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Abstract  

This study aims at investigating how economic inequality affects the possibilities for successful 

water cooperation between neighboring states sharing a transboundary watershed. As of 2019, 

researchers have concluded that there are 310 international river basins affecting 150 countries and 

52 percent of the world’s population. Drawing on theories from research on cross-border 

cooperation and openness focusing on the relative attributes of bordering states, the hypothesis is 

that the more economically equal two bordering states are, the more they will cooperate regarding 

their shared waters, while the total economic development of the dyad will also have a positive 

effect on transboundary water cooperation. Initial regression analyses show no effect of economic 

inequality in a dyad on its transboundary water cooperation, while the effect of the accumulated 

economic development is significant. However, after including control variables on joint 

democracy, cultural similarities, conflict history, quality of government and region in the model, 

economic inequality is shown to have a statistically significant effect on transboundary water 

cooperation. Contrary to the predictions, this correlation is positive, which means that economic 

inequality between riparian states actually enhances cooperation in this study. One possible 

explanation may be the power imbalance economic inequality creates, which might allow the 

economically more powerful state to dictate the terms and impose cooperative arrangements on 

the weaker state that serve its own interests.  
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1. Introduction 

“Water is life. It is a fundamental condition of human survival and dignity, and is the basis for the 

resilience of societies and of the natural environment. Unlike other natural resources, water has no 

substitute: the only substitute for water is water.” (Global High-Level Panel on Water and Peace 

[GHLPWP], 2017, p. 11). This quote highlights the immense and multifaceted importance of water 

in the global society. The Global High-Level Panel on Water and Peace concludes that not only is 

water a scarce resource that countries have to manage and distribute on their own, but also an area 

of potential conflict and cooperation between states that share an international freshwater resource 

(ibid., p. 14). In the world there are 310 international river basins affecting 150 countries and 52 

percent of the world’s population (McCracken and Wolf, 2019, p. 1). As of 2017, 84 of these had 

joint management bodies (GHLPWP, 2017, p. 14), and between 1820 and 2007 250 independent 

treaties applying to 113 basins were signed (Giordano et al., 2014, p. 246). Despite these 

cooperative measures taken, further stress put on an already scarce resource by a constantly 

growing global population and climate change causing weather extremes such as droughts and 

floods may increase the potential for conflict in areas of shared river basins (GHLPWP, 2017, p. 

11). Therefore, it is of utmost importance to study and investigate why some states are able to 

create highly resilient and well-functioning forms of cooperation regarding their shared freshwater 

resources, while others fail to do so.  

Sharing water is not only a technical issue, but a highly political one. A debate that has been 

prevalent in the field and is still ongoing is concerning whether shared waters lead to more conflict 

or cooperation between riparian states. The “water wars” literature argued that the inevitability of 

conflict inherit in sharing a scarce resource such as water would lead states to go to war with each 

other over control of the shared waters (Wolf, 2007, p. 243). Others point to a history full of 

cooperation including over 3600 water related treaties being set up, by far outweighing the violent 

and conflictual events that have occurred (ibid., pp. 244-245). Still others question the dichotomy 

between conflict and cooperation, meaning that both phenomena can be present in a shared river 

basin at the same time (Zeitoun and Mirumachi, 2008). Application of international watercourse 

treaties on the Mekong, Indus and Senegal Rivers have continued even when relations between the 

riparian states have deteriorated into armed conflict, disagreements and tensions (Tignino, 2016, 

pp. 67–68), proving that water cooperation can additionally work as an impediment to conflict 

once it has been set up. The importance of transboundary water cooperation is evident, both from 

a distributive perspective and as a means of conflict prevention and resolution. Despite this, 

relatively few quantitative studies have been conducted to investigate which generalizable systemic 

factors actually correlate with cooperation between riparian states sharing a transboundary 
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watershed, though the works by Wolf et al. (2003), Tir and Ackerman (2009) and Karreth and Tir 

(2018) are notable examples.  

 

1.1 Research Purpose and Question 

Thus, the purpose of this paper is to provide further insight into which factors correlate with 

successful transboundary water cooperation between riparian states sharing water, investigating 

nearly all transboundary watercourses currently known within the scientific literature. In an attempt 

to shed new light on transboundary water cooperation, this paper will draw on theories from the 

cross-border cooperation literature which highlights the relative attributes of bordering states as 

particularly important to cooperation and openness between states. Charles R. Boehmer and Sergio 

Peña (2012) lift several factors such as differences in economic development, regime type, conflict 

history, and cultural similarities as decisive for openness between bordering states. Íñigo Moré 

(2011) theorizes on the negative effects on border relations caused by substantial economic 

inequality between neighboring states. These theories are applied to the issue of transboundary 

waters to add to the relatively small number of quantitative transboundary water cooperation 

studies that currently exist, by introducing a variable largely left out of previous studies: economic 

inequality between riparian states. This study is furthermore original in the use of an index called 

Water Cooperation Quotient as the dependent variable, which has not been utilized in quantitative 

studies on transboundary water cooperation before as a way to measure the intensity of 

cooperation. In order to investigate if transboundary water cooperation follows the same patterns 

as border openness and interactions between states, the research question is as follows: how does 

economic inequality between neighboring states sharing water affect their transboundary water 

cooperation?  

The relationship between economic inequality and cooperation will be investigated using 

regression analysis. Cross-sectional data from nearly all shared watercourses in the world will be 

combined with a theoretical framework consisting of theories on border openness and relations 

between neighboring states, producing a theoretical argument with two main foundations: the more 

similar two countries are regarding economic development, the more they tend to cooperate. The 

second part of the argument claims that the total wealth of the two states will in addition affect 

cross-border cooperation positively.   

Despite the complexity of a phenomenon such as transboundary water cooperation and 

the difficulty this creates in trying to determine its causes statistically, some interesting results 

emerge from the regression analyses. An initial bivariate regression shows no correlation between 

economic inequality and transboundary water cooperation. The similarity argument is not 
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supported in that economic inequality between riparian states has a weak, statistically insignificant 

effect. However, when introducing control variables such as joint democracy, cultural similarities, 

conflict history, quality of government and region, then the effect of economic inequality on 

cooperation increases and gains statistical significance. Surprisingly, the correlation of economic 

inequality with cooperation is, contrary to the hypothesis, positive, meaning that economic 

inequality actually increases cooperation between riparian states. This might be due to the power 

imbalance this creates, and the possibilities the economically stronger state has in enforcing self-

serving cooperative arrangements on the weaker state.  

The paper starts with an overview of previous research on shared waters, followed by the 

theoretical framework of the study. Thereafter a set of hypotheses are formulated that will be 

investigated throughout the paper. The next section sheds light on the design and method of the 

study and provides an explanation of the operationalizations and data used and the possible 

problems and limitations of the study. The paper concludes with a presentation of, and discussion 

on the results produced by the regression analyses, how this contributes to the research field as a 

whole and some suggestions for future research.  

 

2. Theoretical Framework 

This section will first give an overview of the research that has already been done on the topic of 

shared waters. It will then continue with some crucial concepts for the study, such as what actually 

constitutes transboundary waters and how they relate to conflict and cooperation, and conclusions 

drawn from research on borders. The section will conclude with an argument about the relationship 

between successful transboundary water cooperation and differences in economic development 

between the riparian states sharing transboundary waters.  

 

2.1 Previous Research on Shared Waters 

The body of previous research on shared waters is extensive and spans numerous scientific 

disciplines, but for the purpose of this study the focus will be on research done within the field of 

political science, and/or with a clear connection to the role politics, regimes and institutions play 

in water interactions between riparian states.  

Early works on shared waters and conflict versus cooperation generally argued for a “water 

wars” thesis: that sharing waters would lead countries to go to war with one another over control 

of this scarce resource (e.g. Cooley 1984; Starr 1991; Bulloch & Darwish 1993; Remans 1995; 

Amery 2002). Later research has refuted this statement, and contended that countries rather tend 

to cooperate over shared waters, as there is more to gain from cooperation than conflict (Wolf, 
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1998; Petersen-Perlman et al., 2017, p. 3). In this regard the research conducted at the Oregon State 

University (OSU) has been crucial. It included setting up the Transboundary Freshwater Dispute 

Database (TFDD) with data on existing freshwater treaties, historical international water relations, 

and River Basin Organizations (RBOs) (Oregon State University [OSU], 2019). The International 

Water Event Database documents 6400 historical international water interactions from 1948-2008, 

and shows that the vast majority of interactions over water have been cooperative rather than 

conflictual. The methodology for classifying events comes from the Basins at Risk Project, and 

their findings for the time period 1948-1999 are presented in Figure 1 (Wolf et al., 2003, p. 40).  

 

Figure 1. Water interaction events 1948-1999.  

Source: Oregon State University, International Water Event Database, Basins at Risk Project 

 

However, despite the general pattern of cooperation regarding shared waters, the conflictual nature 

of the issue has not been eradicated, and water issues continue to be an area of tension causing 

political instability and occasional violence (Wolf, 2007, p. 245). A constantly growing global 

population and climatic variability puts further stress on water resources, and may be a cause for 

rising conflicts in the near future (Petersen-Perlman et al., 2017, p. 1). A further discussion on the 

research done on how transboundary waters relate to cooperation and conflict can be found in 

section 2.3.  
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The potential for cooperation offered by sharing waters has spawned research on the 

institutional aspect of transboundary water cooperation. Some studies have focused on the nature 

and scope of transboundary freshwater treaties and how they have changed throughout time 

(Giordano et al., 2014), and the definition, categorization and inner workings of RBOs (Schmeier, 

2015; Schmeier et al., 2016), and others on transboundary waters resources management (Ganoulis 

et al., 2011). Another section of the transboundary waters literature focuses on what is known as 

“water diplomacy” (Grech-Madin et al., 2018) and investigates how power (Petersen-Perlman and 

Fischhendler, 2018) and transaction costs (De Bruyne and Fischhendler, 2013) affect negotiations 

and conflict resolution over shared waters. These studies have focused on how successful 

institutions can be set up to be adaptable and resilient, and how these types of agreements can 

work in the area of conflict resolution and prevention, rather than why states enter into these 

agreements in the first place, or which conditions allow or encourage them to do so.  

Interactions over transboundary waters have been investigated more deeply on a basin 

level, with numerous case studies on basins such as the Mekong (Hansson et al., 2012), Nile 

(Yihdego et al., 2017), Senegal River (Alam, 2012) and the Euphrates-Tigris (Kibaroglu et al., 2013), 

and regions such as Central America (García and Kauffer, 2011), South Asia (Biswas, 2011) and 

the Middle East (Abed Rabbo et al., 2010). These studies strive to explain the political situation 

and road to cooperation or conflict in specific basins or regions. However, many case studies suffer 

from selection bias, often focusing on the most conflictual basins, as pointed out by Wolf et al. 

(2003, p. 31) and Tir and Ackerman (2009, p. 626), which may skew results and ultimately say little 

about the general phenomena of transboundary water conflict and cooperation. This highlights the 

importance of quantitative studies looking for generalizable explanations and patterns that can be 

applied to all shared watercourses, as is the aim of this study.  

 

2.2 Shared Waters 

What actually constitutes shared waters, and how these should be handled has been codified in 

international law, where two international conventions regarding transboundary water cooperation 

are especially important: the 1997 Convention on the Law of the Non-navigational Uses of 

International Watercourses, and the 1992 UNECE Convention on the Protection and Use of 

Transboundary Watercourses and International Lakes, which has evolved from an EU to a world-

wide membership range (Stockholm International Water Institute, 2015). A definition of what 

constitutes an international watercourse is given in the 1997 UN Convention:  

(a) ‘Watercourse’ means a system of surface waters and groundwaters constituting by virtue of 

their physical relationship a unitary whole and normally flowing into a common terminus;  
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(b) ‘International watercourse’ means a watercourse, parts of which are situated in different 

States. 

In the UN Convention, a set of essential principles regarding the management and handling 

of shared waters are codified. These include a fair and legitimate use of the shared waters with a 

specific focus on crucial human needs, environmental protection and the promotion of 

cooperation in the management of shared waters (Wolf, 2007, p. 258). Despite the ambitious 

approach of the Convention, it has as of 2019 only been ratified by 16 countries (United Nations 

Treaty Collection, 2019), proving that there is still much to be done to achieve a comprehensive 

and effective international legislation regarding shared waters on a global scale. According to 

Biswas (2011, p. 663), this is because states sharing waters seem to prefer bilateral or multilateral 

forms of cooperation, and the reason why this study will focus on bilateral cooperation and 

relations between riparian states.  

Perhaps surprisingly, the most recent assessment of existing transboundary waters by a 

formal agency was done in 1978, by the UN Department of Economic and Social Affairs, which 

no longer exists. Since then, the most comprehensive information is collected by the OSU, which 

consistently updates the TFDD since 1999. The most recent data they provide on existing shared 

waters is from 2019, which states that there are 310 international river basins shared by 150 

countries and disputed areas. These water systems affect 52 percent of the population of the world 

and cover 47,1 percent of the land surface (McCracken and Wolf, 2019, p. 1).  

 

2.3 Transboundary Water Conflict and Cooperation 

The discussion on the relationship between transboundary waters and conflict or cooperation 

between riparian states has been one of the most prevalent within the shared waters literature, and 

a few quantitative studies will be highlighted. Petersen-Perlman, Veilleux and Wolf (2017, p. 2) 

define conflict over transboundary waters as “‘verbal, economic, or militarily hostile actions 

between stakeholders over internationally shared water resources.” Gleditsch et al. (2006, p. 361) 

find that transboundary waters do correlate with a higher risk of military disputes, even when 

controlling for other variables normally associated with interstate conflicts, but less often lead to 

war (ibid., p. 375). Wolf et al. (2003), on the other hand, find that most interactions over water 

have been cooperative, and argue that the most significant indicators of transboundary water 

conflict are “internationalized” basins (when the legal demarcation of states change), and unilateral 

development in the basin by one of the riparian states, in the absence of a commission or other 

institutionalized cooperative mechanism (ibid., p. 44). 
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Tir and Ackerman (2009) seek to explain transboundary water cooperation by looking at 

which factors correlate with the signing of treaties regulating the use and management of 

transboundary waters. They find that joint democracy, economic interdependence, power 

preponderance and water scarcity tend to increase the probabilities that riparian states enter into 

formalized transboundary water cooperation with each other (ibid., pp. 634-635).  

Similarly, Karreth and Tir (2018) aim at explaining transboundary water cooperation, by 

their predictors treaty institutionalization and bureaucratic quality. Their main finding is that the 

cooperative outcomes of treaty institutionalization are conditional on the domestic bureaucratic 

quality of the riparian states. Institutionalizing features of transboundary water treaties has 

insignificant effects on cooperation when the riparian states have low-quality bureaucracies (ibid., 

p. 469), and even in the absence of formalized treaties, bureaucratic quality can improve 

cooperation slightly (ibid., p. 464) However, it can be argued that treaty institutionalization is one 

aspect of transboundary water cooperation, and that their dependent and independent variables 

thus end up measuring the same thing. The most interesting finding in the study is the importance 

of bureaucratic quality for water cooperation, which can be connected to the conclusions drawn 

by Wolf et al. (2003, p. 51), who find support for their thesis: “The likelihood and intensity of 

dispute rises as the rate of change within a basin exceeds the institutional capacity to absorb that 

change.” Here institutional capacity works in a conflict preventing way, why this is an interesting 

variable to include in the analysis.   

Regarding the effect of geographical factors or physical aspects of the shared river basin 

on cooperation, there is no consensus among researchers. Wolf et al. (2003, p. 43) find no 

correlation between water stress and dispute, and while Karreth and Tir (2018, p. 467) control for 

water stress they do not comment on its effect on cooperation. Even though Tir and Ackerman 

(2009, p. 634) find that water stress induces cooperation, this study will be limited to political, 

systemic factors and not geographical ones, since the main explanatory variable is economic 

inequality, and there is little reason to believe that the physical aspects of a shared river basin 

interact with the economic development of the riparian states. In a more extensive study it would 

have been desirable to include a model on physical and geographical effects as well.  

However, not everyone agrees on this dichotomy between conflict and cooperation as two 

opposites of a spectrum. Zeitoun and Mirumachi (2008) argue for a reconceptualization of conflict 

and cooperation regarding transboundary waters. They suggest that there can be elements of 

conflict and cooperation present in cross-border water relations at the same time (ibid., 299). The 

authors also question the assumption that all cooperation is inherently good and that all conflict is 

inherently bad. Conflict can be a driving force to enter into negotiations (ibid., p. 303), and 
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cooperation can be tarnished by power imbalances between riparian states that can be solidified in 

the formal agreements reached (ibid., p. 306). Since cooperation and conflict can be present at the 

same time, it is not fruitful to use the inverse of the variables proven to correlate with 

transboundary water conflict as explanatory variables for cooperation. The absence of conflict does 

not mean cooperation, which is why findings from previous studies focused on conflict cannot be 

directly adopted when trying to explain cooperative behavior, and why this study will use the 

relative small number of large-n studies on transboundary water cooperation to find suitable 

control variables.  

 

2.4 Cross-Border Cooperation and Explanatory Factors 

There are reasons to believe that transboundary water cooperation operates similarly to other types 

of cross-border cooperation, and that factors affecting the nature of the border relationship 

between neighboring states will impact water cooperation as well. It may prove an interesting 

application of theories from an adjacent scientific field, which is why this study is inspired by 

findings from the work on border openness by Charles R. Boehmer and Sergio Peña (2012). The 

choice falls on this study since it is a large-n study conducted using statistical analysis aiming to 

find generalizable explanations for all border relations, in line with the aim of this study, albeit with 

a different focus.   

Boehmer and Peña (2012) investigate border openness between neighboring states, to see 

why some states restrict entry for citizens of the neighboring country and others allow them to 

enter freely. The study looks at how the relative attributes of the two states and border interactions 

affect the entry policies for citizens of the neighboring state (ibid., p. 273). The results of the study 

show that open borders are associated with countries that have a similar level of economic 

development, and this study aims to investigate if economic equality affects the intensity of 

transboundary water cooperation positively. Other significant indicators are joint democracy, 

cultural similarities, conflict history and border settlements, (ibid., p. 282), and all of these variables 

except border settlements will be included as control variables. This is due to the fact that there is 

no comprehensive data available on border settlements, and transboundary waters may serve the 

same purpose as border settlements in that it induces interaction between bordering states. The 

underlying argument is that the more similar two neighboring states are, the more open they will 

be to citizens of the other state. The authors “assume that the free movement of people across 

state boundaries is related to friendlier relations and varying levels of integration” (ibid., p. 275), 

which can be connected to a higher degree of different kinds of cross-border cooperation, and in 

this study to transboundary water cooperation. They conceptualize border openness as a tradeoff 
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between potential bilateral economic benefits and the costs deriving from maintaining national 

security (ibid., p. 275). This can be likened to the cost-benefit analysis riparian states sharing waters 

engage in, as cooperation on transboundary waters may render substantial economic benefits for 

riparian states, but a lack of trust can hinder states from entering into formalized transboundary 

water cooperation with one another (Biswas, 2011, p. 664).  

In the book The Borders of Inequality, Íñigo Moré (2011) similarly discusses how economic 

inequality between bordering states affects their relations and interactions. The author concludes 

that inequality leads to antagonism because of the asymmetric power relationship this creates, 

which in turn makes agreeing on questions on territory and the use of shared resources difficult 

(ibid., 131). Economic inequality is a factor that previous studies on transboundary waters have 

generally not included in the analysis, and it is therefore interesting to test if it has any effect on 

cooperation.  

 

2.5 Theoretical Argument 

The baseline of the theoretical argument is inspired by Boehmer and Peña (2012), who argue that 

the more similar two neighboring states are, the more open they will be towards the citizens of the 

neighboring state. They find economic equality between neighboring states to be a strong indicator 

of open borders, which in turn are related to better relations and more extensive integration. In 

this study the effect of economic inequality will be tested on the case of transboundary water 

cooperation.  

The decision to enter into formalized transboundary water cooperation comes down to 

weighing the potential bilateral benefits of cooperation, which include economic gains and effective 

management, against the costs of cooperation, such as security concerns, loss of autonomy and the 

costs that joint river basin management generates. If the differential in wealth between riparian 

states is large, the wealthier state might feel it can better run hydrological projects and the 

management of water resources on its own to take the most advantage of the resource, and that 

the poorer state will take on a free-rider role in the joint management. Similarly, the poorer state 

has a disadvantage in negotiations due to its limited resources, and may feel that it can retain more 

control over the water resources without collaboration. Moreover, in some cases economic 

inequality has proven to create antagonism between bordering states, which contributes to the 

problem of reaching consensus on questions of territory and resources. These considerations are 

not as acute in the cases where the riparian states are economically equal and the economic power 

distribution is more even. These factors combined result in a first hypothesis:  
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(1) The more economically equal two riparian states are, the more they will cooperate regarding 

their shared waters.  

 

However, it is also likely that the amount of resources a state has will affect how much it is willing 

to spend on transboundary water cooperation. Hence, the total wealth of the riparian states is likely 

to affect how deeply states cooperate regarding shared waters, as a larger total wealth means that 

more resources can be put into transboundary waters resources management. Two wealthy 

countries should be able to achieve better and more extensive forms of cooperation due to their 

pooled resources, which results in a second hypothesis:    

 

(2) The more economically developed a dyad is, the more the riparian states will cooperate 

regarding their shared waters.    

 

3. Research Design  

The research design of the study is presented in this section. First it will cover the motivation for 

the choice of method and the material selected, followed by an explanation on the dependent, 

independent and control variables respectively and how these are operationalized and measured. 

The section closes with a discussion on potential problems and limitations inherit in the design, 

method and data selected.  

 

3.1 Choice of Method  

The aim of this study is to investigate the relationship between the intensity of transboundary water 

cooperation and differences in economic development between riparian states sharing a 

transboundary watershed. This is done in an attempt to find a generalizable correlation concerning 

transboundary water cooperation and economic inequality in general, which is why the choice has 

fallen on a large-n study involving all known transboundary freshwater rivers and lakes included in 

the “Water Cooperation Quotient 2017” report published by the Strategic Foresight Group in 2017 

(Strategic Foresight Group [SFG], 2017). This is done in part to add to the relatively few such 

studies on transboundary water cooperation, and to maximize the possibilities of finding variables 

that are not context dependent and not relevant only in specific river basins. To isolate a possible 

relationship, the best option is to do a multivariate regression analysis due to the risk of other 

variables affecting the independent and dependent variables in ways that are not possible to detect 

in a bivariate regression analysis. Hence, one must control for other potential explanatory variables 

to isolate a covariance (Teorell and Svensson, 2007, p. 183). 
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The unit of analysis in this study is the dyad of riparian states sharing one or several 

transboundary watercourses. Some rivers and lakes run through more than two states, but since 

this study is interested in state-to-state interactions and relative attributes, the analysis is based on 

dyads of states, and the cooperation on each shared watercourse counts as an observation. The 

other variables of the study are based on the dyad and are calculated to demonstrate the differences 

between, or relative attributes of, the two states. A more in-depth explanation on how each variable 

is calculated is given in section 3.3.  

An important aspect of the study is that it is a full population survey, since it includes nearly 

all recorded cases of transboundary waters, only excluding the cases where there is a lack of 

adequate information, or where the transboundary watershed is of little importance to one or more 

of the riparian states (SFG, 2017, p. 2). This should mean that there is no insecurity in the results 

due to fluctuations in the sample, since the investigated sample in this study compromises the 

whole population. Nonetheless, it is necessary to perform tests of significance for the coefficients 

generated in the analyses. This is because of the random process of how data is generated, and the 

fact that any explanatory model constructed is incomplete in some sense due the complexity of 

reality that is impossible to summarize in just a few variables (Teorell and Svensson, 2007, pp. 215-

218). This is the reason why tests of statistical significance will be performed in the regressions, 

despite it being a full population survey.  

Initially, two bivariate regressions are performed using transboundary water cooperation as 

the dependent variable, and economic inequality and the total GDP per capita as the independent 

variables, to see how these variables interact on their own. Following this, several multivariate 

regressions are performed using control variables to see if the effect of the main explanatory 

variable, economic inequality, remains or changes and if any of the control variables turn out to 

better explain the variation in transboundary water cooperation on different shared watercourses. 

Multivariate regressions are essential to determine the actual effect of the main explanatory variable, 

since this technique keeps the effect of the other variables fixed.  

The data included in the analysis is based on 442 shared rivers in dyads consisting of 

bordering states sharing one or several transboundary watersheds, and their respective Water 

Cooperation Quotient. A different approach would be to do a time-series cross-sectional study 

which can capture changes over time and also increases the number of observations substantially, 

since each unit of analysis would be indexed according to year as well. However, this is not possible 

in this study since the index selected is relatively new, and how it is measured has been updated 

twice, making it ill-suited for a time-series analysis. This and other limitations of the study are 

further discussed in section 3.5.  
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This study and the variables included are based on previous research conducted within the 

field of transboundary water cooperation and conflict, as well as research on borders. The 

methodological set-up is similar to that of Wolf et al. (2003), Gleditsch et al. (2006), Tir and 

Ackerman (2009) and Karreth and Tir (2018) in that it uses the dyad of states sharing a 

transboundary watershed as the unit of analysis, but differs in studying the cooperation on each 

shared river and the operationalization of the dependent variable. Wolf et al. (2003, p. 33) and 

Karreth and Tir (2018), focusing on general transboundary water relations and transboundary water 

cooperation respectively, use data from the TFDD on historical water events to determine the if 

the water relations between riparian states are more conflictive or more cooperative in general. Tir 

and Ackerman (2009) use treaties to measure formalized river cooperation. The introduction of 

the Water Cooperation Quotient as the dependent variable is thus a new approach to measure the 

intensity of transboundary water cooperation between states, and the index captures several aspects 

of cooperation, as will be further discussed in section 3.3. The aforementioned studies were 

conducted using time-series analysis, something that as previously stated was not a possibility in 

this study.   

 

3.2 Data Selection 

For the purpose of this study, a new dataset has been created. The dataset is based on the Water 

Cooperation Quotient (WCQ), which indexes cooperative mechanisms on transboundary waters 

on the intensity of cooperation, in combination with data on GDP per capita, democracy, cultural 

similarities, conflict history, quality of government and region. Even though the raw data has been 

sourced on a per-country basis, the variables have been reconstructed to match the dyad of riparian 

states sharing a transboundary watershed.  

The WCQ is a relatively new index, first constructed in 2013, then updated in 2015 and 

2017, and has an interesting approach to comprehensively evaluate the intensity of transboundary 

water cooperation, which is innovative within the field. The fact that it has not been extensively 

used in previous research makes it particularly interesting to utilize in this and future studies. The 

index is constructed by the Strategic Foresight Group, a think-tank based in Mumbai, founded in 

2002 that engages in “crafting new policy concepts that enable decision makers to prepare for a 

future in uncertain times.” They have published 30 in-depth research reports that have been 

discussed in the European Parliament, United Nations, World Economic Forum (Davos) and 

national parliaments over the world (SFG, 2019). The construction of the WCQ and how it is used 

in this study is presented in section 3.3.  
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GDP per capita has been reconstructed into two variables: one as a quota of inequality 

between the countries in each dyad, and as the total GDP per capita in the dyad. The data has been 

sourced mainly from the International Monetary Fund (IMF), and supplemented from the World 

Bank Group, two well-reputed and oft-cited sources.  

To determine the level of democracy of the states investigated, data is sourced from the 

Polity IV Project, which is conducted at the Center for Systemic Peace. The project covers all 

independent states with a population of 500 000 or above between the years 1800-2017. Data from 

Polity IV is often used by scholars and practitioners alike (Center for Systemic Peace [CSP], 2018), 

and a further presentation of how the score is calculated and used is given in section 3.3.  

Cultural similarities have been operationalized as a shared language between the states in 

the dyad. This data comes from Landguiden, which provides reliable and updated information 

about all the world’s countries and is published by Utrikespolitiska Institutet (Utrikespolitiska 

Institutet, n.d.).  

The variable on conflict history is based on data from the Uppsala Conflict Data Program 

(UCDP) at the Department of Peace and Conflict Research at Uppsala University. It is one of the 

world’s primary sources on information about conflict, organized violence and civil war with a 

history of almost 40 years (Uppsala University, n.d.). The data used in this study comes from the 

dataset “UCDP Dyadic Dataset version 18.1”, covering the years 1946-2017, which is used to 

determine whether the riparian states of each dyad have engaged in armed conflict with each other 

since the end of WWII.   

The information on the quality of government comes from the Quality of Government 

Institute (QoG) at the University of Gothenburg. Since 2004 the institute gathers information and 

conducts research on good governance and quality of government. They provide a range of 

datasets, and the quality of government variable used in this study comes from the “QoG Basic 

Dataset 2017” (University of Gothenburg, 2017).  

 

3.3 Dependent and Independent Variables 

Dependent Variable: Transboundary Water Cooperation 

The dependent variable in this study is the level of cross-border water cooperation between riparian 

states sharing a transboundary watershed. Cooperation is in itself a difficult thing to measure, and 

previous studies have used the TFDD data on historical water events, measuring interactions 

between riparian states as cooperative or conflictual, or the signing of transboundary water treaties. 

This study will use a different way to measure transboundary water cooperation, the Water 
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Cooperation Quotient (WCQ) constructed by the Strategic Foresight Group. The WCQ includes 

10 parameters:  

1. Agreement (1 point): There is a legally binding agreement in place that acknowledges the 

water relationship between the riparian states.  

2. Communication Mechanism (1 point): Regular and formal communication between 

riparian states has a mechanism in place, and this communication takes various forms, 

including meetings of officials and Water Ministers.  

3. Technical Projects (1 point): The riparian states collaborate on technical and scientific 

projects in relation to the transboundary watershed.  

4. Exchange of Data (1 point): Data that is collected nationally regarding water quantity and 

quality is exchanged regularly, or is collected and shared through a basin organization.  

5. Alternative Dispute Resolution (3 points): There is a well-defined mechanism for 

resolving disputes, which could be through a RBO if the parties belong to one, or through 

reference to a third party.  

6. Floods, Droughts and Ecosystem Protection (3 points): There is long term 

coordination and cooperative mechanisms to jointly manage floods, droughts and 

ecosystem.  

7. Water Infrastructure (5 points): All transboundary water infrastructure is built 

collaboratively while taking into account the interests of all relevant riparian states.  

8. Inclusion (5 points): The regional or basin wide arrangement includes all countries in the 

basin.  

9. Political Commitment (5 points): The commitment to cooperate comes from the highest 

political level, such as Foreign Ministers or Heads of Government.  

10. Institutional Functioning (5 points): There is either a permanent, independent and joint 

organization for cross-border water cooperation, for example a RBO, or permanent albeit 

separate entities in each riparian state that through regular communications act as a mutual 

mechanism for water governance. Furthermore, there are joint strategic plans made and 

projects executed, as opposed to only stated intentions.  

The total number of points a cooperative mechanism can receive is 30, which is then indexed into 

a scale ranging from 0 to 100, a score of 30 points equaling a WCQ of 100 (ibid., pp. 9-11). The 

report also includes the WCQ (RR), where RR stands for “Riparian Relations”, which measures 

the cooperation between any two bordering countries sharing transboundary waters1 (ibid., p. 15). 

                                                             
1 A more in-depth explanation of the methodology used to calculate the WCQ can be found in the “Water 
Cooperation Quotient 2017” publication, available at: 
https://www.strategicforesight.com/publication_pdf/Water%20Cooperation%20Quotient%202017.pdf 

https://www.strategicforesight.com/publication_pdf/Water%20Cooperation%20Quotient%202017.pdf
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This study is based on the riparian relation, and uses each shared watercourse between two states 

as an observation. If any two countries share more than one transboundary river, the WCQ on 

each river is included. Figure 2 showcases an example from the report.  

 

           Figure 2. Transboundary rivers of El Salvador.   

            Source: Strategic Foresight Group, Water Cooperation Quotient 2017, p. 16 

 

These are the shared rivers of El Salvador. Each transboundary watercourse counts as an 

observation. In this case, the WCQ of Paz (8) will be matched with data on El Salvador and 

Guatemala, and both the WCQ of Goascoran (8) and Lempa (83,33) will each be matched with 

data on El Salvador and Honduras as two separate observations. Hence, it is the WCQ on each 

shared watercourse that is included in the study, and not the WCQ (RR). The report has examined 

286 shared watercourses in 146 countries, and 55 shared watercourses have been excluded for 

various reasons, such as a lack of reliable information or a lack of significance for one or more of 

the riparian states. Out of the total of 146 countries, 139 have been evaluated (ibid., p. 15). Using 

the data on cooperation on each watershed shared between two states, the total number of 

observations is 442 in the dataset constructed for this study. 

 

Independent Variable: Economic Development 

Boehmer and Peña (2012, p. 279) find that the difference in wealth between two bordering nations 

matters to border openness, i.e. the more economically equal two bordering states are, the more 

open they are towards one another. They measure this as the logarithm of the absolute difference 

in energy consumption per capita. Even though this captures the non-linear relationship between 

border openness and difference in energy consumption, however, how large the difference is has 

to be measured relatively to the energy consumption of the countries involved. Therefore, the 

measure used by Moré (2011, p. 11) captures the effect of economic inequality between bordering 

states more accurately, in a way that is more suited to comparisons. His model divides the richer 

country’s GDP per capita with the poorer country’s GDP per capita, thus producing a ratio of 

inequality that in effect measures how many times richer the wealthier state is compared to the 

poorer one. Moré uses data on nominal GDP per capita in US dollars from the International 

Monetary Fund’s “World Economic Outlook Database” (ibid., p. 143). The data in his book comes 
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from 2004, which is why this study will use the model set up by Moré to calculate economic 

inequality but insert data from 2017 to make new calculations that will match the WCQ, as the 

index is based on the state of water cooperation between riparian states in 2017. These calculations 

are done and matched with each pairing examined in the WCQ report.  

To determine the effect of the total wealth in each dyad, the GDP per capita of both states 

have been combined into a total GDP per capita in US dollars for the year 2017. It has been 

recalculated to thousands dollars to make interpreting the coefficients easier.  

The IMF data on nominal GDP per capita in USD is missing for Egypt, Somalia, Pakistan, 

Liechtenstein, Syria and North Korea. The first three are substituted with the data from the World 

Bank Group, while this second source is also missing data on Liechtenstein, Syria and North Korea, 

and the WCQ from any dyad including these three countries will thus be excluded from the analysis.  

 

3.4 Control Variables 

Joint Democracy 

Several previous studies have highlighted the positive effect that joint democracy in a dyad can 

have on cooperation. Boehmer and Peña (2012, p. 282) find a strong correlation between joint 

democracy and openness between bordering states. Its effect is significant in Karreth and Tir (2018, 

p. 469), as well as in Tir and Ackerman (2009, p. 635), which is why it is an important variable to 

control for. The data used to measure level of democracy comes from the Polity IV project, using 

their combined Polity score, in line with the three aforementioned studies. The Polity score 

classifies countries between -10 to 10, where -10 is most autocratic, and 10 is most democratic. A 

dummy variable is constructed, where 1 indicates that both countries in the dyad are democracies, 

and 0 indicates that one or both of the countries are non-democracies. Following the Polity IV 

classification, all countries scoring 6 or above classify as democracies (CSP, 2018). Data is missing 

for Belize, Bosnia & Herzegovina and Brunei, and consequently dyads involving any of these three 

countries will be excluded from the analysis.  

 

Cultural Similarities  

Boehmer and Peña (2012, p. 281) find that neighboring countries that share cultural similarities 

tend to be more open to citizens from the other country. To investigate this, they chose to construct 

a dummy variable using shared language as a proxy for cultural similarities, where 1 indicates that 

the bordering states share at least one official or common language, and 0 indicates that the states 

share no official or common languages (ibid., p. 278-279). The same setup will be used in this study 

to determine whether cultural similarities facilitate water cooperation between riparian states 
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sharing a transboundary watercourse. The data used comes from Landguiden, published by 

Utrikespolitiska Institutet (Utrikespolitiska Institutet, n.d.). Two countries are considered to share 

a common language if they have at least one official or common language in common. This is also 

true if the official language of one country is a minority language in the other country in the dyad.  

 

Conflict History 

A history of armed conflict may affect the possibilities for future cooperation negatively. Boehmer 

and Peña (2012, p. 279) find that conflict history between two bordering countries correlates with 

closed borders. Even though Tir and Ackerman (2009, p. 623) find the number of peace years to 

be unrelated to the signing of water treaties, it is still an interesting variable to incorporate, since a 

history of armed conflict may lead to relations that are overall negative or hostile. The data used is 

gathered and compiled by the Uppsala Conflict Data program and covers the years 1946-2017. A 

dummy variable is constructed, where 1 indicates that the two countries have engaged in armed 

conflict with each other sometime between 1946 and 2017, and 0 indicates that they have not 

engaged in armed conflict with each other during the same time frame. According to the UCDP, 

an armed conflict is defined as: “a contested incompatibility that concerns government and/or 

territory where the use of armed force between two parties, of which at least one is the government 

of a state, results in at least 25 battle-related deaths in a calendar year.” (Themnér, 2017, p. 2). The 

long time frame is used in an attempt to capture variety in the variable, and also considering that 

armed conflict in the past may cause general hostility or lack of will to cooperate even long after 

the armed conflict has ended.  

 

Quality of Government 

Both Wolf et al. (2003) and Karreth and Tir (2018) argue for the importance of the correlation 

between cooperative behavior regarding shared freshwater resources and institutional capacity and 

bureaucratic quality respectively. Wolf et al. (2003, pp. 42-43) mean that institutional capacity is 

crucial to absorb sudden change and elicit cooperative behavior from riparian states. However, 

they do not give a clear definition of what constitutes institutional capacity, saying that it is partly 

captured in a country’s economic strength, but also in the existence of joint management bodies or 

treaties, general friendship or hostility between riparian states on other issues than water, or stability 

and government type within a basin. Karreth and Tir (2018, p. 467) use the International Country 

Risk Guide (ICRG) indicator Bureaucratic Quality, which measures “the degree to which 

bureaucracies are well-trained and insulated from political influence and rapid disruptions”. Since 

the data is not publically available, this study will use a composite index of three ICRG indicators 



21 
 

from the QoG Basic Dataset 2017. The index contains the Bureaucratic Quality indicator used by 

Karreth and Tir (2018), as well as the ICRG indicators on Corruption and Law and Order. This makes 

a comprehensive index measuring a more general quality of government. The index is scaled 0-1, 

where higher values mean higher quality of government (Dahlberg et al, 2017, p. 77). This is 

important to control for, especially in regards to isolating the effects of economic development and 

democracy, which tend to correlate with these three indicators. Based on Karreth and Tir (2018, p. 

467), this study will use the lowest score in each dyad in the analysis in line with “the weak link 

logic” from studies on international relations that argue that the member with the lowest 

bureaucratic quality will determine the relationship in a dyad.  

 

Region 

There may be regional differences regarding the possibilities for successful transboundary water 

cooperation. Goldsmith (2006, p. 533) argues that “there are substantial differences between 

regions in the effects of democracy, economic interdependence, and international organizations. 

Conflict (all MIDs) and war have considerably different relationships to these key variables, and to 

each other, across regions”. Therefore, it is worth including a variable regarding which region each 

dyad pertains to, since all of the aforementioned factors may impact the transboundary water 

cooperation between riparian states. Goldsmith uses a conventional, continental definition of 

regions, based on proximity and regional identity (ibid., p. 537), resulting in five categories: Europe, 

the USA and Canada as “the West”, South and Central America along with Mexico as “Latin 

America”, “Africa”, “the Middle East” and “Asia” (ibid., 539). The author finds that regarding 

variables such as membership in international organizations, interdependence and democracy, the 

West scores highest, while Latin America and Africa have the most interstate alliances. The Middle 

East and Asia stand out as especially conflictual and war prone. Even though Africa has 

experienced a substantial amount of civil wars, interstate conflict is rare, as is also the case for 

Europe (post-WWII) and Latin America (ibid., p. 545). Since the focus of this study is on interstate 

relations, a dummy variable that differentiates between the Middle East and Asia on the one hand, 

and the West, Latin America and Africa on the other has been constructed. When performing some 

exploratory regressions, Africa stood out as a more cooperative region than expected, why another 

dummy variable for this region has been included in the analysis as well. The West and Latin 

America showed no regional effect, why they will constitute the baseline for comparison in the 

analysis. This is done in order to see if there are regional differences that could arise from shared 

regional norms or institutions, a major explanatory factor according to Goldsmith (2006, p. 538), 

that are more (or less) conducive to successful transboundary water cooperation.  
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3.5 Problems and Limitations  

The data in the study suffers from two main limitations. Firstly, the variable on economic inequality 

does not experience as much variation as desired. Moré (2011, p. 9) acknowledges that bordering 

countries tend to have similar economic development, and that extreme economic inequality 

between neighboring states is rare, which may lead to a lack of variation in the variable and thus 

weaker results in the analysis. The variable on conflict history is also lacking variation somewhat, 

as few dyads have engaged in armed conflict in the given time frame.  

Secondly, several of the variables included in the study are not optimal from a validity point 

of view. Regarding the variable on conflict history, the use of a dummy variable is a slightly crude 

measurement, considering that many of the dyads have not experienced armed conflict in the time 

frame investigated, and one can question whether a conflict occurring in for example the late 1940s 

would still affect the possibilities for cooperation that the states experience today. It would have 

been desirable to use an operationalization that did not only measure armed conflict, but also other 

types of hostile actions, not necessarily resulting in the 25 casualties required to be classified as 

armed conflict by the UCDP.  

Similar issues arise regarding the use of common language as a proxy for cultural 

similarities, something that is notoriously difficult to measure (Boehmer and Peña, 2012, p. 283), 

as it may not capture the actual effect similar cultures have on cross-border cooperation. The 

variable on quality of government may also miss the mark somewhat on what it is trying to measure, 

since what had been highlighted in previous research was particularly bureaucratic quality. 

Therefore, it would have been desirable to have access to only the ICRG bureaucratic quality 

indicator, and not the composite index found in the QoG dataset, as it no longer captures purely 

the effect of bureaucratic quality, but also the effect of corruption and law and order on 

transboundary water cooperation.  

Regarding the dependent variable, the WCQ only measures institutionalized cooperation, 

unlike Wolf et al. (2003) and Karreth and Tir (2018) who use all interactions over water between 

riparian states as their operationalization of the dependent variable. The WCQ has advantages in 

that it is a comprehensive measure of formalized cooperation, more so than using the signing of 

treaties for example, as used by Tir and Ackerman (2009), but it may miss the uninstitutionalized 

or informal forms of cooperation that may take place between states. This is most likely better 

captured by the TFDD data on water interactions.  

In sum, there are some validity concerns regarding the variables included in the study. The 

risk of reliability problems is lower, since most of the variables measure concrete events or facts, 

except for the quality of government variable that is in part based on perceptions (e.g. on 
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corruption) from different organizations and institutes, which may lead to inconsistency in the 

estimation. 

An alternative setup for the study would be to include time-series data instead of solely 

cross-sectional data from the year 2017, in line with Wolf et al. (2003), Gleditsch et al. (2006), Tir 

and Ackerman (2009) and Karreth and Tir (2018). A time-series analysis generates more 

observations and makes it possible to track developments over time (Teorell and Svensson, 2007, 

p. 81). However, since the dependent variable is the WCQ, and the index is relatively new, there 

are reports only from 2013, 2015 and 2017 existing. The authors have also updated the way the 

index is calculated to make it more accurate and complete, which makes it better suited for a cross-

sectional type analysis since the 2017 version is not comparable to the previous ones.  

Since this is a cross-sectional, quantitative study, it can only determine whether there is a 

correlation between economic inequality and transboundary water cooperation, and not what the 

causal mechanism between the two is. The direction of the correlation is fairly easy to determine, 

since it seems highly unlikely that the intensity of transboundary water cooperation would affect 

the differences of economic development between the riparian states. However, a qualitative study 

is necessary to determine the mechanism by which economic inequality affects cooperation.  

 

4. Results and Analysis 

In this section of the paper, the results from the statistical analyses will be presented and then 

analyzed. Initially, some descriptive statistics are presented to summarize the data collected 

regarding all the variables included, followed by the results from first the bivariate and then the 

multivariate regression analyses. The sections ends with a discussion of the results and the main 

findings of the study.  

 

4.1 Descriptive Statistics 

Table 1 presents the relevant descriptive statistics of the variables included in the study.  

Table 1. Descriptive statistics of variables 

Notes: Std. dev. = Standard deviation.  

Variable  N Min Max Mean Std. dev. 

WCQ  442 0 100 47,03 35,532 

Economic Inequality 433 1 14,570 2,505 2,177 

Total GDP/capita $1000 433 0,745 151,893 23,531 31,492 

Both Democratic 430 0 1 0,388 0,488 

Common Language 442 0 1 0,606 0,489 

Conflict History  442 0 1 0,093 0,290 

Quality of Government (low) 341 0,083 0,972 0,444 0,187 

 

    

 

 



24 
 

 

The WCQ ranges from 0 to 100, with several observations on both extremes and a variety of scores 

in-between. In the most economically unequal dyad, the wealthier state has a GDP per capita that 

is over 14 times that of the poorer state. However, it should be noted that the mean is quite low, 

where the average is that the wealthier state has a GDP per capita that is 2,5 times higher than that 

of its poorer neighbor. There are more observations on the WCQ than most of the other variables, 

why observations lacking data on a variable will be excluded from the analysis when that variable 

is incorporated. It is notable that there are substantially fewer observations on quality of government 

than the other variables in the study.  

 

4.2 Regression Analyses 

First, bivariate regressions are performed in order to determine how the predictions from 

hypothesis (1) and (2) hold up when tested against the empirical material, as shown in Table 2. Joint 

democracy will be also be included, due to the known covariance between economic development 

and democracy, and in order to determine that the effect of the economic variables are still 

significant when the effect of joint democracy is controlled for.  

 

Table 2. The effect of economic inequality on WCQ 

Notes: OLS regressions, standard error in parentheses. Significance: *** p < 0,01; ** p < 0,05; * p < 0,10. 

 

In model (1) it is evident that the effect of economic inequality is weak and not statistically significant, 

albeit with the expected sign. Figure 3 below demonstrate graphically the covariance between the 

Dependent variable:  (1) (2) (3) (4) 

WCQ 

 

Economic Inequality  -0,325  0,264 0,480 

   (0,781)  (0,748) (0,754) 

Total GDP/capita $1000   0,350*** 0,352*** 0,274*** 

    (0,051) (0,052) (0,063) 

Joint Democracy      8,623** 

      (4,138) 

(Constant)   48,516*** 39,472*** 38,761*** 36,877*** 

   (2,592) (2,016) (2,852) (3,067) 

 

Std. error of the estimate  35,35 33,59 33,63 33,23 

R2   0,0004 0,097 0,098 0,109 

Adjusted R2   -0,002 0,095 0,093 0,102 

N   433 433 433 422 
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WCQ and economic inequality from the bivariate regression. However, it is necessary to test the effect 

of economic inequality in combination with the other variables included in the study, to see if there 

might be some variable suppressing the actual effect. 

Model (2) tests the effect of total GDP/capita in the dyad on water cooperation, to test the 

prediction from the second hypothesis. A bivariate regression shows that the correlation between 

total GDP per capita in a dyad and its WCQ is as expected, and highly statistically significant albeit 

quite weak, giving some support to the second hypothesis. For every $1000 that the total GDP per 

capita in a dyad goes up, the WCQ increases 0,35 points on average.  

Model (3) combines the effect of economic inequality and total GDP/capita in the dyad, and 

interestingly enough the effect of economic inequality now goes in the other direction, meaning 

that economic inequality leads to more cooperation which is contrary to the theory, when 

controlling for the total GDP per capita. However, the effect is weakened and remains statistically 

insignificant.  

Incorporating joint democracy to determine its effect on the WCQ in regard to the economic 

factors, model (4) shows that the effect of economic inequality increases somewhat but remains 

statistically insignificant, total GDP/capita decreases slightly but remains significant at 99 percent, 

and two democracies have a WCQ that is on average 8,6 points higher than that of two non-

democracies or one democracy and one non-democracy when controlling for the economic factors. 

 

           Figure 3. Scatterplot of economic inequality and WCQ  
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However, as previously noted, it is necessary to investigate the effects of economic development 

and inequality by controlling for other potential explanatory factors, due to the complexity of a 

phenomenon such as transboundary water cooperation, and the fact that there may be many other 

variables that affect both water cooperation and economic inequality in undetected ways. 

Therefore, additional control variables are included in the model in an attempt to isolate a possible 

covariance between the intensity of transboundary water cooperation and economic inequality. The 

control variables are common language, conflict history, quality of government, and two region dummies, 

Africa and Middle East and Asia. The results are demonstrated in Table 3.   

 

Table 3. The effect of economic inequality on WCQ (full model) 

Notes: OLS regressions, standard error in parentheses. Significance: *** p < 0,01; ** p < 0,05; * p < 0,10. 

 

Throughout model (5) and (6), introducing common language and conflict history as control variables, 

the effect of economic inequality and total GDP/capita remain largely unchanged. Total GDP/capita is 

still statistically significant at 99 percent, and although the effect of economic inequality has increased 

somewhat it is still statistically insignificant. Both common language and conflict history have effects 

Dependent variable:  (5) (6) (7) (8) (9) 

WCQ 

   

Economic Inequality 0,584 0,530 2,118** 2,071** 0,532 

  (0,755) (0,753) (0,965) (0,933) (0,737) 

Total GDP/capita $1000 0,269*** 0,266*** 0,221** 0,163 0,321*** 

  (0,063) (0,062) (0,104) (0,105) (0,064) 

Joint Democracy  8,413** 7,063* 10,475** 5,859 7,175 

  (4,130) (4,192) (5,010) (5,321) (4,471) 

Common Language 5,693* 6,259* 4,117 0,216 2,986 

  (3,320) (3,328) (3,734) (3,683) (3,315) 

Conflict History   -10,050* -12,462* -5,375 -5,777 

   (5,739) (6,439) (6,369) (5,673) 

Quality of Government   5,073 28,587 

    (21,111) (21,026) 

Africa     8,128 12,558*** 

     (4,987) (4,594) 

Middle East and Asia    -22,936*** -10,501** 

     (6,106) (5,066) 

(Constant)  33,403*** 34,720*** 30,901*** 27,218*** 33,257*** 

  (3,670) (3,737) (7,704) (7,798) (4,651) 

Std. error of the estimate 33,15 33,07 32,64 31,49 32,22 

R2  0,115 0,121 0,155 0,218 0,170 

Adjusted R2  0,106 0,111 0,140 0,199 0,156 

N  422 422 333 333 422 
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going in the expected directions, at 90 percent significance: dyads sharing at least one official or 

common language have a WCQ that is a little over 5 points higher on average compared to those 

dyads that are more culturally dissimilar. Dyads with a history of armed conflict have a WCQ that 

is around 10 points lower than more peaceful dyads.  

Something interesting happens in model (7), when introducing quality of government. The 

effect of economic inequality grows substantially, and is now significant at 95 percent. It means that, 

for every time the quota of inequality goes up one step, the WCQ increases 2 points on average. 

The increase in effect happens when introducing quality of government, which means that it acts as a 

suppressor on the effect of economic inequality, which in turn increases when the effect of quality of 

government is controlled for. A discussion on possible explanations on why this happens will follow 

in section 4.3. The effect of total GDP/capita has diminished somewhat, but remains significant at 

95 percent.  

In model (8), the two region dummy variables, Africa and Middle East and Asia, are 

introduced, and this model includes all the control variables of the study. This does not change the 

coefficient of economic inequality that remains at roughly 2 and 95 percent significance. Interestingly 

enough, the effect of total GDP/capita has decreased and lost statistical significance, as has the effect 

of joint democracy. However, Middle East and Asia is strongly significant at 99 percent with a 

substantial coefficient, meaning that, when controlling for all the other variables in the study, dyads 

located in the Middle East or Asia have a WCQ that is on average almost 23 points lower than in 

the rest of the world.  

Model (9) is included due to the lower number of observations on quality of government, and 

understandably the effect of economic inequality is once again weak and statistically insignificant, due 

to the suppressor effect of quality of government. Interestingly, total GDP/capita is once again 

significant at 99 percent. A discussion on how the region dummies, total GDP/capita and quality of 

government interact follows in section 4.3.  

A look at the coefficients of determinations shows that the fit of the model could be better. 

Model (8), incorporating all the control variables, has the best fit, but the regression line predicts 

the WCQ of the observations just over 30 points inaccurately on average, which is a substantial 

number on a scale of 0 to 100. Interpreting the R2 is more difficult, as that requires a comparison 

to other similar studies, especially since none of the studies cited in this paper have used the WCQ 

as the dependent variable. However, it is possible to conclude that model (8) ends up explaining 

about 20 percent of the variation in the WCQ in the study, which is not a surprising number due 

to the complexity of a phenomenon such as transboundary water cooperation.  
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Summarizing the results, the regressions have shown that economic inequality has a 

positive effect on transboundary water cooperation that is statistically significant at 95 percent in 

this study. For every time that the quota of inequality increases one step, i.e. for every time the 

wealthier state in a dyad goes from having a GDP per capita that is double, three times, four times 

(and so on) the GDP per capita of the poorer state of the dyad, the WCQ on their shared 

watercourses goes up roughly 2 points on average, when controlling for the effect of all other 

variables in the model. Despite the significant effect of economic inequality on transboundary 

water cooperation, the effect works in the opposite direction of what was predicted in hypothesis 

(1).  

 

4.3 Discussion   

Despite being small and insignificant in models (1) through (5), it becomes evident in model (7) 

and (8) that the effect of economic inequality on transboundary water cooperation is in fact 

substantial and statistically significant at 95 percent. This effect becomes evident when controlling 

for quality of government, as this variable works as a suppressor on the positive effect of economic 

inequality on transboundary water cooperation. One potential explanation for this is that in 

economically unequal dyads, the quality of government score of the weakest party tends to be low, 

which impacts cooperation negatively. This suppresses the positive effect of economic inequality 

on transboundary water cooperation, which becomes evident when controlling for quality of 

government. This connection between the two variables is shown in model (9), where excluding quality 

of government again renders economic inequality small and insignificant.  

In sum, there is a statistically significant positive correlation between economic inequality 

and transboundary water cooperation. This is contrary to what the model predicted: that 

economically equal states would cooperate more. The results are intriguing, as economic inequality 

in fact increases cooperation, even when controlling for all the other variables included in the study. 

A possible explanation to this phenomenon could be concerning the balance of power in a dyad, 

and how this affects negotiations, treaties and the process of entering into different forms of 

cooperation. Tir and Ackerman (2009, p. 627) argue that an unequal distribution of power 

positively correlates with the creation and signing of river treaties, because the more powerful state 

can force the weaker state into a form of cooperation that is beneficial to its own interests. 

However, they measure this power preponderance as a differential in military power (ibid., p. 631), 

and not economic power like in this study. Traditionally within transboundary water research, 

power is conceptualized in three significant categories: relative power advantages (measured in 

military capabilities), riparian position (the upstream/downstream position), and a state’s potential 
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to exploit the shared resource. The third category may include technological, educational and 

economical aspects, and all three factors may influence whether and in what form cooperative 

regimes arise (Petersen-Perlman and Fischhendler, 2018, pp. 279–280). It is interesting to 

investigate further how this economic power takes form and influences the creation of cooperative 

mechanisms. It is also interesting to investigate which types of cooperation arise in situations of 

great economic inequality, since cooperation that arises in situations of inequality may solidify and 

exaggerate power imbalances in treaties and organizations. A potential case study could be South 

Africa and Mozambique, where the former has a GDP per capita that is more than 14 times that 

of the latter, the most unequal dyad in the study. Two of three shared rivers in the dyad receive a 

WCQ of 83,33, and the third a score of 53,33, and according to the WCQ indexation, they 

cooperate extensively regarding their shared waters. Is the cooperation mutually beneficial? What 

was the negotiation process like? What does the financing of the joint projects look like? These are 

questions that would be interesting to investigate on a case basis. However, it is necessary to 

investigate these results further in quantitative studies as well, as they would need to be tested on 

a bigger sample, using more precise control variables as well as including more control variables, 

such as a measurement of water stress and relative military capabilities, to truly isolate the effect of 

economic inequality on transboundary water cooperation and determine if the positive effect of 

economic inequality in this study is due to an omitted variable bias.  

Another interesting result is regarding the effect of total GDP/capita in model (8), which 

includes all control variables. It becomes small and insignificant when introducing the region 

variables. A likely explanation is that region affects both economic development and transboundary 

water cooperation. However, when taking out quality of government in model (9), the effect of total 

GDP/capita is significant again. Going back to model (8), it becomes evident that quality of government 

works as an intervening or extraneous variable. One possibility is that the total wealth affects the 

quality of government, which in turn affects the possibilities for and effectiveness of transboundary 

water cooperation, and thus works as a causal mechanism for cooperation. Another possibility is 

that the quality of government affects both the total GDP per capita in a dyad, and the intensity of 

transboundary water cooperation, and that the initial effect of total GDP per capita and 

cooperation was due to a case of omitted variable bias. However, it is difficult to determine how 

total GDP per capita, quality of government and region interacts in relation to transboundary water 

cooperation, and would be interesting to investigate further in future research.  

Another interesting result from the analysis is the strong effect of the region dummies, 

especially that of the Middle East and Asia. This may be an effect of water stress, a variable that 

was left out of the analysis and is especially salient in dry regions. An interesting approach for future 
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research would be to investigate shared regional norms and institutions, which may be the reason 

that the levels of cooperation is higher than expected in Africa, and lower than expected in the 

Middle East and Asia.   

 

5. Conclusion 

The aim of this paper was to investigate the effect of economic inequality between riparian states 

on their transboundary water cooperation. Drawing on findings from research on border openness, 

the hypothesis was that the more economically equal two states are, the more they will cooperate 

regarding their shared waters, adding that the total wealth of the two states will also affect 

cooperation positively. The full model, including control variables on joint democracy, cultural 

similarities, conflict history, quality of government and region showed that, contrary to the theory, 

economic inequality actually enhances cooperation in this study. This may be the case due to the fact 

that an imbalance of power in the dyad allows for the economically stronger party to dictate 

negotiations and set up cooperative mechanisms and institutions that favor its interests, without 

being opposed by the economically weaker state.  

Additionally, the study aimed at contributing to the relatively small number of quantitative 

studies on transboundary water cooperation. This was done by introducing economic inequality as 

the explanatory variable, a variable that has largely been left out in previous quantitative studies on 

transboundary water cooperation. The study is also original in the choice of operationalization of 

cooperation. Previous research has not utilized the relatively newly constructed Water Cooperation 

Quotient index as a way to measure cooperation on water between riparian states sharing a 

transboundary watershed.  

Due to the fact that there are some problems and limitations regarding the variables included 

in the study and how they are measured, the findings need to be investigated further on both a 

quantitative and a qualitative basis. This can be done with an improved set of control variables and 

preferably a larger sample size, and an in-depth case study can be used to determine the causal 

mechanism of how economic inequality affects transboundary water cooperation and state-to-state 

relations.  
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