a scarce resource at the global level, spatial heterogeneity in its avail-

ability and access, paired with its necessity in human activities, can offer one explanation for how 

water can trigger international conflict. In the 2018 United Nations’ annual “Water Development 

Report,” the World Water Assessment Programme reported that the number of people living in 

water-scarce areas is 1.9 billion; this figure is expected to increase to 3.2 billion by 2050 (WWAP 

2018). With the large number of people living in water-scarce regions, in addition to the heteroge-

neity and disparity in water stress levels between some riparian countries within the same river 

basin, as can be seen in Figure 1, the risk of hydro-political tension increases.2,3 Furthermore, the 

 
1 It is worth emphasizing that water scarcity was only a contributing factor to the Six-Day War (Cooley 1984). 
2 A riparian country is defined as a country that has a transboundary river, or a river shared by two or more countries, 

that runs through its territory. 
3 One example of a river basin with high hydropolitical tension and a variety of water-stress levels is the Nile River 

Basin where, based on Falkenmark’s water stress index (Falkenmark, Lundqvist and Widstrand 1989), Egypt, Kenya,  

and Sudan are water scarce (less than 1000 𝑚3 per person per year), Rwanda, Burundi, Ethiopia, Eritrea, Uganda, and 

Tanzania are water-stressed (less than 1700 𝑚3 per person per year), while South Sudan, Democratic Republic of the 
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percentage of riparian countries that are water-stressed has almost quintupled since 1960.4  

[INSERT FIGURE 1 HERE] 

Courtesy of climate change and rapid population growth, more riparian countries are ex-

pected to become water-stressed or have a regular water shortage over the next few decades. 

Among water-stressed countries, the water scarcity level of some of them is likely to intensify to 

the point where they will struggle to satisfy their economic needs or meet the basic water demand 

of their people (FAO 2019, Falkenmark, Lundqvist and Widstrand 1989). This trend begs the 

question of whether water scarcity will lead to an increase in interstate conflicts between riparian 

countries in the future. Figure 2 shows a positive correlation between water scarcity and interstate 

conflicts between riparian countries, but this does not necessarily mean that one causes the other.  

[INSERT FIGURE 2 HERE] 

The main objective of this paper is to examine the historical relationship between water 

scarcity and interstate conflict between upstream and downstream riparian countries. Two main 

research questions need to be answered to understand this relationship. First, does water scarcity 

in either country induce the downstream country to initiate conflict against the upstream country? 

Second, if the downstream country starts a conflict, does the water scarcity level of the upstream 

country affect its decision to fight back? In addition to these two questions, the paper demonstrates, 

theoretically and empirically, the relationship between the relative military power of the countries, 

on the one hand, and the decision to use force, on the other.  

Researchers in various disciplines have investigated the relationship between water scar-

city and interstate conflict. Some studies have found that having at least one water-scarce country 

 
Congo, and Central African Republic are water-abundant (more than 1700 𝑚3 per person per year) (FAO 2019). 
4 The percentage of riparian countries that are water-stressed increased from 5 percent to 23 percent between 1958 

and 2013. Additionally, the percentage of water-scarce countries increased from 4.2 percent to 10.6 percent and the 

percentage of absolute-water-scarce riparian countries increased from 0.9 percent to 5 percent over the same period. 
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in the riparian dyad increases the probability of getting into serious militarized conflicts (Toset, 

Gleditsch and Hegre 2000). Others argue that water scarcity could lead to political instability that 

could potentially lead to violence but not war (Wolf 1998).5 Some researchers have found that 

riparian dyads in water-scarce regions are not more prone to conflict compared to riparian coun-

tries elsewhere (Gleditsch, et al. 2006). Still, others have found that water scarcity leads to more 

cooperation and less conflict between riparian dyads (Dinar, et al. 2010, Dinar and Dinar 2017, 

Eidem, Fesler and Wolf 2012, Tir and Ackerman 2009, Yoffe, Wolf and Giordano 2003).  

Empirical studies in this area focus on the onset of conflict between the dyad; thus, this is 

the only paper that differentiates between a conflict initiated by a downstream country and the 

likelihood of the upstream country responding with force. It is the first paper to focus solely on 

dyads with a unidirectional river flow relationship, where a country is entirely downstream of the 

other country in all shared rivers between the dyad. Conceptually, these dyads would be the most 

vulnerable to water disputes as the water property rights would be fuzzy in these cases.  

On the theoretical front, there have been very few game-theoretic studies on the relation-

ship between water scarcity and conflict between riparian countries (Ansink and Weikard 2009, 

Janmaat and Ruijs 2006, Soubeyran and Tomini 2012). Soubeyran and Tomini  (2012) examine 

the relationship between water scarcity and the negotiation interval of water trade between a ripar-

ian dyad with an existing water-sharing treaty using a one-shot two-stage river-sharing game. They 

find that as the upstream-downstream dyad becomes water-scarce, their likelihood of trading water 

declines, and the likelihood of resorting to militarized conflict increases.  

Although the central research question in Soubeyran and Tomini’s (2012) is similar to the 

one asked here, this paper deviates from theirs in multiple ways. First, the underlying assumption 

 
5 Wolf (1998) examines the case studies that are regularly cited as interstate water conflicts and finds that there are 

only seven incidents of actual interstate armed conflict that were triggered by water scarcity. 
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in their paper is that the only water resource available for the country is the one that originates in 

the transboundary river that the dyad shares. In reality, there are other renewable water sources 

that a country has access to, such as other transboundary or local rivers and groundwater. Thus, 

even if the water flow from the upstream to the downstream country is negligible, the downstream 

country can still be water abundant if it has other available water resources. Therefore, even in 

such extreme cases, conflict may not be the dominant strategy for the downstream country.  

Second, Soubeyran and Tomini’s (2012) outcome of interest is the onset of conflict. While 

this may be important if the countries choose to participate in an all-out war, empirical studies find 

that water conflicts are more likely to be small-scale conflicts than all-out wars. Thus, differenti-

ating between the decision-making of an upstream and a downstream country is essential. A down-

stream country may use force against an upstream country to extract more water without soliciting 

a response from the upstream country. This would still have economic consequences on the econ-

omies of both countries without causing a two-sided conflict.  

On a similar note, the likelihood of the upstream country responding with force, in and of 

itself, is a significant determinant of whether the downstream country would initiate conflict. This 

is because a downstream country is less likely to use force against an upstream country if they 

think this would lead to a counterattack. To my knowledge, this paper is the first one to incorporate 

the likelihood of the upstream country responding by force in the downstream country’s decision 

rule to instigate a conflict. It is also the first paper to conduct an empirical analysis of the relation-

ship between water scarcity and conflict that uses theoretically-driven hypotheses. 

To investigate the relationship between water scarcity and conflict between upstream and 

downstream riparian countries, I first use a one-shot three-stage game-theoretic model that incor-

porates both a two-agent river sharing game and a conflict model. The model provides insight into 
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how water scarcity impacts the decision to use force while controlling for other factors such as 

aggregate welfare, relative military power, and diplomatic relations between the countries. In the 

game, an upstream-downstream riparian dyad interacts, and each country makes sequential deci-

sions over the river’s water allocation. Using backward induction, I solve for the probability of the 

downstream country initiating conflict against the upstream country, and the likelihood of the latter 

responding with force to the former’s hostility. Historically, most water conflicts between up-

stream and downstream countries were bilateral and initiated by the downstream country after the 

upstream country either built a dam or diverted the water flow. I use the results to derive testable 

hypotheses about the circumstances under which water scarcity can trigger interstate conflict.  

Using the reduced form of these probability functions, I then test the theoretically-driven 

hypotheses empirically using a complementary log-log model. I use Falkenmark et al. (1989) wa-

ter stress index and AQUASTAT water availability data to indicate whether a country is water-

stressed and the Correlates of War militarized disputes dataset to itemize all bilateral interstate 

conflicts initiated by the downstream country against the upstream country between 1960 and 

2010. I examine the relationship between water stress and interstate conflicts.  

I find that the likelihood of the downstream country initiating conflict increases by at least 

41 percent if the upstream country is water abundant and the downstream country is water-scarce 

and is more powerful than the upstream country. The likelihood further increases as the upstream 

country becomes more water abundant and the downstream country becomes more powerful rela-

tive to the upstream country. If the upstream country is water-scarce, the likelihood of the down-

stream country initiating conflict only increases when its military size is between 1.5 to 4 times 

larger than that of the upstream country. Outside of this interval, having a water-scarce upstream 

country in the dyad does not significantly affect the downstream country’s likelihood of initiating 
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conflict. In contrast, being water-scarce does not seem to have a significant effect on the upstream 

country’s likelihood of responding with force to the conflict initiated by the downstream country.  

The remainder of this paper is organized as follows. In the second section, I outline the 

theoretical model. In the third section, I discuss the probability of the riparian countries using force 

and how water scarcity and other factors influence their decision. In the fourth section, I lay out 

the reduced-form model and present the best ways to test it, given the available data. I discuss the 

results in the fifth section and conclude in the sixth section. 

2. The River Sharing Game 

Assume that two riparian countries share a transboundary river that flows from the upstream coun-

try, 𝑈, to the downstream country, 𝐷. Assume that an 𝑒𝑢
𝑅 ∈ [0, 𝐸𝑢) cubic meters of water flows 

from 𝑈 to 𝐷; 𝐸𝑢 is 𝑈’s river water endowment. The superscript 𝑅 ∈ {𝐴, 𝑁, 𝐶, 𝐹(𝐷𝜔), 𝐹(𝑈𝜔)}, 

where 𝐴 refers to 𝐷 accepting the water flow discharged by 𝑈. 𝑁 refers to negotiating trading 

water in exchange for some kind of a transfer. 𝐶 denotes the scenario in which 𝐷 uses force and 𝑈 

concedes. If 𝐷 uses force and 𝑈 fights back, 𝐹(𝐷𝜔) indicates the situation in which 𝐷 wins, 

whereas 𝐹(𝑈𝜔) denotes the situation in which 𝑈 wins the conflict.  

Naturally, 𝐷 has no control over the size of 𝑒𝑢 due to the river’s geographic configuration 

but 𝑈 can control it in several ways. First, 𝑈 can exploit the river to the point of limiting the amount 

of water that would reach 𝐷. This scenario is more likely to happen if the river basin is small while 

the agrarian needs of 𝑈 are large; in this case, farmers in 𝑈 will withdraw water from the river in 

𝑈’s territory for irrigation, which would lower the amount of water that flows into 𝐷. Second, if a 

dam is built in the river basin that 𝑈 and 𝐷 share somewhere near 𝐷’s border, 𝑈 would be able to 

close the dam either partially or entirely for any number of political or economic reasons; this 

would also limit the water inflow to 𝐷. Third, 𝑈 can divert the headwaters to another local river or 
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stream or fill out a local reservoir instead of letting the transboundary river run its natural course.  

From 𝑈’s perspective, according to the absolute territorial sovereignty doctrine, 𝑈 has the 

right to all river water within its territory (Ansink and Houba 2015).6 Therefore, 𝑈 can choose to 

take any of these actions and unilaterally determine 𝑒𝑢
𝑅. On the other hand, from 𝐷’s perspective, 

according to the absolute territorial integrity principle, 𝐷 has the right to all river water within and 

upstream of its territory (Ansink and Houba 2015). Thus, 𝑈 has no right to rob 𝐷 of its rightful 

river water. The two contradicting principles and the lack of a supranational authority to enforce 

international water laws can lead to a constant argument over who owns the river water.7  

If 𝐷 deems the water allocation unfair, and there is no prior enforceable agreement deter-

mining an explicit water allocation, 𝐷 can choose to respond in three different ways. 𝐷 can accept 

𝑒𝑢
𝐴 ∈ (0, 𝐸𝑢), which depends on 𝑈’s satiation point and any prior shared interest that might dictate 

𝑈’s decision.8 It can also negotiate with 𝑈 to increase the water flow from 𝑒𝑢
𝐴 to 𝑒𝑢

𝑁 ∈ (𝑒𝑢
𝐴, 𝐸𝑢) in 

exchange for 𝜏. 𝜏 can be a direct monetary transfer from 𝐷 to 𝑈; this would typically be specified 

in a water treaty between the dyad such as the Treaty on the Lesotho Highlands Water Project in 

the Orange Basin in 1986 in which South Africa agreed to make annual payments to Lesotho in 

exchange for water (Ansink and Weikard 2009). 𝜏 can also be an in-kind transfer in which the 

volume of the water flow from 𝑈 to 𝐷 is linked to another issue that would benefit 𝑈. This linked 

issue can be of an economic nature or a political linkage issue.9 𝐷 can also choose to use force 

 
6 For a review of the current state of international water law, please refer to Salman (2007).  
7 One example of an international disagreement over who owns the water of a transboundary river is seen in the 

Euphrates-Tigris River Basin shared between Turkey, Syria, and Iraq. For more details, see Octav (2003). 
8 If 𝑒𝑢

𝐴 = 𝐸𝑢, then this would be the maximum that 𝑈 can discharge to 𝐷, and 𝑈 would be discharging it willingly. In 

contrast, if 𝑒𝑢
𝐴 = 0, then this indicates that 𝐷 already has alternative water resources and is in no need of any of the 

water running in the river shared with 𝑈. 
9 An example of an economic linkage issue is in 1967, when the Netherlands negotiated an increase in their water 

allocation from the Meuse river in exchange for improving Belgium’s access to the port of Antwerp (Mostert 2003). 

An example of a political linkage issue is during the 1980s and 1990s, when Syria used its support for the separatist 

Kurdistan Workers Party (PKK) to pressure Turkey to release more water from the Euphrates river to downstream 

Syria (Oktav 2003). 
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against 𝑈 if 𝑈 lowers the water discharge or if it chooses to divert the headwaters altogether, or 

sometimes if 𝑈 chooses to build a dam that 𝐷 views as a threat to 𝐷’s future water flow.10  

If 𝐷 chooses to use force against 𝑈, then 𝑈 will face two options. First, 𝑈 can concede to 

𝐷’s demands peacefully without any conflict.11 In a case like this, the water flow to 𝐷 will become 

𝑒𝑢
𝐶 ∈ (𝑒𝑢

𝐴, 𝐸𝑢). 𝑈 can also choose to respond to 𝐷’s hostility with force to defend its water rights. 

In that case, in the absence of third-party mediation, the tension could escalate into a large-scale 

conflict, if not an all-out war.12 

If the countries choose to get involved in an interstate conflict, then the water flow will 

depend on who wins that conflict. If 𝐷 wins the conflict, the water flow will become 𝑒𝑢
𝐹(𝐷𝜔)

∈

(𝑒𝑢
𝐶 , 𝐸𝑢); 𝑒𝑢

𝐹(𝐷𝜔)
 is also strictly greater than 𝑒𝑢

𝑁. If 𝑈 wins the conflict, then 𝐷 will get 𝑒𝑢
𝐹(𝑈𝜔)

∈

(0, 𝑒𝑢
𝐴). Since the water only flows downstream, 𝑈 cannot take back the water that it discharged 

downstream of the river. It can, however, limit the future flow of the river since the water flow is 

continuous.13 If 𝑈 decides to lower the discharge rate (measured in cubic meters per second), then 

that will reduce the total volume of water flown into 𝐷. This is especially true since most water 

disputes are ad-hoc over the perceived water flow rather than post hoc over a realized water flow. 

Assume that each government wants to maximize the following objective function, which 

 
10 For example, in 1974, Iraq threatened to demolish the Tabqa Dam (a.k.a. Al-Thawra Dam) and massed its troops 

on the Syrian border as the rate of water discharged from the Euphrates to downstream Iraq declined (Gleick 1994). 
11 Out of the 68 incidents in which a downstream country initiated a conflict against the upstream country, the upstream 

country responded with force in 26 incidents, displayed force in 10, threatened to use force in 3, and did not respond 

in 29. 
12 For instance, India and Pakistan were on the brink of war over the Indus basin in 1948; the war was avoided when 

the World Bank intervened and conducted negotiations that led to the signing of the Indus Water Agreement in 1960 

(Wolf 1998).The dispute between India and Pakistan over the Indus basin exacerbated the on-going tension between 

the countries over the Kashmir region (Wolf 1998). 
13 𝑈’s ability to limit the discharge rate is constrained by their water needs and the capacity of their reservoirs. None-

theless, a satiated or flood-prone 𝑈 is not likely to risk a flood in their own territory in order to punish 𝐷. Furthermore, 

a satiated 𝑈, which is not dependent on 𝐸𝑢 and meets all of its water demand from other sources, is unlikely to disturb 

the natural flow of the river; therefore, 𝑒𝑢
𝐴 is likely to be high enough to eliminate the need for 𝐷 to use force to get 

what they deem to be their fair share of the river water. 
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consists of aggregate welfare, military cost, and a monetary transfer: 

 𝐺𝑠
𝑅 = 𝛼𝑠𝑊𝑠(𝛺𝑠(𝑒𝑢

𝑅), ℓ𝑠
𝑅 , 𝑝𝑠

𝑅) − 𝑀𝑠
𝑅 + 𝜏𝑠

𝑅 (1) 

where the subscript 𝑠 denotes the state, 𝑠 ∈ {𝑈, 𝐷}, and the superscript 𝑅 denotes a terminal strat-

egy from the game tree in Figure 3, 𝑅 ∈ {𝐴, 𝑁, 𝐶, 𝐹(𝐷𝜔), 𝐹(𝑈𝜔)}. 𝛼𝑠 is the weight the government 

in 𝑠 assigns to its people’s welfare; assume that 𝛼𝑠 is increasing in the democracy level of the 

country.14 𝑊𝑠 is the aggregate welfare in country 𝑠, which depends on three factors: the available 

water resource in 𝑠, Ωs(𝑒𝑢
𝑅), total income, ℓ𝑠

𝑅, and local food prices, 𝑝𝑠
𝑅.15 Ω𝑠

𝑅 is a function of all 

available water resources, including rainfall, groundwater, and any water inflow from other local 

or international rivers, in addition to 𝑒𝑢
𝑅. The relationship between Ω𝑠

𝑅 and 𝑊𝑠
𝑅 is nonlinear. Based 

on the Falkenmark index (Falkenmark, Lundqvist and Widstrand 1989), the first 500 𝑚3 per capita 

is used for basic human water needs and it has a direct impact on the aggregate welfare function. 

The rest of the water supply is used in producing consumption goods; thus, Ω𝑠
R − 500 affects ag-

gregate welfare indirectly through its impact on total income, ℓ𝑠
𝑅, and local food prices, 𝑝𝑠

𝑅.  𝑀𝑠
𝑅 

is the military cost if the country chooses to use force against the other country. The military cost 

that 𝐷 incurs when 𝑈 responds with force and a conflict erupts is higher than the cost when 𝑈 

concedes, 𝑀𝐷
𝐹 > 𝑀𝐷

𝐶 > 0; 𝑀𝐷
𝐴 = 𝑀𝐷

𝑁 = 0. 𝑈, on the other hand, will only incur a military cost 

when it chooses to respond with force to 𝐷’s hostility; 𝑀𝑈
𝐹 > 0 and 𝑀𝑈

𝐶 = 𝑀𝑈
𝐴 = 𝑀𝑈

𝑁 = 0. The 

military cost rises as the conflict’s hostility level increases. 𝜏𝑠
𝑅 is the monetary transfer from 𝐷 to 

𝑈 in case of negotiations; 𝜏𝑈
𝑁 ≥ 0, 𝜏𝐷

𝑁 ≤ 0, 𝜏𝐷
𝑁 = −𝜏𝑈

𝑁, and 𝜏𝑠
𝐴 = 𝜏𝑠

𝐶 = 𝜏𝑠
𝐹(𝐷𝜔)

= 𝜏𝑠
𝐹(𝑈𝜔)

= 0. Alt-

hough 𝜏𝑠
𝑁 can be in the form of an economic or political favor or concessions; I assume that it can 

 
14 In theory, a benevolent dictator may assign a large weight to the aggregate welfare of his/her people compared to 

a democratic leader that only cares about the welfare of his/her base. However, since this is not the typical situation, 

I assume that 𝛼𝑠 is increasing in the democracy level of 𝑠 to simplify the model. 
15 To avoid using cluttered notation, let 𝑊𝑠

𝑅 ≡ 𝑊𝑠(Ω𝑠(𝑒𝑢
𝑅), ℓ𝑠

𝑅 , 𝑝𝑠
𝑅) and Ω𝑠

𝑅 = Ω𝑠(𝑒𝑢
𝑅). 
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also be measured in monetary units. To avoid cluttered notation, let 𝜏 = 𝜏𝑈
𝑁 = −𝜏𝐷

𝑁. 

[INSERT FIGURE 3 HERE] 

Figure 3 shows the extensive form of this modified version of the river sharing game where 

𝜂 is the probability of 𝐷 winning the conflict, which depends on, among other things, the countries’ 

relative power and military capabilities. Table 1 shows the objective function for each country 

under each outcome using the general equation in (1). 

[INSERT TABLE 1 HERE] 

The extent to which a change in the water flow, 𝑒𝑢
𝑅, affect income, ℓ𝑠

𝑅, local food prices, 

𝑝𝑠
𝑅, and aggregate welfare, 𝑊𝑠

𝑅, depends on the country’s economic dependency on water and the 

availability of other sources of water. An already satiated, water-abundant country will not be 

significantly affected by a change in the water flow, 𝑒𝑢
𝑅. Satiation is defined here as the country’s 

ability to meet all of its domestic and economic needs from alternative water sources (other than 

the shared basin) and still have a water surplus.16 If the satiated country is an upstream country, it 

will be able to meet all of its water demand even when the amount of water that flows downstream 

reaches U’s water endowment of the shared river basin’s water; 𝑒𝑢
𝑅 → 𝐸𝑈. Therefore, neither its 

food production nor its income will be affected by a change in 𝑒𝑢
𝑅; 𝜕𝑒𝑢

𝑅𝑝𝑈
𝑅 = 0 and 𝜕𝑒𝑢

𝑅ℓ𝑈
𝑅 = 0. 

Similarly, a water-abundant downstream country whose dependency on 𝑒𝑢 is very small or zero, 

will not experience an increase in food prices, 𝑝𝐷
𝑅, or a decrease in national income, ℓ𝐷

𝑅 , as 𝑒𝑢
𝑅 →

0; 𝜕𝑒𝑢
𝑅𝑝𝐷

𝑅 = 0 and 𝜕𝑒𝑢
𝑅ℓ𝐷

𝑅 = 0. 

 
16 There are two types of a nation’s water needs. The domestic needs (for household consumption and food production 

for domestic use) are assumed to be 500 𝑚3 per capita (Brown 2008). But there are also economic and industrial water 

needs. I am assuming that the country will need a minimum of 1700 𝑚3 per capita to meet both its domestic and 

economic water needs without experiencing a regular shortage that will hinder its economic growth. I realize that this 

is an oversimplification and that in reality a country’s water needs are dependent on many factors, including but not 

limited to, industrial dependency on water. As for water surplus, for simplicity, this is defined as water supply minus 

the surface water in the shared basin per capita minus 1700 𝑚3 per capita. In reality, this will depend on both ground-

water accessibility (shallow versus deep aquifers) and the country’s actual water needs. 
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In contrast, a water-stressed country will be more sensitive to changes in the water flow, 

𝑒𝑢
𝑅. A country is water-stressed if it has less than 1700 𝑚3 of water per person per year. This 

threshold was found by Falkenmar et al. (1989) to indicate that a country experiences water short-

ages regularly. However, depending on its stress level, the country may still meet its domestic and 

economic needs.17 An unsatiated, water-stressed, upstream country that is quasi self-sufficient in 

food production will be susceptible to changes in 𝑒𝑢
𝑅. As the water flow to the downstream country 

increases, the water available for food production will decline, lowering local food production. On 

the one hand, under autarky in the food and agricultural sector, the severity of this problem will 

increase as it will limit food availability and lead to a food shortage, which will drive up food 

prices; 𝜕𝑒𝑢
𝑅𝑝𝑈

𝑅 > 0. On the other hand, in an open economy for food and agriculture, the country 

will use virtual water trade, i.e., food imports, to substitute for the local food shortage. In this case, 

𝜕𝑒𝑢
𝑅𝑝𝑈

𝑅 can still be positive, but its magnitude decreases as the economy’s trade openness increases. 

Conversely, a water-stressed downstream country is likely to be sensitive to changes in 𝑒𝑢
𝑅 in a 

closed economy in the agriculture sector; 𝜕𝑒𝑢
𝑅𝑝𝐷

𝑅 < 0. The magnitude of 𝜕𝑒𝑢
𝑅𝑝𝐷

𝑅 decreases as the 

country’s level of trade openness increases.  

The sensitivity of national income, ℓ𝑠
𝑅, to changes in the water flow from 𝑈 to 𝐷, 𝑒𝑢

𝑅, is 

also affected by water availability and trade openness, but more importantly, it is affected by the 

country’s economic dependency on water. A country whose industries are highly dependent on 

water will be sensitive to changes in the water flow, 𝑒𝑢
𝑅; this sensitivity is increasing in the water 

stress level of the country. For an upstream country, an increase in the amount of water released 

to the downstream country, 𝑒𝑢
𝑅, can lead to a loss in production and, therefore, income; 𝜕𝑒𝑢

𝑅ℓ𝑈
𝑅 <

 
17 If the country has less than 1000 𝑚3 per person per year, it will struggle to meet its economic needs. Whereas if it 

has less than 500 𝑚3 per person per year, it will struggle to meet the basic domestic water needs. 



13 

 

0. Also, organized interest groups in 𝑈 are likely to support the adoption of the absolute territorial 

sovereignty principle. Thus, they are likely to frown upon what they might perceive to be an “ex-

cessive” discharge rate of the river water. This will further decrease aggregate welfare, 𝑊𝑈
𝑅, espe-

cially if economic interdependence between the two countries is low. As economic interdepend-

ence between the dyad increases, a new wave of organized interest groups in 𝑈 will emerge. These 

groups will act as protectors of 𝐷’s water rights to protect their interests in 𝐷. 

In contrast, for a downstream country with a high level of economic dependency on water, 

a decrease in the water flow, 𝑒𝑢
𝑅, can significantly lower its production and employment in the 

water-dependent industries; 𝜕𝑒𝑢
𝑅ℓ𝐷

𝑅 > 0. If economic interdependence between the dyad is low, 

then there is not much that 𝐷 can do to increase its national income, ℓ𝐷
𝑅 , unless the country switches 

to non-water-intensive industries in which it has a comparative advantage; nonetheless, this is 

more of a long-term solution as it may not be feasible in the short-term. On the other hand, if 

economic interdependence between the dyad is high, then 𝐷 can use this to its advantage. It can 

use its economic power to pressure the interest groups in 𝑈 who have financial interests in 𝐷 to 

act on its behalf.18  

Regardless of the relationship between the water flow and local food prices, 𝜕𝑒𝑢
𝑅𝑝𝑠

𝑅, or 

national income, 𝜕𝑒𝑢
𝑅ℓ𝑠

𝑅, an increase in local food prices decreases food accessibility, whereas a 

decrease in national income lowers the country’s standard of living. Both outcomes lower aggre-

gate welfare; 𝜕𝑝𝑠
𝑅𝑊𝑠

𝑅 < 0 and 𝜕ℓ𝑠
𝑅𝑊𝑠

𝑅 > 0. Once again, trade openness decreases the magnitude 

of 𝜕𝑝𝑠
𝑅𝑊𝑠

𝑅 and economic interdependence between the dyad decreases 𝜕ℓ𝑠
𝑅𝑊𝑠

𝑅. Consequently, for 

 
18 In fact, Uzbekistan occasionally uses this strategy to ensure a larger share of water inflow from upstream coun-

tries. On multiple occasions, Uzbekistan cut natural gas exports to downstream countries either to pressure them to 

increase 𝑒𝑢
𝑅 or to protest proposals to build a dam that could potentially disturb the future water flow to Uzbekistan 

(Gleick and Heberger 2014, Kozhevnikov 2012). The lower water flow would severely affect cotton production, 

which is essential to the Uzbek economy (Abdullaev, et al. 2009). 
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the upstream country, 𝜕𝑒𝑢
𝑅𝑊𝑈

𝑅 < 0, while for the downstream country, 𝜕𝑒𝑢
𝑅𝑊𝐷

𝑅 > 0.  

3. Likelihood of Conflict: Theoretical Model 

The likelihood of either country using force against the other can be found using backward induc-

tion. The last stage in the game tree in Figure 3 is determined by nature and can be reduced to 

𝐺𝑠
𝐹 = 𝜂𝐺𝑠

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝐺𝑠

𝐹(𝑈𝜔)
. Therefore, if 𝐷 uses force against 𝑈 in the second stage of the 

game, 𝑈 will respond with force in the third stage if and only if 𝐺𝑈
𝐹 > 𝐺𝑈

𝐶 , 

⇔  𝛼𝑈 [𝜂𝑊𝑈
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝑈
𝐹(𝑈𝜔)

] − 𝑀𝑈
𝐹 > 𝛼𝑈𝑊𝑈

𝐶 . 

Thus, if 𝐷 initiates a conflict, 𝑈 will respond with force if and only if:  

 𝑀𝑈
𝐹 < 𝛼𝑈 [𝜂𝑊𝑈

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝑊𝑈

𝐹(𝑈𝜔)
− 𝑊𝑈

𝐶]. (2) 

Based on the decision rule in (2), the probability of 𝑈 responding with force is: 

 𝑃𝑟(𝐹𝑈) = 𝛼𝑈 [𝜂𝑊𝑈
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝑈
𝐹(𝑈𝜔)

− 𝑊𝑈
𝐶]. (3) 

In contrast, 𝐷 will initiate conflict against 𝑈 if and only if 𝐺𝐷
𝐹 > max {𝐺𝐷

𝑁 , 𝐺𝐷
𝐴}. Since 𝑒𝑢

𝑁 >

𝑒𝑢
𝐴 and 𝑊𝐷

𝑁 > 𝑊𝐷
𝐴, 𝐺𝐷

𝑁 > 𝐺𝐷
𝐴 if and only if 𝛼𝐷𝑊𝐷

𝑁 − 𝜏 > 𝛼𝐷𝑊𝐷
𝐴 ⇔ 𝛼𝐷[𝑊𝐷

𝑁 − 𝑊𝐷
𝐴] > 𝜏. If 𝐷 

only resorts to negotiations if it believes that its payoff from the water treaty is higher than that of 

accepting the status quo, then 𝐺𝐷
𝑁 > 𝐺𝐷

𝐴.19 So, in the second stage of the game in Figure 3, 𝐷 will 

use force if and only if : 

Pr(𝐹𝑈) × 𝐺𝐷
𝐹 + (1 − Pr(𝐹𝑈)) × 𝐺𝐷

𝐶 > 𝐺𝐷
𝑁 

⇔ Pr(𝐹𝑈) [𝛼𝐷 [𝜂𝑊𝐷
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝐷
𝐹(𝑈𝜔)

] − 𝑀𝐷
𝐹] + (1 − Pr(𝐹𝑈))[𝛼𝐷𝑊𝐷

𝐶 − 𝑀𝐷
𝐶]

> 𝛼𝐷𝑊𝐷
𝑁 − 𝜏. 

 
19 If I relax that assumption that 𝐺𝐷

𝑁 > 𝐺𝐷
𝐴 and assume that the value of 𝜏 demanded by 𝑈 is too high, the probability 

of 𝐷 initiating a conflict against 𝑈 is:  

Pr(𝐹𝐷) = 𝛼𝐷𝛼𝑈 [𝜂𝑊𝐷
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝐷
𝐹(𝑈𝜔)

− 𝑀𝐷
𝐶] [𝜂𝑊𝑈

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝑊𝑈

𝐹(𝑈𝜔)
− 𝑊𝑈

𝐶] + 𝛼𝐷[𝑊𝐷
𝐶 − 𝑊𝐷

𝐴] 
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Let the expected military cost incurred by 𝐷 be 𝐸𝑀𝐷 ≡ Pr(𝐹𝑈) × 𝑀𝐷
𝐹 + (1 − Pr(𝐹𝑈)) × 𝑀𝐷

𝐶 . 

Country 𝐷 will initiate a conflict if and only if: 

 

𝐸𝑀𝐷 < 𝛼𝐷𝛼𝑈 [𝜂𝑊𝐷
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝐷
𝐹(𝑈𝜔)

− 𝑀𝐷
𝐶] [𝜂𝑊𝑈

𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝑈
𝐹(𝑈𝜔)

− 𝑊𝑈
𝐶] + 𝛼𝐷[𝑊𝐷

𝐶 − 𝑊𝐷
𝑁] − 𝜏. 

(4) 

Using the decision rule in (4), the probability of 𝐷 initiating conflict against 𝑈 is: 

 

𝑃𝑟(𝐹𝐷) = 𝛼𝐷𝛼𝑈 [𝜂𝑊𝐷
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝐷
𝐹(𝑈𝜔)

− 𝑀𝐷
𝐶] [𝜂𝑊𝑈

𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝑈
𝐹(𝑈𝜔)

− 𝑊𝑈
𝐶] + 𝛼𝐷[𝑊𝐷

𝐶 − 𝑊𝐷
𝑁] − 𝜏. 

(5) 

Per se, the size of 𝑒𝑢
𝑅 is not expected to incite conflict between 𝐷 and 𝑈; nonetheless, the 

total amount of water available for the downstream country, Ω𝐷(𝑒𝑢
𝑅), is more likely to influence 

such decisions. A downstream country with high enough Ω𝐷 to meet its domestic and industrial 

water demand is not expected to initiate a conflict simply because its water inflow is not what it 

ideally desires. A downstream country with low Ω𝐷, however, is more likely to resort to force if 

its water consumption is highly dependent on the level of 𝑒𝑢
𝑅. Thus, the probability of conflict 

depends on the level of Ω𝐷, which, if low enough, is sensitive to the level of 𝑒𝑢
𝑅 itself. Therefore, 

to understand the effect of water scarcity on conflict over water, we must consider the relationship 

between water availability and the countries’ decision to use force.  

First, let us examine the relationship between water availability and the downstream coun-

try’s decision to use force against 𝑈. By taking the partial derivative of Pr(𝐹𝐷) in (5) with respect 

to Ω𝐷, we will get the following: 

 

𝜕𝛺𝐷
𝑃𝑟(𝐹𝐷) = 𝛼𝐷𝛼𝑈 [𝜂𝜕𝛺𝐷

𝑊𝐷
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝜕𝛺𝐷
𝑊𝐷

𝐹(𝑈𝜔)
− 𝜕𝛺𝐷

𝑊𝐷
𝐶  ] [𝜂𝑊𝑈

𝐹(𝐷𝜔)

+ (1 − 𝜂)𝑊𝑈
𝐹(𝑈𝜔)

− 𝑊𝑈
𝐶] + 𝛼𝐷[𝜕𝛺𝐷

𝑊𝐷
𝐶 − 𝜕𝛺𝐷

𝑊𝐷
𝑁]. 

(6) 

The first expression in the first term in (6) is negative whenever: 
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 𝜂 <
𝜕𝛺𝐷

𝑊𝐷
𝐶 − 𝜕𝛺𝐷

𝑊𝐷
𝐹(𝑈𝜔)

𝜕𝛺𝐷
𝑊𝐷

𝐹(𝐷𝜔)
− 𝜕𝛺𝐷

𝑊𝐷
𝐹(𝑈𝜔)

≡ 𝜇𝐷 . (7) 

The numerator in 𝜇𝐷 in (7) is always larger than the denominator; 𝜕Ω𝐷
𝑊𝐷

𝐹(𝐷𝜔)
< 𝜕Ω𝐷

𝑊𝐷
𝐶  because 

if 𝑈 concedes, there will be no destruction in 𝐷, and the marginal effect of an additional cubic 

meter of water will be higher. Thus, 𝜇𝐷 > 1. Since 𝜂 ∈ [0,1], then the first expression in (6) is 

always negative. Hence, the first term is negative if and only if: 

 𝜂 >
𝑊𝑈

𝐶 − 𝑊𝑈
𝐹(𝑈𝜔)

𝑊𝑈
𝐹(𝐷𝜔)

− 𝑊𝑈
𝐹(𝑈𝜔)

≡ 𝜆𝑈. (8) 

The denominator in 𝜆𝑈 in (8) is always negative since 𝑈 will always be better off winning the 

conflict than losing to 𝐷. Thus, the only case in which 𝜂 ≯ 𝜆𝑈 is if 𝑊𝑈
𝐹(𝐷𝜔)

> 𝑊𝑈
𝐶 , (⇔ 𝜆𝑈 > 1), 

which is only likely to be the case if 𝑈 is water-scarce but highly dependent on the river water, and 

the economic interdependence between the two countries is low. Even when 𝑈 loses water under 

𝑅 ∈ {𝐶, 𝐹(𝐷𝜔)}, 𝑈’s population may blame the government if it is water-scarce and does not fight 

for its water rights and concede them to 𝐷. In contrast, if 𝑊𝑈
𝐹(𝑈𝜔)

> 𝑊𝑈
𝐶 > 𝑊𝑈

𝐹(𝐷𝜔)
, then 0 < 𝜆𝑈 <

1 and the first term in (6) is negative if 𝐷 is powerful enough to the point where 𝜂 > 𝜆𝑈. This 

scenario is likely to happen if 𝑈 is water-stressed, but it has other alternatives that make fighting 

for the water rights not worth the cost of losing; the fact that 𝑈 is water-stressed means that they 

will still prefer fighting and winning over conceding to 𝐷. Therefore, in this scenario, the first term 

in (6) is negative when 𝐷 is more powerful than 𝑈, and 𝑈 expects 𝐷 to win the conflict if the two 

countries fight each other. Finally, if 𝑊𝑈
𝐶 > 𝑊𝑈

𝐹(𝑈𝜔)
> 𝑊𝑈

𝐹(𝐷𝜔)
 then 𝜆𝑈 < 0; since 𝜂 ∈ [0,1], then, 

in this scenario, 𝜂 > 𝜆𝑈 and the first term in (6) will always be negative. This scenario will be true 

when 𝑈 is water abundant, as they will always prefer to give 𝐷 additional water instead of being 

involved in a militarized conflict.  
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The second term in (6) is expected to be negligible since an additional cubic meter of water 

is not likely to have a different marginal effect on aggregate welfare when it is obtained via trading 

water peacefully or threatening the other country without causing any destruction in 𝐷. Based on 

Falkenmark’s water stress indices, a country that has less than 1700 𝑚3 per person per year suffers 

from some level of water scarcity; henceforth, I will use this to identify a water-scarce country, 𝒮𝑠. 

The results derived from 𝜕Ω𝐷
Pr(𝐹𝐷) in (6) can be summarized in Hypotheses 1A and 1B. 

Hypothesis 1A: The probability of D initiating conflict against U increases when D is water-

scarce, and U is water-abundant. 

𝜕 Pr(𝐹𝐷)

𝜕Ω𝑈

[𝒮𝐷] > 0. 

Hypothesis 1B: The probability of D initiating conflict further increases if D’s military power is 

greater than U’s, which means that D is more likely to win the conflict. 

𝜕2 Pr(𝐹𝐷)

𝜕Ω𝑈𝜕𝜂
[𝒮𝐷] > 0. 

𝑈’s water availability also determines 𝐷's likelihood to initiate conflict against 𝑈. To find 

the nature of this relationship, I take the partial derivative of Pr(𝐹𝐷) with respect to Ω𝑈: 

 

𝜕𝛺𝑈
𝑃 𝑟(𝐹𝐷) = 𝛼𝐷𝛼𝑈 [𝜂𝑊𝐷

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝑊𝐷

𝐹(𝑈𝜔)
− 𝑊𝐷

𝐶] [𝜂𝜕𝛺𝑈
𝑊𝑈

𝐹(𝐷𝜔)

+ (1 − 𝜂)𝜕𝛺𝑈
𝑊𝑈

𝐹(𝑈𝜔)
− 𝜕𝛺𝑈

𝑊𝑈
𝐶]. 

(9) 

𝜕Ω𝑈
𝑃𝑟(𝐹𝐷) < 0 if and only if: 

 𝜇𝑈 ≡
𝜕𝛺𝑈

𝑊𝑈
𝐶 − 𝜕𝛺𝑈

𝑊𝑈
𝐹(𝑈𝜔)

𝜕𝛺𝑈
𝑊𝑈

𝐹(𝐷𝜔)
− 𝜕𝛺𝑈

𝑊𝑈
𝐹(𝑈𝜔)

< 𝜂 <
𝑊𝐷

𝐶 − 𝑊𝐷
𝐹(𝑈𝜔)

𝑊𝐷
𝐹(𝐷𝜔)

− 𝑊𝐷
𝐹(𝑈𝜔)

≡ 𝜆𝐷 . (10) 

Ideally, 𝐷 should prefer 𝑈’s concession over fighting and winning the conflict; 𝑊𝐷
𝐶 > 𝑊𝐷

𝐹(𝐷𝜔)
. As 

a result, 𝜆𝐷 > 1 in (10). Since 𝜂 ∈ [0,1], 𝜂 < 𝜆𝐷 and the right-hand-side of the inequality in (10) 
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will always be true. Thus, 𝜕Ω𝑈
𝑃𝑟(𝐹𝐷) < 0 in (9) if and only if 𝜂 > 𝜇𝑈. The denominator in 𝜇𝑈 in 

(10) is always negative, since the destruction in 𝑈 would be smaller when it wins the conflict 

compared to when it loses, and therefore, the marginal effect of an additional cubic meter of water 

when 𝑈 wins will be higher, holding everything else constant. So, if 𝐷 is less powerful than 𝑈, and 

𝑈 expects to have a minimal level of destruction if it were to be involved in a two-sided conflict 

with 𝐷, then 𝜕Ω𝑈
𝑊𝑈

𝐹(𝑈𝜔)
> 𝜕Ω𝑈

𝑊𝑈
𝐶 and 𝜇𝑈 > 1; so, 𝜂 ≯ 𝜇𝑈. However, if 𝐷 is a hegemon, the 

level of destruction that it can cause in 𝑈 if the two countries fight each other increases, and 𝜇𝑈 

starts to decrease. As 𝑈’s water scarcity level increases, 𝜇𝑈 → 0 or becomes negative. Further-

more, as 𝐷 becomes more powerful, the porability of 𝐷 winning the conflict increases and 𝜂 → 1. 

The results derived from 𝜕Ω𝑈
Pr (𝐹𝐷) in (9) are summarized in Hypothesis 2. 

Hypothesis 2: If U is water-scarce, the probability of D initiating conflict against U increases 

only when D is a hegemon. 

𝜕 Pr(𝐹𝐷)

𝜕𝜂
[𝒮𝑈] > 0. 

𝑈’s decision to respond with force when 𝐷 initiates a conflict is only dependent on water 

availability in 𝑈; there is no direct relationship between 𝐷’s water scarcity and 𝑈’s decision to use 

force. To find the relationship between 𝑈’s decision and its water scarcity level, we need to exam-

ine the partial derivative of Pr (𝐹𝑈) in (3) with respect to water availability, Ω𝑈: 

 𝜕𝛺𝑈
𝑃𝑟(𝐹𝑈) = 𝛼𝑈 [𝜂𝜕𝛺𝑈

𝑊𝑈
𝐹(𝐷𝜔)

+ (1 − 𝜂)𝜕𝛺𝑈
𝑊𝑈

𝐹(𝑈𝜔)
− 𝜕𝛺𝑈

𝑊𝑈
𝐶]. (11) 

𝜕Ω𝑈
𝑃𝑟(𝐹𝑈) < 0 in (11) if and only if: 

 𝜂 <
𝜕𝛺𝑈

𝑊𝑈
𝐶 − 𝜕𝛺𝑈

𝑊𝑈
𝐹(𝑈𝜔)

𝜕𝛺𝑈
𝑊𝑈

𝐹(𝐷𝜔)
− 𝜕𝛺𝑈

𝑊𝑈
𝐹(𝑈𝜔)

≡ 𝜇𝑈. (12) 

Holding everything else constant, a scenario in which 𝐷 and U fight over water and 𝑈 wins, 
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indicates that 𝑈 is more powerful than 𝐷 and the destruction in 𝑈 when it wins is less than that 

when it loses. Therefore, the marginal effect of each additional unit of water that becomes available 

to 𝑈 is larger when 𝑈 wins the conflict; 𝜕Ω𝑈
ℓ𝑈

𝐹(𝑈𝜔)
> 𝜕Ω𝑈

ℓ𝑈
𝐹(𝐷𝜔)

 and 𝜕Ω𝑈
𝑝𝑈

𝐹(𝑈𝜔)
≥ 𝜕Ω𝑈

𝑝𝑈
𝐹(𝐷𝜔)

. 

Thus, 𝜕Ω𝑈
𝑊𝑈

𝐹(𝑈𝜔)
> 𝜕Ω𝑈

𝑊𝑈
𝐹(𝐷𝜔)

 and the denominator in 𝜇𝑈 in (12) is always negative. Since 𝜂 ∈

[0,1], 𝜕Ω𝑈
𝑃𝑟(𝐹𝑈) < 0 if and only if 𝜇𝑈 > 0. In order for this to be true, 𝜕Ω𝑈

𝑊𝑈
𝐹(𝑈𝜔)

> 𝜕Ω𝑈
𝑊𝑈

𝐶, 

which is likely to happen as 𝑈 becomes more water-scarce. The results derived from the 

𝜕Ω𝑈
𝑃𝑟(𝐹𝑈) in (11) are summarized in Hypothesis 3. 

Hypothesis 3: The probability of U responding with force increases if U is water-scarce and is 

relatively more powerful than D. 

𝜕 Pr(𝐹𝑈)

𝜕(1 − 𝜂)
[𝒮𝑈] > 0. 

4. Likelihood of Conflict: Empirical Model 

4.1. Data 

Recall that the primary assumption of the theoretical model is that there exists a unidirectional 

river flow relationship between the dyad in which one country is upstream of the river while the 

other one is downstream of the river. Therefore, I limit the analysis to riparian dyads with an up-

stream/downstream river configuration where all shared rivers cross the border only once and flow 

from the upstream country to the downstream country. I leave out riparian dyads where the river 

crosses the border multiple times, making one of the countries upstream in certain regions in the 

basin drainage area before it becomes downstream in another region. I also leave out any riparian 

dyads where at least part of the shared river runs along their border.  

I identify riparian dyads in which one of the countries is entirely downstream of the other 

using the River Type Configuration dataset from Brochmann and Gleditsch (2012) and the 



20 

 

Transboundary Waters Assessment Program (TWAP) River Basin Country Units dataset (Allen, 

Wood and Eynard 2014). I reduce the level of observation to dyad-year units and code a country 

in the dyad to be upstream (downstream) if the drainage area in all shared rivers of one country is 

upstream (downstream) of the other country in the dyad. Using this definition, I end up with 208 

upstream-downstream riparian dyads; 79 of the dyads are in Africa, 61 are in Asia, 45 in Europe,16 

in the Americas, five dyads with an upstream Asian country and a downstream European country, 

and two with an upstream African country and a downstream Asian country.20 

Water Scarcity. To identify water-scarce countries, I use the total renewable water re-

sources data from AQUASTAT (FAO 2019). The global dataset contains 5-year simple averages 

spanning from 1958 to 2017. Due to data limitations, I use the 5-year average data and merge it 

with the population data from the World Development Indicators (World Bank 2017) to calculate 

each country’s annual stress level. To determine the water stress level, I use a modified version of 

the water stress indicator defined by Falkenmark, Lundqvist, and Widstrand (1989). A country is 

considered water-abundant if it has more than 1,700 cubic meters per person per year; above this 

threshold, water shortage occurs irregularly and locally. In contrast, a country is considered water-

scarce if it has less than 1,700 𝑚3per person per year, where the effect of the water scarcity ranges 

from having regular water shortage and hindering economic development to a scarcity level that 

is regarded as a main constraint to life (Falkenmark, Lundqvist and Widstrand 1989). Panel A in 

Table 2 shows the summary statistics of the water availability and water scarcity variables. 

[INSERT TABLE 2 HERE] 

Conflict. To measure conflict, I use version 4.3 of the 𝑀𝑖𝑙𝑖𝑡𝑎𝑟𝑖𝑧𝑒𝑑 𝐼𝑛𝑡𝑒𝑟𝑠𝑡𝑎𝑡𝑒 𝐷𝑖𝑠𝑝𝑢𝑡𝑒𝑠 

(MIDs) dataset from the Correlates of War Project (Ghosn, Palmer and Bremer 2004, Jones, 

 
20 The Asian-African dyad is the result of the formation of the United Arab Republic between Egypt and Syria that 

was proclaimed in 1958 and ended in 1961 after a military coup in Syria. 
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Bremer and Singer 1996, Maoz, et al. 2019). The dataset covers “historical cases of conflict in 

which the threat, display or use of military force short of war by one member state is explicitly 

directed towards the government, official representatives, official forces, property, or territory of 

another state” (Jones, Bremer and Singer 1996). Conflict in this paper is defined as a MID that 

meets the following criteria. First, the MID is bilateral, and its two originators are the upstream 

and downstream countries of the dyad; being an originator is defined as being a participant in the 

first incident of the MID. Second, the downstream country is the primary initiator of the MID 

while the upstream country is the primary target; MIDs in which the first incident is a clash, and 

the initiator cannot be identified are excluded from the sample. Third, the highest level of hostility 

in the MID involves the use of force. This includes at least one of the following actions: border 

violation, blockade, occupation of territory, seizure, clash, or raid. I exclude MIDs in which the 

downstream country threatened to use force or displayed force but did not actually use it during 

the dispute. I also exclude interstate wars from the sample. In cases where a MID that fits the above 

criteria escalated into a war, I count it as a conflict in the years in which the MID was ongoing 

before the war erupted. 

 One limitation to using the MID dataset is that it does not state the cause of the dispute; 

therefore, there is no way of differentiating between conflicts related to water and those that are 

not. One alternative would be to use the water-related conflict list from the Water Conflict Chro-

nology (Gleick and Heberger 2014) to estimate the effect of water scarcity on water-related con-

flicts. However, the number of water-related conflicts that fit the definition above is very small 

and cannot be used in a meaningful empirical analysis when excluding threats to use force, display 

of force, and wars. As a result, I use all bilateral militarized conflicts that meet the definition pro-

vided in the previous paragraph to study the relationship between upstream and downstream 
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riparian countries. Panel B of Table 2 shows the summary statistics for the conflict variable. 

 Control Variables. Beyond water scarcity, there might be other hydrological, political, 

economic, and demographic factors that can trigger conflict. Much of the current hydro-political 

tension between riparian countries is triggered by reducing water discharge to fill the reservoirs of 

the upstream country’s newly built dams. Thus, I control for the total capacity of the new reser-

voirs, measured in cubic kilometers. The source of these data is the Global Reservoir and Dam 

Database (Lehner et al. 2011a, 2011b, 2011c).  

I control for the relative power of the downstream country to the upstream country. The 

countries' relative power affects their beliefs regarding their chances of winning the conflict if they 

were to get involved.21 Per Hirshleifer (1989) and Garfinkel and Skaperdas (2007), I create the 

relative military power index: 

𝑟 =
𝜌𝐷

𝜌𝐷 + 𝜌𝑈
∈ (0,1), 

where 𝜌𝑠 is the size of the military personnel obtained from the National Material Capabilities 

dataset from the Correlates of War Project (Singer 1988, Singer, Bremer and Stuckey 1972).22  

I control for the democracy level of each country; the data is derived from the Polity IV 

dataset (Marshall, Gurr, and Jaggers 2017). I also control for the effect of fractionalization, in 

terms of ethnicity and religion, on conflict. I use the common religion index from the Gravity 

dataset from CEPII (Head and Mayer 2014, Head, Mayer and Ries 2010). I also create a common 

ethnicity index from the Fractionalization dataset (Alesina, et al. 2003). 

 
21 It’s worth noting that even when 𝑟 = 0, that does not mean that the weaker country has no chance of winning the 

conflict. In reality, even when one of the countries has no official military branch (i.e., 𝜌𝑠 = 0), there is likely to be a 

paramilitary group in the weaker country that would render the actual relative military index (and chance of winning 

the conflict) to be positive, even if the official data used in the empirical analysis suggests otherwise. 
22 The relative military power index ranges between 0 and 1. The index approaches the limits in the extreme cases 

where one of the countries has virtually no military branch; lim
𝜌𝐷→0

𝑟 = 0  and lim
𝜌𝑈→0

𝑟 = 1. If both countries have an 

equally strong military branch, lim
𝜌𝐷→𝜌𝑈

𝑟 = 0.5. 𝑟 is used in the econometric model as a proxy for 𝜂. 
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I use several economic indicators, such as GDP per capita and trade openness level from 

the World Development Indicators (World Bank 2017) and the share of bilateral trade between the 

dyad in primary and secondary sectors from the TRADHIST dataset (Fouquin and Hugot 2016). 

4.2. Econometric Specification 

The ideal way to capture the relationship between water scarcity and conflict between upstream 

and downstream riparian countries is to use an indicator for water scarcity in each country along 

with other determinants of conflict as the explanatory variables. Alternatively, I can replace the 

water scarcity binary variable with the water per capita continuous variable to capture the marginal 

effect at different water levels. In contrast, a binary variable that equals one if the downstream 

country initiates a bilateral conflict against the upstream country, or, if that is the case, whether 

the upstream country responds with force can be used as the response variable. This leads to the 

following basic specifications: 

 𝑃𝑟 (𝐹𝐷𝑖𝑗𝑡
= 1|𝒮𝑖𝑡, 𝒮𝑗𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝛽𝒮𝑖𝑡 +  𝛾𝒮𝑗𝑡 + 𝛿𝑟𝑖𝑗𝑡 + 𝑿𝑖𝑗𝑡

′ 𝜽), (13) 

 𝑃𝑟 (𝐹𝑈𝑖𝑗𝑡
= 1|𝒮𝑖𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝜓𝒮𝑖𝑡 + 𝜁𝑟𝑖𝑗𝑡 + 𝑿𝑖𝑗𝑡

′ 𝝂), (14) 

where 𝐹𝐷𝑖𝑗𝑡
 is a binary variable that equals one if, in a given year 𝑡, the downstream country, 𝑗, 

initiated a conflict against the upstream country, 𝑖, while 𝐹𝑈𝑖𝑗𝑡
 equals one if, after 𝑗 initiated the 

conflict, 𝑖 chose to respond with force to 𝑗’s hostility. 𝒮𝑠𝑡 is a binary variable that equals one if the 

country’s per capita water availability, 𝛺𝑠𝑡 < 1700 𝑚3; thus, the country is water-scarce.23 𝑟𝑖𝑗𝑡 is 

the relative military power of 𝑗 to 𝑖. 𝑿𝒊𝒋𝒕 is a vector of control variables that includes political, 

economic, geographic, and demographic controls. 

For the main results, the following complementary log-log models are estimated: 

 
23 As a robustness check, I estimate the equations using an alternative definition of water scarcity where Ω𝑠𝑡 <
{1600, 1800, 1900, 200} cubic meters per capita. The results are available in the Online Appendix. 
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 𝑃𝑟 (𝐹𝐷𝑖𝑗𝑡
= 1|𝒮𝑖𝑡, 𝒮𝑗𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 1 − 𝑒−𝑒

𝛽𝒮𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽

, (15) 

 𝑃𝑟 (𝐹𝑈𝑖𝑗𝑡
= 1|𝒮𝑖𝑡, 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 1 − 𝑒−𝑒

𝜓𝒮𝑖𝑡+𝜁𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝝂

. (16) 

The estimation in (15) tests the basic relationship between water scarcity in either 𝐷 or 𝑈, and the 

probability of the downstream country initiating conflict. The estimation in (16) tests the basic 

relationship between 𝑈’s water scarcity level, and its likelihood to respond with force when 𝐷 

initiates the conflict. To estimate these equations, I use a sample of all unidirectional upstream and 

downstream riparian dyads. The dataset is annual with a temporal span from 1960 to 2010. I use 

dyad and year fixed effects when estimating the equations to identify the temporal variation of 

water scarcity on conflict. I also use clustered standard error at the dyad level across all models. 

 Recall that Hypothesis 1A states that the probability of D initiating conflict increases when 

D is water-scarce and U is water abundant. To test this empirically, I include an interaction term 

between the indicator variable of D being water-scarce, 𝒮𝐷 , and U’s water availability per capita, 

Ω𝑈. The following equation is estimated: 

 𝑃𝑟 (𝐹𝐷𝑖𝑗𝑡
= 1|Ω𝑖𝑡, 𝒮𝑗𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝜊Ω𝑖𝑡 +  𝛾𝒮𝑗𝑡 + υΩ𝑖𝑡𝒮𝑗𝑡 + 𝛿𝑟𝑖𝑗𝑡 + 𝑿𝑖𝑗𝑡

′ 𝜽). (17) 

If Hypothesis 1A is true, then 
𝜕 Pr(𝐹𝐷𝑖𝑗𝑡

)

𝜕𝒮𝑗𝑡
> 0, and the marginal effect of 𝒮𝐷 in equation (18) is the 

left-hand side of the inequality in (18).  

 (𝛾 + υΩ𝑖𝑡)𝑒𝜊Ω𝑖𝑡+ 𝛾𝒮𝑗𝑡+υΩ𝑖𝑡𝒮𝑗𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽𝑒−𝑒

𝜊Ω𝑖𝑡+ 𝛾𝒮𝑗𝑡+υΩ𝑖𝑡𝒮𝑗𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽

> 0 (18) 

 Hypothesis 1B states that the probability of 𝐷 initiating conflict against 𝑈 increases if 𝐷 is 

water-scarce and more powerful while 𝑈 is water abundant. To measure this empirically, I multiply 

the interaction terms in equation (17) with the relative power index, 𝑟𝑖𝑗𝑡 =
𝜌𝐷

𝜌𝐷+𝜌𝑈
. The following 

equation is estimated: 
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 𝑃𝑟 (𝐹𝐷𝑖𝑗𝑡
= 1|Ω𝑖𝑡, 𝒮𝑗𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝜊Ω𝑖𝑡 +  𝛾𝒮𝑗𝑡 + 𝛿𝑟𝑖𝑗𝑡 + χ𝑟𝑖𝑗𝑡Ω𝑖𝑡𝒮𝑗𝑡 + 𝑿𝑖𝑗𝑡

′ 𝜽). (19) 

If Hypothesis 1B is true, then the marginal effect of 𝒮𝐷, 
Pr(𝐹𝑖𝑗𝑡)

𝜕𝒮𝑗𝑡
> 0. For equation (19), the mar-

ginal effect is equivalent to the left-hand side of the inequality in (20). 

 
(𝛾 + χ𝑟𝑖𝑗𝑡Ω𝑖𝑡)𝑒𝜊Ω𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝛿𝑟𝑖𝑗𝑡+χ𝑟𝑖𝑗𝑡Ω𝑖𝑡𝒮𝑗𝑡+𝑿𝑖𝑗𝑡

′ 𝜽𝑒−𝑒
𝜊Ω𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝛿𝑟𝑖𝑗𝑡+χ𝑟𝑖𝑗𝑡Ω𝑖𝑡𝒮𝑗𝑡+𝑿𝑖𝑗𝑡

′ 𝜽

> 0. (20) 

Hypothesis 2 suggests that when 𝑈 is water-scarce, 𝐷 is more likely to initiate conflict if it 

is also a hegemon. I define a country as a hegemon if, based on the countries’ military size, the 

countries would know who is likely to win if they fight each other. For example, if the military 

size of the downstream country is threefold that of the upstream, 𝑟 > 0.75, then D will be much 

more likely to win.24 To test this hypothesis empirically, I include a new interaction term in (13) 

between the relative power index, 𝑟𝑖𝑗𝑡, and 𝑈’s water-scarcity indicator: 𝑟𝑖𝑗𝑡𝒮𝑖𝑡. 

 𝑃𝑟 (𝐹𝐷𝑖𝑗𝑡
= 1|𝒮𝑖𝑡, 𝒮𝑗𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝛽𝒮𝑖𝑡 +  𝛾𝒮𝑗𝑡 + 𝜋𝑟𝑖𝑗𝑡𝒮𝑖𝑡 + 𝛿𝑟𝑖𝑗𝑡 + 𝑿𝑖𝑗𝑡

′ 𝜽). (21) 

If Hypothesis 2 is true, then the marginal effect of 𝒮𝑈, 
𝜕 Pr(𝐹𝐷𝑖𝑗𝑡

)

𝜕𝒮𝑖𝑡
> 0, and it increases as the value 

of 𝑟𝑖𝑗𝑡 used in calculating the marginal effect in (22) increases. Alternatively, we can look at the 

marginal effect of 𝑟𝑖𝑗𝑡 when 𝒮𝑈 = 1, where 
𝜕 Pr(𝐹𝐷𝑖𝑗𝑡

)

𝜕𝑟𝑖𝑗𝑡
[𝒮𝑖𝑡] > 0 calculated using the left-hand side 

of the inequality in (23). 

 (𝛽 + 𝜋𝑟𝑖𝑗𝑡)𝑒𝛽𝒮𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝜋𝑟𝑖𝑗𝑡𝒮𝑖𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽𝑒−𝑒

𝛽𝒮𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝜋𝑟𝑖𝑗𝑡𝒮𝑖𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽

> 0. (22) 

 (𝛿 + 𝜋)Δ𝑟𝑖𝑗𝑡𝑒𝛽𝒮𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝜋𝑟𝑖𝑗𝑡𝒮𝑖𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽𝑒−𝑒

𝛽𝒮𝑖𝑡+ 𝛾𝒮𝑗𝑡+𝜋𝑟𝑖𝑗𝑡𝒮𝑖𝑡+𝛿𝑟𝑖𝑗𝑡+𝑿𝑖𝑗𝑡
′ 𝜽

> 0 (23) 

Hypothesis 3 suggests that the probability of 𝑈 responding with force increase if 𝑈 is water-

 
24 𝑟 > 0.75 is only used here as a random example of a hegemon country but is not necessarily the cutoff point used 

to define a hegemon country. Instead of using a binary variable to define being hegemon, I use the relative power 

index, 𝑟𝑖𝑗𝑡 , and calculate the marginal effect at different values of 𝑟𝑖𝑗𝑡. 
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scarce and 𝐷 is less powerful than 𝑈. To test this empirically, I use an interaction term of 𝑈’s water 

scarcity indicator with 𝑈’s relative power to 𝐷, (1 − 𝑟𝑖𝑗𝑡). The following equation is estimated. 

 𝑃𝑟 (𝐹𝑈𝑖𝑗𝑡
= 1|𝒮𝑖𝑡 , 𝑟𝑖𝑗𝑡, 𝑿𝑖𝑗𝑡) = 𝑓(𝜓𝒮𝑖𝑡 + 𝜉(1 − 𝑟𝑖𝑗𝑡) + 𝜄(1 − 𝑟𝑖𝑗𝑡)𝒮𝑖𝑡 + 𝑿𝑖𝑗𝑡

′ 𝝂). (24) 

If Hypothesis 3 is true, then the marginal effect of 𝒮𝑈, 
𝜕 Pr(𝐹𝑈𝑖𝑗𝑡)

𝜕𝒮𝑖𝑡
> 0. The marginal effect in (24) 

should increase when calculated at higher levels of (1 − 𝑟𝑖𝑗𝑡). 

 (𝜓 + 𝜄(1 − 𝑟𝑖𝑗𝑡))𝑒𝜓𝒮𝑖𝑡+𝜉(1−𝑟𝑖𝑗𝑡)+𝜄(1−𝑟𝑖𝑗𝑡)𝒮𝑖𝑡+𝑿𝑖𝑗𝑡
′ 𝝂𝑒−𝑒

𝜓𝒮𝑖𝑡+𝜉(1−𝑟𝑖𝑗𝑡)+𝜄(1−𝑟𝑖𝑗𝑡)𝒮𝑖𝑡+𝑿𝑖𝑗𝑡
′ 𝝂

> 0. (25) 

 (𝜉 + 𝜄)Δ(1 − 𝑟𝑖𝑗𝑡)𝑒𝜓𝒮𝑖𝑡+𝜉(1−𝑟𝑖𝑗𝑡)+𝜄(1−𝑟𝑖𝑗𝑡)𝒮𝑖𝑡+𝑿𝑖𝑗𝑡
′ 𝝂𝑒−𝑒

𝜓𝒮𝑖𝑡+𝜉(1−𝑟𝑖𝑗𝑡)+𝜄(1−𝑟𝑖𝑗𝑡)𝒮𝑖𝑡+𝑿𝑖𝑗𝑡
′ 𝝂

> 0. (26) 

5. Results 

5.1. Water Scarcity 

Table 3 and Table 4 present the results of the baseline specifications when estimating equations 

(13) and (14), respectively, using the complementary log-log model. When using the water scarcity 

binary variable for both countries (Column 1 in Table 3), I find that being a water-scarce country, 

in and of itself, does not have a statistically significant effect on the probability of the downstream 

country initiating conflict against its upstream co-riparian. In contrast, being in a dyad where the 

upstream country is water-scarce lowers the likelihood of the downstream country initiating the 

conflict by 19 percent. However, when using the upstream country’s per capita water supply in-

stead of the water scarcity binary variable (Column 2 Table 3), I find no significant effect between 

the upstream country’s water supply and the probability of the downstream country initiating con-

flict. Being a water-scarce downstream country seems to have a significant negative effect in the 

estimation in Column 2 in Table 3. I interpret the discrepancy of the results as a lack of evidence 

that either country being water-scarce is a sufficient condition for the downstream country to ini-

tiate conflict. At best, it lowers the likelihood of conflict between the riparian dyad.  
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[INSERT TABLE 3 HERE] 

 The results in column 1 in Table 4 show that being a water-scarce upstream country in-

creases the likelihood of responding with force by 49 percent, but this is only significant when 

estimating the model with the default standard error, where the coefficient is only significant at 

the 10 percent significance level.  Column 2 in Table 4 shows no significant relationship between 

the upstream country’s water supply per capita and its likelihood of responding with force. These 

results suggest that when it comes to the upstream country’s likelihood of responding with force, 

being water-scarce is not a sufficient condition either.  

[INSERT TABLE 4 HERE] 

 The empirical results give weak support to Hypothesis 1A, which states that if the down-

stream country is water-scarce and the upstream country is water abundant, then the likelihood of 

the downstream country initiating conflict increases. This hypothesis is tested using equation (17), 

where I use an interaction term between a binary variable that indicates that the downstream coun-

try is water-scarce (less than 1700 𝑚3) and the upstream country’s water supply per capita. The 

results are reported in Column 1 in Table 5. 

[INSERT TABLE 5 HERE] 

  I calculate the marginal effect in (18) using Ω𝑖𝑡 ∈ [0,100000] to estimate the effect of 

being a water-scarce downstream country on its likelihood of initiating conflict at different water 

per capita levels in the upstream country. If Hypothesis 1A is true, then the marginal effect should 

be positive and increasing in the upstream country’s water supply per capita. Figure 4 shows that 

the marginal effect is negative; however, its trend is increasing as the upstream country’s water 

per capita increases. The marginal effect ranges from -25 percent when the upstream country is 
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water-scarce to having no significant effect when its water supply exceeds 110,000 𝑚3.25  

[INSERT FIGURE 4 HERE]  

 The empirical results give strong support to Hypothesis 1B, which states that when the 

downstream country is water-scarce and more powerful, and the upstream country is water abun-

dant, the likelihood of the downstream country initiating conflict increases. Hypothesis 1B is tested 

by estimating equation (19), where I use an interaction term between the downstream country’s 

water scarcity indicator, the upstream country’s water supply per capita, and the relative power 

index (the military size of the downstream country relative to that of the upstream country). The 

results of this estimation are reported in Column 2 of Table 5. 

 I calculate the marginal effect in (20) using Ω𝑖𝑡 ∈ [0,100000] and different values of the 

relative power index, ranging from 0.1 to 0.9. Figure 5 shows that the marginal effect on the prob-

ability of the downstream country initiating conflict against a water-scarce upstream country is 

negative. Regardless of the relative power of the water-scarce downstream country, its likelihood 

of using force against the upstream country is either negative or insignificant when the upstream 

country has at least 2,000 𝑚3 per capita. This can be because with such low water availability in 

the upstream country, the additional amount that could potentially be discharged if the downstream 

country uses force and either wins or gets the upstream country to concede may simply not be 

worth the cost of fighting.   

[INSERT FIGURE 5 HERE] 

However, as the upstream country becomes more water abundant, the marginal effect on 

the probability of the water-scarce downstream country using force increases. This effect varies 

 
25 While I calculated the marginal effect for Ω𝑖𝑡 ∈ [0,600000], I am only reporting the results of marginal effect cal-

culated at Ω𝑖𝑡 ∈ [0,100000] as the results mostly do not change beyond the 100,000 𝑚3 level, with the exception of 

the result of H1A, where the marginal effect becomes insignificant slightly above the 100,000 𝑚3 threshold.  
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based on the relative military power of both countries. Part (1) of Figure 5 shows that when the 

downstream country’s military size is significantly smaller than that of the upstream country (i.e., 

relative power index is 0.1), being water-scarce has no significant effect on its likelihood of using 

force against the upstream country if the latter’s water supply per capita is less than 50,000 𝑚3. 

Beyond this point, the likelihood of the downstream country initiating conflict starts to increase as 

the upstream country becomes more water abundant. This threshold starts to decline as the down-

stream country becomes more powerful relative to the upstream country, as shown in parts (1) 

through (9) in Figure 5. For example, if both countries are equally powerful, the water-scarce 

downstream country’s likelihood of using force increases by at least 69 percent when the upstream 

country has more than 9,000 𝑚3 per capita.  

 This threshold continues to decline as the downstream country becomes more powerful 

until 4,000 𝑚3 per capita as the relative power index, 𝑟, approaches 1 (where the upstream coun-

try has virtually no military power compared to the downstream country). In this case,  the mar-

ginal effect of the downstream country being water-scarce on its likelihood of initiating conflict 

against the upstream country increases by at least 33 percent.  

 Hypothesis 2 states that if the upstream country is water-scarce, the likelihood of the down-

stream country initiating conflict increases if the downstream country is a hegemon. To test that, I 

estimate equation (21), where I use an interaction term between an indicator that equals one if the 

upstream country is water-scarce (has less than 1700 𝑚3 of water per capita)  and the relative 

power index, 𝑟. If this hypothesis is true, then the marginal effect should be negative when the 

downstream country is less powerful than the upstream country (𝑟 < 0.5). It should also be either 

insignificant or positive when both countries are equally powerful (𝑟 = 0.5) and positive and in-

creasing when the downstream country is more powerful than the upstream country (𝑟 ≫ 0.5). I 
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calculate the marginal effect by taking the derivative with respect to the upstream country’s water 

scarcity binary variable, 𝒮𝑖𝑡, using the left-hand-side of the inequality in (22) calculated at 𝑟𝑖𝑗𝑡 ∈

[0,1]; the results are shown in Part (1) of Figure 6. Alternatively, I calculate the marginal effect by 

taking the derivative with respect to the relative power index, 𝑟𝑖𝑗𝑡, using the left-hand-side of the 

inequality in (23) calculate at 𝒮𝑖𝑡 = 1 and 𝑟𝑖𝑗𝑡 ∈ [0,1]; the results are shown in Part (2) of Figure 

6. The full results are reported in Column 1 in Table 6. 

[INSERT TABLE 6 HERE] 

 I find support for this hypothesis. While the marginal effect of having a water-scarce up-

stream country is negative, as was found in the results of the baseline regression (Table 3) and 

Hypothesis 1A and 1B (Figures 4 and 5, respectively), the trend of this effect is increasing as the 

downstream country becomes more powerful relative to the upstream country. I find that the mar-

ginal effect of having a water-scarce upstream country in the dyad reduces the negative effect on 

the downstream country’s likelihood of initiating conflict from −20 percent when both countries 

are equally powerful (𝑟 = 0.5) to −16 when the downstream country’s military is four times as 

large as that of the upstream country (𝑟 = 0.8). For cases in which the downstream country’s mil-

itary is more than four times larger than that of the upstream, the effect of having a water-scarce 

upstream country in the dyad on the probability of the downstream country initiating conflict be-

comes statistically insignificant.  

[INSERT FIGURE 6 HERE] 

 By looking directly at the marginal effect of the relative military power index on the prob-

ability of the downstream country initiating conflict, shown in Part (2) in Figure 6, we can see a 

similar trend that gives stronger support to Hypothesis 2. Here, the marginal effect is statistically 

insignificant when the downstream country is weaker or has a similar military size to the upstream 
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country. This likelihood increases to 3 percent when the size of the downstream country’s military 

is 1.5 times as large as that of the upstream country (𝑟 = 0.6), and further increases to 13 percent 

when the downstream country’s military is four times as large as that of the upstream (𝑟 = 0.8). 

Beyond this level, the marginal effect continues to increase and reaches 25 percent, but for some 

values of 𝑟𝑖𝑗𝑡, it becomes only significant at the 20 percent significance level.  

Hypothesis 3 states that if the upstream country is water-scarce, then the marginal effect 

on its probability of responding with force to a conflict initiated by the downstream country in-

creases in its military power relative to the downstream country. I do not find support for this 

hypothesis. In fact, I find that the marginal effect of being a water-scarce upstream country on its 

likelihood of responding with force decreases as it becomes more powerful relative to the down-

stream country, as shown in Part (1) in Figure 7. Even when looking at the marginal effect of the 

relative military power index, shown in Part (2) in Figure 7, we can see that regardless of how 

powerful the upstream country is relative to the downstream country, it does not have a significant 

effect on its likelihood of responding with force. The only case in which this marginal effect is 

significant is when the upstream country is less powerful than the downstream country, in which 

case, the upstream country becomes less likely to respond with force. The full results are reported 

in Column 2 in Table 6.26 

[INSERT FIGURE 7 HERE] 

5.2. Control Variables 

Relative Military Power. Several studies (e.g., Wolf 1998) argue that conflict over water is only 

likely to happen when the downstream is a hegemon country in the region. To test this argument, 

I include the relative military power of 𝐷 to 𝑈 in the specification in (13) to see if it increases the 

 
26 Figures A.1 through A.8 in the Online Appendix show the results of hypotheses 1A, 1B, 2, and 3, using different 

thresholds to identify water scarcity (Ω𝑠𝑡 < {1600, 1800,1900, 2000} cubic meters per capita). 
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likelihood of the downstream country initiating conflict. The marginal effect of this variable on 

the likelihood of the downstream country initiating conflict is statistically insignificant (see Col-

umns 1 and 2 in Table 3). I also include it when estimating equation (14) to see if it increases the 

likelihood of the upstream country responding with force. I find that it is only significant when I 

use the upstream country’s water per capita variable in the estimation (Column 2 in Table 4) rather 

than the water scarcity indicator (Column 1 in Table 4). In this estimation, the marginal effect is 

61 percent, but it is only significant at the 5 percent significance level. This indicates that having 

a more powerful downstream country in the dyad does not automatically translate into having a 

submissive upstream country that concedes to whatever the downstream country demands. 

Democracy Level. Unlike the common belief that democracies are less likely to go to con-

flict than autocracies and semi-democracies, the results show no significant relationship between 

either country being a democracy and the likelihood of the downstream country initiating conflict. 

However, being a democracy increases the likelihood of the upstream country responding with 

force by up to 38 percent, but this is also only significant at the 5 percent significance level and in 

only one of the estimations (see Column 2 in Table 4).27 

New Dam Capacity. Many hydro-political tension incidents between riparian countries 

seem to be over constructing a new dam by the upstream country. I find that, on average, the 

likelihood of the downstream country initiating conflict increases by 2 percent for each cubic kil-

ometer of the reservoir of the dam newly built by the upstream country. The size of the new reser-

voir has no significant effect on the likelihood of the upstream country responding with force. 

Economic Indicators. The downstream country is less likely to initiate conflict against the 

 
27 I also estimate the regressions using an interaction term between the upstream and downstream countries democracy 

indicators (see Table A.7 and Table A.8 in the Online Appendix). The interaction term itself is not statistically signif-

icant and including it in the regressions has no significant effect on any of the variables of interest.  
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upstream country as the latter’s GDP per capita increases. This could be due to an indirect rela-

tionship between the upstream country’s wealth and their likelihood to trade water for less, thus, 

increasing the dyad’s likelihood of solving the conflict peacefully. The downstream country’s own 

wealth is positively associated with an increase in their likelihood of initiating conflict. This could 

also be due to the indirect relationship between their wealth and their belief regarding winning the 

conflict since wealthier nations tend to have more advanced weaponry. On the other hand, GDP 

per capita has no significant effect on the upstream country’s likelihood of responding with force. 

As the trade openness of the upstream country increases, the likelihood of the downstream country 

initiating conflict decreases. Similarly, as the trade openness of the downstream country increases, 

the likelihood of the upstream country responding with force decreases. This can be a result of 

international trade allowing for more peaceful ways to solve interstate disputes or allowing the 

intervention of third parties. However, the share of bilateral trade between the dyad and signing a 

free trade agreement are not statistically significant. 

Dyad Characteristics. I also test if certain characteristics of the dyad can affect the likeli-

hood of an interstate conflict between the two countries. I find that the percentage of the population 

in each country that shares the same religion or ethnicity does not have a statistically significant 

effect on the downstream country’s likelihood of initiating conflict or the likelihood of the up-

stream country responding with force.  

6. Summary and Conclusion 

In this paper, I investigate the relationship between water scarcity and the likelihood of interstate 

conflict between upstream and downstream riparian countries. I contribute to the relevant literature 

in several ways. First, I differentiate between a conflict initiated by a downstream country and the 

likelihood of the upstream country responding to this conflict with force. Second, I take into 
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account other renewable water sources that a country has access to, such as other transboundary 

or local rivers and groundwater. Third, to my knowledge, this is the first paper to incorporate the 

likelihood of the upstream country’s decision to respond with force into the downstream country’s 

decision to initiate conflict and test it empirically. The primary finding is that the water scarcity 

level of the downstream country affects its likelihood of initiating conflict; this is especially true 

when the downstream country is more powerful and the upstream country is water-abundant. In 

contrast, being water-scarce has no significant effect on the upstream country’s likelihood of re-

sponding with force. The importance of this research is to help identify credible water conflict 

threats. Having this ability will allow politicians in upstream countries to consider these likeli-

hoods when determining how much water to discharge and those in downstream countries to take 

them into account when considering whether to accept the volume discharged or peacefully nego-

tiate a more favorable water treaty. 

More research needs to be done to understand these conflicts better and anticipate them 

and avoid them before they occur. Since the main concern is that climate change may exacerbate 

this problem, a closer look at the impact of climate change and the uncertainty in water availability 

that it brings with it is a vital next step. Exploring the different solutions that can be used to cope 

with water scarcity problems, such as virtual water trade and the increase in economic interde-

pendence between the countries, is also essential to better understand water conflicts and mitigate 

their likelihood. But these are not the only solutions. Aviram et al. (2014) argue that as desalination 

costs continue to decline, desalination can be a potential “game-changer” that will change the dy-

namics between upstream and downstream riparian countries, alleviate water stress, and, poten-

tially, reduce conflicts.   
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Figures 

 

Figure 1. Water Availability in Riparian Countries. 

The map was created by the author using the 2012 country-level water availability data from AQUASTAT and country-basin 

 water-stress levels from the Transboundary Waters Assessment Programme (TWAP). 

 

 

Figure 2. Water Availability and Conflict Between Riparian Countries Between 1960-2010.  

The author created the map using the 2012 country-level water availability data from AQUASTAT and country-basin water 

stress level data from the Transboundary Waters Assessment Programme (TWAP). Water conflict data was obtained from the 

Water Conflict Chronology list (Gleick and Heberger 2014). Militarized interstate disputes and war data are from the Correlates 

of War Project (COW). 
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Figure 3. The Extensive Form of the One-Shot River Sharing Game.  

In the first stage of the game, 𝑈 decides how much water to discharge to 𝐷. In the second stage, D chooses between accepting the 

water flow released by 𝑈, negotiating with 𝑈 for more water in exchange for a monetary transfer, or using force against 𝑈 to in-

crease their share of river water. If 𝐷 initiates a militarized conflict against 𝑈, 𝑈 decides in the third stage whether to concede to 

𝐷’s demands or fight back. “Nature” determines the relative military power of both countries in the one-shot game; 𝜂 represents 

the likelihood of 𝐷 winning the conflict. The payoff of each outcome, 𝐺𝑠
𝑅, depends indirectly on the water flow, which affects the 

total water resources in each country and, therefore, it affects the aggregate welfare. The payoff also depends on the military cost 

if the states choose to fight, or the transfer payments from 𝐷 to 𝑈 if they decide to negotiate trading water. 
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Figure 4. Hypothesis 1A 

The marginal effect of being a water-scarce downstream country on its likelihood of initiating conflict against the upstream coun-

try; the marginal effect is calculated at different levels of the upstream country’s water availability per capita.28 

  

 
28 In all of the marginal effect figures in the paper and the online appendix, the black line represents the average 

marginal effect while the gray area represents the 95 percent confidence interval. 
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Figure 5. Hypothesis 1B 

The marginal effect of being a water-scarce downstream country on its likelihood of initiating; the marginal effect is calculated at 

different levels of the upstream country’s water supply per capita and the downstream country’s military size relative to the up-

stream country. 
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Figure 6: Hypothesis 2  

Part (1) is the marginal effect of having a water-scarce upstream country in the dyad on the downstream country’s likelihood of 

initiating conflict against the upstream country, calculated at different levels of the downstream country’s military size relative to 

the upstream country. Part (2) is the marginal effect of the relative military power index when the upstream country is a water 

scarce on the downstream country’s likelihood of initiating conflict, calculated at different levels of the downstream country’s 

military size relative to the upstream country.   
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Figure 7: Hypothesis 3 

Part (1) is the marginal effect of being a water-scarce upstream on its likelihood of responding with force, calculated at different 

levels of the upstream country’s military size relative to the downstream country. Part (2) is the marginal effect of the relative 

military power index when the upstream country is water-scarce on the upstream country’s likelihood of responding with force, 

calculated at different levels of the upstream country’s military size relative to the downstream country. 
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Figure 8: Falsification Test 1 

This is the marginal effect on the probability of the upstream country initiating conflict against the downstream country. The re-

sults are estimated using equations 17, 19, and 21, where the dependent variable is replaced with conflicts initiated by the up-

stream country instead of the downstream country. 
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Figure 9. Falsification Test 2 

This is the marginal effect on the upstream country initiating conflict against the downstream country. The results are estimated 

using regressions based on equations 17, 19, and 21, where all of the upstream country’s variables are switched with the down-

stream country’s variables and vice versa.  
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Tables 

Table 1. Upstream and Downstream Countries Payoffs Under Each Possible Outcome 

Regime 𝑈 𝐷
Accept 𝐺𝑈

𝐴 = 𝛼𝑈𝑊𝑈
𝐴 𝐺𝐷

𝐴 = 𝛼𝐷𝑊𝐷
𝐴

Negotiate 𝐺𝑈
𝑁 = 𝛼𝑈𝑊𝑈

𝑁 + 𝜏 𝐺𝐷
𝑁 = 𝛼𝐷𝑊𝐷

𝑁 − 𝜏

𝐷 uses force; 

𝑈 concedes 
𝐺𝑈

𝐶 = 𝛼𝑈𝑊𝑈
𝐶 𝐺𝐷

𝐶 = 𝛼𝐷𝑊𝐷
𝐶 − 𝑀𝐷

𝐶

Both use 

force; 𝐷 wins 
𝐺𝑈

𝐹(𝐷𝜔)
= 𝛼𝑈𝑊𝑈

𝐹(𝐷𝜔)
− 𝑀𝑈

𝐹 𝐺𝐷
𝐹(𝐷𝜔)

= 𝛼𝐷𝑊𝐷
𝐹(𝐷𝜔)

− 𝑀𝐷
𝐹

Both use 

force; 𝑈 wins 
𝐺𝑈

𝐹(𝑈𝜔)
= 𝛼𝑈𝑊𝑈

𝐹(𝑈𝜔)
− 𝑀𝑈

𝐹 𝐺𝐷
𝐹(𝑈𝜔)

= 𝛼𝐷𝑊𝐷
𝐹(𝑈𝜔)

− 𝑀𝐷
𝐹

The expected 

payoff when 

both use 

force 

𝐺𝑈
𝐹 = 𝛼𝑈 [𝜂𝑊𝑈

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝑊𝑈

𝐹(𝑈𝜔)
]

− 𝑀𝑈
𝐹

𝐺𝐷
𝐹 = 𝛼𝐷 [𝜂𝑊𝐷

𝐹(𝐷𝜔)
+ (1 − 𝜂)𝑊𝐷

𝐹(𝑈𝜔)
]

− 𝑀𝐷
𝐹
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Table 2: Summary Statistics 

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

VARIABLES N Mean Standard 

Deviation 

Minimum Maximum 

      

Panel A: Water Availability 

U's water per capita [𝑚3] 9,366 24,201 46,415 87.5 646,206 

D's water per capita [𝑚3] 9,065 36,266 98,107 130.5 802,144 

U is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] 9,869 0.216 0.412 0 1 

U is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] 9,869 0.204 0.403 0 1 

U is water scarce [< 1800 𝑚3/𝑐𝑎𝑝] 9,869 0.178 0.383 0 1 

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] 9,869 0.164 0.371 0 1 

U is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] 9,869 0.151 0.358 0 1 

D is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] 9,869 0.130 0.337 0 1 

D is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] 9,869 0.117 0.322 0 1 

D is water scarce [< 1800 𝑚3/𝑐𝑎𝑝] 9,869 0.103 0.304 0 1 

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] 9,869 0.097 0.296 0 1 

D is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] 9,869 0.091 0.287 0 1 

      

Panel B: Conflict      

Bilateral conflict initiated by D 9,869 0.00699 0.0845 0 2 

U responding with force to D’s conflict 9,869 0.00385 0.0636 0 2 

Bilateral conflict initiated by U 9,869 0.00760 0.0892 0 2 

D responding with force to U’s conflict 9,869 0.00304 0.0551 0 1 

      

Panel C: Control Variables      

U’s Military personnel [thousands] 9,770 223.8 607.4 0 4,750 

D’s Military personnel [thousands] 9,784 193.8 477.5 0 4,300 

Relative power index [D to U] 9,664 0.522 0.314 0 1 

Relative power index [U to D] 9,664 0.478 0.314 0 1 

U is a democracy 9,869 0.365 0.481 0 1 

D is a democracy 9,869 0.369 0.483 0 1 

Capacity of U's new reservoirs [𝑚3] 9,869 104.3 1,408 0 39,307 

Sum of new dams 9,869 0.0620 0.351 0 7 

U’s GDP per capita [US dollars] 9,537 3,955 9,663 27.04 112,481 

D’s GDP per capita [US dollars] 9,540 2,528 6,182 7.125 112,481 

U's trade share in GDP 8,031 60.12 32.56 0.170 311.4 

D's trade share in GDP 8,103 68.35 40.96 0.0210 531.7 

Share of bilateral trade between D & U 7,394 49.76 13.77 11.87 95.86 

Free trade agreement between D & U 9,806 0.264 0.441 0 1 

An index for shared ethnicity 9,869 0.0355 0.133 0 0.979 

An index for shared religion 9,806 0.329 0.322 0 0.985 

Contiguity 9,806 0.475 0.499 0 1 
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Table 3: Baseline Regression: Probability of D initiating conflict 

 (1) (2) 

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

   

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 0.287 -12.30*** 

 (1.166) (1.899) 

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 -13.89***  

 (1.202)  

U's water per capita [thousand cubic meters]  -0.0861 

  (0.0933) 

Relative power of D to U [military personnel] 0.308 2.264 

 (4.498) (4.621) 

U is a democracy = 1 -0.385 2.728 

 (0.947) (2.215) 

D is a democracy = 1 1.309 0.928 

 (1.125) (1.156) 

Capacity of U's new reservoirs [cubic kilometers] 0.243*** 0.220** 

 (0.0940) (0.107) 

U's GDP per capita [thousand US dollars] -0.339** 0.150 

 (0.160) (0.358) 

D's GDP per capita [thousands US dollars] 0.471 0.704** 

 (0.299) (0.356) 

U's trade share in GDP -0.0165 -0.0458* 

 (0.0222) (0.0239) 

D's trade share in GDP -0.0554 -0.0873 

 (0.0405) (0.0638) 

Share of bilateral trade between D and U 0.108 -0.0693 

 (0.113) (0.0861) 

Free trade agreement = 1 0.0208 -0.656 

 (1.457) (2.126) 

An index for shared religion 3.701 9.656 

 (5.445) (7.459) 

An index for shared ethnicity 7.929 -7.690 

 (11.32) (25.16) 

Constant -7.577 1.474 

 (10.69) (6.724) 

   

Observations 380 331 

Year Fixed Effects Yes Yes 

Dyad Fixed Effects Yes Yes 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1].  

The above are the coefficients of Equation 13 estimated using a complementary log-log model. The dependent varia-

ble is a binary variable that equals one if the downstream country initiates a bilateral conflict against the upstream 

country in a given year.  
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Table 4: Baseline Regression: Probability of U responding with force to a conflict initiated by D 

 (1) (2) 

Variables 𝑃𝑟(𝐹𝑈) Pr (𝐹𝑈) 

   

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 6.464  

 (5.432)  

U's water per capita [thousand cubic meters]  -0.0153 

  (0.0444) 

Relative power of D to U [military personnel] -2.507 4.894** 

 (1.766) (2.409) 

U is a democracy = 1 0.147 2.427** 

 (1.426) (1.186) 

D is a democracy = 1 0.745 1.117 

 (0.902) (1.508) 

Capacity of U's new reservoirs [cubic kilometers] 0.0977 0.0326 

 (0.0644) (0.119) 

U's GDP per capita [thousand US dollars] -1.200 -0.0356 

 (0.938) (0.247) 

D's GDP per capita [thousands US dollars] 0.779 0.343 

 (0.655) (0.377) 

U's trade share in GDP 0.00257 -0.0335* 

 (0.0238) (0.0172) 

D's trade share in GDP 0.00985 -0.0541* 

 (0.0193) (0.0305) 

Share of bilateral trade between D and U 0.0750 0.102 

 (0.133) (0.102) 

Free trade agreement = 1 0.134 2.847 

 (1.258) (1.950) 

An index for shared religion -1.063 0.628 

 (0.865) (1.902) 

An index for shared ethnicity 5.052 2.072 

 (3.714) (1.844) 

Constant -4.532 -9.113 

 (7.521) (6.414) 

   

Observations 46 68 

Year Fixed Effects No No 

Dyad Fixed Effects No No 
Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1].  

The above are the coefficients of Equation 14 estimated using a complementary log-log model. The dependent varia-

ble is a binary variable that equals one if the upstream country responded with force to a bilateral conflict initiated 

by the downstream country in a given year. 
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Table 5: Hypotheses 1A and 1B 

 (1) (2) 

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

   

D is water scarce [<1700 𝑚3/𝑐𝑎𝑝] = 1 -8.443* -17.34** 

 (4.520) (6.965) 

U's water per capita [thousand cubic meters] -0.0870 -0.0617 

 (0.0975) (0.115) 

[D is water scarce = 1] x [U’s water per capita] -2.121  

 (1.649)  

[D is water scarce = 0] x [U’s water per capita]  

     x [Relative power index: D to U] 

 -0.258* 

 (0.143) 

[D is water scarce = 1] x [U’s water per capita] 

     x [Relative power index: D to U] 

 7.074 

 (9.798) 

Relative power of D to U [military personnel] 2.272 8.755 

 (4.599) (6.440) 

U is a democracy = 1 2.768 3.374 

 (2.262) (2.133) 

D is a democracy = 1 0.944 1.310 

 (1.164) (1.281) 

Capacity of U's new reservoirs [cubic kilometers] 0.226** 0.249** 

 (0.105) (0.0970) 

U's GDP per capita [thousand US dollars] 0.147 0.210 

 (0.367) (0.297) 

D's GDP per capita [thousands US dollars] 0.691* 0.547* 

 (0.353) (0.316) 

U's trade share in GDP -0.0466* -0.0411* 

 (0.0242) (0.0223) 

D's trade share in GDP -0.0890 -0.0925 

 (0.0639) (0.0697) 

Share of bilateral trade between D and U -0.0799 -0.0443 

 (0.0945) (0.0826) 

Free trade agreement = 1 -0.585 -0.857 

 (2.207) (2.123) 

An index for shared religion 14.71** 7.073 

 (6.582) (9.529) 

An index for shared ethnicity -25.61 3.043 

 (22.69) (34.68) 

Constant 2.349 -4.596 

 (7.254) (6.919) 

   

Observations 331 331 

Year Fixed Effects Yes Yes 

Dyad Fixed Effects Yes Yes 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

The above are the coefficients of Equation 17 [Column 1] and Equation 19 [Column 2] estimated using the comple-

mentary log-log model. The dependent variable is a binary variable that equals one if the downstream country initi-

ates a bilateral conflict against the upstream country in a given year. 
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Table 6: Hypotheses 2 and 3 

 (1) (2) 

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝑈) 

   

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 0.281  

 (1.145)  

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 -18.16*** 9.770 

 (3.086) (6.585) 

Relative power of D to U [military personnel] -0.917  

 (4.373)  

Relative power of U to D [military personnel]  2.515 

  (1.773) 

[U is water scarce =1] x [Relative power index: D to U] 13.87*  

 (7.511)  

[U is water scarce =1] x [Relative power index: U to D]  -21.95** 

  (9.146) 

U is a democracy = 1 -0.146 0.131 

 (0.877) (1.432) 

D is a democracy = 1 1.287 0.803 

 (1.104) (0.931) 

Capacity of U's new reservoirs [cubic kilometers] 0.245** 0.0941 

 (0.0968) (0.0648) 

U's GDP per capita [thousand US dollars] -0.298* -1.160 

 (0.169) (0.937) 

D's GDP per capita [thousands US dollars] 0.437 0.778 

 (0.283) (0.659) 

U's trade share in GDP -0.0173 0.00283 

 (0.0217) (0.0235) 

D's trade share in GDP -0.0564 0.00895 

 (0.0390) (0.0194) 

Share of bilateral trade between D and U 0.115 0.0775 

 (0.111) (0.134) 

Free trade agreement = 1 -0.178 0.176 

 (1.481) (1.279) 

An index for shared religion 2.758 -0.996 

 (4.938) (0.834) 

An index for shared ethnicity 12.29 4.981 

 (11.11) (3.655) 

Constant -6.824 -7.225 

 (10.30) (8.620) 

   

Observations 380 46 

Year Fixed Effects Yes No 

Dyad Fixed Effects Yes No 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

The results in Column 1 are the coefficients of Equation 21, where the dependent variable is a binary variable that 

equals one if the downstream country initiates a conflict against the upstream country in a given year. The results in 

Column 2 are the coefficients of Equation 23, where the dependent variable equals one if the upstream country re-

sponds with force to a conflict initiated by the downstream country in a given year. Both equations are estimated 

using the complementary log-log model. 
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Appendix A: Falsification Tests 

To ensure that the results found in this paper show a causal relationship rather than a spurious 

correlation between water scarcity and the probability of the downstream country initiating con-

flict, I use the same regressions used to test Hypotheses 1A, 1B, and 2 (equations 17, 19, and 21, 

respectively). However, I replace the dependent variable with a binary variable that equals one if 

the upstream country initiates a bilateral conflict against the downstream country. If water scarcity 

does, in fact, trigger the downstream country to initiate a conflict against the upstream country, 

then there should not be any relationship between water scarcity and the upstream country’s like-

lihood of initiating the conflict, as, in theory, it does not have any incentive to do so. In contrast, 

if the results reported above show a spurious relationship, then I should be getting the same result 

when I use the conflicts initiated by the upstream country instead of those initiated by the down-

stream country as the dependent variable.  

[INSERT FIGURE 8 HERE] 

The results in Part (1) in Figure 8 are estimated using equation (17) with conflicts initiated 

by the upstream country as the dependent variable to test the validity of Hypothesis 1A results. 

Recall that when using conflicts initiated by the downstream country as the dependent variable, 

the significant negative effect shrinks as the upstream country becomes more water abundant. 

Here, however, I find that the effect of having a water-scarce downstream country on the likelihood 

of the upstream country initiating conflict is mostly statistically insignificant and that the marginal 

effect remains constant regardless of the upstream country’s water per capita level. Even when I 

switch all upstream and downstream variables in equation (17) rather than just changing the de-

pendent variable, I find no significant relationship between the upstream country being water-

scarce and its likelihood of initiating conflict when the downstream country’s water per capita is 

less than 60,000 𝑚3. Interestingly, this effect becomes positive and significant if the downstream 
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country’s water per capita is larger than 60,000 𝑚3 as can be seen in Part (1) in Figure 9. 

[INSERT FIGURE 9 HERE] 

To test the validity of Hypothesis 1B results, I estimate equation (19) using conflicts initi-

ated by the upstream country as the dependent variable. I find no statistically significant relation-

ship whatsoever between being a water-scarce, more powerful downstream country on the up-

stream country’s likelihood of initiating conflict, regardless of the upstream country’s water per 

capita level (see Part (2) in Figure 8).29 I also find no significant relationship when I replace all of 

the upstream country variables with the downstream country variables, and vice versa, in equation 

(19), as shown in Part (2) in Figure 9. Recall that when estimating the effect of being a water-

scarce, more powerful downstream country on its likelihood of initiating conflict, shown in Figure 

5, I find a significant negative effect when the upstream country is water-scarce and a significant 

positive effect when the upstream country is water abundant.  

I estimate equation (21) using conflicts initiated by the upstream country as the dependent 

variable to test the validity of Hypotheses 2 results. I find that the marginal effect of the upstream 

country being water-scarce on its likelihood of initiating conflict is only significant and positive 

when its military size is at least nine times larger than that of the downstream country. If the up-

stream country’s military size is lower than that, then the marginal effect of being water-scarce on 

its likelihood of initiating conflict becomes statistically insignificant (see Part (3) in Figure 8). The 

marginal effect of the relative military power index when the upstream country is water-scarce 

does not have any significant effect on the upstream country’s likelihood of initiating conflict (see 

Part (4) in Figure 8). Once again, switching the variables of the upstream and downstream riparian 

 
29 The marginal effects in Part (2) in Figure 8 were calculated using the average relative power index. I also calculate 

the marginal effects at different levels of 𝑟𝑖𝑗𝑡 , and the results are also statistically insignificant, regardless of the value 

of 𝑟𝑖𝑗𝑡 used in the calculation. 
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countries in equation (21) shows no significant effect of the downstream country being water-

scarce or the upstream country’s military power relative to the downstream country on the up-

stream country’s likelihood of initiating conflict (see Parts (3) and (4) in Figure 9). Recall that I 

find a significant positive effect of having a water-scarce upstream country in the dyad on the 

likelihood of the downstream country initiating conflict when the latter is more powerful than the 

former (see Figure 5).  
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Online Appendix 

 
Figure A.1. Robustness check for Hypothesis 1A - The marginal effect of the downstream being water-scarce on its likelihood of 

initiating conflict. The threshold used to define water scarcity ranges from 1600 𝑚3/𝑐𝑎𝑝 to 2000 𝑚3/𝑐𝑎𝑝. 
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Figure A.2. Robustness check for Hypothesis 1B – The marginal effect of being a water-scarce, more powerful downstream coun-

try on its likelihood of initiating conflict. Water scarcity is defined here as having less than 1600 𝑚3/𝑐𝑎𝑝.  

 
Figure A.3. Robustness check for Hypothesis 1B – The marginal effect of being a water-scarce, more powerful downstream coun-

try on its likelihood of initiating conflict. Water scarcity is defined here as having less than 1800 𝑚3/𝑐𝑎𝑝. 
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Figure A. 4. Robustness check for Hypothesis 1B – The marginal effect of being a water-scarce, more powerful downstream 

country on its likelihood of initiating conflict. Water scarcity is defined here as having less than 1900 𝑚3/𝑐𝑎𝑝. 

 

Figure A. 5. Robustness check for Hypothesis 1B – The marginal effect of being a water-scarce, more powerful downstream 

country on its likelihood of initiating conflict. Water scarcity is defined here as having less than 2000 𝑚3/cap. 
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Figure A.6. Robustness check for Hypothesis 2 – The marginal effect of having a water-scarce upstream country in the dyad on 

the downstream country’s likelihood of initiating conflict. The threshold used to define water scarcity ranges from 1600 𝑚3/𝑐𝑎𝑝 

to 2000 𝑚3/𝑐𝑎𝑝 . 
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Figure A.7. Robustness check for Hypothesis 3 – The marginal effect of being a powerful, water-scarce upstream country on its 

likelihood of responding with force. The threshold used to define water scarcity ranges from 1600 𝑚3/𝑐𝑎𝑝 to 2000 𝑚3/𝑐𝑎𝑝  
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Table A. 1. Robustness Checks: Hypotheses 1A 

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

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

     

D is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] = 1 -3.684    

 (4.485)    

D is water scarce [< 1800 𝑚3/𝑐𝑎𝑝] = 1  -9.257*   

  (4.768)   

D is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] = 1   0.843  

   (2.504)  

D is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] = 1    1.011 

    (1.673) 

U's water per capita [thousand cubic meters] -0.0867 -0.0811 -0.0885 -0.0897 

 (0.0978) (0.106) (0.0913) (0.0928) 

[D < 1600 𝑚3/𝑐𝑎𝑝] x [U's water per capita] -2.181    

 (1.638)    

[D < 1800 𝑚3/𝑐𝑎𝑝] x [U's water per capita]  -2.078   

  (1.708)   

[D < 1900 𝑚3/𝑐𝑎𝑝] x [U's water per capita]   -0.274  

   (0.847)  

[D < 2000 𝑚3/𝑐𝑎𝑝] x [U's water per capita]    -0.380 

    (0.751) 

Relative power of D to U [military personnel] 2.145 2.590 2.108 2.482 

 (4.501) (4.688) (4.899) (4.305) 

U is a democracy = 1 2.822 2.682 2.772 2.807 

 (2.270) (2.173) (2.267) (2.301) 

D is a democracy = 1 1.020 0.839 1.066 1.018 

 (1.157) (1.229) (1.272) (1.151) 

Capacity of U's new reservoirs [cubic kilometers] 0.224** 0.231** 0.219** 0.221** 

 (0.105) (0.105) (0.109) (0.110) 

U's GDP per capita [thousand US dollars] 0.155 0.111 0.147 0.142 

 (0.375) (0.368) (0.357) (0.371) 

D's GDP per capita [thousands US dollars] 0.701** 0.659* 0.733** 0.740** 

 (0.350) (0.354) (0.367) (0.364) 

U's trade share in GDP -0.0475** -0.0499 -0.0475** -0.0491** 

 (0.0239) (0.0307) (0.0238) (0.0228) 

D's trade share in GDP -0.0875 -0.0912 -0.0847 -0.0839 

 (0.0619) (0.0698) (0.0637) (0.0634) 

Share of bilateral trade between D and U -0.0790 -0.0873 -0.0697 -0.0742 

 (0.0937) (0.0987) (0.0914) (0.0950) 

Free trade agreement = 1 -0.547 -0.597 -0.593 -0.602 

 (2.159) (2.482) (2.079) (2.182) 

An index for shared religion 9.594 15.37** -3.839 -3.615 

 (8.652) (6.666) (5.940) (6.090) 

An index for shared ethnicity -7.237 -28.36 39.92* 39.54* 

 (31.07) (22.91) (23.96) (22.70) 

Constant 2.110 3.699 1.064 1.131 

 (7.421) (7.546) (6.762) (7.142) 

     

Observations 331 331 331 331 

Year Fixed Effects Yes Yes Yes Yes 

Dyad Fixed Effects Yes Yes Yes Yes 
Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

This is an estimation of Equation 17 where the dependent variable is an indicator that equals 1 if the downstream country initi-

ated a conflict against the upstream country in a given year. The cutoff point used to define water scarcity is 1600 𝑚3 in (1), 1800 

𝑚3 in (2), 1900 𝑚3 in (3), and 2000 𝑚3 in (4). The four regressions are estimated using the complementary log-log model. 
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Table A. 2. Robustness Checks: Hypotheses 1B 

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

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

     

D is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] = 1 -13.4**    

 (6.340)    

D is water scarce [<1800 𝑚3/𝑐𝑎𝑝] = 1  -35.23   

  (33.86)   

D is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] = 1   -0.558  

   (1.840)  

D is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] = 1    1.480 

    (1.080) 

U's water per capita [thousand cubic meters] -0.0604 -0.0620 -0.0613 -0.0718 

 (0.113) (0.130) (0.114) (0.138) 

Relative power of D to U [military personnel] 8.743 8.783 8.802 10.70 

 (6.425) (6.474) (6.617) (6.828) 

[𝐷 > 1600 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

-0.261*    

(0.144)    

[𝐷 < 1600 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

7.152    

(9.982)    

[𝐷 > 1800 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

 -0.256*   

 (0.147)   

[𝐷 < 1800 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

 6.964   

 (9.516)   

[𝐷 > 1900 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

  -0.259*  

  (0.139)  

[𝐷 < 1900 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

  0.0288  

  (0.824)  

[𝐷 > 2000 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

   -0.300** 

   (0.149) 

[𝐷 < 2000 𝑚3/𝑐𝑎𝑝] x [U's water per capita] x [Relative power of D 

to U] 

   -1.207** 

   (0.479) 

U is a democracy = 1 3.438 3.260 3.431 3.623 

 (2.115) (2.100) (2.154) (2.235) 

D is a democracy = 1 1.377 1.279 1.335 1.419 

 (1.269) (1.325) (1.294) (1.222) 

Capacity of U's new reservoirs [cubic kilometers] 0.248** 0.255*** 0.233** 0.241** 

 (0.0970) (0.0986) (0.103) (0.108) 

U's GDP per capita [thousand US dollars] 0.218 0.178 0.222 0.203 

 (0.303) (0.298) (0.296) (0.287) 

D's GDP per capita [thousands US dollars] 0.552* 0.525* 0.539* 0.589* 

 (0.317) (0.317) (0.295) (0.327) 

U's trade share in GDP -0.042* -0.0465* -0.041* -0.048** 

 (0.0222) (0.0268) (0.0244) (0.0227) 

D's trade share in GDP -0.0911 -0.0929 -0.0944 -0.0866 

 (0.0680) (0.0746) (0.0715) (0.0715) 

Share of bilateral trade between D and U -0.0433 -0.0470 -0.0486 -0.0390 

 (0.0821) (0.0903) (0.0822) (0.0987) 

Free trade agreement = 1 -0.824 -0.788 -0.850 -0.808 

 (2.093) (2.265) (2.098) (2.277) 

An index for shared religion 2.578 27.10 -1.141 -1.148 

 (9.777) (24.53) (6.545) (6.803) 

An index for shared ethnicity 19.11 -64.59 30.64 36.71* 

 (37.89) (82.36) (20.53) (19.95) 

   Continued 
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  Table A.2 Continued 

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

Variables 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

     

Constant -4.900 -3.204 -4.432 -6.783 

 (7.055) (7.167) (6.675) (7.857) 

     

Observations 331 331 331 331 

Year Fixed Effects Yes Yes Yes Yes 

Dyad Fixed Effects Yes Yes Yes Yes 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

This is an estimation of Equation 19 where the dependent variable is an indicator that equals 1 if the downstream country initi-

ated a conflict against the upstream country in a given year. The cutoff point used to define water scarcity is 1600 𝑚3 in (1), 1800 

𝑚3 in (2), 1900 𝑚3 in (3), and 2000 𝑚3 in (4). The regressions are estimated using the complementary log-log model. 
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Table A.3. Robustness Checks: Hypotheses 2 

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

VARIABLES 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 

     

D's water per capita [thousand cubic meters] -0.194 -0.205 -0.204 -0.185 

 (0.144) (0.156) (0.153) (0.154) 

U is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] = 1 -15.91***    

 (2.910)    

U is water scarce [< 1800 𝑚3/𝑐𝑎𝑝] = 1  -19.40***   

  (3.396)   

U is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] = 1   -19.64***  

   (3.474)  

U is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] = 1    -21.09*** 

    (3.232) 

Relative power of D to U [military personnel] -1.111 -1.151 -1.091 -0.952 

 (6.449) (6.751) (6.707) (6.696) 

[𝑈 < 1600 𝑚3/𝑐𝑎𝑝] x [Relative power of D to U] 12.83*    

 (7.021)    

[𝑈 < 1800 𝑚3/𝑐𝑎𝑝] x [Relative power of D to U]  13.53*   

  (7.465)   

[𝑈 < 1900 𝑚3/𝑐𝑎𝑝] x [Relative power of D to U]   13.67*  

   (7.521)  

[𝑈 < 2000 𝑚3/𝑐𝑎𝑝] x [Relative power of D to U]    14.30* 

    (7.645) 

U is a democracy = 1 -0.229 -0.254 -0.250 -0.292 

 (0.831) (0.845) (0.849) (0.848) 

D is a democracy = 1 1.173 0.827 0.751 0.876 

 (1.184) (1.251) (1.261) (1.298) 

Capacity of U's new reservoirs [cubic kilometers] 0.232** 0.235** 0.235** 0.237** 

 (0.0940) (0.0934) (0.0933) (0.0931) 

U's GDP per capita [thousand US dollars] -0.253 -0.268* -0.272* -0.292* 

 (0.164) (0.162) (0.162) (0.164) 

D's GDP per capita [thousands US dollars] 0.427* 0.376 0.364 0.385 

 (0.251) (0.268) (0.273) (0.284) 

U's trade share in GDP -0.0178 -0.0172 -0.0170 -0.0169 

 (0.0179) (0.0172) (0.0172) (0.0173) 

D's trade share in GDP -0.0676 -0.0758 -0.0768 -0.0756 

 (0.0482) (0.0538) (0.0547) (0.0528) 

Share of bilateral trade between D and U 0.131 0.123 0.121 0.117 

 (0.129) (0.119) (0.118) (0.116) 

Free trade agreement = 1 -0.339 -0.513 -0.562 -0.547 

 (1.984) (2.194) (2.206) (2.154) 

An index for shared religion 1.024 0.510 0.430 0.777 

 (7.222) (7.261) (7.222) (7.174) 

An index for shared ethnicity 14.14 13.06 12.67 11.55 

 (16.79) (17.16) (16.83) (16.77) 

Constant -5.383 -3.624 -3.319 -3.385 

 (12.97) (13.47) (13.48) (13.24) 

     

Observations 380 380 380 380 

Year Fixed Effects Yes Yes Yes Yes 

Dyad Fixed Effects Yes Yes Yes Yes 
Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

This is an estimation of Equation 21 where the dependent variable is an indicator that equals 1 if the downstream country initi-

ated a conflict against the upstream country in a given year. The cutoff point used to define water scarcity is 1600 𝑚3 in (1), 1800 

𝑚3 in (2), 1900 𝑚3 in (3), and 2000 𝑚3 in (4). The regressions are estimated using the complementary log-log model. 
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Table A. 4. Robustness Checks: Hypotheses 3 

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

Variables 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 

     

U is water scarce [< 1600 𝑚3/𝑐𝑎𝑝] = 1 9.770    

 (6.585)    

U is water scarce [< 1800 𝑚3/𝑐𝑎𝑝] = 1  9.770   

  (6.585)   

U is water scarce [< 1900 𝑚3/𝑐𝑎𝑝] = 1   9.770  

   (6.585)  

U is water scarce [< 2000 𝑚3/𝑐𝑎𝑝] = 1    9.770 

    (6.585) 

Relative power of U to D [military personnel] 2.515 2.515 2.515 2.515 

 (1.773) (1.773) (1.773) (1.773) 

[𝑈 < 1600 𝑚3/𝑐𝑎𝑝] x [Relative power of U to D] -21.95**    

 (9.146)    

[𝑈 < 1800 𝑚3/𝑐𝑎𝑝] x [Relative power of U to D]  -21.95**   

  (9.146)   

[𝑈 < 1900 𝑚3/𝑐𝑎𝑝] x [Relative power of U to D]   -21.95**  

   (9.146)  

[𝑈 < 2000 𝑚3/𝑐𝑎𝑝] x [Relative power of U to D]    -21.95** 

    (9.146) 

U is a democracy = 1 0.131 0.131 0.131 0.131 

 (1.432) (1.432) (1.432) (1.432) 

D is a democracy = 1 0.803 0.803 0.803 0.803 

 (0.931) (0.931) (0.931) (0.931) 

Capacity of U's new reservoirs [cubic kilometers] 0.0941 0.0941 0.0941 0.0941 

 (0.0648) (0.0648) (0.0648) (0.0648) 

U's GDP per capita [thousand US dollars] -1.160 -1.160 -1.160 -1.160 

 (0.937) (0.937) (0.937) (0.937) 

D's GDP per capita [thousands US dollars] 0.778 0.778 0.778 0.778 

 (0.659) (0.659) (0.659) (0.659) 

U's trade share in GDP 0.00283 0.00283 0.00283 0.00283 

 (0.0235) (0.0235) (0.0235) (0.0235) 

D's trade share in GDP 0.00895 0.00895 0.00895 0.00895 

 (0.0194) (0.0194) (0.0194) (0.0194) 

Share of bilateral trade between D and U 0.0775 0.0775 0.0775 0.0775 

 (0.134) (0.134) (0.134) (0.134) 

Free trade agreement = 1 0.176 0.176 0.176 0.176 

 (1.279) (1.279) (1.279) (1.279) 

An index for shared religion -0.996 -0.996 -0.996 -0.996 

 (0.834) (0.834) (0.834) (0.834) 

An index for shared ethnicity 4.981 4.981 4.981 4.981 

 (3.655) (3.655) (3.655) (3.655) 

Constant -7.225 -7.225 -7.225 -7.225 

 (8.620) (8.620) (8.620) (8.620) 

     

Observations 46 46 46 46 

Year Fixed Effects No No No No 

Dyad Fixed Effects No No No No 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

This is an estimation of Equation 24 where the dependent variable is an indicator that equals 1 if the upstream country responds 

with force to a conflict initiated by the downstream country in a given year. The cutoff point used to define water scarcity is 1600 

𝑚3 in (1), 1800 𝑚3 in (2), 1900 𝑚3 in (3), and 2000 𝑚3 in (4). The regressions are estimated using the complementary log-log 

model. The coefficients reported in the four columns are identical because, among the observations in which the downstream 

country initiated a conflict, there is only one observation in which water per capita is more than 1600 𝑚3 but less than 2000 𝑚3. 
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Table A.5. Falsification Test 1 

 (1) (2) (3) 

 H1A H1B H2 

Variables 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 

    

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 3.493 0.732 0.826 

 (2.700) (1.280) (0.855) 

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1   4.796** 

   (2.207) 

U's water per capita [thousand cubic meters] 0.00189 -0.00490  

 (0.0707) (0.0953)  

[D is water scarce = 1] x [U's water per capita] -1.665   

 (1.510)   

[U is water scarce = 1] x [Relative power of D to U]   -8.368** 

   (4.163) 

[D is water scarce = 0] x [U's water per capita] x [Relative power of D to U]  0.0328  

  (0.113)  

[D is water scarce = 1] x [U's water per capita] x [Relative power of D to U]  -0.324  

  (0.802)  

Relative power of D to U [military personnel] -0.683 -1.617 -0.962 

 (4.157) (5.848) (3.623) 

U is a democracy = 1 -1.299 -1.337 -1.231 

 (0.911) (0.986) (0.761) 

D is a democracy = 1 -1.090 -0.999 -1.021 

 (0.730) (0.696) (0.811) 

Capacity of U's new reservoirs [cubic kilometers] -0.0254 -0.0256 -0.0363 

 (0.0478) (0.0482) (0.0416) 

U's GDP per capita [thousand US dollars] 0.646 0.615 0.756* 

 (0.474) (0.423) (0.441) 

D's GDP per capita [thousand US dollars] -0.934** -0.877** -0.352 

 (0.363) (0.346) (0.306) 

U's trade share in GDP 0.00304 0.00181 -0.0203 

 (0.0151) (0.0153) (0.0218) 

D's trade share in GDP -0.0503* -0.0486* -0.0265 

 (0.0265) (0.0267) (0.0231) 

Share of bilateral trade between D and U -0.0900 -0.0831 -0.0650 

 (0.0953) (0.0931) (0.0763) 

Free trade agreement = 1 -2.614** -2.381** -2.068*** 

 (1.109) (1.082) (0.790) 

An index for shared religion 1.668 1.238 -2.032 

 (6.271) (6.401) (5.138) 

An index for shared ethnicity -0.800 0.542 9.192 

 (9.279) (10.29) (10.65) 

Constant 7.181 7.377 4.434 

 (5.981) (6.483) (4.730) 

    

Observations 351 351 394 

Year Fixed Effects Yes Yes Yes 

Dyad Fixed Effects Yes Yes Yes 
Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

Columns 1, 2, and 3 are estimations of Equations 17, 19, and 21 with the dependent variable replaced with an indicator that 

equals one if the upstream country initiates a conflict against the downstream country in a given year. The regressions are esti-

mated using the complementary log-log model. 
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Table A.6. Falsification Test 2 

 (1) (2) (3) 

 H1A H1B H2 

Variables 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 

    

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1   2.062 

   (1.795) 

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 1.947 1.949  

 (1.797) (1.832)  

D's water per capita [thousand cubic meters] -0.0660 0.000287  

 (0.0629) (0.202)  

U's water per capita [thousand cubic meters]   0.00940 

   (0.0758) 

[U is water scarce =1] x [D's water per capita] 0.133   

 (0.168)   

Relative power of U to D [military personnel] -0.532 1.058 0.898 

 (4.217) (7.248) (4.170) 

[D is water scarce =1] x [Relative power of U to D]   -2.827 

   (3.786) 

[U is water scarce =0] x [D's water per capita] x [Relative power of U to D]  -0.0716  

  (0.194)  

[U is water scarce =1] x [D's water per capita] x [Relative power of U to D]  0.0986  

  (0.273)  

U is a democracy = 1 -1.935* -1.905* -1.384 

 (0.997) (0.991) (0.979) 

D is a democracy = 1 -1.083 -1.118 -1.051 

 (0.761) (0.838) (0.677) 

Capacity of U's new reservoirs [cubic kilometers] -0.0285 -0.0271 -0.0246 

 (0.0415) (0.0429) (0.0479) 

U's GDP per capita [thousand US dollars] 0.770* 0.801* 0.589 

 (0.447) (0.455) (0.444) 

D's GDP per capita [thousand US dollars] -0.586* -0.568 -0.88** 

 (0.345) (0.348) (0.348) 

U's trade share in GDP -0.0134 -0.0162 0.00260 

 (0.0234) (0.0267) (0.0150) 

D's trade share in GDP -0.0274 -0.0273 -0.049* 

 (0.0215) (0.0223) (0.0277) 

Share of bilateral trade between D and U -0.0647 -0.0660 -0.0834 

 (0.0816) (0.0840) (0.0907) 

Free trade agreement = 1 -1.99** -2.036** -2.48** 

 (0.826) (0.867) (1.085) 

An index for shared religion 1.888 -0.113 2.364 

 (5.979) (8.482) (6.339) 

An index for shared ethnicity 1.453 5.949 -1.407 

 (11.54) (19.27) (9.639) 

Constant 2.543 3.073 5.613 

 (6.921) (7.042) (5.570) 

    

Observations 380 380 351 

Year Fixed Effects Yes Yes Yes 

Dyad Fixed Effects Yes Yes Yes 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

Columns 1, 2, and 3 are the results of estimating Equations 17, 19, and 21 with the upstream and downstream variables switched. 

The dependent variable is replaced with an indicator that equals one if the upstream country initiates a conflict against the down-

stream country in a given year. The regressions are estimated using the complementary log-log model. 
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Table A. 7. Baseline Regressions (including an interaction term of both countries being democracies) 

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

 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝑈) 𝑃𝑟(𝐹𝑈) 

Variables Equation 13 Equation 14 Equation 15 Equation 16 

     

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 0.266 -12.21***   

 (1.207) (2.001)   

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 -13.59***  6.808  

 (1.251)  (4.689)  

U's water per capita [thousand cubic meters]  -0.122  -0.0310 

  (0.0883)  (0.0772) 

Relative power of D to U [military personnel] 0.0135 0.667 -4.499*** 7.902 

 (4.877) (5.021) (1.733) (9.352) 

U is a democracy = 1 -0.174 5.277 1.169 6.487 

 (0.958) (3.252) (1.110) (7.099) 

D is a democracy = 1 1.744 2.979 2.134* 2.926** 

 (1.485) (2.027) (1.111) (1.338) 

[U is a democracy = 1] x [D is a democracy = 1] -0.644 -3.556 -1.800 -3.439 

 (1.558) (2.534) (1.761) (4.820) 

Capacity of U's new reservoirs [cubic kilometers] 0.244** 0.237** 0.0818 -0.00780 

 (0.0951) (0.113) (0.0579) (0.115) 

U's GDP per capita [thousand US dollars] -0.343** 0.235 -1.097 0.191 

 (0.166) (0.377) (0.867) (0.341) 

D's GDP per capita [thousands US dollars] 0.490* 0.851* 0.801 0.0262 

 (0.295) (0.480) (0.566) (0.676) 

U's trade share in GDP -0.0175 -0.0553** 0.0162 -0.0504** 

 (0.0230) (0.0262) (0.0197) (0.0250) 

D's trade share in GDP -0.0546 -0.0810 0.0104 -0.0984 

 (0.0408) (0.0723) (0.0208) (0.125) 

Share of bilateral trade between D and U 0.108 -0.0775 0.0799 0.156 

 (0.115) (0.0895) (0.108) (0.174) 

Free trade agreement = 1 0.181 -0.314 0.394 6.081 

 (1.449) (2.686) (1.210) (5.502) 

An index for shared religion 3.721 7.184 -1.141 0.902 

 (5.501) (8.312) (0.833) (1.944) 

An index for shared ethnicity 8.820 11.93 5.552* 3.246 

 (11.83) (34.93) (3.260) (3.903) 

Constant -7.650 0.315 -5.373 -14.17 

 (10.82) (6.720) (6.215) (11.89) 

     

Observations 380 331 46 68 

Year Fixed Effects Yes Yes No No 

Dyad Fixed Effects Yes Yes No No 
Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1].  

The coefficients are estimated using a complementary log-log model. 
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Table A. 8. Hypotheses Regressions (including an interaction term of both countries being democracies) 

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

 H1A H1B H2 H3 

 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝐷) 𝑃𝑟(𝐹𝑈) 

Variables Equation 17 Equation 19 Equation 21 Equation 23 

     

D is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1 -7.350 -17.49** 0.253  

 (4.812) (6.981) (1.186)  

U is water scarce [< 1700 𝑚3/𝑐𝑎𝑝] = 1   -20.21*** 10.53* 

   (3.225) (5.433) 

U's water per capita [thousand cubic meters] -0.121 -0.141   

 (0.0890) (0.198)   

[D is water scarce = 1] x [U’s water per capita] -2.482    

 (1.863)    

Relative power of D to U [military personnel] 0.673 7.021 -1.322  

 (4.975) (7.810) (4.695)  

Relative power of U to D [military personnel]    4.483*** 

    (1.734) 

[D is water scarce = 0] x [U’s water per capita]  

     x [Relative power index: D to U] 

 -0.257   

 (0.186)   

[D is water scarce = 1] x [U’s water per capita] 

     x [Relative power index: D to U] 

 9.348   

 (10.60)   

[U is water scarce =1] x [Relative power index: D to U]   14.25*  

   (7.813)  

[U is water scarce =1] x [Relative power index: U to D]    -24.69*** 

    (7.303) 

U is a democracy = 1 5.355 5.657* 0.107 1.135 

 (3.320) (3.136) (0.847) (1.107) 

D is a democracy = 1 3.025 3.371 1.806 2.166* 

 (2.070) (2.371) (1.459) (1.106) 

[U is a democracy = 1] x [D is a democracy = 1] -3.594 -3.487 -0.763 -1.770 

 (2.566) (2.885) (1.526) (1.755) 

Capacity of U's new reservoirs [cubic kilometers] 0.242** 0.269*** 0.247** 0.0787 

 (0.110) (0.103) (0.0985) (0.0585) 

U's GDP per capita [thousand US dollars] 0.231 0.317 -0.300* -1.060 

 (0.385) (0.368) (0.172) (0.861) 

D's GDP per capita [thousands US dollars] 0.837* 0.671 0.457 0.797 

 (0.483) (0.439) (0.283) (0.562) 

U's trade share in GDP -0.0563** -0.0527* -0.0185 0.0163 

 (0.0266) (0.0306) (0.0223) (0.0194) 

D's trade share in GDP -0.0838 -0.0880 -0.0555 0.00958 

 (0.0737) (0.0878) (0.0392) (0.0210) 

Share of bilateral trade between D and U -0.0872 -0.0422 0.115 0.0814 

 (0.0954) (0.116) (0.114) (0.108) 

Free trade agreement = 1 -0.199 -0.419 0.00971 0.423 

 (2.819) (2.537) (1.474) (1.221) 

An index for shared religion 12.80 1.797 2.757 -1.067 

 (8.081) (11.94) (4.934) (0.806) 

An index for shared ethnicity -7.650 33.01 13.52 5.457* 

 (31.94) (47.95) (11.47) (3.196) 

Constant 1.142 -5.902 -6.899 -9.965 

 (7.146) (8.947) (10.40) (7.158) 

     

Observations 331 331 380 46 

Year Fixed Effects Yes Yes Yes No 

Dyad Fixed Effects Yes Yes Yes No 

Standard errors in parentheses are clustered at the dyad level [*** p<0.01; ** p<0.05; * p<0.1]. 

The coefficients above are estimated using the complementary log-log model. 


