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Although there is considerable research analyzing the determinants of river basin treaty 

formation, accurate modeling of multilateral river basins remains a challenge and their dynamics 

are incompletely understood. Despite being theoretically and empirically expedient, dyadic data 

may not be the best method for investigating multilateral systems. This research aims to fill the 

gaps in multilateral river basin analysis and provide a new approach to model constrained 

multilateral systems. 

This dissertation investigates three aspects of multilateral transboundary water governance and is 

organized in a journal paper format. The first paper revisits a published study that made a 

significant contribution to the transboundary water literature, but makes a substantial change to 

the data structure to test the robustness of the original results to a change in unit of analysis. 

Results show that dyadic data analysis of multilateral interactions is sensitive to a change in unit 

of analysis that accounts for all members of the multilateral system. 

The second paper develops an analytical solution to the data structure problem by 

combinatorically expanding the dyadic data to create an all-inclusive counterfactual of all 

possible treaty-making combinations of member countries in each river basin. This unique 

dataset accounts for all treaty possibilities: bilateral, plural-lateral, and multilateral. Furthermore, 

this new dataset offers a reasonable solution to the common pitfalls of dyadic analysis of 

multilateral systems. Analysis shows that the counterfactual data offers the most predictively 

accurate modeling of multilateral treaty making in river basins. 
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The third paper addresses the most substantial difference in results from the unit of analysis 

change considered in the first two papers. Contrary to popular international relations theory, 

power does not seem to have a significant effect on river basin treaty formation. Believing this 

may be due to measurement error, this paper constructs a new measure of power specific to the 

dynamics of multilateral river basins. It then tests the new measure for efficacy.  

These three papers as a whole address the problem of modeling multilateral events in river basin 

research and show that careful modeling of multilateral systems offers greater understanding of 

the dynamics of riparian decision-making. More generally, these studies offer a blueprint for 

solving a common problem in international relations research that involves constrained 

multilateral systems, i.e., multilateral systems that have defined participants and cannot 

randomly add participants. 
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CHAPTER 1 

INTRODUCTION 

Rivers are the primary source of freshwater for human consumption and production; indeed, 

they are the lifeblood of civilization. Mankind’s first known non-nomadic societies, largely 

known as Mesopotamia (c. 7000 BC), grew in the Tigris-Euphrates river basin because the twin 

rivers formed a crescent of fertile soil and supplied water for irrigation of the first domestic 

crops. Similarly sedentary communities formed in the same time period in the Nile, Indus and 

Yangtze River basins. All early civilizations had one thing in common: proximity to a major 

river as the freshwater source for both personal consumption and agrarian purposes. As 

civilization advanced and humans developed shared identities, rivers became a common political 

boundary between nations, and now also between smaller political units such as states and 

counties. While political boundaries are a man-made construct, physical boundaries such as 

rivers, oceans, and mountain ranges facilitated their existence.  

Today we know that 97 percent of this planet’s water is salt water, and that only one percent 

of the remaining freshwater is accessible to humans. While water is generally considered a 

renewable resource, only about 0.36 percent of water in rivers, lakes, and swamp lands actually 

meets that definition. Further exacerbating the scarcity of this resource, accessible water is 

distributed extremely unequally with only a few water abundant countries and many others that 

suffer debilitating water shortages because above all, precipitation is the most prolific source of 

freshwater. Water is essential to the basic survival of a nation’s population, but also to the 

survival of a nation’s economy. The devastating droughts that precede famine are major news 

stories.1 Just as common are stories of large corporations buying water rights to sources of 

                                                 

1 Gettleman, J. (2017, March 27). Drought and war heighten threat of not just 1 famine, but 4. The New York Times. Retrieved 

from https://www.nytimes.com/2017/03/27/world/africa/famine-somalia-nigeria-south-sudan-yemen-water.html.; Wong, E. 

(2017, June 29). Drought in northern China is worst on record, officials say. The New York Times. Retrieved from 

https://www.nytimes.com/2017/06/29/world/asia/china-drought.html. 
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community water for the purpose of production, or even to sell the same water back to the 

deprived community.2 

Both water scarcity and water abundance lead to intense domestic and international political 

pressures; water scarce countries are increasingly desperate to bolster their supply of water while 

water abundant countries are loathe to share what they foresee to be a finite resource. There is a 

fierce academic debate about the wars of the future and increasing propensity for conflict over 

natural resources. The roots of potential interstate (and intrastate) conflict lie in the fact that all 

nations on Earth do not have identical natural resource endowments and nature fails to respect 

the national borders that humans seem to require to maintain social order. This neo-Malthusian 

argument contends that the convergence of natural resource scarcity and social inequalities – 

both consequences of a burgeoning world population – directly increases the probability of 

violent conflict. Yet this is not what we observe in the real world. Instead of frequent conflict we 

observe far more cooperation between countries that share rivers. Thus, the general question 

these three studies address is: under what conditions do states cooperate over shared water 

resources? 

 There are several divergent themes in the existing literature addressing natural resources 

cooperation and conflict: environmental security, common pool resources, political ecology, and 

hydro-hegemony. Each approach supports competing causal mechanisms. For instance, both the 

environmental security and common pool resource literatures claim there is a causal relationship 

between resource scarcity and conflict but differ on the outcome of that causal relationship. The 

political ecology and hydro-hegemony literatures discount the causal relationship of resource 

scarcity and conflict, instead pinpointing other causal mechanisms leading to conflict or 

cooperation. Due to the interrelated nature of the research, an understanding of the principles of 

each thread of the literature is important to understanding the context of the resource-conflict 

debate. 

                                                 

2 Bienkowski, B. (2013, February 12). Corporations grabbing land and water overseas. Scientific American. Retrieved from 

https://www.scientificamerican.com/article/corporations-grabbing-land-and-water-overseas/.; Interlandi, J. (2010, October 8). 

The race to buy up the world’s water. Newsweek. Retrieved from http://www.newsweek.com/race-buy-worlds-water-73893.; 

Taylor, K. (2016, September 26). People are furious at Nestle for taking over small town’s water supply. Business Insider. 

Retrieved from http://www.businessinsider.com/nestl-takes-over-small-towns-water-supply-2016-9. 
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Environmental Security 

The environmental security approach is the nexus of global environmental politics and 

security response to the perceived threat of conflict over shared natural resources. This theme in 

the literature is prevalent in the post-Cold War era and it dominates modern security policy, 

particularly in the United States (Barnett, 2000). With the sudden absence of ideological conflict, 

nations focused on the distribution of global resources. Indeed, contemporary policymakers need 

to have a clear understanding of the interconnectedness of the environment, interstate politics, 

and international security. The environmental security literature as a whole acknowledges a 

causal relationship between natural resources and violent conflict, and claims that both interstate 

and intrastate resource scarcity-based conflicts are on the rise, as well as large population 

movements as a response to scarcity. It is worth noting, however, that the concern in the 

environmental security theme is not with environmental problems per se, but with the depletion 

of natural resources of economic value (Barnett, 2000). It is fairly clear that policymakers do not 

consider saving the environment a matter of strategic national security, but securing the 

necessary resources to maintain the economic well-being of the population, most likely at the 

expense of an adversary that seeks to secure the same resources for their own population. 

Although the concern over resource scarcity covers a wide range of resources, – minerals and 

other raw materials, fish, water, and territory – it is the expectation of violent conflict over water 

resources that dominates the environmental security literature. A common basis of the 

inevitability of violent conflict over water is the observation that more than 200 river systems are 

shared by two or more countries encompassing about 40% of the world’s population, with rivers 

being the major source of fresh water (Elhance, 1997; Wolf, 1998; Toset, Gleditsch & Hegre, 

2000; Kliot, Shmueli & Shamir, 2001). It is in these areas of shared water resources that conflict 

is considered most likely. Furthermore, misuse of water by upstream countries could put 

additional stress on downstream riparians causing “nations to see access to water as a matter of 

national security,” (Gleick, 1993, p. 79).  Indeed, water is essential to a nation’s survival from 

the basic survival of the population to the survival of the economy. Scarcity of this essential 

natural resource leads to intense political pressure, both domestic and international.  
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Further exacerbating the national security issue is the lack of appropriate legal principles to 

govern management of shared water resources. Current international law institutionalizes the 

intrinsic shared resource conflict by espousing both the ‘equitable use’ and ‘appreciable harm’ 

principles from the 1997 Convention on the Non-navigational Uses of International 

Watercourses Commission (Wolf, 1998). The equitable use principle calls for the establishment 

of water regimes that account for all riparians of the waterway. Equitable use also seeks to 

reconcile any claims in a way that makes everyone better off. Conversely, the appreciable harm 

principle calls on second-in-time users to avoid any use of the waterway that might cause harm 

to those with senior rights.  

These principles reflect the already conflicting interests of upstream and downstream 

riparians. Upstreamers back the equitable use principle because it considers the needs of all users 

of the waterway, while downstreamers support the appreciable harm principles that protects pre-

existing uses of waterways which were traditionally in the deltas of waterways, far downstream. 

Even more limiting is the fact that these principles of international law concern only the rights 

and responsibilities of states, and leave no guidance for the valid claims of non-state entities – 

for example, Palestinian claims to the Jordan River (Wolf, 1998). These vague and contradictory 

legal principles only add credence to the environmental security argument that resource wars, 

particularly water wars, are inevitable.    

There are, however, many criticisms of the environmental security literature. The 

fundamentally neo-Malthusian argument of a direct relationship between resource scarcity and 

conflict is maligned as overly deterministic (Gleditsch, 1998). Also of concern is the tendency of 

environmental security studies to use predicted future occurrences of conflict as valid empirical 

evidence. Historical evidence of interstate grievances over resources is commonly referenced in 

environmental security studies, although it turns out that many of these conflicts are not rooted in 

access to or ownership of resources at all (Lecoutere, D'Exelle, & Van Campenhout, 2010). 

Many authors are in conflict with each other over the historical frequency of conflict and dispute 

over natural resources, particularly fresh water. For instance, while researching for a proposed 

book on water wars, Barnaby (2009) found that “in five decades, there were no formal 

declarations of war over water,” (p. 282), even as water stress increased in some areas of the 
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world. Gleick (1993), however, contends that “history is replete examples,” of such disputes (p. 

79). The issue is that the authors are not talking about the same thing. Barnaby (2009) focused on 

finding examples of violent conflict (because the proposed book was to be about wars), and 

Gleick (1993) found examples to meet his needs, which meant any historical example of 

interstate dispute over water, violent or not. Such semantic disputes cause confusion about the 

claims made in the literature. The environmental security literature is further criticized for the 

generalization of anecdotal conflict evidence that is, in fact, not generalizable to other times and 

places. This anecdotal evidence suffers from selection bias, as researchers tend to cite cases that 

meet their criteria of coinciding conflict and resource scarcity without the use of a counterfactual 

control (Le Billon, 2001).  

While the environmental security literature supports the claim that conflict due to resource 

scarcity is inevitable, some authors directly challenge the claim that resource scarcity will lead to 

interstate violence. Barnaby (2009) argues that countries do not, in fact, go to war over water at 

all, but rather solve the challenges of water shortages through trade and international agreements, 

much like the contention of the common pool resources literature. Barnett (2000) is also quite 

vocal, and challenges the common assumption that the underdeveloped Southern hemisphere will 

threaten the developed North as being “based on little or no evidence,” (p. 275). In fact, the 

author characterizes the North’s unsubstantiated fear of southern aggression as a negative peace, 

which is simply the absence of violence, with the North operating on the expectation of 

inevitable resource wars. Furthermore, there is an important differentiation between true 

environmental problems, and those that are economic in nature (Barnett, 2000).  Economic 

problems can be solved through a rebalancing of price according to supply and demand, or 

through substitution, while true environmental problems do not have economic solutions. 

Examples of true environmental problems include the irreversible effects of climate change and 

loss of biodiversity. Swain (2001) makes the same argument as Barnaby (2009), particularly in 

countering the claim that resource wars are inevitable, pointing out instead that sharing of water 

resources leads more often to cooperation than conflict.  
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Common Pool Resources 

This dichotomy of conflict and cooperation is a common theme in the resource-conflict 

debate, most notably in the distinct theme of the common pool resource (CPR) literature. The 

CPR literature is a direct response to what was perceived as single-minded focus on the conflict 

possibilities of transboundary water resources, when in fact, there are two possible outcomes: the 

opportunity for violent conflict or the opportunity for interstate cooperation (Elhance, 1997). 

While the CPR literature also acknowledges a relationship between resource scarcity and 

conflict, it contends that strong institutions have the power to defuse the tensions of unequal 

distribution or misuse of shared resources. This leads to the major criticism of the CPR literature 

– that lack of proper institutions is the causal mechanism of resource-based conflict. This is often 

regarded as an oversimplification of a complex issue.  

However, there are CPR studies that show the importance of institutions in resource dispute 

resolution and challenge the deterministic environmental security argument of an unavoidable 

link between resource scarcity and conflict. For example, Gizelis & Wooden (2010) found that 

the influence of democratic institutions on the ability of the state to adapt to water needs is by 

mitigating interstate conflict. Furthermore, the authors found that resource scarcity undermines 

the creation of democratic institutions leading to the conclusion that unestablished democratic 

governments could be at risk from resource scarcity and lead to the installation of more 

authoritarian regimes. When democratic institutions are undermined, the capacity of the state to 

respond to social and political pressures resulting from resource scarcity that itself was caused by 

institutional failure weakens. 

At the same time that it stresses the importance of institutions, the CPR literature does not 

discount the possibility of acute interstate conflict. Potential for conflict cannot be denied when 

one or more states that share a water resource perceive the other(s) of misusing or degrading that 

shared resource. But the core of the CPR literature is that violent conflict over shared water 

resources is not inevitable. For example, Elhance (1997) conducted a case study of the riparian 

states of the Aral Sea basin that focused on cooperative water management in the immediate 

aftermath of their independence from the Soviet Union, rather than conflict-based solutions to 

sharing the water. Wolf (1998) contrasted occurrences of violent conflict and instances of 
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cooperation over water resources and found that in the 20th century, cooperation far outweighed 

violent resolutions. The author suggests that going to war over water directly conflicted with the 

shared interests of the riparians. He also found that water treaties between riparians were 

respected even when there was conflict over other issues. 

One characteristic of the CPR literature that differentiates it from its counterparts in the 

resource-conflict debate is the use of laboratory and field experiments to analyze behavior of 

resource users and propensity for conflict. For example, de Kwaadsteniet et al. (2006) used a 

laboratory experiment with student subjects to show that when there is resource size certainty, 

the equal division rule prevails, although there is a tendency for ‘pro-self’ subjects to appropriate 

more from the common resource than ‘pro-socially’ subjects. Regardless, this study was one of 

many creative attempts to model the behavior of those faced with the dilemma of scarce shared 

resources. 

 

Political Ecology 

Contrary to the environmental security and common pool resources themes in the literature, 

the political ecology approach argues against the premise that scarce resources alone are or will 

be the source of violent conflict. Political ecology, generally, is the study of the relationship of 

environmental issues and changes with political, economic and social factors – fundamentally, an 

integration of ecological social science and political economy. In the context of the resource-

conflict debate, political ecology researchers focus on the more likely underlying reasons for 

conflict that are masked by resource scarcity. Resource conflicts may actually be manifestations 

of historical grievances, or long-standing social tensions, rather than a conflagration of resource 

issues. It may just be that the resource dispute acts as the tipping point between violence and 

cooperation. 

Certainly, access to water can be an emotional issue. It is this emotionally-charged 

environment that can aggravate already volatile situations, and bring countries to the brink of 

war. In a case study of a water dispute between Israel and Lebanon, Amery (2002) studied the 

multi-faceted drivers of conflict that nearly led to all-out war between the two riparians: 

historical violence between the two states, as well as a regional drought, systemic distrust, and 
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territorial disputes that converged with the water dispute. Clearly water alone was not the driver 

of this conflict; water simply acted as the catalyst of the moment. It was the other contextual 

factors that even led to the possibility of violent conflict rather than cooperation to settle the 

minor resource dispute. It is these contextual factors that play the major role in the political 

ecology literature.  

In different research, Turner (2004) asked a question similar to Amery (2002) – are conflicts 

actually over natural resources or are these social conflicts in which natural resources are only 

implicated?” (p. 870). Turner used research on farmer-herder conflicts in Africa to illustrate the 

broader differences between the political ecology literature and the environmental security and 

CPR literatures. He specifically presents the complex farmer-herder relationships in the complete 

social, political and economic context of the issue where the struggle over resources is just a 

superficial reflection of wider social tensions. Taking the emotional context of natural resource 

conflict even further by drawing on feminist political ecology and emotional geography 

literature, Sultana (2011) illustrates how “emotions come to matter in nature-society relations 

and influence how and why people use, access, control and conflict over resource the ways they 

do,” (p. 163). In her study of arsenic contaminated water in Bangladesh, Sultana found the 

important context of water-society relations, particularly for women who typically fetch water 

for households and thus feel directly responsible for fulfilling the water needs of their families. 

As water contamination increased the local struggle for water, social tensions began reaching the 

breaking point at safe water sources with the conflict taking place between women.  

Another thread of the political ecology literature concerns ethical dimensions of the proper 

management of shared resources. There is perceptible bias in the extant literature, having 

identified a propensity for conflict because of resource scarcity, and defining the issue itself as 

resource scarcity – primarily scarcity of minerals, fish, water, and territory. The environmental 

security literature claims that the resource scarcity is absolute scarcity. However, Gledistch 

(1998) asks if there is resource scarcity at all, or is the actual issue environmental degradation? 

Certainly, all resources are scarce, in one way or another, and it is an economic fact that conflict 

(although not frequently violent) derives from scarcity and conflicts of interest in the distribution 

and consumption of these scarce resources. But the author makes the rare distinction between 
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actual resource scarcity and the depletion of the quantity and quality of existing resources 

through environmental mismanagement, intentional or not. Gleditsch (1998) offers an example 

of air pollution degrading the quality of air in metropolitan areas worldwide to the degree that 

what was once an unlimited public good (clean air) is now scarce in those areas (p. 387). This 

kind of difference between perceived “good” usage of scarce resources is another contextual 

factor that can play a role in the escalation of resource conflicts.  

 

Hydro-Hegemony 

Environmental security, common pool resources and political ecology are the three main 

themes of the resource-conflict literature, but the contribution of recent scholarship has added 

another dimension to the debate. While political ecology considers the wide variety of social, 

political and economic relationships that influence resource scarcity conflict or cooperation, it 

may be that the range of factors is too diverse. In their Framework of Hydro-Hegemony, Zeitoun 

and Warner (2006) focus on the role of power asymmetry in answering the question of “who gets 

how much water, how and why?” (p. 435). 

Unlike the other theories in the resource-conflict debate, hydro-hegemony considers varying 

intensities of conflict rather than the dichotomous outcomes of conflict or cooperation. By 

pairing power relations (and the evident asymmetries of those relations) and conflict intensities, 

Zeitoun and Warner (2006) build a framework of water conflict prediction, and provide a more 

coherent understanding of riparian behavior. The biggest failure of other themes in the resource-

conflict literature is the failure to provide evidence of the predicted “water wars” – while the 

theories support a tendency for conflict, these water wars do not appear. The authors propose that 

“the absence of war does not mean the absence of conflict,” (Zeitoun & Warner 2006, p. 437).  

The term hegemon in hydro-hegemony is used from a value-free perspective, without the 

common negative connotation. In hydro-hegemony, “’hegemony’ is understood to mean 

preponderant influence maintained by the first among (formal) equals through a mix of coercion 

(force) and authority (consent),” (Zeitoun & Allan, 2008, p. 9). The authors differentiate between 

positive and negative hegemons: Positive hegemons act as leaders of all the riparians of the 

shared waterway and define rules of the game whereby all, or most, riparians benefit. 
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Conversely, negative hegemons practice a dominant form of hydro-hegemony where there is 

perceptible inequity between the hegemon and the remaining riparians. However, in most hydro-

hegemonic situations, the hegemon is neither perfectly positive nor perfectly negative, but lies 

somewhere in between. Hydro-hegemons fill the power vacuum created by the lack of order and 

leadership left by the vague and contradictory principles of international water law, primarily 

relying on informal processes to shape water-use outcomes. Positive hegemons act as 

intermediaries and bring about cooperative policies (Zeitoun & Allan, 2008).  

Furthermore, these power asymmetries that define hydro-hegemony are not the result of 

international law or even position along the water (upstream or downstream), so the hydro-

hegemon of a transboundary waterway is not always obvious. For example, Turkey is an 

upstream hegemon, while Egypt is a downstream hegemon. Ethiopia is upstream, but is not a 

hegemon, while Mexico is downstream and also not a hegemon (Zeitoun & Allan, 2008).  

Hydro-hegemony theory is, in essence, the political economy of water. Political economy is 

the study of social relationships, particularly the power relationships that mutually constitute the 

production, distribution and consumption of resources; therefore, power asymmetry is a process 

of political economy. It is an economic fact that in the long-run, a diverse economy will prevail 

over the economy that depends heavily on natural resources. Likewise, a diverse and strong 

political economy includes the ability of the economy (and state) to adapt. With this social 

adaptive capacity, the economy is capable of employing its other factors of production to fill the 

deficiency gap of deficient natural resources. When this adaptation takes place, there is no need 

for a hegemonic approach to manage waterways, even in water scarce areas (Zeitoun & Allan, 

2008). 

However, these are all generally qualitative approaches, and hydro-hegemony theory in 

particular led to a growth in quantitative studies investigating the determinants of conflict, or 

cooperation, in shared river basins. There is some research that suggests that rivers in particular 

are a current and probable future cause of conflict (see Westing, 1986; Gleick, 1993; Homer-

Dixon, 1994; Butts 1997). Yet there is more recent research that offers evidence of a tendency 

for cooperation in various forms between riparians, including bilateral or multilateral treaties and 

other forms of international organization such as river basin organizations. Wolf et al. (2003) 
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analyze all water-related events in a 50 year timeframe and find that cooperative events are 

between 60-82 percent of total water events: there is far more cooperation between riparians than 

conflict.  

Focus on collecting and analyzing water event data led to empirical studies dedicated to 

explaining treaty formation among river sharing countries. The Transboundary Freshwater 

Dispute Database (TFDD), established at Oregon State University (Wolf, 1999; Wolf et al., 

2003), is a rich dataset for researchers and provides the basis of most river basin treaty formation 

analysis. Song and Whittington (2004) use the TFDD and find that cooperative behavior in river 

basins depends on economic and political asymmetries between country dyads. Zawahri and 

Mitchell (2011) find that although governance is often fragmented – bilateral treaty occurrence 

when multilateral treaties are possible – there are nevertheless recognizable characteristics in 

river sharing dyads that make cooperation more likely. Kalbhenn (2011) creates her own dataset 

with a shortened timeframe and finds that more liberal factors encourage cooperation between 

dyadic riparians; Bernauer and Böhmelt (2014) expand the research of this new dataset, applying 

predictive models to forecast conflict or cooperation in a given basin, using the common 

explanatory variables in river basin research.3 Brochmann (2012) relies on the TFDD data to test 

whether treaty formation in river basins encourages future cooperation, finding that treaties are in 

fact a catalyst for increased cooperation.  

These studies make a solid contribution for explaining why countries may or may not form 

treaties in river basins; however, virtually all river basin research follows theoretical and 

empirical precedent in international relations research by employing dyadic research design, 

even when focusing on multilateral events. And therein lies the major flaw of river basin 

research: the literature does not appropriately represent multilateral events, which are the most 

intriguing interactions between river sharing countries. The three studies presented here address 

issues related to this flaw. 

                                                 

3 Common explanatory variables in river basin conflict/cooperation research include measures of water dependence, 

precipitation, territory in a basin, number of states in a basin, upstream/downstream power, and democracy, among other 

measures that vary between studies. 
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The first study in Chapter Two revisits a published study that made a significant contribution 

to the transboundary water literature. Zawahri and Mitchell (2011) noticed that in many cases, 

the countries of multilateral basins engage in bilateral agreements, so they test the determinants 

of treaty formation between differing basin structures. They analyze three scenarios: bilateral 

treaties in bilateral basins, bilateral treaties in multilateral basins, and multilateral treaties in 

multilateral basins. However, the authors use the same dyadic dataset to test multilateral basin 

interactions. Following recent research that suggests that dyadic data may not produce accurate 

results for multilateral events (see Poast, 2010, 2016; Cranmer et al., 2012; Cranmer & 

Desmarais, 2016), I transform the dyad-year units of analysis to basin-year units of analysis and 

test the same independent variables to see how robust the model is to a fundamental change in 

data structure.   

The second study in Chapter Three builds on the results of the first study. In addition to the 

improper modeling of multilateral systems, current river basin research also does not 

appropriately consider cases of plural-lateral treaties. These are cases where some, but not all, 

countries in a multilateral river basin form an agreement. A plularal-lateral treaty is considered a 

multilateral treaty, but is quite different than a treaty made by all members of basin. Consider the 

Danube River and its 17 riparians: A multilateral agreement in that basin may consist of all 17 

riparian states, or 15, or 9, or just 3 (and any combination of states in between). Using 

combinatorics, I create a completely new dataset that includes all the possible combinations of 

treaty formation for all 80 multilateral river basins in the world. In essence, this is a dataset that 

includes the entire counterfactual of river-related cooperation possibilities for the time period of 

the study and is virtually the entire universe of known data in that context. 

The third and final study in Chapter Four addresses a common finding from Chapters Two 

and Three, which both showed interesting differences in the sign and significance of the 

distribution of power variable between the dyadic and basin-year models. This finding is 

contrary to the theory that power parity encourages cooperation (Tir & Ackerman, 2009). I 

believe that this difference is due to a measurement error. Nearly all river basin research that 

addresses power asymmetry in river basins uses the ubiquitous Composite Index of National 

Capabilities (CINC) score (Singer et al., 1972; Singer, 1988). The original intent of CINC score 
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usage was clear: it measures the ability of a country to prevail when in conflict with another, 

based on each country’s capabilities relative to the other countries in the international system 

(Singer et al., 1972). While the CINC measure is useful as an explanatory variable in conflict 

studies, it is far less meaningful when trying to explain cooperation between nations, as 

cooperation is not only achieved through coercion but also through positive interaction. 

Therefore, I construct a new measure of power specifically in the context of river basin 

interaction and conduct sensitivity analyses to determine the efficacy of the new measure. 

These three studies as a whole address the problem of modeling multilateral events in river 

basin research. I will show that careful modeling of multilateral systems offers more information 

of the dynamics of riparian decision-making in multilateral basins. More generally, these studies 

offer a blueprint for solving a common problem in international relations research that involves 

constrained multilateral systems, i.e., multilateral systems that have defined participants and 

cannot randomly add participants. A military alliance, for example, is not a constrained system, 

but territorial water agreements are made within constrained systems. The methodology offered 

in these studies could easily be applied to similar contexts. Furthermore, the “all combinations” 

dataset offers a rich source of data for others researching river basin dynamics. 
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Abstract 

It is important to understand when and why states choose to exclude fellow riparians from water 

treaties in multilateral river basins. Although approximately one-third of worldwide shared river 

basins involve more than two countries, the current river basin conflict and cooperation literature 

employs dyadic research design. This unique study expands the current body of knowledge of 

transboundary water treaty formation by using basin-year data design to more intuitively 

represent multilateral systems and model the inherent decision-making interdependence between 

all states in a river basin. Furthermore, basin-year data design allows for differentiation of 

multilateral treaty occurrence that includes some, but not all, states in a shared river basin and a 

complete counterfactual of all possible, but unrealized, treaties. This study discusses 

measurement and analytic challenges of basin-year data as well as a robustness comparison to 

provide fresh understanding of the advantages and limitations of this methodology in 

international relations research. 
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Introduction 

Of all the water on Earth, 97 percent is salt water and only one percent of the remaining fresh 

water is readily accessible for human use. Furthermore, this one percent of accessible freshwater 

is distributed extremely unequally. The most water abundant countries are Brazil, Canada, 

Iceland and Russia; meanwhile, island states such as Malta and the Maldives, along with many 

of the North African countries, suffer debilitating water shortages. Rivers are the primary source 

of water for human consumption and production: the lifeblood of civilization. Indeed, water is 

essential to a nation’s survival from the basic survival of the population to the survival of the 

economy. Given the geographical diffusion of water accessibility, the governance of shared 

transboundary waterways is relevant to virtually everyone on the planet.  

Likely because of this universal relevance, transboundary water governance has enjoyed 

increasing attention in the academic and policy literature. Scarcity of this essential natural 

resource leads to intense domestic and international political pressure for practical solutions. 

There is some research that suggests that rivers in particular are a current and probable future 

cause of conflict (see Westing, 1986; Gleick, 1993; Homer-Dixon, 1994; Butts 1997). Yet there 

is more recent research that offers evidence of a tendency for cooperation in various forms 

between riparians, including bilateral or multilateral treaties and other forms of international 

organization such as river basin organizations. Wolf et al. (2003) analyze all water-related events 

in a 50 year timeframe and find that cooperative events are between 60-82 percent of total water 

events: there is far more cooperation between riparians than conflict.  

Focus on collecting and analyzing water event data led to empirical studies dedicated to 

explaining treaty formation among river sharing countries. The Transboundary Freshwater 

Dispute Database (TFDD), established at Oregon State University (Wolf et al., 1999, 2003), is a 

rich dataset for researchers and provides the basis of most river basin treaty formation analysis. 

Song and Whittington (2004) use the TFDD and find that cooperative behavior in river basins 

depends on economic and political asymmetries between country dyads. Zawahri and Mitchell 

(2011) find that although governance is often fragmented – bilateral treaty occurrence when 

multilateral treaties are possible – there are nevertheless recognizable characteristics in river 

sharing dyads that make cooperation more likely. Kalbhenn (2011) creates her own dataset with 
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a shortened timeframe and finds that more liberal factors encourage cooperation between dyadic 

riparians; Bernauer and Böhmelt (2014) expand the research of this new dataset, applying 

predictive models to forecast conflict or cooperation in a given basin, using the common 

explanatory variables in river basin research4. Brochmann (2012) relies on the TFDD data to test 

whether treaty formation in river basins encourages future cooperation, finding that treaties are in 

fact a catalyst for increased cooperation.  

These studies make a solid contribution for explaining why countries may or may not form 

treaties in river basins; however, virtually all river basin research follows theoretical and 

empirical precedent in international relations research by employing dyadic research design, 

even when focusing on multilateral events. Despite its analytical expedience, dyadic analysis 

may not provide the most accurate representation of multilateral systems because dyads in 

multilateral agreements are not independent (Poast 2010). Are the results of dyadic analysis of 

river basin treaty formation robust to a change in the unit of analysis? This research contributes 

transboundary water literature by modeling multilateral river basins in a new way, taking into 

account the inherent decision-making interdependence between riparian states.5 I show that 

changing the unit of analysis produces different results, offering evidence that multilateral 

systems should be modeled differently to account for their unique dynamics. 

The next section considers the limitations of dyadic data for multilateral system research. The 

third section then describes the new data design and method. The fourth section revisits an 

existing study on international river basin cooperation that uses dyadic data, replacing it with the 

new basin-year dataset, and summarizes the effect of the change in unit of analysis. The fifth 

section confronts some measurement challenges resulting from the change in unit of analysis and 

shows more refined results using the new data design. The research then concludes with a 

discussion of the implications of this redesigned dataset for existing and future research.  

                                                 

4 Common explanatory variables in river basin conflict/cooperation research include measures of water dependence, 

precipitation, territory in a basin, number of states in a basin, upstream/downstream power, and democracy, among other 

measures that vary between studies. 

5 This research is not intended to expand the discussion of or reveal new determinants of treaty formation in international river 

basins. There exists sufficient literature that offers evidence supporting the factors of treaty formation that will be tested in this 

analysis (see Bernauer, 1997; Song and Whittington, 2004; Kalbhenn, 2011; Zawahri and Mitchell, 2011; Brochmann, 2012). 
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Finally, river basin data is contextually specific, particularly when the basin is the unit of 

analysis, so it may be helpful to illustrate what constitutes a river basin. For example, the Volta 

River basin in West Africa contains six riparian states: Mali (the most upstream state), Ghana 

(the most downstream state), Benin, Burkina Faso, Ivory Coast and Togo. (See Figure 2.1.)  

 

 
Figure 2.1. Volta River basin (Tufts Wikis Aquapedia, 2009) 

 

 

What’s wrong with dyads? 

There is no question that dyad-years remain the most common research design in quantitative 

international relations research. Consequently, most river basin research follows this trend by 

constructing the dataset with a dyad-year unit of analysis. Dyadic design is sensible for the 

majority of international river basins, because most basins are bilateral with only two countries 

sharing the river. Yet about one-third of international river basins are multilateral, with three or 

more countries sharing the river. Cranmer et al. (2012) identify two challenges that apply to 

multilateral river basin analysis in particular: the assumption of independence between 

observations and inflation of the observation count.  
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Despite the classical regression model requirement of independent and identically distributed 

(i.i.d) data, there is a certain level of interdependence between dyads of a multilateral system. 

When testing the key indicators of treaty formation, researchers cannot assume that any dyad 

enters into an agreement, even a bilateral one, with no knowledge or care for the actions of other 

actors in a multilateral system. Consider the difference in spatial interdependence between basin-

year units of analysis and dyad-year units of analysis: while there may occasionally be instances 

where decision-making in one basin has an effect on decision-making in another basin, we would 

certainly expect that all dyads from a given basin emanate spatial interdependence with all other 

dyads in the same basin. Given dyad ij, the decision between country i and country j to form a 

treaty must depend, at least in part, on whether country i and country j have entered into 

agreements with countries besides each other. In the context of river basin treaty formation, the 

idea that the likelihood of a state entering into an agreement with another state, or group of 

states, within a shared river basin without considering the activity of fellow riparians is simply 

not a reasonable assumption. While other classical regression assumptions can possibly be 

violated without serious consequences, violating independence can produce biased results that 

overestimate the effect of variables of interest on the outcome variable.  

This is not to say that there are not tenable solutions to the interdependence problem. 

Kalbhenn (2011) employs spatial lag variables to support this intuitive theory that river sharing 

countries do not independently decide to cooperate with others in the same basin. Poast (2016) 

lists several studies that seem to have dealt with interdependence among dyads, but mostly when 

addressing a geographical proximity research question or when testing a theory particular to 

dyads. Cranmer and Desmarais (2016) state that if the research question is in reference to a 

whole network, alliances in their case, dyads are simply not appropriate.  

While lack of independence between observations is itself a serious transgression, dyadic 

data in the multilateral river basin context also suffers from observation inflation. Suppose there 

is a river basin with four riparian states: this four-state basin generates six dyads in the dataset. 

Then suppose that all four states engage in a multilateral agreement in a given year: instead of 

counting one treaty event for that year, the dataset counts six. If we expand the river basin to six 

riparian states, like the Volta River basin shown above, there are 15 dyads represented in the 
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dataset. Furthermore, there are substantially more years that do not produce a treaty formation 

event, bilateral or multilateral. This means that for this theoretical four-state basin, instead of one 

non-treaty event counted for the dependent variable, the dataset provides six negative outcomes 

on the dependent variable for each year. Given that 80 of the more than 260 international river 

basins of the world are multilateral, dyadic design results in thousands of additional 

observations, the majority of them being non-events. This type of data design may weaken the 

validity of results, as a large number of the observations are simply a byproduct of data handling. 

Research shows us that statistical significance is a function of sample size; therefore, an inflated 

N in a dyadic dataset increases the chance of significance for even minor effects.  

Notably, Poast treats the problem of multilateral events as even more worrying than 

interdependence, writing, “It is highly unlikely that multilateral events can be made to fit within 

a dyadic research design,” (Poast, 2016, p. 371). He suggests that multilateral events are 

influenced by more than just the actions of the constituent dyads and that dyads do not capture 

the fundamental processes at play in a multilateral outcome. 

Dyadic modeling of multilateral systems introduces other issues: dyadic data violates the 

assumption of exchangeability, and finally, we cannot assume homogeneity in dyadic 

observations of multilateral systems. (See King, 2001.)  

Design & method 

This study considers cases of treaty formation from 1816 to 2007 in the 80 multilateral river 

basins on the planet, representing the universe of known cases in this time period. The TFDD 

data comprises the bulk of the dataset, although some independent variable data described below 

comes from alternative sources.    

Basin-year unit of analysis groups the riparians of each basin together as a single actor, while 

dyad-year data design represents interactions between actors in a given basin as pairs of 

countries. As Diehl and Wright (2016) point out, researchers should choose the level of analysis 

that best reflects the outcome of interest in the real world, although all modeling choices are 

simplifications of reality (p. 363). Given the focus on multilateral interactions and the challenges 

of dyadic analysis described in the previous section, I reshaped the data to basin-year 

observations to investigate the robustness of analysis to a change in unit of analysis. This data 
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transformation results in a substantially decreased count of 5,470 observations compared to 

21,187 multilateral basin observations in the dyad-year data. Similarly, dyadic data resulted in a 

total of 436 treaty events for multilateral basins while basin-year data produces only 193 total 

treaty events; these differences are too large to ignore and justify the data transformation choice. 

Dependent variable 

In simplest terms the dependent variable is a zero or one indicator of whether the riparians of 

that particular river basin entered into a treaty in that basin-year, with one indicating a positive 

outcome. In the context of this analysis, a treaty is considered if its content is related to water as 

a consumable resource, e.g., treaties regarding water quality, water allocation, irrigation, river 

infrastructure or hydropower. Treaties regarding rivers as political boundaries or trade-related 

river issues are not included. 

Independent variables 

Following existing research, this analysis maintains three common conceptual categories of 

independent variables: state interest, transaction costs and distribution of power. For the most 

robust comparison, these categories are operationalized with identical measurements from dyad-

year units of analysis. The concept of state interest is defined as riparian states’ current 

dependence, or expected future dependence, on the shared river to meet domestic freshwater 

needs. Zawahri and Mitchell (2011) hypothesize that treaty formation in general will increase as 

a state’s dependence increases, because access to freshwater is a matter of national security. State 

interest is operationalized here with three measures: The first measure is the percentage land area 

of the state that is in the basin. While this measure could be constructed from multiple sources, it 

was available in the TFDD database and was first recorded in the International River Basin 

Registry (Wolf, 1999). Second, the dataset includes a measure of the percentage of the state’s 

water needs met from sources outside the state. The final indicator of state interest is the state’s 

average precipitation rate. Both the water dependence and precipitation information is provided 

by the United Nations AQUASTAT Database which is maintained by the Food and Agriculture 

Organization (FAO). For the best comparison to Zawahri and Mitchell (2011) all three of these 

measures are recorded by the weakest link principle (Oneal & Russett, 1997), using the lowest 
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value across riparian countries for each respective basin-year observation; Zawahri and Mitchell 

used the weakest link within each dyad while I use the weakest link within each basin-year 

observation. 

The concept of transaction costs is defined as the costs states incur from collecting 

information, negotiating, drafting and enforcing agreements with their fellow riparians with the 

expectation that treaty formation is less likely to occur as transaction costs increase, particularly 

in multilateral basins. Transactions costs are operationalized with another two indicators: The 

first measure is the lowest Polity IV score in the basin-year observation (which is democracy 

minus autocracy, where -10 is most autocratic and +10 is most democratic in a variety of 

categories of domestic institutions), while the second is simply the number of states in the basin. 

The rationale for the first measure is that democratic states are more likely to seek cooperation 

with their fellow riparians while autocratic leaning states may resist cooperation. Furthermore, it 

seems intuitive that transaction costs would be lower in multilateral agreement making the lower 

the number of states in a basin. 

Finally, the distribution of power concept describes the neorealist idea of fear of relative 

gains by the most powerful states in each basin, although there is the possibility of cooperation 

when there is more power parity within the basin. Based on hegemonic stability theory, this 

suggests that the powerful states prefer bilateral treaties to reduce other states’ relative gains. The 

hypothesis in Zawahri and Mitchell (2011) is that bilateral treaties are more likely, even in 

multilateral basins, when there is clear power asymmetry while power parity makes multilateral 

agreements more likely. State power is operationalized with the Composite Index of National 

Capabilities (CINC) score (Singer, 1988) obtained from the Correlates of War Project dataset. 

This measure is recorded according to the state’s geographical position in the basin, with only 

the most upstream and most downstream riparians being considered in the model. 

Methodologically, I use two logistic regression models to test these theories about the 

fragmented nature of river basin governance with basin-year data. The first model tests only 

bilateral agreements in multilateral basins, while the second tests multilateral agreements in 

multilateral basins.  
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Testing basin-year data 

To test the efficacy of the basin-year data, I revisit a recently published quantitative study 

that makes a significant contribution to the transboundary water literature by identifying 

determinants of treaty structure in multilateral basins, testing both occurrence of bilateral treaties 

in multilateral basins and occurrence of multilateral treaties in multilateral basins (Zawahri & 

Mitchell, 2011).6 The authors find it puzzling that in many cases, riparian states of multilateral 

basins nonetheless choose to engage in bilateral agreements, resulting in fragmented governance 

within the basin. In the context of river basin cooperation and conflict, it is important to 

understand why states may exclude fellow riparians from water treaties in multilateral basins, as 

the exclusion leaves some states in a basin without the benefit of cooperation. Fragmented 

governance is particularly vexing in the policy context, as it challenges the conventional wisdom 

that international river basins should follow an integrated management approach for optimal use 

of the water resources. Are dyadic results robust to a change to basin-year units of analysis? The 

expectation is that basin-year units of analysis will produce substantively different results than 

dyad-year units of analysis.  

Table 2.1 shows the logit estimates (with robust standard errors) of the first model which 

does, in fact, have some key differences between units of analysis. For instance, in two cases 

under different categories, significant variables change the sign of effect. Using dyad-year 

analysis, the number of states in a basin has an inverse effect on bilateral treaty formation: as the 

number of basin states increases, the likelihood of bilateral treaties decreases. Basin-year 

analysis reverses this effect: as the number of basin states increases, the likelihood of bilateral 

treaty formation also increases. Zawahri and Mitchell (2011) suggest that the dyadic finding may 

be a function of the increased number of observations for multilateral agreements; therefore, this 

result offers evidence that the authors’ intuition was correct – data design matters when 

analyzing multilateral systems.   

 

                                                 

6 Zawahri and Mitchell (2011) also test occurrence of bilateral treaties in bilateral basins to compare determinants of treaty 

formation across basin type. My research focuses only on multilateral basins and therefore does not consider the unique 

dynamics of bilateral treaties in bilateral basins. 
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Table 2.1. Unit of Analysis Change – Bilateral Treaties in Multilateral Basins 

Bilateral Treaties in Multilateral Basins   

 

  

  Dyad-Year Basin-Year 

State interest   

 

    

% Lowest area in basin 0.007 (0.004) -0.013 (0.015) 

Lowest water dependence 0.015 (0.005)**  0.0395 (0.011)*** 

Lowest avg. precipitation -0.0007 (0.0002)** -0.0012 (0.0003)*** 

          

Transaction Costs         

Lowest polity score 0.05 (0.01)**  0.068 (0.014)*** 

Number of basin states -0.05 (0.02)*  0.0697 (0.025)*** 

Contiguity 1.91 (0.53)**  omitted 

Same legal system 1.33 (0.24)**  omitted 

          

Distribution of power         

Upstream state CINC 4.18 (1.99)*  3.01 (1.28)** 

Downstream state CINC 5.86 (1.97)** -3.13 (3.06) 

Constant -7.23 (0.62)** -3.42 (0.246)*** 

  N = 21,187 N = 5,470 

  Chi2 = 193.14 (p < .001) Chi2 = 101.18 (p < .001) 

  Pseudo-R2 = 0.09 Pseudo-R2 = 0.07 

 

Another interesting difference is in the sign and significance of the distribution of power in a 

basin. Dyadically, both upstream and downstream power in a multilateral basin have a 

significantly direct effect on bilateral treaty formation; however, basin-year analysis produces 

this result for only the most upstream state in the basin. Basin-year analysis produces not only an 

opposite effect of downstream power (inverse relationship to bilateral treaty formation), but it 

also eliminates the significance of the downstream power variable altogether. While this result 

affirms the original conclusion that upstream states with power tend to engage cooperatively, it is 

contrary to the theory that power parity encourages cooperation (Tir & Ackerman, 2009). In fact, 

this result seems to support the hypothesis in Song and Whittington (2004) that power matters 

when a powerful state can exert influence over a weaker state, but not so much when both states 

are close to equally powerful; Brochmann and Gleditsch (2012) similarly suggest that river basin 

relationships are inherently asymmetric and this result supports that assumption. 
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Table 2.2. Unit of Analysis Change – Multilateral Treaties in Multilateral Basins 

Multilateral Treaties in Multilateral Basins   

 

  

  Dyad-Year Basin-Year 

State interest   

 

    

% Lowest area in basin -0.007 (0.005) -0.048 (0.029) 

Lowest water dependence 0.004 (0.003) -0.0007 (0.023) 

Lowest avg. precipitation -0.0006 (0.0002)** -0.0023 (0.0005)*** 

          

Transaction Costs         

Lowest polity score 0.02 (0.01)* 0.087 (0.025)*** 

Number of basin states 0.09 (0.01)** 0.181 (0.048)*** 

Contiguity 0.46 (0.17)** omitted 

Same legal system 0.32 (0.13)* omitted 

          

Distribution of power         

Upstream state CINC -7.7 (2.31)** -2.56 (2.46) 

Downstream state CINC -14.7 (4.70)** -21.11 (6.91)*** 

Constant -4.8 (0.21)** -3.84 (0.393)*** 

  N = 21,187 N = 5,470 

  Chi2 = 190.77 (p < .001) Chi2 = 85.12 (p < .001) 

  Pseudo-R2 = 0.05 Pseudo-R2 = 0.12 

 
 

I also tested the effects of the key variables for multilateral treaties in multilateral basins; 

Table 2.2 shows the differences between dyad-year and basin-year units of analysis. The only 

noticeable change in estimates in this second model is again under the distribution of power 

category. While the effects retain the same sign as dyadic analysis, basin-year analysis renders 

upstream power insignificant; there is also a perceptible change in the magnitude and 

significance of the downstream power effect. The latter result conflicts with the popular theories 

of power effects in riparian interaction. Researchers rarely claim that a downstream riparian’s 

power differential is important; however, there is at least one real-world case where this has been 

observed. Egypt, the most downstream state on the Nile River, is considered the hegemon of that 

basin and regularly avoids cooperating with its fellow riparians. This behavior is in line with 

quantitative results that suggest that a powerful downstream state is far more likely to not form 

multilateral agreements with its neighbors on a shared river. 

Differing results in these models reveal two things: First, there is meaningful evidence that 

dyadic analysis of multilateral systems is not robust to a change in the unit of analysis, 
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suggesting that data design matters. Second, the determinants of river basin treaty formation may 

not be as straightforward as previously thought, particularly regarding power asymmetries which 

have long been considered an important factor in river basin cooperation. Previous k-adic data 

research has been limited to analysis of military alliances (Fordham & Poast, 2014) and it was 

not known if the k-adic idea would be generalizable to other subsets of international relations. 

With these results it appears that the idea of moving away from dyads can travel across other 

actor groups, particularly those with constrained membership as in international river basins. 

Additionally, these results introduce uncertainty about the causal mechanisms of treaty formation 

in multilateral river basins. 

Measurement challenges and solutions  

Measurement of independent variables in basin-year data is not as intuitive as for the 

equivalent dyadic data. Oneal and Russett (1997) suggested using the lowest independent 

variable score for dyadic data in international relations and this method has been consistently 

used, including in Zawahri and Mitchell (2011) and therefore in this study for comparison 

purposes. However, Poast (2010) points out that the weakest link is not as logical for other types 

of data design, including k-adic data and by extension, this data containing multiple country data 

points in a single basin-year observation.  

Consider the 17 riparian states of the Danube: why should the lowest Polity score of that 

basin determine the transactions costs of the entire group? Instead, Poast suggests using a 

proportion of the states in a k-ad, or some other continuous measure to better model the reality of 

the system. In the context of multilateral river basins, a more reasonable solution may be to 

consider the standard deviation of all the democracy scores for each basin-year observation. This 

approach measures the dispersion of democracy among the riparians and better models the 

variation within the basin; this method is a satisfactory substitute for the other “weakest link” 

measures as well, which includes all the independent variables except number of states in the 

basin. 

Table 2.3 and Table 2.4 show a reanalysis of each model, replacing the weakest link 

measures with standard deviation measures of each independent variable (except number of 

countries in a basin) to model variation within a given basin. Modeling variation within the basin 
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produces a loss of significance in many of the fundamental variables in the first model (Table 

2.3). The only conceptual category that continues to show an effect is transaction costs, with 

Polity score and number of states in the basin being significant factors in formation of bilateral 

treaties in multilateral basins. An interpretation of this could be that as the number of states in a 

multilateral basin increases, riparians are more likely to engage in bilateral treaties, and they do 

so when their neighbors are more like them in regime type. 

Table 2.3. Measurement Change – Bilateral Treaties in Multilateral Basins 

Bilateral Treaties in Multilateral Basins     

  Weakest Link Standard Deviation of IVs 

State interest         

Lowest/SD % area in basin -0.013 (0.015) -0.008 (.009) 

Lowest/SD water dependence 0.0395 (0.011)*** -0.005 (.010) 

Lowest/SD avg. precipitation -0.0012 (0.0003)*** -0.0002 (.0004) 

          

Transaction Costs         

Lowest/SD Polity score 0.068 (0.014)*** 0.0697 (.033)* 

Number of basin states 0.0697 (0.025)** 0.127 (.023)*** 

Contiguity omitted omitted 

Same legal system omitted omitted 

          

Distribution of power         

SD of basin CINC     -1.53 (3.53) 

Upstream state CINC 3.01 (1.28)**     

Downstream state CINC -3.13 (3.06)     

Constant -3.42 (0.246)*** -4.08 (.358)*** 

  N = 5,470 N = 4,811 

  Chi2 = 101.18 (p < .001) Chi2 = 60.30 (p < .001) 

  Pseudo-R2 = 0.07 Pseudo-R2 = 0.04 

 

However, modeling variation within the basin produces even more different results in the 

second model (Table 2.4); all the indicator variables for both state interests and transaction costs 

are significant, although not always in the expected direction. Yet again, power is not significant. 

These dissimilar results between bilateral and multilateral treaty formation support the original 

supposition in Zawahri and Mitchell (2011) that different factors influence the choice of treaty 

type in multilateral river basins. 

 



 

31 

Table 2.4. Measurement Change – Multilateral Treaties in Multilateral Basins 

Multilateral Treaties in Multilateral Basins       

  Weakest Link Standard Deviation of IVs 

State interest         

Lowest/SD % area in basin -0.048 (0.029) -0.026 (.013)* 

Lowest/SD water dependence -0.0007 (0.023) 0.093 (.019)*** 

Lowest/SD avg. precipitation -0.0023 (0.0005)*** 0.0014 (.0007)* 

          

Transaction Costs         

Lowest/SD polity score 0.087 (0.025)*** -0.178 (.066)** 

Number of basin states 0.181 (0.048)*** 0.096 (.029)** 

Contiguity omitted omitted 

Same legal system omitted omitted 

          

Distribution of power         

SD of basin CINC     -2.00 (5.49) 

Upstream state CINC -2.56 (2.46)     

Downstream state CINC -21.11 (6.91)***     

Constant -3.84 (0.393)*** -6.56 (.712)*** 

  N = 5,470 N = 4,811 

  Chi2 = 85.12 (p < .001) Chi2 = 62.55 (p < .001) 

  Pseudo-R2 = 0.12 Pseudo-R2 = 0.04 

 

There are other measurement limitations to the data approach in this exploratory comparison 

of dyads to an aggregated unit of analysis. First, while the river basin actors participating in a 

bilateral agreement are unambiguous, the coding of multilateral agreements is not so 

straightforward. Consider the Danube River and its 17 riparians: A multilateral agreement in that 

basin may consist of all 17 riparian states, or 15, or 9, or just three (and any combination of states 

in between). These plural-lateral cases are not coded as such and present a challenge in the 

analysis of the data in this context.  

Related to this issue is a second limitation: what is a complete counterfactual in this context? 

Previous k-adic research of military alliances includes a randomly produced counterfactual of 

alliances that never happened, and for all intents and purposes likely never had the chance of 

happening (Fordham & Poast, 2014). A unique feature of river basin analysis is that the 

counterfactual does not have to be random at all. The Possibility Principle suggests that 

researchers only choose negative cases that have the possibility of success in the outcome of 
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interest (Mahoney & Goertz, 2004). In the multilateral river basin context this means all of the 

Danube River combinations described above and multitudes of combinations for the 80 other 

multilateral basins in the dataset; however, construction of such a counterfactual would mean 

having a dataset that included virtually the entire universe of river basin cooperation possibilities. 

Rare event data such as treaty occurrence present a final challenge: how do we demonstrate 

model effectiveness? Traditional logistic regression results would show marginal effects; 

however, the likelihood of treaty formation is always very low. Receiver Operator Characteristic 

(ROC) analysis offers an alternative way to visualize which model has predictive effectiveness. 

The following ROC plots demonstrate the predictive accuracy of the models tested in this 

analysis by plotting the true positive rate against the false positive rate. The 45-degree diagonal 

on the plot represents a 50 percent chance of a true positive of treaty occurrence and a 50 percent 

chance of a false positive. The farther the curve is above the diagonal, the more accurate the 

model. The area under the curve (AUC) numerically measures model accuracy for closer 

comparison.  

 

Figure 2.2. ROC plot (bilateral treaties) 
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As shown in Figure 2.2, dyadic data does, in fact, make a better prediction of bilateral treaty 

formation. With a much higher AUC of 0.789, this follows the conclusions of the literature that 

modeling interactions as to close to reality as possible increases the usefulness of the model. In 

this case, modeling bilateral interactions with dyads is entirely appropriate. Furthermore, this 

result confirms the general hypothesis of Zawahri and Mitchell (2011), who suggested that there 

are systemic differences among the determinants that lead to bilateral or multilateral treaties.  

However, Figure 2.3 illuminates an interesting finding: basin-level data is a better predictor 

of multilateral treaty formation, with an AUC of 0.800 compared to a dyadic AUC of 0.709.7 

While this is evidence in support of the Zawahri and Mitchell (2011) theory, it also suggests that 

the literature would benefit from more attention to data structure when analyzing multilateral 

systems. 

 

Figure 2.3. ROC plot (multilateral treaties) 

 

                                                 

7 Although there is virtually no difference between basin-level analysis with weakest link measures and standard deviation 

measures. 
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Conclusion 

Recent international relations research addresses an important question about international 

river basin treaty formation: why do riparians in multilateral basins sometimes engage in 

bilateral agreements, thereby excluding fellow riparians from the benefit of cooperation? This 

question is tested using theoretical concepts of state interests, transaction costs and distribution 

of power within a basin and reach the conclusion that these factors do play differing roles in 

treaty formation. However, the use of dyadic data to represent multilateral systems calls for a 

change in data design which produces substantively different statistical results and demonstrates 

that a change in the unit of analysis results in higher predictive accuracy in multilateral analysis. 

Having revisited a single existing study, this research offers evidence that it may be fruitful to 

reconsider other studies to evaluate how a change in unit of analysis alters results.  

This research also addressed particular measurement challenges associated with moving to 

basin-year or k-adic data design, with the goal of appropriately modeling variation of key 

indicators within basins, regardless of the number of riparian states that share the river. The 

statistical analysis shows that choosing measures that model variation differs from the traditional 

weakest link method. Further examination of existing studies may provide more evidence to 

support a unit of analysis change in river basin research. Finally, construction of a true k-adic 

dataset with all possible combinations of treaty formation in multilateral basins will offer the 

most versatile source for analysis of treaty formation. While basin-year data design and testing 

presents its own challenges, it may provide an alternative and more representative model of the 

dynamics of multilateral systems. 
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Abstract 

Why do some countries enter into agreements and not others? States will form alliances and 

treaties when and with other states they believe will benefit them the most. However, consider a 

transboundary river system with more than two riparian states: states are limited in their choice 

of treaty partners in this constrained multilateral system, yet we still observe bilateral and plural-

lateral treaties. How can we realistically model these cases where states make conscious choices 

about including or excluding potential treaty partners? 

Multilateral treaty formation data is coded in current river basin research as having occurred 

when any number of basin states reaches an agreement. Loss of information occurs when the 

agreement does not include all states in the basin. Given a constrained multilateral system, I 

make the assumption that any combination of actors can make an agreement. To properly code 

and test determinants of multilateral treaty formation, the data must include the entire 

counterfactual of possible, though mostly unrealized, agreements. This counterfactual provides 

realistically-represented observed data with the potential to predict future outcomes by 

resampling.  

Transboundary river basins are not the only constrained multilateral systems in international 

relations research; this methodology can be expanded to other territorial issues and agreement 

outcomes where possible partners are known and limited. 
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Introduction 

Of all the water on Earth, 97 percent is salt water and only one percent of the remaining fresh 

water is readily accessible for human use and then not equally distributed among an ever 

growing population. Given the geographical diffusion of water accessibility, responsible and 

equitable governance of shared transboundary waterways is relevant to virtually everyone on the 

planet. However, fresh water governance encompasses a spectrum of cooperation, with no 

obvious connection between cooperative events in multilateral basins around the world. For 

example, the Nile River basin now has 11 constituent countries, and has a long history of 

bilateral agreements between the strongest country, Egypt, and various other riparians. A 

majority of riparians agreed to a multilateral agreement in 2011, although not including Egypt or 

Sudan. Compare this governance behavior to the nine-country Zambezi River basin, also in 

Africa. Although there are also a few bilateral agreements in this basin, all nine riparian 

countries agreed to a multilateral agreement in 2004. These multilateral agreements are not the 

same: it is puzzling why some basins reach agreements that include all riparians while others 

cannot. Under what conditions do states cooperate over shared water resources? 

Despite several studies that suggest impending conflict over freshwater resources (see 

Westing, 1986; Gleick, 1993; Homer-Dixon, 1994; Butts 1997), there are more recent studies 

with evidence suggesting the prevalence of cooperation between river-sharing countries (see 

Wolf et al., 2003; Song & Whittington, 2004; Zawahri & Mitchell, 2011; Kalbhenn, 2011; 

Brochmann, 2012; Bernauer & Böhmelt, 2014). While these studies significantly advanced the 

literature in understanding how and why countries negotiate treaties related to freshwater 

governance, they all commonly employ dyadic data to analyze all river basins despite evidence 

that dyadic analysis may not provide the most accurate representation of multilateral systems 

(see Poast, 2010; Fordham & Poast, 2014; Cranmer & Desmarais, 2016; Diehl & Wright, 2016; 

Poast, 2016). 

This paper is a large N study of all multilateral river basins from 1950-2001, primarily 

focused on the creation of a complete counterfactual of multilateral river basin treaty formation 

in that time period. By using the most accurate depiction of events in the data, we can see 

mitigating factors more clearly. This work shows two important results: First, a simple change in 
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the unit of analysis reveals that data design matters. Second, the determinants of river basin 

treaty formation may not be as straightforward as previously thought.8 

The next section describes the new data design and method. The fourth section outlines the 

creation of a counterfactual dataset and shows results on that expanded data. The research then 

concludes with a discussion of the implications of this redesigned dataset for existing and future 

research.  

Data Design & Method 

While most of the river basins on Earth are bilateral, e.g., shared by only two countries, river 

basin research generally employs a dyad-year unit of analysis. Yet almost one-third of 

international river basins consist of three or more countries sharing the river. As addressed in 

Kim (2017), dyadic modeling introduces particular issues into the analysis such as observation 

inflation and ignoring interdependence of observations. Incorrectly assuming independence 

between observations can produce biased classical regression estimates and result in false 

conclusions (Cranmer et al., 2012). Furthermore, by creating a large number of observations, 

including incorrectly counting occurrence of success in the dependent variable, a dyadic dataset 

increases the chance of significance.  

The analysis in Kim (2017) showed that a simple change in unit of analysis – from dyad-year 

to basin-year observations – significantly altered outcomes. For instance, using dyad-year 

analysis, the number of states in a basin has an inverse effect on bilateral treaty formation: as the 

number of basin states increases, the likelihood of bilateral treaties decreases. Basin-year 

analysis reverses this effect: as the number of basin states increases, the likelihood of bilateral 

treaty formation also increases. Zawahri and Mitchell (2011) suggest that the dyadic finding may 

be a function of the increased number of observations for multilateral agreements; therefore, this 

result offers evidence that the authors’ intuition was correct – data design matters. Indeed, the 

latter finding makes sense intuitively: as the number of parties at the negotiating table increases, 

                                                 

8 Common explanatory variables in river basin conflict/cooperation research include measures of water dependence, 

precipitation, territory in a basin, number of states in a basin, upstream/downstream power, and democracy, among other 

measures that vary between studies. This analysis tests the new dataset against these previously used determinants (see 

Bernauer, 1997; Song and Whittington, 2004; Kalbhenn, 2011; Zawahri and Mitchell, 2011; Brochmann, 2012). 
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it should be more difficult to satisfy them all. We would expect for a larger group to not agree 

and therefore split up into smaller consensus-building units. 

Yet this change still did not capture the true structure of multilateral river basins as it counted 

multilateral treaties as any treaty with more than two riparian signatories. This still did not 

provide essential information about how river sharing countries come to agreements with their 

constrained environment. These results introduce uncertainty about the causal mechanisms of 

treaty formation in multilateral river basins and a more radical change in data design may offer 

answers. 

 

Building the counterfactual 

Mathematics provides an artless solution to creating this dataset. Using combinatorics, I 

expanded all the multilateral basin countries into their possible combinations. Table 3.1 shows 

the number of basins by number of riparians and the total number of possible combinations, 

which is 137,923 treaty-making combination possibilities in any given year, or more than one 

million observations per decade. Given this drastic increase in the size of the data, I made 

adjustments to the data. First, considering the sheer volume of possibilities for the Danube, I 

omitted it from the analysis as an outlier. This not only decreases the amount of observations, but 

also the number of successes in the binary outcome variable as the Danube is a particularly 

prolific river basin having concluded 31 treaties between 1950 and 2001.  

 

Table 3.1. Total number of treaty making combinations in a given basin-year 

 

Treaty Participants Total Total

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Combinations Basins Possibilities

Riparians

3 3 1 4 42 168

4 6 4 1 11 18 198

5 10 10 5 1 26 6 156

6 15 20 15 6 1 57 5 285

8 28 56 70 56 28 8 1 247 2 494

9 36 84 126 126 84 36 9 1 502 3 1,506

10 45 120 210 252 210 120 45 10 1 1,013 2 2,026

11 55 165 330 462 462 330 165 55 11 1 2,036 1 2,036

17 136 680 2,380 6,188 12,376 19,448 24,310 24,310 19,448 12,376 6,188 2,380 680 136 17 1 131,054 1 131,054

137,923

Applied Combinatorics:
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Another important clarification in the data is a temporally accurate accounting of the 

emergence of some multilateral river basins. While ultimately rare, instances of state creation or 

destruction should not be ignored in international relations research; therefore, these events are 

accurately portrayed in this dataset. For example, the dissolution of the USSR into its constituent 

parts in December 1991 created five newly multilateral basins that were previously either 

entirely contained in the USSR or a bilateral basin between the USSR and one other country. In 

fact, a time series of treaty formation for the study time period shown in Figure 3.1 reveals a 

general increase in treaty occurrence (of any type) following the these events. Furthermore, this 

dataset does not consider treaties concluded between colonial powers as happened frequently on 

the African continent between 1950 and the early 1960s, e.g., several treaties between Egypt and 

Great Britain concerning the Nile River basin. There are many African river basins that emerged 

as multilateral in that timeframe and subsequently concluded river basin treaties as independent 

states.  

 

Figure 3.1. Treaties by year (any type) 

 



 

43 

There are other measurement limitations to the data approach in this exploratory comparison 

of dyads to an aggregated unit of analysis. First, while the river basin actors participating in a 

bilateral agreement are unambiguous, the coding of multilateral agreements is not as 

straightforward. Consider the Niger River and its 10 riparians: A multilateral agreement in that 

basin may consist of all 10 riparian states, or eight, or five, or just three (and any combination of 

states in between). These plural-lateral cases are not coded as such and present a challenge in the 

analysis of the data in this context. The breakdown of treaty type in the data for this analysis as 

shown in Figure 3.2: there are a total of 195 treaties in the time period 1950-2001, with 137 

bilateral treaties, 58 treaties concluded between some but not all members of a basin, and only 18 

treaties negotiated between all riparians (Table 3.2 lists all fully multilateral treaties in the data).  

 

Figure 3.2. Treaties by type 

 

Coded in this manner for the first time, these 18 multilateral treaties provide observational 

evidence that the basin-year data in Kim (2017) was empirically sound. For example, Kim 

(2017) found that as the number of riparians in a basin increased, the likelihood of any kind of 

multilateral treaty decreased. The observational data in Table 3.2 support that finding, as only 

two river basins with more than four riparians were able to conclude a fully multilateral treaty in 

the timeframe of the analysis. Another observed trend, not yet empirically tested, is the fact that 

the majority of fully multilateral treaties are negotiated in river basins on the African continent. 
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These observations offer a sound basis for case studies to determine the special circumstances of 

the few basins that manage to attain full riparian cooperation. 

 

Table 3.2. Fully multilateral treaties, 1950-2001 

Year Basin Region # Riparians 

1956 Pasvik Europe 3 

1959 Pasvik Europe 3 

1963 Senegal Africa 4 

1964 Senegal Africa 4 

1968 Senegal Africa 4 

1969 La Plata South America 5 

1970 La Plata South America 5 

1970 Senegal Africa 4 

1973 Volta Africa 6 

1981 Gambia Africa 3 

1983 Maputo Africa 3 

1983 Umbeluzi Africa 3 

1987 Niger Africa 10 

1991 Incomati Africa 3 

1994 Schelde Europe 3 

1995 Tumen Asia 3 

1998 Lempa Central America 3 

2000 Orange Africa 4 

 

In the multilateral river basin context this means all of the Niger River combinations 

described above and multitudes of combinations for the 80 other multilateral basins in the 

dataset, resulting in virtually the entire universe of river basin cooperation possibilities. While 

there are a large number of observations, even when compared to dyads, each observation 
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models the multilateral system as it happened, counting treaty formation for the exact group that 

did or did not negotiate an agreement.  

What do the variables of this data look like? This analysis employs the same dependent and 

independent variables as Kim (2017), with summary statistics shown in Table 3.3. The 

dependent variables are a binary indicator with one indicating treaty success for a particular 

combination of basin member countries in a combination-basin-year unit of analysis. Four 

different dependent variables were tested, with treaty indicating the occurrence of any type of 

treaty, bilat indicating only bilateral treaties, multi indicating any combination of multilateral 

treaty, and all indicating only those treaties in which all members of a basin were signatories (as 

listed in Table 3.2). The independent variables are all continuous and include the number of 

states in a basin, the lowest polity value of the states in a basin, the lowest score of water 

dependence, the lowest average annual precipitation, and lowest land area of a state contained 

within basin boundaries. Finally, there are also the CINC scores of the most downstream 

(minpower) and most upstream (maxpower) state in the combination. 

 

Table 3.3. Summary statistics of counterfactual dataset 
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Results 

Now that a complete set of counterfactual data is available, how does it perform compared to 

the dyadic and basin-year analyses in Kim (2017)? The expectation is that the counterfactual 

analysis should be quite close to the dyadic result for bilateral treaties in multilateral basins. This 

is because the observations that have bilateral success mirror dyadic data. The only difference in 

the data is the additional counterfactual observations reflecting other possible yet unrealized 

treaties.  

 

Table 3.4. Bilateral treaties in multilateral basins 

 

Table 3.49 does, in fact, show that the counterfactual result closely resembles the original 

dyadic result. Other than increases in significance (likely attributable to the increase in 

observations), there is a notable change in the effect of power on the likelihood of treaty-making. 

While an increase in power is significant in a dyadic analysis, it is noticeably not significant 

when accounting for all other treaty-making possibilities. This finding contradicts the prevalent 

                                                 

9 Full estimates for counterfactual models are shown in the Chapter 3 Appendix. Full estimates for dyad-year and basin-year 

models are shown in Tables 2.1 (bilateral) and 2.2 (multilateral) in Chapter 2. 

Variable Dyad-Year Basin-Year Counterfactual 

% Lowest area in 
basin 

Positive Negative Positive*** 

Lowest water 
dependence 

Positive** Positive*** Positive*** 

Lowest avg. 
precipitation 

Negative** Negative*** Negative*** 

Lowest polity 
score 

Positive* Positive*** Positive*** 

Number of basin 
states 

Negative** Positive*** Negative*** 

Contiguity Positive** Omitted Negative 

Max Power Positive* Positive** Positive 

Min Power Positive** Negative Positive 
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international relations theory that power is plays an integral role in state-to-state interactions; for 

instance, the Tir and Ackerman (2009) theory that power parity encourages cooperation. 

There is, however, a different expectation for the counterfactual analysis of multilateral 

treaties in multilateral basins: this result should noticeably differ from the dyadic and basin-year 

analyses because the data have been substantially transformed. Table 3.5 shows that the 

counterfactual result diverges from the dyadic result with fewer significant determinants. Other 

than increases in significance (likely attributable to the increase in observations), there is a 

notable change in the effect of power on the likelihood of treaty-making. While an increase in 

power is significant in a dyadic analysis, it is noticeably not significant when accounting for all 

other treaty-making possibilities. 

 

Table 3.5. Multilateral treaties in multilateral basins 

 

 

 

 

 

 

 

 

 

 

 

 

While the analysis in Tables 3.4 and 3.5 is useful for direct comparison to Zawahri and 

Mitchell (2011), Kim (2017) noted that the using the lowest data point was not as logical for k-

ads as it was for dyads because this data contains multiple country data points in a single 

observation. Consider again the 10 riparian states of the Niger River basin: why should the 

lowest Polity score of that basin determine the transactions costs of the entire group? Following 

Poast (2010) and Kim (2017), the data is expanded to use the standard deviation of continuous 

Variable Dyad-Year Basin-Year Counterfactual 

% Lowest area in 
basin 

Negative Negative Negative 

Lowest water 
dependence 

Positive Negative Negative 

Lowest avg. 
precipitation 

Negative** Negative*** Negative*** 

Lowest polity 
score 

Positive* Positive*** Positive* 

Number of basin 
states 

Positive** Positive*** Negative*** 

Contiguity Positive** Omitted Positive 

Max Power Negative** Negative Positive 

Min Power Negative** Negative*** Negative 
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measures across the member countries of the basin to account for the variation within each basin. 

In this context, a standard deviation close to zero reveals that the data points of each 

combination-basin-year observation are close to the expected value of that particular set. A high 

standard deviation indicates that the combination data points are dispersed over a wider range of 

values, i.e., not as similar. This exposes more information about the composition of each river 

basin and its constituent members, allowing comparison of the results with common international 

relations theory.  

For example, Tir and Ackerman (2009) suggest that power parity encourages cooperation in 

interstate relations. The analysis in Kim (2017) and in this study suggest that for river basin 

interactions, this does not necessarily hold true. However, including the dispersion of power 

within a basin may offer further evidence towards this conclusion. In terms of the effect of power 

on treaty making, accounting for dispersion of power scores within a combination-basin-year 

unit produces an interesting result: for bilateral treaty outcomes (shown in Table 3.6), as the 

standard deviation of power between the two countries in the combination increases, power has a 

significant and positive effect on the likelihood of those countries coming to an agreement.  

 

Table 3.6. Bilateral treaties with standard deviation measurement 

 

Variable Dyad-Year Basin-Year Counterfactual 

% Lowest/SD area 
in basin 

Positive Neg / Neg Pos*** / Pos 

Lowest/SD water 
dependence 

Positive** Pos*** / Neg Pos*** / Neg 

Lowest/SD avg. 
precipitation 

Negative** Neg*** / Neg Neg*** / Neg*** 

Lowest/SD polity 
score 

Positive* Pos*** / Pos* Pos*** / Neg 

Number of basin 
states 

Negative** Pos*** / Pos*** Neg*** / Neg*** 

Contiguity Positive** Omitted Positive 

SD of basin CINC  Negative Positive** 
Max Power Positive* Positive** Positive 

Min Power Positive** Negative Positive 
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This does not support the theory that power parity encourages cooperation, but suggests instead 

that as one country in a treaty making pair is more powerful than another, a treaty is more likely. 

The effect is completely different for multilateral treaties (shown in Table 3.7): power is 

negative, insignificant and even smaller in magnitude. 

 

Table 3.7. Multilateral treaties with standard deviation measurement 

 

 

While the key conclusion from these model results is that measures of power do not behave 

as expected in interstate cooperation situations, it is also important to assess the true efficacy of 

this data. Regardless of significance in the independent variables, river basin treaty formation is 

an extremely rare event, rendering marginal effects estimation impractical.10 However, Receiver 

Operator Characteristic (ROC) analysis can predict model effectiveness (Kim, 2017). The ROC 

plots shown below plot the sensitivity and specificity of the binary classifier algorithms that are 

the various logit models above. Sensitivity reveals the fraction of combination-basin-year 

                                                 

10 There are, however, margins plots in the Chapter 3 appendix. 

Variable Dyad-Year Basin-Year Counterfactual 

% Lowest/SD area 
in basin 

Positive Neg / Neg* Neg / Neg 

Lowest/SD water 
dependence 

Positive** Neg / Pos*** Neg / Pos*** 

Lowest/SD avg. 
precipitation 

Negative** Neg*** / Pos* Neg*** / Pos 

Lowest/SD polity 
score 

Positive* Pos*** / Neg** Pos* / Neg 

Number of basin 
states 

Negative** Pos*** / Pos** Neg*** / Neg*** 

Contiguity Positive** Omitted Positive 

SD of basin CINC  Negative Negative 
Max Power Positive* Negative Positive 

Min Power Positive** Negative*** Positive 
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observations that the models correctly identify as success cases while specificity reveals the 

fraction of observations that the models correctly identify as non-success cases.  

Thus, the ROC curve visualizes the ability of the model to discriminate between those 

combinations of basin countries that make treaties and those that do not by computing the area 

under the curve (AUC). The 45 degree diagonal has an area of 0.50 and represents the cutoff 

point of a truly useless model in which the model is no better at identifying true positive treaty 

making success than flipping a coin. If the model was a perfect predictor of treaty making, with 

no false negatives or positives, the AUC would equal one. While none of these models is perfect, 

they do perform quite well. 

As shown in Figure 3.3, the predictive performance of the counterfactual dataset using the 

weakest link measures across all types of treaties results in a remarkably high AUC of 0.906 for 

any type of treaty occurrence in a multilateral basin and even higher 0.942 for bilateral treaties in 

multilateral basins. These numbers represent the probability that a randomly selected 

combination will be correctly classified. This is a substantially higher efficacy result than in Kim 

(2017) where dyadic data was found to be the most effective method of predicting bilateral 

treaties with 0.789 probability of correct classification when compared to basin-year units of 

analysis. While it made intuitive sense that dyadic data was more appropriate over basin-year 

units, the counterfactual dataset used in this study is even more fitting because bilateral treaties 

are counted in an observation that models the signatories as a dyad. By modeling bilateral treaty 

occurrence this way, the data has both the benefit of dyadic data for bilateral treaties and 

accounts for all other treaty making choices that were not taken by the same treaty signatories. 

However, I undertook this study to create a new dataset that effectively predicts treaty 

occurrence of all types of treaties (bilateral, plural-lateral and multilateral) with near equal 

efficacy. While the absolute highest model effectiveness is found for bilateral treaties in 

multilateral basins using weakest link measures, Figure 3.3 also illustrates that combining both 

the weakest link and standard deviation measures produces the most effective model for  
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Figure 3.3. Effectiveness of counterfactual models 
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predicting any kind of treaty occurrence in multilateral basins, with AUCs of 0.929, 0.9, and 0.9 

for bilateral, multilateral and any treaty, respectively. This is a notable improvement on the Kim 

(2017) effectiveness results for combined measures which were 0.644 for bilateral treaties and 

0.803 for multilateral treaties. 

 

Conclusion 

The ultimate goal of this study was to carefully model multilateral river basin interactions to 

give an accurate accounting of interstate cooperation events. The primary question is why do 

states in multilateral basins sometimes engage in bilateral or plural-lateral agreements, when all 

riparians have an interest in governance of the river? This question is tested using theoretical 

concepts of state interests, transaction costs and distribution of power and the results provide 

further evidence that different determinants play a role in treaty formation depending on the 

treaty structure as first suggested by Zawahri and Mitchell (2011).  

The most important contribution of this study is the creation of a complete counterfactual of 

river basin treaty formation. Built with combinatorics, the dataset offers every possible treaty-

making combination of riparians within each multilateral river basin and codes treaties in the 

actual circumstances in which they were made. This is an original dataset that solves some of the 

challenges of dyadic analysis of multilateral systems, offering the most versatile source for treaty 

analysis, and providing an alternative and more representative model of the dynamics of 

multilateral systems. The results show that the probability of correctly classifying successful 

cases of treaty formation increases when using data that includes the entire counterfactual of 

treaty making possibilities.  

While this research is in the context of international river basins, the methodology and data 

design could be applied to other constrained multilateral systems such as territorial water 

disputes or alliances with a known set of possible participants. Furthermore, the sensitivity 

analysis is limited to a single existing study of river basin treaty formation. This expanded 

dataset could be applied to other similar studies to provide more evidence of its accuracy in 

modeling these particular multilateral systems. Finally, this study suggests that the recent debate 
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about dyadic analysis in international relations research is warranted in its proposition that we 

should look for alternative ways to model multilateralism. This study offers such an alternative. 
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Appendix 

 

Supporting Tables and Figures 

 

 

 

Table A3.1. Weakest link measures 

 
 

Table A3.1 shows logistic regression estimates as reported in Tables 3.4 and 3.5. 
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Figure A3.1. Marginal effects of weakest link measures (bilateral) 

 

 
 

Figure A3.2. Marginal effects of weakest link measures (multilateral) 

Figures A3.1 and A3.2 illustrate the impracticality of marginal effects in rare event data analysis. 
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Table A3.2. Standard deviation measures 

 

Table A3.2 shows logistic regression estimates as reported in Tables 3.6 and 3.7. 

 

 

Figure A3.3. Marginal effects of standard deviation measures (bilateral) 
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Figure A3.4. Marginal effects of standard deviation measures (multilateral) 

 

Table A3.3. Combined measures 

 



 

58 

Figures A3.3 and A3.4 illustrate marginal effects of independent variables measured with 

standard deviations of data points within each combination-basin-year unit of analysis. Except 

for the effect of power on the likelihood of a bilateral treaty, the effects are near zero, 

highlighting the impracticality of marginal effects in rare event data analysis. 

 

Table A3.3 shows logistic regression estimates using both weakest link and standard deviation 

measures as independent variables in the model. 
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Abstract 

Political science generally accepts that power is a core factor of interstate relations, including as 

a determinant of conflict or cooperation between states that share freshwater resources. However, 

generally accepted measures of power do not necessarily reflect the power dynamics of 

constrained systems such as multilateral river basins.  The composition of power between non-

resource dependent states is surely different than power between states that share a life-

sustaining resource. Advancing research on river basin cooperation requires a more nuanced 

measure of power within the constrained river basin environment.  

This paper constructs a new measure of river basin power, then revisits several published studies 

to examine the effect of this new measure on international water cooperation. I show that the 

effect of power on the likelihood of river basin treaty occurrence is substantially altered when 

this new measure of riparian power replaces traditional measures of power in otherwise robust 

models. I include a discussion of the implications of this new measure of relative river basin 

power for future research. 
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Introduction 

Political science generally accepts that power is a core factor of interstate relations, including 

as a determinant of conflict or cooperation between states that share freshwater resources. 

However, generally accepted measures of power do not necessarily reflect the power dynamics 

of constrained systems such as multilateral river basins. The composition of power between non-

resource dependent states is surely different than power between states that share a life-

sustaining resource that leads to intense domestic and international political pressure. Given the 

geographical diffusion of water accessibility, the governance of shared transboundary waterways 

is relevant to virtually everyone on the planet. 

The general purpose of this research is to expand the literature on river basin cooperation and 

examine the dynamics of cooperation between countries that share transboundary waterways. 

This is a political economic question, based on the power relationships that govern the 

production, distribution and consumption of these shared water resources. It is equally important 

to reconsider the traditional measurement techniques of relevant variables in international river 

basin cooperation and conflict, particularly power. Advancing research on river basin 

cooperation requires a more nuanced measure of relative power within the constrained river 

basin environment; the existing literature relies heavily on the ubiquitous Composite Index of 

National Capabilities (CINC) score as a proxy for power.  

This paper constructs a new measure of power, uniquely in the context of river basins, then 

revisits a popular published study to examine the effect of this new measure on international 

water cooperation. I show that the effect of power is substantially altered when the CINC score is 

replaced with a context-specific measure of power in the river basin. The next section reviews 

the importance of power in international relations research and specifically the use of power 

measures in river basin research, including a critique of the CINC score. The third section 

describes the construction of a new measure of relative river basin power. The fourth section 

revisits an existing study on international river basin cooperation that uses power as an 

explanatory variable and replaces the existing measure with the new measurement of relative 

river basin power for a sensitivity analysis. The fifth section discusses the results of the 

sensitivity analysis and proposes improvements to the new measure. Finally, the paper concludes 
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with a discussion of the implications of this new measure of relative river basin power for 

existing and future research. 

 

Literature and theory 

It is a generally accepted notion in international relations research that power is a core 

concept of conflict and cooperation. Robert Dahl’s 1957 conception of power is of entity A 

having the ability to make entity B do something it would otherwise not do (Baldwin, 2013). 

Working from Dahl’s definition, neorealist theory maintains that states establish foreign policy 

by relative power, with the aim of retaining their place in the international system. According to 

Geller, “The distribution of power and shifts in these distributions are held to be a principal 

source of conflict in works from Thucydides to Waltz,” (1993, p.173). Recent transboundary 

river basin studies include distribution of power as determinants of conflict or cooperation 

between states that share water resources. 

The river basin literature currently measures power by describing and measuring power 

asymmetry. Zeitoun and Warner (2006) make one of the earliest suggestions that transboundary 

water researchers were ignoring the role of power in river basin interactions and laid out a 

typology for identifying hegemons in shared river basins. Later, Zeitoun and Mirumachi (2008) 

expand the discussion by qualitatively describing the influence of power asymmetry on conflict 

and cooperation in more detail, but do not attempt to quantitatively measure power in this 

context. 

Going beyond the original dichotomous hegemony classification, Hensel et al. (2006) 

contend that power asymmetry has a significant effect in explaining the likelihood of peaceful 

conflict management where asymmetry in favor of a challenging state increases the probability 

of conflict; the authors create a measure of asymmetry using the CINC scores of the challenging 

and target states in a dispute dyad. Zawahri and Mitchell (2011) identify distribution of power as 

one of three causal mechanisms in their research finding the determinants of treaty formation in 

transboundary river basins; the authors’ expectation is that power asymmetries encourage 

bilateral treaties while power parity between upstream and downstream riparians encourage 

multilateral treaties. They operationalize distribution of power by separately recording the CINC 
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score of the upstream and downstream countries for each dyad-year observation. Brochmann 

(2012), following neorealist theory that power relations between states affect the possibility of 

cooperation, also employs the CINC to measure “power preponderance” and “downstream 

preponderance” in a dyad; a country is power preponderant if its capabilities ratio is at least three 

time higher than the competing state in the dyad. However, Beck et al. (2014) point out that 

measures of power asymmetries in these and other river basin studies are too simplistic and find 

that upstream/downstream asymmetries, as currently measured, have little effect on 

transboundary river basin cooperation.  

 

Critiquing the CINC Score 

The finding by Beck et al. (2014) is not surprising; power is a notoriously difficult concept to 

measure. The most ubiquitous measure of power in international relations research is the CINC 

score (Singer et al., 1972; Singer, 1987). The CINC score is derived from the National Material 

Capabilities (NMC) dataset originally assembled by Singer et al. (1972) for the major powers 

only. Singer (1987) later expanded the dataset to the entire international system. The NMC data 

measures yearly values, 1816-2007, for the six components of the CINC score: military 

expenditure, military personnel, energy consumption, iron and steel production, urban population 

and total population. The CINC score is calculated from these six components by converting the 

absolute measure of each component to a share within the international system then averaging 

across all six components for a single indexed score. 

International relations theory considers power to be an important concept in conflict and 

cooperation research; therefore, the CINC score is an accepted measure of relative power for 

studies in a wide variety of issue areas including studies of war (Geller, 1993), peace (Shannon, 

2009), nuclear proliferation (Jo & Gartzke, 2007), and the effect of trade on conflict (Fordham, 

2010; Hegre et al., 2010), among others. However, Kadera and Sorokin (2004) come to the 

conclusion that CINC scores have a tendency to provide misleading results when used to 

measure power distribution in dyads. The authors find that changes in group membership have 

adverse effects on the CINC score of the members; while one might think of the composition of 

river basins as static, there are changes over time with the creation and dissolution of states. This 
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non-favorable finding is particularly relevant to river basin research as virtually all currently 

published studies are analyzed with dyadic data.  

In addition to these general critiques, the CINC score is particularly inappropriate for 

measuring power in river basins. The original intent of CINC score usage was clear: it measures 

the ability of a country to prevail when in conflict with another, based on each country’s 

capabilities relative to the other countries in the international system (Singer et al., 1972). While 

the CINC measure is useful as an explanatory variable in conflict studies, it is far less 

meaningful when trying to explain cooperation between nations, as cooperation is not only 

achieved through coercion but also through positive interaction. There is little doubt that power 

asymmetries play a role in river basin treaty formation; however, few of the six components of 

the CINC score have any bearing on relative power related to this kind of shared natural 

resource. For example, a country’s iron and steel production has little relevance in determining 

whether that state will sign a treaty to share river resources.  

Furthermore, the CINC score measures a state’s material power relative to all other states in 

the international system. While this kind of all-encompassing measurement is useful in many 

cases, a river basin is a constrained unit that could be better analyzed with a measurement 

tailored to its own unique qualities. Finally, river basin research is almost exclusively based on 

dyadic data although one-third of the world’s river basins are multilateral. This means that power 

asymmetry measures based on the CINC score can only consider the distribution of power 

between two states at a time; this is inconsequential when a multilateral basin might have 

upwards of ten riparians (e.g., the Nile or the Danube rivers) competing for power over the same 

resource. 

 

Method & Data 

Constructing a new measure of river basin power 

Instead of using a measure of power commonly thought generalizable to all international 

relations research, it is relevant to measure power only in the context of shared river basins. After 

all, relative power between riparians should have differing elements than relative power between 

members of a military alliance or trade agreement. Consider the dynamics of river basin 
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membership: riparians did not choose to be a member of the club, nor can they invite in new 

members or kick disagreeable members out. The only mechanism for altering the state 

composition of a river basin is by the creation or dissolution of nation-states, which is a fairly 

rare occurrence. River basin dynamics contrast starkly with membership in military alliances or 

trade agreements because the latter relationships are generally entered into by choice and can be 

dissolved (although not without cost) if the relationship becomes unsatisfactory to a member. 

This is not the first attempt by researchers to isolate the components of power in river basins. 

Frey and Naff (1985) built a simple model of three factors that might shape river basin conflicts 

that included two types of power: riparian position on the river (geographic power) and 

projectable power (military power). They suggest that the simple luck of upstream location gives 

a nation power advantage over another, but only if it allows the country to control water flow. 

Later research by Cascao and Zeitoun (2013) went further and proposed four “pillars” of power 

in river basins: geography, material power, bargaining power and ideational power. Figure 1 

shows estimations of these four pillars in a portion of the Nile River basin. The estimations for 

each riparian are relative to the other riparians, not to the entire international system. However, 

these estimations are qualitative and based only the judgment of the researcher; the Frey and 

Naff model is similarly rudimentary and depends on subjective scoring of each factor. 

 

Figure 4.1.  Relative power estimations (from Cascao & Zeitoun, 2006, p. 33) 

 

Thus, I introduce a new, quantitatively constructed, operationalization of relative river basin 

power. The first step is to disaggregate river basin power into relevant component categories: 

military power, political power, hydropolitical power and economic power. These components 
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improve on previous conceptualizations of river basin power in a two ways: First, each 

component has an existing quantitative measure, rather than relying on subjective determination. 

Second, each component can be conceptualized independent from the other components leading 

to greater validity. Adcock and Collier (2001) suggest that measurement validity is the 

meaningful capture of the ideas within the concept. This new approach aims to better measure 

what it is intended to measure by including the most important subtypes of power that have 

explanatory value in river basin dynamics. The next section describes the components of power 

in international river basins and the quantitative measures associated with each. 

 

Military power 

Military power is relevant to measuring river basin power because some states can 

legitimately threaten fellow riparians with force if they do not get their way in disputes over the 

shared resource. Art (1980) suggests several reasons for military force, two of which are 

“deterrent” and “compellence”. In the context of river basins, deterrent use of force would be the 

threat of retaliation for another state taking some action that limits access to the water resource. 

For example, Egypt has repeatedly threatened Ethiopia with military force for Ethiopia’s 

construction of a dam on its own part of the Nile River (Sudan Tribune, 2014). Compellence 

describes a state taking action against a fellow riparian to compel it to do something, a rare 

occurrence in the current history of riparian interaction (Barnaby, 2009). However, this kind of 

coercive ability will certainly play some role in determining which states have the most, or least 

power, in a given basin.  

While the CINC score may not be appropriate as an index measure for power in river basins, 

its components do provided useful information for a river basin specific measure. The CINC 

included two measures of military might in its calculation: a country’s annual military 

expenditure (log_milex) and a country’s military size in number of people (log_milper). Both of 

these are reasonable measures of military power in this context. It is also important to note that 

both these measures span a wide range of values and therefore needed to be logged. 
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Political power 

Political power as a component of river basin power refers to a state’s standing and support 

from the wider international community; it is a measure of a country’s integration into the 

international system. For example, of the 11 states that share the Nile River basin, Egypt is likely 

the country with the most international support for historical and other political reasons not 

related to the Nile River itself. Likewise, Israel enjoys a significant amount of international 

support compared to other riparians in the Jordan River basin. This kind of support could give a 

country more bargaining power than others in treaty negotiations, particularly if major powers 

step in to mediate for their friends and pressure otherwise reluctant actors into agreements.  

Song and Whittington (2004) found that political power played a role in successful river 

treaty negotiation, although they used a country’s population as a proxy measure for political 

power. Singer et al. (1972) suggest a better measure of “attributed diplomatic importance” as 

found in the Correlates of War project data: the number of diplomatic missions in a state’s 

capital (p.118). Further refined by Small and Singer (1973), this measure is an indicator of how 

important a given state is to the rest of the international system.  

Using information compiled from the 1995 Europa World Year Book, I collected count data 

of received diplomatic missions in each country (emb_count). The number of receiving missions 

is more appropriate than sending missions, as countries maintain diplomatic missions in 

residence in other countries only when it is beneficial for them to do so. For example, in 1995, 

France received and hosted 148 diplomatic missions while Mozambique received only 22. This 

differential occurs for a number of reasons including the fact that France is a comparatively more 

popular tourist destination, attracts far more foreign investment, and is a far more active treaty 

partner than the smaller African country. Furthermore, France is historically important on the 

world stage. All of these factors reflect its diplomatic importance relative to other countries. 

 

Hydro-political power 

While political power is a measure of a country’s influence in the international community, 

hydro-political power is a basin-specific measure of a country’s dependence on the river itself. 

Measuring a riparian’s dependency on the river is important because this dependency might have 
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a major impact on a state’s decision to enter into a treaty or comply with treaty terms. For 

instance, Zawahri and Mitchell (2011) include a measure of dependency as an explanatory 

variable in their model of treaty formation outcomes. Furthermore, asymmetric river dependency 

could be the reason a country like Egypt would threaten military action over dam building in 

upstream states, because it is desperate to maintain water usage from the only water source in its 

desert environment.  

This analysis will include a measure of water dependence (depend) collected from the Food 

and Agriculture Organization (FAO - a United Nations agency). Among other things, the FAO 

reports a measure of how dependent a country is on external sources to meet its water needs for 

both personal consumption and commercial use. A country like Egypt is very dependent on 

external sources of water while a country like Switzerland is not. Also included as a variable for 

hydro-political power is a measure of a country’s total population (log_pop). Population is 

included because it is an important aspect of whether a country’s internal water supply is 

sufficient to meet the population’s needs. The distribution of country population is badly skewed; 

therefore, I use the logarithm of total population. 

 

Economic power 

The final component of river basin power is based on a riparian’s economic power. Some 

countries are more economically reliant on river resources than others, and those that have 

greater economic independence may have less need for cooperation with their fellow riparians. 

In addition to their finding on political asymmetries, Song and Whittington (2004) also found 

that economic asymmetries can function as source of discontent between countries that are 

competing for water resources. For example, consider the economic strength of Egypt compared 

to the ten other riparians in the Nile River basin. Despite its poor geographic position on the 

river, Egypt enjoys substantially greater economic success than all of its basin neighbors (see 

Figure 4.2), which affords the country more of the bargaining power suggested by Cascao and 

Zeitoun (2013). 
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Figure 4.2.  Nile River basin GDP comparison 

 

GDP is a common measure of economic strength; I use GDP, not GDP per capita because the 

power dynamic is not based on quality of life, but the country’s actual economic production.  

Like a country’s population, the distribution of GDP is badly skewed, creating a non-linear 

relationship between the dependent variable and this independent variable. To counter this issue 

and produce a nearly normal distribution, I take the logarithm of GDP for the economic power 

variable (log_GDP).   

 

Data limitations 

There are a few limitations of this new approach to measuring river basin power: First, the 

CINC measures back to the early 19th century (data beginning in 1816); however, some 

components of the new measure do not have reliable data going back that far. In fact, Singer et 

al. (1972) cite this as a reason for not including GDP in the CINC score calculation. Given the 

need for data reliability, the sensitivity analysis in the following section requires shortening the 

dataset timeframe. Furthermore, the depth of the dataset over time made data collection a 

daunting task.  As the intention of this paper is to create and present a new measure, I chose a 

single year in the data to test the measurement concept. All the component measures are 
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available for the year 1995, with suitable variation in the dependent variable for the sensitivity 

analysis. Finally, where there is missing data, the factorization will not complete. Despite a large 

percentage of completeness in the 1995 data, missing data in any category eliminates the 

possibility of using that basin for the analysis. The final basin count for the 1995 data was 74 of 

81 multilateral basins. 

 

Constructing the measure 

The four components of a new measure for relative river basin power are military power, 

political power, hydro-political power and economic power. This measure assumes that while the 

four individual indicators may co-vary with the others, it is only a modest convergence that is 

reasonable. Like the individual measures of the CINC score, and even in the subjective pillars of 

power from Cascao and Zeitoun (2013), the expectation is that some riparians will score high on 

some indicators but not on others, leading to a balance of the power components. The analysis 

will also show how this new measure co-varies with the existing CINC score: some convergence 

is expected as the new measure shares an individual indicator.  

I introduced these components of river basin power as the framework for a single measure of 

power for each riparian in a given basin. This means that countries in multiple river basins (e.g., 

China or Germany) should have a measure of river basin power for each river in which they have 

membership.  

 

Table 4.1. Descriptive statistics 

 

The data is structured such that there are six variables with reasonable variation, all of them 

relatively highly correlated, except for water dependence. Table 4.1 shows the descriptive 
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statistics of the variables in the factor analysis while Figure 4.3 displays the corresponding 

correlation matrix that shows high correlation among all but the water dependence variable, 

which is favorable for factor or principal component analysis. 

 

Figure 4.3.  Factor variable correlation matrix 

 

The two best options to construct a single measure are principal component analysis (PCA) 

or exploratory factor analysis (EFA). The methods are quite similar; for example, both PCA and 

EFA are data reduction methods intended to re-orient data so that many variables can be reduced 

to a few factors that express maximum information from the original data.  However, given this 

particular data, EFA is the best choice. Most importantly, EFA is appropriate when trying to 

quantify a latent trait, such as power, which is manifestly unobservable. I can use this factor 

analysis to validate the intuition that these four components are the combination of variables that 

are meaningful in measuring power for river basins. Furthermore, EFA assumes that the data has 

common factors that drive the variation in the data, but that first, common factors are 

uncorrelated with each other, second, the factors of the error term are uncorrelated with each 

other, and third the common factors and error term factors are uncorrelated. Finally, EFA results 

in factor scores that can be used in place of the original variables in statistical analysis. 
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The factorization of this data produced an interesting, yet desired, result (see Figure 5). Only 

one factor was retained as meaningful. This result makes sense when employing the Kaiser rule 

(retaining factor components with eigenvalue more than one), as only the Factor 1 eigenvalue 

was greater than one. In this case, the Factor 1 loadings are all positive and greater than .75, 

except for the water dependence variable. This means that all but one of the variables load 

together to a single factor, which is the desired result.11 Furthermore, the uniqueness values for 

these same variables are .31 or lower (excepting water dependence), revealing a very low 

percentage of variance for each variable not explained by the common factors. This suggests that 

this is measurement error in the dependence variable, which cannot be entirely avoided. 

Additionally, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was an overall 

0.7690, with individual variable scores of no less than 0.74. This indicates that the variables have 

sufficient amounts of information in common to support performing a factor analysis (Kaiser, 

1974). Finally, an orthogonal rotation of the factor loadings does not significantly change the 

original factorization result.  

Given the poor performance of the water dependence variable, the factor analysis was 

attempted again without that variable and also using the principal-component factor method that 

assumes communalities of one. This still resulted in the expected single factor, but much higher 

factor loadings with the lowest loading at 0.8874 after orthogonal (varimax) rotation. The KMO 

measure was an overall 0.7554. 

The final step in creating the new measure was predicting the factor scores of the Factor 1 

model, resulting in a score for each country-year observation in the factor variables dataset. The 

factor score is a composite variable of the original data variables that were hypothesized as 

components of river basin power; the score provides information about each country’s placement 

on the power factor. In this case, factor scores are predicted using a least squares regression 

where the factor score is the dependent variable and the independent variables are the observed 

values of the items in the estimated factors, with the resulting factor scores standardized to a 

mean of zero (DiStefano, Zhu & Mindrila, 2009). 

                                                 

11 Traditionally, with more variables, factor analysis may be looking for certain groups of variables to load together in different 

factors. In this case, I expect that the variables will load to one factor. 
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A summary of the predicted factor scores revealed a minimum score of -2.182729 and a 

maximum score of 2.064177. As seen in Table 4.2, Egypt has a river basin power score of 

.9541613 while its neighbor on the Nile River, Sudan, has a score of .10999742, and a decidedly 

weaker riparian, Burundi, has a score of -.9476369. This differential fits with the expectation that 

Egypt has hegemonic power on that particular river and should have a power score higher than 

all of the other Nile riparians, and a markedly higher score than the much weaker basin members. 

Similarly, China scored very high with a 2.064177, while its Mekong River neighbors scored 

comparatively low: .7216078 for Thailand, -.4341217 for Cambodia, -.6971887 for Laos, 

.2413831 for Myanmar and .4832557 for Vietnam. This result is also as expected, with China 

having a significantly larger power score than its fellow riparians in the basin.  

 

Table 4.2. Power score face validity 

 

 

Sensitivity Analysis 

A common hypothesis in river basin research holds that upstream-downstream power 

asymmetries affect the possibility of successful treaty formation between riparian states (e.g., 

Brochmann, 2012; Brochmann and Hensel, 2009; Tir and Ackerman, 2009). However, Kim 
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(2017a, 2017b) found that this hypothesis was not robust to a change in unit of analysis. All the 

former studies were based on dyadic data while Kim (2017a) transformed the data to a monadic 

basin-year format and Kim (2017b) utilized the entire counterfactual of treaty making country 

combinations in each river basin. The author found little evidence that power was a significant 

determinant in river basin treaty formation.  

To demonstrate the usefulness of this new measure for relative river basin power, I revisit a 

recently published quantitative study that uses an unadulterated CINC measure as an explanatory 

variable. Zawahri and Mitchell (2011) is the same study used by Kim (2017a, 2017b) and it 

employs treaty formation as a categorical outcome variable, measuring interactions between 

dyads. The authors find that as an upstream state’s CINC score increases, so does the probability 

of bilateral treaty formation, even in basins with more than two riparians. I replicate the Zawahri 

and Mitchell study, then re-estimate it with a basin-year unit of analysis instead of the original 

dyads. I then replace the upstream and downstream power variables with the relative river basin 

power score for each respective basin and examine whether (and how) the analysis changes. 

Other than replacing power measures one-for-one, the model retains the original variable 

estimation, control variables and model specification.12 I expect to find that power has little to no 

significance on the outcome of treaty formation, compared to the original highly significant 

finding.  

Due to the truncation of the dataset to only the year 1995 for data availability reasons, it was 

not possible to directly compare model results, although this iteration includes 74 of the 81 

multilateral basins (because the model automatically drops those observations with missing 

data). In the interest of presenting and comparing results, I ran different specifications of the 

model. While none of these models shows significance in any variable, there are still changes to 

highlight.  

                                                 

12 This is a logistic regression with river treaty occurrence as the binary dependent variable (1=treaty success, 0=no treaty). The 

independent variables are as follows: cinc2 is the original measure of downstream power; cinc1 is the original measure of 

upstream power. Downstreampower indicates the new power score of the most downstream country in the basin; likewise, 

upstreampower is the new power score of the most upstream country in the basin. Polity is the lowest polity score in the basin. 

Percent area is the country that measures the lowest percentage area of land in the basin. The water dependence variable 

consists of the basin country measured with the lowest dependence on external water resources. All of the non-power measures 

employ the weakest link principle common in international relations research. 
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Discussion 

Using occurrence of any river treaty as the dependent variable, and only upstream and 

downstream power as regressors, there is a marked difference in the magnitude of the power 

coefficients, as well as a move closer to significance with the new power measures.13 When 

adding additional regressors to the model, there is an even more noteworthy change: results with 

the original CINC measures result in positive coefficients for power while the results with the 

new power measure result in negative coefficients. Furthermore, while a pseudo-R2 cannot be 

interpreted the same as R2 for OLS regression, it is still a measure of model fit. In these model 

comparisons, both models with the new power measure provide a better fit than the original 

measure. These are encouraging results that perhaps foretell similar changes when the power 

measures can be replaced in the full dataset. 

There are, however, many ways to improve on this measure. First, the only valid comparison 

can be with a complete dataset. Second, this is still not a measure in the context of any given 

basin. This measure was created from all countries; therefore, a given country’s power score is 

relative to all other countries in the given year. A true contextual power measure in a given basin 

would be calculated from only the data for the riparians in that basin. For example, the Rhine 

River has nine riparian countries. Below is the difference in power scores when they are 

calculated from factorization of all countries combined, and factorization of only the nine 

riparian countries (recall that when using the riparian countries only, the power is relative to only 

those countries).  

There are noticeable differences in the scores. For instance, several countries have positive 

power scores relative to all countries, but go negative compared to only their fellow riparians on 

the Rhine (see Austria, Belgium, the Netherlands and Switzerland). It seems clear that these 

particular countries are relatively more powerful than most non-developed countries that make 

up the river basins of Africa, but these same countries are relatively weak compared with the 

other powerful countries in their own river basin. This is the power context that this measure is 

intended to illuminate. Consider that the two most powerful countries in the Rhine basin are 

                                                 

13 See Table A4.1 in the Chapter 4 Appendix for complete estimates of the sensitivity analysis. 
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France and Germany, regardless of the measurement method; however, they are less powerful in 

basin-only terms. 

 

Table 4.3. Comparison of global and local factorization 

Country Global Score Rhine Countries Only 

Germany (most upstream) 1.694049 .9928184 

Italy (most downstream) 1.401365 .8524863 

Austria .4381499 -.3802157 

Belgium .7251934 -.1188637 

France 1.778062 1.239848 

Liechtenstein Not calculated Not calculated 

Luxembourg -.1.1148 -1.812193 

Netherlands .6527529 -.4508744 

Switzerland .4304067 -.3230063 

 

This makes sense in the same way as the other countries are even less powerful in basin-only 

terms: France and Germany are powerhouses on the world stage, but in their own basin, they are 

competing with equally developed nations (a variable such as diplomatic importance carries far 

less weight for them in this context). An accurate dataset will measure power at the basin level, 

resulting in different measures of power for the same country across basins. Germany, for 

instance, is a riparian in the Rhine river basin (nine countries), and also in the Elbe river basin 

(four countries). In the Elbe context, Germany has a power score of 1.377051, greater than its 

Rhine score of 1.017429, yet still less than its global score of 1.694049. These results support the 

logic described above in that Germany scores most powerfully when compared with all 

countries, including some of the least developed in the world. Compared with other established 

powerhouses in the Rhine basin, Germany’s score decreases. Yet, when compared with “lesser” 

European countries in the Elbe basin (Austria: -.4483766, Czech Republic: -.949863 and Poland: 

.0211885), Germany’s score increases. 
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Finally, this measure would benefit from more variables in the factor analysis. I identified 

four components of river basin power: military power, political power, hydro-political power and 

economic power. I used military expenditure and a count of military personnel as the variables of 

military power, a count of received diplomatic missions to measure political power, water 

dependence and logged total population as the variables for hydro-political power, and logged 

GDP as the measure of economic power. All of these components could use more variables to 

reinforce the factorization. Furthermore, it is possible that more variables could identify more 

than one latent trait in these measures that are components of river basin power dynamics. In that 

case, it would make sense to add more latent variable measures to the model, if an expanded 

factor analysis indicates they exist. 

 

Conclusion 

Power has long been a central concept in studies of conflict and cooperation in international 

relations; furthermore, the CINC score has long been an accepted measure of a state’s power in 

international relations research. Because the CINC score does little to assess the relative power 

of states in a constrained unit such as a transboundary river basin, there is a need to measure 

power differently for river basins. This paper offered the basic framework of a relevant measure 

of relative river basin power based on four components specific to shared river basin dynamics: 

military power, political power, hydro-political power and economic power. Created by factor 

analysis, this new measure provides a measure of relative power by the country-year unit. While 

the measure was presented relative to all countries in river basins, testing revealed that the 

measure needs to be refined to the basin-level for a power measure relative to only the countries 

in the basin.  

Using the new measure in a previously published model testing treaty formation in bilateral 

and multilateral river basins, this study found noticeable differences in results, indicating the 

possibility of substantially different power effects when employing a complete dataset, replacing 

the CINC score with a context-specific measure of power in the river basin. This research 

suggests that researchers studying international cooperation should consider whether a measure 

of material power (the CINC) is the ideal measure of power in cooperative scenarios. 
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Furthermore, when possible actors are fixed and known beforehand (e.g., transboundary river 

basin riparians), researchers should consider power relative to the actors in question, rather than 

the international system as a whole. Extensions of this research could include evaluating power 

dynamics and transforming power measures within alliance groups, and also within conflict 

groups. 
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Table A4.1. Power score sensitivity analysis 
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CHAPTER 5 

CONCLUSION 

 

 

There are actually more than 270 transboundary river basins on Earth. The majority of them 

are bilateral river basins that have little difficulty governing access and usage of the shared water 

resource, with or without explicit treaties. There are, however, 81 multilateral river basins in 

which three or more countries must share a limited resource, affecting a substantial percentage of 

the world’s population (see Figure 5.1).  

 

Figure 5.1. Multilateral basin map 
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Many recent studies are devoted to the understanding of the processes of multilateral river 

basin cooperation. For example, Wolf (1999) and Wolf et al. (2003) created Transboundary 

Freshwater Dispute Database (TFDD) at Oregon State University for the primary purpose of 

promoting quantitative analysis of river basin treaty formation. Song and Whittington (2004) 

found that cooperative behavior in river basins depends on economic and political asymmetries. 

Zawahri and Mitchell (2011) found that although we see a wide variety of treaty structures, there 

are nevertheless recognizable characteristics in across river basin countries that increase the 

likelihood of cooperation. Kalbhenn (2011) found that more liberal factors encourage 

cooperation between dyadic riparians while Bernauer and Böhmelt (2014) expanded her research 

to attempt forecasting cooperation, applying predictive models to forecast conflict or cooperation 

in a given basin, using the common explanatory variables in river basin research. Brochmann 

(2012) found that existing treaties are in fact a catalyst for increased cooperation. Two 

characteristics are common to all these studies: First, they all use some basic explanatory 

variables including measures of water dependence, precipitation, territory in a basin, number of 

states in a basin, upstream/downstream power, and democracy (in addition to other variables that 

vary between studies). Second, all these studies use dyadic data, even when analyzing 

multilateral river basins. The purpose of the three papers in this volume was to counter the latter 

of those common characteristics with new models of multilateralism in transboundary water 

governance analysis. 

The first paper (Chapter Two) situated itself on the premise that dyadic analysis is not 

appropriate for all types of interstate interactions, namely for those interactions that involve more 

than two states. The dyad-year is the most common unit of analysis in quantitative international 

relations research, yet when addressing multilateral interaction, we know that dyads produce 

both a violation of the assumption of independence between observations and inflation of the 

observation count. A recent academic debate regarding the efficacy of dyads for particular forms 

of research resulted in some researchers claiming that dyads are simply not appropriate for 

multilateral events (Cranmer & Desmarais, 2016; Poast, 2016); therefore, the paper focused on 

transforming a commonly used dyadic dataset used in Zawahri and Mitchell (2011) to investigate 

if dyadic analysis was robust to a change to basin-year units of analysis. 
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I found that, in fact, dyadic data performs better in predicting bilateral treaty formation while 

basin-year units of analysis are better predictors of multilateral treaties. This result actually 

confirms the general hypothesis of Zawahri and Mitchell (2011), who suggested that there are 

systemic differences among the determinants that lead to bilateral or multilateral treaties. 

However, this result also agrees with the recent dyadic debate by supporting the supposition that 

we should model interstate interactions as close to reality as possible given the constraints of 

modeling. Yet basin-years are not as close to reality as they could be. 

Building on the primary flaw of the first analysis, the second paper (Chapter Three) focused 

on the creation of a new dataset based on the premise that quantitative analysis should include all 

possible event outcomes, realized or unrealized. In the context of multilateral river basin treaty 

formation, we can think of any possible event as any combination of riparian countries in a given 

basin having the potential to negotiate a treaty. Treaties are already rare events, and this makes a 

successful treaty event even more unique. However, with the creation of each and every possible 

treaty making combination of countries in each basin, the final result contains the entire 

counterfactual of river basin treaty formation for the study time period (1950-2001) making it a 

unique data source for this kind of analysis.  

With the goal of creating a dataset that effectively predicts treaty occurrence of all types of 

treaties (bilateral, plural-lateral and multilateral) with near equal efficacy, the use of the 

counterfactual resulted in improvement of predictive effectiveness over the basin-year analysis 

of the first study. When predicting any kind of treaty occurrence in a multilateral basin, the 

counterfactual data had 92.9 percent success predicting bilateral treaties and 90 percent success 

predicting multilateral treaties, i.e., the probability that a randomly selected combination will be 

correctly classified. This is a notable improvement on the first change in unit of analysis results, 

which were 0.644 for bilateral treaties and 0.803 for multilateral treaties. 

There was, however, a common finding in the first two analyses: power, long thought to be 

an important determinant of cooperation in interstate interaction, was particularly sensitive to a 

change in unit of analysis. What was conspicuously significant in dyadic analysis was either not 

significant, or barely so, after the unit transformation. The existing literature relies heavily on the 

ubiquitous Composite Index of National Capabilities (CINC) score as a proxy for power. It is 
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important to reevaluate traditional measurement techniques of this particularly relevant variable 

in international river basin cooperation because the production, distribution and consumption of 

these shared water resources is at least partially governed by power relationships. Therefore the 

third paper (Chapter Four) outlined the construction of a power measure unique to shared river 

basins. After all, relative power between riparians be based on different elements than relative 

power between members of a military alliance or trade agreement. 

 After constructing an index for river basin power, the result is essentially a non-finding. 

While a unit of analysis change stripped power of its significance when measured by the CINC 

score, a change in power measurement resulted only in insignificant changes in magnitude and 

sign. This could signify one of two things: either power is still insufficiently measured in the 

context of multilateral river basins, or power is simply not a significant determinant of the 

likelihood of treaty formation in multilateral river basins. 

These three studies as a whole address the challenge of modeling multilateral events in river 

basin research, and in international relations more generally. I showed that careful modeling of 

multilateral systems offers more insight into the dynamics of riparian decision-making in 

multilateral basins. We now have access to the entire counterfactual of treaty formation 

possibilities for multilateral river basins, offering a richer source of data for others researching 

the political economy of river basins.  

Future research based on this particular data will include expanding the range of variables 

used as indicators to measure the more abstract concepts of state interest, transaction costs and 

distribution of power. While one of these studies focused on the measure of power, other 

variables could use reevaluation as well. There are also other variables that could add insight 

such as the effect of non-water-related conflict events in the basin, or the effect of a climate 

change differential by basin. There is also the underlying issue of spatial correlation in river 

basin analysis. Certainly units of analysis, even combination-basin-year units, will have some 

level of similarity in the independent variables due to their proximity in space. While there is a 

measure of contiguity, there is likely a more sophisticated way of accounting for this 
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dimension14, although not for the logistic models as currently specified. Finally, the structure of 

the counterfactual dataset allowed us to identify exactly which basins successfully agreed to fully 

multilateral treaties in the study time period. There were only 18 such agreements (in 13 different 

basins) that met this criteria, any of which would make for interesting case study material. 

 More generally, these studies offer a blueprint for solving a common problem in 

international relations research that involves constrained multilateral systems, i.e., multilateral 

systems that have defined participants and cannot randomly add members. A military alliance, 

for example, is not a constrained system unless it is regionally defined; however, territorial water 

agreements are made within geographically constrained systems. The combinatorial mathematics 

methodology offered here could be easily adapted to similar contexts, thus expanding the reach 

of quantitative analysis in interstate interaction research.   

 

  

                                                 

14 It should be noted that results of clustering by basin in the logistic regression analyses were not significantly different from the 

results shown. 
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