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Abstract
The prospect of water wars and conflict over water are ideas that are
frequently dramatized in media and also studied by scholars. It is well-established
that bona fide wars are not started over water resources, but conflict over water
does exist and is not well understood. One would suppose, as scholars often do, that
dyads composed of two democratic nations would be the best at mitigating conflict
and promoting cooperation over freshwater resources. General conflict research
supports that supposition, as does the argument that democracies must be best at
avoiding conflicts over resources because they excel at distributing public goods.
This study provides empirical evidence showing how interstate dyads composed of
various governance types conflict and cooperate over general water and water
quantity issues relative to each other. After evaluating the water conflict mitigating
ability of democratic-democratic, democratic-autocratic, and autocratic-autocratic
dyads, this study found that democracy-autocracy dyads are less likely to cooperate
over general water issues and water quantity issues than the other two dyad types.
Nothing certain can be said about how the three dyad types compare to each other
in terms of likelihood to conflict over water quantity issues. However, twoautocracy dyads seem to be most likely to cooperate over water quantity issues.
These findings support the established belief that democratic-autocratic pairs
struggle to cooperate while also encouraging greater scrutiny of the belief that
democracies must be best at cooperating over water resources.

Introduction
At one time the literature on water cooperation and conflict was fraught with
predictions of devastating water wars in the coming millennium (Starr 1991). Those
fears may have subsided over time (as humanity has not yet experienced a water
war), but the study of water cooperation and conflict has grown substantially. Some
aspects of the field have remained the same. For instance, there are still many
varying definitions of water scarcity and stress (Rijsberman 2006). Other aspects
have stayed relatively constant, such as praises of democratic governments handling

the complexities of water the best (Gleditsch 1998). Discussions of conflict, water
availability, and water resource management are all important conversations to
have as the world’s population increases and climate change threatens freshwater
systems.
With increasing demand for and decreasing supply of water more people
might experience the strains that come with forgoing certain uses of water and even
restricting water use to basic needs. The world is already seeing this happen. For
example, it is now acceptable for residents of California to report their neighbors for
improper water use (The City of San Diego 2015). Israel has experienced tension
with neighboring nations accusing it of wasting its limited water on agriculture
(Feitelson 2002). Debate over the proper use of water resources has the potential to
ignite conflict or promote cooperation or both in sequence. In addition, water use
can be a pawn in more complex cooperation or conflict events between nations.
Transboundary freshwater resources have the potential to influence the
dynamics between nations, who must decide whether to conflict or cooperate over
them. This conflict need not arrive in the form of full-blown warfare. Instead, it is
often acted out through political maneuvering and choice statements made through
the press (Kalbhenn 2011). This paper aims to investigate whether the occurrence
of cooperative and conflictive events over transboundary freshwater resources is
related to the governance structure of nations; do democratic nations really mitigate
conflict over transboundary freshwater resources better than other nations?

Literature Review
General conflict studies have existed for many generations, in both
philosophical and empirical forms. The study of government interaction and conflict
is also fairly well-developed. However, it tends to focus more on public good
distribution, treaties, and sanctions than on specific environmental considerations.
The literature that does emphasize water and other environmental considerations
concentrates on the idea of resource curse in addition to water quantity and
location. General conflict studies have only recently begun to incorporate

environmental considerations such as water resource management and
distribution. Many variables influence how governments interact with each other
over the issue of transboundary freshwater resources. This paper aims to
empirically address conflict, water, and governance and thus requires a review of all
three of those areas of study.

On Conflict
There are many factors that contribute to the onset of conflict between two
nations. Those include, but are not limited to, geographic proximity, strength of
military, hegemonic power, and economic incentives. Entire books have been
devoted to the study of interstate conflict. This section will attempt to provide a
succinct summary of the literature most pertinent to the scope of this paper.
Geographic proximity is a significant indicator of conflict. Buhaug and
Gleditsch found that as distance between capital cities decreases, the onset of fatal
militarized disputes increases. They controlled for all typical interstate conflict
variables and found that conflict as a factor of distance is not necessarily always
related to territorial disputes as one might think. That is because economic costs of
conflict must also be taken into consideration. Buhaug and Gleditsch posit that
conflict is less common between nations with capital cities that are far removed
from each other because the economic costs of conflict are too high. Communication
across time zones and north-south distances exacerbates the cost of long-distance
conflict. Overall, entering into conflicts with neighbors is cheaper and more
convenient. It is no wonder that so many wars in recent history were between
neighbors with high levels of interaction (Buhaug and Gleditsch 2006).
Relatedly, contiguity has also been found to be a significant indicator of
conflict (Vasquez 1995). Following similar reasoning as the study on capital city
distance and conflict, a greater degree of neighboring seems to indicate a greater
likelihood for conflict. Furlong, Gleditsch, and Hegre found that countries with
greater shared boundary length were more likely to conflict than countries with
smaller shared boundary length (2006). The overarching conclusion from studying
geography as it relates to conflict is that neighbors tend to fight more often than

non-neighbors. Geographic proximity and contiguity are variables that influence
conflict.
Militaries do the same, while also facilitating conflict. Military strength is
widely discussed in the realm of conflict studies. The findings of conflict and military
strength studies are contradictory, with some researchers finding that large military
strength exacerbates conflict and others finding that large military strength dulls
conflict. Hendrix concludes that military strength plays a small role in the
beginnings of conflict, where much more influential factors are at play. However,
military strength is one of the best indicators of conflict duration and resolution
(Hendrix 2010). Mann argues that northern nation-states have become increasingly
conflict averse in the years since World War II and that their military strength is
used more as a stabilizing force than a conflict initiator. He adds that the northern
phenomenon is not necessarily copied in nation-states that did not participate as
heavily as northern states did in World War II (Mann 1999). Halliday echoes that
sentiment when he argues that militarized conflict has always been a staple of life in
the Middle East. That trend does not seem likely to change anytime soon (Halliday
2005). Ultimately, the effect that military strength has on conflict is definitely
region-dependent and subject to heavy influences by other factors that feed conflict.
Not only do scholars differ on their interpretations of military strength, they are also
torn on a related subject: hegemonic power.
Before dissecting the relationship between conflict and hegemonic power,
one must understand that there is no consensus on the definition of ‘hegemony’ in
the literature (Rapkin 1990). For the purposes of this discussion, hegemonic power
arises when one country has a disproportionate amount of influence over
surrounding countries or the world relative to the amount of influence other
countries have over the given area. Similar to the debate on military strength, there
has been much discussion as to whether this type of power is a perpetuator of
conflict or a stabilizing force. Some scholars argue that hegemonies create stability
(Carr 1951; Dunn 1937). Some argue that stability can exist without hegemonies
(Keohane 1984). Others contend that hegemonies create stability followed by mass
devastation during transitions of hegemonic power (Rapkin 1990; Gilpin 1981).

Hegre found that major powers tend to create stability because they have more
resources and broader international influence (2005). The only scholarly consensus
seems to be that the world is undergoing a period of hegemonic power transition
with the United States losing its leadership position in the world. Many scholars are
marking this as the end of worldwide hegemony (Rapkin 1990; Gilpin 1981). Only
time will tell if that is true and what implications this transition has for conflict.
The relationships between political geography, military strength, hegemonic
power, and conflict are less complicated than that between economic incentives and
conflict. The economics of transboundary freshwater resource conflict involves
many factors including resource distribution, the famous “resource curse,” and
economic shocks. Resource distribution will be discussed in detail later in this
literature review, but it is important to note that research supports the idea that
poor distribution of public goods leads to decreased cooperation (Olken 2010).
Many argue that there is also evidence that shows that abundance of non-renewable
resources incite conflict (Sachs and Warner 2001; Koubi et al. 2013). Koubi et al.
provide a strong review of resource conflict literature, concluding that there is
sufficient evidence to justify the argument that abundance of non-renewable natural
resources (especially oil) leads to stagnated development and, relatedly, increased
instances of conflict (2013). Sachs and Warner argue that the resource curse exists
because resource-abundant countries have high-price economies, which leads to
less export-led growth. Therefore, the non-renewable resource can be so singularly
important to the economy that it prevents other areas of the economy from
developing (Sachs and Warner 2001). The conflict incited by the resource curse
seems to be proportional in size to the value of the prize that the “winner” receives.
Garfinkel and Skaperdas’s game theory analysis of the resource curse used the
ability to capture and control the resource as the “prize” with the alternative being
that the two players agree to share the resource. They found that the more valuable
the resource, the less likely the two players were to cooperate (Garfinkel and
Skaperdas 2007). Most of the research that has been done on the resource curse
relates to point, abundant, non-renewable resources. Water, a diffuse, renewable

resource, requires special consideration and will be discussed later on in this
literature review.
Returning to the focus on economic incentives for conflict, development must
also be taken into consideration. Less developed countries tend to have more
internal conflict and more environmental degradation than developed nations; that
idea is well-established in the literature on economic development (Gleditsch et al.
2006). There are many reasons why less-developed countries tend to have more
conflict than developed countries. For instance, one study has found U.S. Food Aid
receipt to be a significant indicator of intrastate conflict. However, that occurrence
of conflict does not extend to interstate conflict (Nunn and Qian 2014). A similar
finding arose from a study on aid distribution in the Philippines. That study found
that intrastate conflict was more common in areas receiving aid because insurgents
would increase activity to try to maintain hold of their territory under the threat of
people’s empowerment through aid (Crost, Felter, and Johnston 2014). It is possible
to find many other works that devote pages to the study of development and
conflict. For the purpose of this paper, it will suffice to say that the level of
development of a nation is significantly correlated to conflict.
This section on conflict provided a brief overview of the plethora of
information that exists on conflict studies. While summaries of relevant literature
were provided, it is important to understand that the case of transboundary
freshwater resources is a unique one and might not fit all of the “rules” established
by those who study conflict. That is why it is also important to review the literature
on water and transboundary freshwater resources.

On Water
As alluded to in the previous section, the presence of valuable resources can
incite conflict. However, water, necessary for life and a precious commodity in many
parts of the world, does not necessarily “curse” nations like other valuable
commodities do. This section will review water as a resource, explaining how it does
not follow the resource curse argument and how it might be related to conflict. Then

there will be a discussion of waterways as borders and, finally, water as an
economic good.
This paper previously discussed how Sachs and Warner found evidence for a
resource curse where countries that were endowed with large quantities of point,
precious resources, such as metals or fossil fuels, struggled to develop despite the
large income they earned from their resources (2001). Water is neither a point nor a
particularly expensive resource. Thus, it follows that water endowment could not
create the high price economies and crowding out that drive the resource curse.
Water is an interesting resource in that its absence is just as profound as its
presence. Koubi et al. provide a strong review of literature on resource scarcity as a
driver of conflict. Specifically singling out water, the aforementioned review finds
little support for the argument that scarcity of a diffuse, renewable resource can be
a driver of conflict. In fact, Koubi et al. cite many studies that find the opposite:
countries tend to cooperate more than conflict in cases of water scarcity (2013).
One specific study found water scarcity to have little impact on the onset of
interstate conflict, though non-basin sharing states were slightly more impacted
than basin-sharing ones (Gleditsch et al. 2006). While this paper will focus on basinsharing dyads it is important to note the relatively small influence of water scarcity
because it means that there are other factors at play. For instance, one should also
consider the location of transboundary freshwater resources relative to the
geopolitical borders of basin-sharing states.
The location of transboundary freshwater resources has proven to be an
important point of discussion in water-conflict literature because waterways can
sometimes act as borders. In a study looking specifically at the effects of waterways
as borders, Gleditsch et al. found that the presence of rivers that form borders is not
a significant indicator of conflict (2006). Dinar reinforced that finding by
discovering that conflict was more likely over “through border” rivers than over
“border creator” rivers (2008). Some argue that “border creator” rivers promote
cooperation because of the high level of interaction inherent in large amounts of
river-sharing (Gleditsch et al. 2006). Cooperation-through-interaction arguments
such as these are very common in the water-conflict literature. The interaction idea

will be expounded upon later when the degree of interaction between different
types of governments is discussed. Before that, however, it is important to consider
the economics of water and transboundary freshwater resources.
Waterways shared by countries are often thought of as public goods because
they are not owned by any one country, can theoretically be exploited without
withdraw levels suffering, and contain free water (Hanemann 2006). Anybody who
studies water-conflict could tell you that what was just described is an idealized
situation that is infrequently seen in the real world. In reality, transboundary
freshwater resources have the potential to be every type of economic good: public,
common, club, and private. Zetland argues that waterways as a public good start and
end with aesthetic value. That is because once one withdraws water, the waterway
can no longer be thought of as a public good (Zetland 2012). The fact that water
rarely exists in a concrete, public good form will prove to be important later when
the laurels of democratic public good distribution are discussed. A much more
realistic way to think of transboundary freshwaterways are as a common good. In
this situation, there is unlimited access to the water, but one person’s use could hurt
another’s (Zetland 2012).
Such is the situation that has been playing out in the Aral Sea region for many
years. The Aral Sea Basin (the sea and the rivers that feed it) can be thought of as a
case of water as a common good gone wrong. Farmers along the Amu Darya and Syr
Darya enjoy unlimited access to the rivers for irrigation. However, one farmer’s use
most certainly harms another. Excess water withdrawal for irrigation has led to a
steady decrease in Aral Sea volume since the 1970s. The countries affected have not
been able to put mechanisms in place to solve this water withdrawal issue and thus
every stakeholder continues to suffer (Vinogradov 1996). The success of treating
transboundary freshwaterways as a common good revolves around the withdrawal
amount (Zetland 2012). If water can still be withdrawn without affecting the size of
the common pool, then treating freshwaterways like a common good can be an
effective method to maintain viability of the resource while allowing everybody
access to the pool. However, there are ways to restrict access to resources like
water.

Transboundary freshwaterways can also be defined as club goods. These
goods require an initial investment to be able to enjoy unlimited, unhindered access
to a resource (Zetland 2012). Waterways that can be thought of as club goods are
ones that require damming to be able to utilize to their full potential. One such
waterway is the Nile. Currently only Sudan and Egypt are able to exploit the Nile to
its full potential because they control the damming and distribution of the water.
Ethiopia, which would like to use the Nile for electricity generation, must “buy-in” to
the club good through building a dam of its own, a task that can be prohibitively
expensive (Whittington 2004). The Nile River basin provides a good example of a
transboundary freshwaterway as a club good because those nations that can afford
to access the water do so at nearly unlimited rates. The importance of dams is
relevant to both the discussion of water as a club good and the discussion of water
as a private good.
Dams can cause transboundary freshwaterways to be treated as club goods
while sectioning off part of the waterway to become a private good. Pre-dam, the
water is shared by all riparian states. Post-dam, the country that built the dam reaps
the benefits of its construction while other riparians often suffer. It is important to
consider this privatization of water relative to the public good context because
damming is known to influence interstate conflict. There are many examples of
dams inciting conflict. For a sound, game theory review of one, see Deets 2009.
From private goods all the way to public goods, transboundary freshwater
resources can be managed and accessed in many different ways. In the next section
on governance, it will become apparent why this continuous spectrum is important.
Water does more than sustain life. It is a critical natural, geographic, and
economic variable in many discussions on interstate conflict. While water scarcity
does not necessarily incite conflict, waterways that cut across borders do. After
questions of water quantity and location are considered, there are a whole slew of
different ways water can be managed and distributed. Understanding the many
economic roles that water can fulfill begs an investigation as to what types of
organizations are best at overseeing those roles. This next section will discuss how

governance structure intersects with conflict and water and why democracies might
not be the best at mitigating conflicts over water.

On Government
Interstate conflict exists because states exist. Governance structure is
integral to modern nation-states. Many are quick to laud democracies as being the
best at mitigating interstate conflict over natural resources (Gleditsch 1998).
However, very little thought is given to the possibility that autocracies might be
better than democracies at handling interstate transboundary freshwater resource
conflict. One reason that may be is because autocracies are very centralized and
have meticulous distribution systems and networks. Perhaps they are better at
distributing water and, thus, better at mitigating conflict over it. Because there are
so few studies that analyze governance structure as it relates to conflict and water, it
is important to look generally at the strengths and weaknesses of various
governance structures to determine whether democracies really are superior
cooperators in the case of transboundary freshwater resources.
Democracies are known for being good at distributing public goods. One
study compared direct, election-based plebiscites in Indonesian villages to
representative meeting forms of government in other Indonesian villages and found
that the election-based plebiscites yielded more cooperation and higher satisfaction
ratings. The plebiscites and their less democratic counterparts, the representative
meetings, were tasked with community-based development projects aiming to
improve distribution of public goods. This study shows that the more democratic a
system is, the better it will be at promoting cooperation over public good
distribution (Olken 2010). Connecting the Olken study to discussions about
democracy and cooperation over the distribution of water is simple. However, one
must keep in mind that the Olken study covered very local, small-scale projects that
did not necessarily focus on water distribution but instead covered a wide range of
public goods (2010). There are other studies that look at democracies and public
good distribution that encompass a broader scope.

For instance, Deacon compared democracies and dictatorships on an
interstate level and found that national-level democracies do better at distributing
public goods. However, Deacon does not take conflict or cooperation over public
good distribution into account. His paper also looks at public goods generally, not
water specifically (Deacon 2003). Once again, though, it is easy to see how the
findings of his study could be extrapolated to water resources. There seems to be an
academic consensus that democracies are good at distributing public goods.
Democracies also excel at cooperating with each other. In a study that
encompassed thirty-five years of international conflict data, O’Neal et al. found that
country-pairs consisting of two democracies cooperate better than all other
country-pairs. The study found that democracies are most cooperative with each
other over trading, which involves high levels of interaction (O’Neal et al. 1996).
Unlike this paper, O’Neal does not differentiate between country-pairs that consist
of only one or fewer democracies (1996). While it is important to note that
democracies are good at cooperating with each other, one must also consider the
idea that they do not do too well at cooperating with non-democracies.
A good mechanism to look at interactions between democracies and nondemocracies is through sanctions. Lektzian and Souva provide a thorough review of
sanction literature. Their most relevant insight is that sanctions are often brought
by democratic nations on non-democratic nations to force cooperation over a
certain issue. In addition, most sanctions that exist in the world fall into that
category of democratic states sanctioning non-democratic states. Finally, the most
common reason for failed sanctions is that democratic nations do not target the elite
of the non-democratic nations properly and thus do not get the economic and
political outcome that they desire (Lektzian and Souva 2007). This discussion of the
successes and failures of democracy is very relevant to an analysis of conflict
between basin-sharing dyads. If interactions between democracies and autocracies
usually fail to produce the intended results, then perhaps democracies and
autocracies cannot cooperate over freshwater resources through the simple
mechanism of frequent interactions as the Gleditsch et al. findings would suggest
(2006).

The literature on public good distribution and sanctions just reviewed could
be used to support the argument that two democracies must be better at mitigating
conflict over water than two autocracies or a democracy and an autocracy. Since
most of the literature in favor of that argument also draws on philosophy, those
philosophical arguments deserve some examination.
The debate on the merits of democracies and autocracies can be traced back
to Locke, Hobbes, and Kant. A myriad of other thinkers have refined and added on to
those Enlightenment ideas throughout the years. A good review of the history of
those arguments may be found in Kant, Liberal Legacies, and Foreign Affairs. The
most relevant philosophical arguments in favor of democracies being best at
mitigating conflict over water are that liberal democracies are war averse and more
bonded than an established liberal democracy and an autocracy (Doyle 1983).
Ultimately, both the empirical and philosophical literature leads many to conclude
that democracies must be best at mitigating transboundary freshwater resource
conflict.
Piecing together conflict, water, and governance structure literature is no
easy task, but it is essential for contextualizing any questions on how governments
interact over transboundary freshwater resources. Near the turn of the millennium,
many speculated that one of the largest problems of the twenty-first century would
be water wars. Academics predicted conflicts the likes of which the world had never
seen centered on shared waterways between nations (Starr 1991). The world has
not seen water wars quite yet, but that does not mean that examining the
relationship between water and conflict is not relevant. Integrating the waterconflict nexus with governance structure allows us to question our traditional views
of “good government” in new and interesting ways. This paper will attempt to do
just that by investigating the relationship between governance structure and
conflict over transboundary freshwaterways.

Methodology
This paper will investigate the relationship between instances of conflict and
cooperation over transboundary freshwater resources among country pairs and the
governance structure of those countries. Control variables will include previous
history of conflict, various measures of water scarcity and water stress, geopolitical
variables, levels of development, and press neutrality (because the conflict and
cooperation data originates from press reports). The goal of this investigation is to
answer the question “are pairs of democracies better at mitigating conflict over
transboundary freshwater resources than other co-riparian country pairs?”
This paper will attempt to answer that question by investigating the
following hypotheses:

Hypotheses
H1: A democratic-autocratic country pair is the worst at avoiding and mitigating
conflict over transboundary freshwaterways relative to democratic-democratic
country pairs and autocratic-autocratic country pairs.
H2: An autocratic-autocratic country pair is not as good at avoiding and mitigating
conflict over transboundary freshwaterways as a democratic-democratic country
pair, but it is better at avoiding and mitigating conflict over transboundary
freshwaterways than a democratic-autocratic country pair.
The above hypotheses address the claim that democracies are better at avoiding
conflict over transboundary freshwaterways.
H3: A democratic-autocratic country pair is more likely to conflict over water
quantity issues related to transboundary freshwater resources relative to
democratic-democratic country pairs and autocratic-autocratic country pairs. While
the first hypothesis addresses all cooperation and conflict over transboundary
freshwater resources, this hypothesis specifically investigates conflicts over water
quantity.

H4: An autocratic-autocratic country pair is more likely to conflict over water
quantity issues related to transboundary freshwater resources than a democraticdemocratic country pair, but it is less likely to conflict over the quantity of
transboundary freshwater resources than a democratic-autocratic country pair.
While the second hypothesis address all cooperation and conflict over
transboundary freshwater resources, this hypothesis specifically investigates
conflicts over water quantity.
H5: A democratic-autocratic country pair is less likely to cooperate over water
quantity issues related to transboundary freshwater resources relative to
democratic-democratic country pairs and autocratic-autocratic country pairs. This
hypothesis specifically investigates cooperation over water quantity.
H6: An autocratic-autocratic country pair is less likely to cooperate over water
quantity issues related to transboundary freshwater resources than a democraticdemocratic country pair, but it is more likely to cooperate over the quantity of
transboundary freshwater resources than a democratic-autocratic country pair.
This hypothesis specifically investigates cooperation over water quantity.
The third through sixth hypotheses address the pro-democracy public good
distribution argument by focusing on water quantity events. All hypotheses will be
tested by a multivariate analysis of the following variables.

Datai
The dataset used in this paper comes from Gleditsch et al. (2006), Kalbhenn
(2011), Marshall and Gurr (2013), Singer, Bremer, and Stuckey (1972), and Gibler
(2009). The Gleditsch et al. paper investigates the role that rivers as borders play in

i This section draws heavily on Gleditsch, Nils Petter, Kathryn Furlong, Havard Hegre, Bethany Lacina, and

Taylor Owen. 2006. “Conflicts over Shared Rivers: Resource Scarcity or Fuzzy Boundaries?” Political Geography
25: 361–82; Kalbhenn, Anna. 2011. “Liberal Peace and Shared Resources--A Fair-Weather Phenomenon?”
Journal of Peace Research 48 (6): 715–35; Marshall, Monty G., and Ted Robert Gurr. 2013. “Polity IV Project.”
http://www.systemicpeace.org/polity/polity4x.htm.; Singer, J. David, Stuart Bremer, and John Stuckey. 1972.
“Capability Distribution, Uncertainty, and Major Power War, 1820-1965.” In Peace, War, and Numbers, edited by
Bruce Russett, 19–48. Beverly Hills: Sage. Version 4.0. Singer, J. David, Stuart Bremer, and John Stuckey. 1972.
“Capability Distribution, Uncertainty, and Major Power War, 1820-1965.” In Peace, War, and Numbers, edited by
Bruce Russett, 19–48. Beverly Hills: Sage. Version 4.0.

conflict between basin-sharing dyads (2006). The Kalbhenn paper specifically
investigates conflict and cooperation over transboundary freshwater resources
(2011). Marshall and Gurr created the Polity IV dataset, which provides governance
and political stability variables (2013). Singer, Bremer, and Stuckey created the
National Material Capabilities dataset, which includes information on population
and development (1972). Finally, the Gibler dataset provides information on
alliances (2009). The dependent conflict/cooperation variable is negative for cases
of conflict and positive for cases of cooperation. The magnitude of the absolute value
of the variable increases as conflict or cooperation gets more intense. Instances of
conflict and cooperation over transboundary freshwater resources and their
intensity were determined from interpretation of news articles written on the
subject (Appendix A). Most water conflict studies look at non-water specific
conflicts and control for river basin-sharing. Because this study uses water-specific
conflict and cooperation events (a less common choice), common conflict and
geopolitical control variables could behave differently than would be expected.
The control variables for conflict include binary variables that describe
whether the countries are found in the Middle East/North Africa or Sub-Saharan
Africa; a binary variable that describes whether the countries are considered to be
“major powers;” a binary variable that describes whether the countries in the dyad
have an alliance; and a binary variable indicating inconsistent regimes (from Polity
IV). Controls for location in the Middle East/North Africa or Sub-Saharan Africa
were included because these regions have more pronounced resource stress than
others (Halliday 2005). A country’s status as a major power is also important
because major powers have the most resources and broadest international interests
(Hegre 2005). Alliances are important to consider because they control for the
presence of amicable relationships (or lack thereof) between states (Gleditsch et al.
2006). Finally, the inconsistent regimes variable controls for the increased conflict
that those governments are often associated with (Hegre et al. 2001).
To control for water scarcity and water stress, the natural log of the area
(km2) of the river basin located in the upstream state and a binary measure of
dryness based on rainfall measures are used. Both of those variables have been

found to be significantly correlated with the onset of fatal militarized interstate
disputes (MIDs) (Gleditsch et al. 2006).
The geopolitical controls include system size, the natural log of the distance
(km) between the capital cities of the states, natural log of population, and a
measure of contiguity. System size was included to control for the finding that
conflict decreases between non-neighboring countries as the number of nonneighboring dyads increases (Raknerud and Hegre 1997). The natural log of the
population in the dyad is included because it has been found to be significantly
correlated with conflict (Gleditsch et al. 2006). The natural log of energy
consumption per capita in the dyad, and the square of that value, control
respectively for the effects of development on conflict and the idea of the
environmental Kuznet’s curve (Gleditsch et al. 2006). Finally, the type of news
source is included as a variable to control for the fact that not all news sources used
to retrieve conflict/cooperation information were independent (Kalbhenn 2011).
The Middle East/North Africa, Sub-Saharan Africa, major power, alliance,
contiguity, and system size variables were not found to be significantly correlated
with conflict in the Gleditsch et al. study. However, those variables will be included
in this paper’s analysis because they have been found to be significant in conflict
literature of the past (Halliday 2005; Hegre 2005; Vasquez 1995; Raknerud and
Hegre 1997). For more summaries of the aforementioned variables, please see
Appendix B.
Two strengths of this analysis are that it takes a plethora of variables into
consideration and actually considers water events instead of general conflict events.
While many control variables are used, it is impossible to address all the factors that
are known to influence conflict and water-sharing dynamics. In some cases, such as
that of water scarcity and stress, there is not even an academic consensus on the
proper way to measure these variablesii. Therefore, it is possible that the
ii For example, the Falkenmark indicator defines countries that cannot sustain 1700 cubic meters of water per

capita per year as water stressed (Falkenmark, Lundquist, and Widstrand 1989). Meanwhile, the International
Water Management Institute (IWMI) differentiates between physical water scarcity and economic water
scarcity, thus placing value on a country’s means (Rijsberman 2006). The Water Poverty Index focuses on water
security at the household level (Rijsberman 2006).

unintentional omission of important variables could lead to biased results. Another
weakness of this analysis is that the conflict/cooperation variable only covers a tenyear time span (from 1997-2007) and originates from reviews of news coverage.
Thus, the sample size is not very large and could be biased towards events that tend
to attract more media coverage, such as ones that occur in densely populated areas
or affect a large number of people. Sampling bias also seems to favor democraticdemocratic pairs because they make up the largest proportion of dyad type in the
dataset.
The variables that originated from the Gleditsch et al. 2006 dataset only
covered years through 2001. In order to be able to analyze a ten-year span of data,
the maximum value was coded for the contiguity, proportion of the basin in the
upstream state, distance between capital cities, major power, Middle East, SubSaharan Africa, and system size variables. That decision was made because it seems
unlikely that any of those values would change between 2001 and 2007. However,
there is a chance that those values did change and, thus, it is important to consider
the possibility that the assumptions necessary to increase sample size might not
accurately reflect the reality of some of the geopolitical factors in consideration.

Models
To test the hypotheses, six multivariate linear regressions were run on the
IRCC conflict/cooperation variable controlling for the variables described above.
The models were conditioned upon the governance structure of the country pairs:
democratic-democratic, democratic-autocratic, and autocratic-autocratic as
determined by the Polity IV dataset (Marshall and Gurr 2013). The equations
describing the regressions that were run can be found below.

Testing the Hypotheses
H1: A democratic-autocratic country pair is the worst at avoiding and mitigating
conflict over transboundary freshwaterways relative to democratic-democratic
country pairs and autocratic-autocratic country pairs.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!"

In this model, the sign and significance on the coefficient of the variable
𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" will indicate an increase or decrease in the conflict/cooperation

outcome 𝑌!" relative to other dyadic governance relationships. 𝑌!" ={-6,-5,-4,-3,-2,1,0,1,2,3,4,5,6} as defined by the IRCC database (Appendix A) (Kalbhenn 2011).
H2: An autocratic-autocratic country pair is not as good at avoiding and mitigating
conflict over transboundary freshwaterways as a democratic-democratic country
pair, but it is better at avoiding and mitigating conflict over transboundary
freshwaterways than a democratic-autocratic country pair.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" + 𝐵!" ∗ 𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!"

In this model, the sign and significance on the coefficient of the variable
𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!"

will indicate an increase or decrease in conflict/cooperation

probability relative to two democracies. 𝑌!" ={-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6} as defined
by the IRCC database (Appendix A) (Kalbhenn 2011).

H3: A democratic-autocratic country pair is more likely to conflict over water
quantity issues related to transboundary freshwater resources relative to
democratic-democratic country pairs and autocratic-autocratic country pairs.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!"

In this model, the sign and significance on the coefficient of the variable
𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" will indicate an increase or decrease in the conflict outcome 𝑌!"

relative

to other dyadic governance relationships. Yit denotes the instance of a conflict
specifically over water quantity.
H4: An autocratic-autocratic country pair is more likely to conflict over water
quantity issues related to transboundary freshwater resources than a democraticdemocratic country pair, but it is less likely to conflict over the quantity of
transboundary freshwater resources than a democratic-autocratic country pair.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" + 𝐵!" ∗ 𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!!

In this model, the sign and significance on the coefficient of the variable
𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!"

will indicate an increase or decrease in conflict probability relative to

two democracies. Yit denotes the instance of a conflict specifically over water
quantity.

H5: A democratic-autocratic country pair is less likely to cooperate over water
quantity issues related to transboundary freshwater resources relative to
democratic-democratic country pairs and autocratic-autocratic country pairs.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!"

In this model, the sign and significance on the coefficient of the variable
𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" will indicate an increase or decrease in the cooperative outcome 𝑌!"

relative to other dyadic governance relationships. Yit denotes the instance of
cooperation specifically over water quantity.
H6: An autocratic-autocratic country pair is less likely to cooperate over water
quantity issues related to transboundary freshwater resources than a democraticdemocratic country pair, but it is more likely to cooperate over the quantity of
transboundary freshwater resources than a democratic-autocratic country pair.
𝑌!" = 𝑎! + 𝐵! ∗ 𝑢𝑛𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑒𝑑𝑛𝑒𝑤!" + 𝐵! ∗ 𝑙𝑛𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵! ∗ 𝑛𝑒𝑤𝑑𝑦𝑎𝑑𝑠𝑖𝑧𝑒!" + 𝐵!
∗ 𝑚𝑚𝑎𝑗𝑜𝑟𝑝𝑜𝑤𝑒𝑟!" + 𝐵! ∗ 𝑎𝑙𝑙𝑖𝑎𝑛𝑐𝑒1!" + 𝐵! ∗ 𝑚𝑙𝑛𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!" + 𝐵! ∗ 𝑚𝑐𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦!"
+ 𝐵! ∗ 𝑚𝑠𝑦𝑠𝑠𝑖𝑧𝑒!" + 𝐵! ∗ 𝑚𝑚𝑖𝑑𝑒𝑎𝑠𝑡𝑛𝑎𝑓!" + 𝐵! ∗ 𝑚𝑠𝑠𝑎!" + 𝐵!"
∗ 𝑚𝑙𝑛𝑏𝑎𝑠𝑖𝑛𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚!" + 𝐵!! ∗ 𝑎𝑛𝑦𝑑𝑟𝑦ℎℎ!" + 𝐵!" ∗ 𝑙𝑛𝑠𝑞𝑑𝑦𝑎𝑑𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡!" + 𝐵!"
∗ 𝑝𝑎𝑟𝑡𝑙𝑦𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑖𝑛𝑑!" + 𝐵!" ∗ 𝑜𝑛𝑒𝑑𝑒𝑚𝑜𝑐𝑛𝑒𝑤!" + 𝐵!" ∗ 𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!"

In this model, the sign and significance on the coefficient of the variable
𝑡𝑤𝑜𝑎𝑢𝑡𝑜𝑐𝑛𝑒𝑤!"

will indicate an increase or decrease in cooperation probability

relative to two democracies. Yit denotes the instance of cooperation specifically over
water quantity.

Results
Governance Type and Water Event Scores
Table 1 shows the results of the multivariate regression testing H1. This
hypothesis contends that a democratic-autocratic country pair is the worst at
avoiding and mitigating conflict over transboundary freshwaterways relative to
democratic-democratic country pairs and autocratic-autocratic country pairs. The
results show that dyad pairs of one democracy and one autocracy are slightly more
likely to conflict over transboundary freshwaterways than the other two dyads in
question. That finding conforms with established beliefs on the instability and
disagreement-ridden nature of democracy-autocracy relationships (Lektzian and
Souva 2007). The majority of independent variables used in this regression yield
significant coefficients, half of which have anticipated signs and half of which do not.
Population, basin, and dryness coefficients are all negative. Those findings are
consistent with Gleditsch et al. findings (2006). Gleditsch et al. found system size to
be indicative of cooperation (2006), but these results do not. Alliance, capital city
distance, and independent news coefficients are all positive, as expected. Those
factors are known to be indicators of cooperation (Gibler 2009; Marshall and Gurr
2013; Kalbhenn 2011; Gleditsch et al. 2006; Buhaug and Gleditsch 2006). On the
other hand, the Kuznet’s control variable, which is usually indicative of cooperation,
takes a negative value in this regression. The four variables with positive
coefficients where negative coefficients were expected (major power, contiguity,
Sub-Saharan Africa, and partially-independent news) are relatively large in
magnitude. The result for contiguity is especially surprising because it is known to
be one of the strongest indicators of conflict, not cooperation (Vasquez 1995;
Gleditsch et al. 2006; Furlong, Gleditsch, and Hegre 2006). However, it is possible
that the relationship between contiguity and conflict differs when only water events
are considered. The unconsolidated regimes and Middle East/North Africa variables
are not significant and the dyad development variable is omitted because of
collinearity.

Table 1. Testing the relationship between governance type and water event
scores.
Variable
Unconsolidated Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Democracy-Autocracy

H1
-0.12
(0.14)
Omitted
-0.14***
(0.043)
0.42***
(0.13)
0.21***
(0.067)
0.13**
(0.052)
0.65*
(0.34)
-0.40***
(0.11)
0.15
(0.095)
0.51***
(0.12)
-0.033***
(0.0079)
-0.33***
(0.76)
-0.67***
(0.024)
0.28***
(0.10)
0.36***
(0.11)
-0.19**
(0.076)

H2
-0.12
(0.16)
Omitted
-0.14***
(0.043)
0.36***
(0.14)
0.20***
(0.068)
0.13**
(0.052)
0.71**
(0.34)
-0.41***
(0.11)
0.075
(0.11)
0.51***
(0.12)
-0.034***
(0.0079)
-0.31***
(0.077)
-0.053**
(0.026)
0.28***
(0.10)
0.39***
(0.11)
-0.094
(0.097)
0.19
(0.12)

1.77*
(0.69)
3858
0.095

1.91***
(0.69)
3858
0.095

Autocracy-Autocracy
Constant
N
R-squared

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

H2 posits that an autocratic-autocratic country pair is not as good at avoiding
and mitigating conflict over transboundary freshwaterways as a democraticdemocratic country pair, but it is better at avoiding and mitigating conflict over
transboundary freshwaterways than a democratic-autocratic country pair. The
results from the multivariate regression run to test that hypothesis can be found in
Table 1. Neither of the governance variables is significant in this regression output,
but most of the control variables are. Once again, dyad size, alliance, capital city
distance, basin, dryness, and independent news variables yield expected results.
Major power, contiguity, system size, Sub-Saharan Africa, Kuznet’s, and partially
independent news variables do not. Contiguity boasts the largest coefficient and
dyad development is once again omitted due to collinearity. The unconsolidated
regimes and Middle East/North Africa variables are, again, not significant. This
regression did yield very similar coefficient values as H1, and, for the most part, the
standard errors are not as large relative to those from H1 outputs.

Governance Type and Water Quantity Conflict
H3 investigates the relationship between conflict over water quantity and
governance structure stating that a democratic-autocratic country pair is more
likely to conflict over water quantity issues related to transboundary freshwater
resources relative to democratic-democratic country pairs and autocratic-autocratic
country pairs. Table 2 shows the results from the multivariate analysis testing H3.
The democracy-autocracy outcome is not significant and fewer control variables are
significant than in the larger-sample size H1 and H2. The unconsolidated regimes,
dyad size, Sub-Saharan Africa, and dryness variables all yield the expected positive
coefficients and are significant. The Kuznet’s coefficient is significant and
unexpectedly positive while the major power, alliance, and Middle East/North
Africa variables are significant and unexpectedly negative. Once again, the largest
significant coefficient is one with an unexpected sign; major power is usually an
indicator of conflict because of the large military capabilities of major powers
(Hegre 2005).

Table 2. Testing the relationship between governance type and water quantity
conflict events.
Variable
Unconsolidated Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Democracy-Autocracy

H3
0.12*
(0.63)
Omitted
0.080***
(0.024)
-0.28***
(0.070)
-0.12***
(0.038)
-0.050
(0.032)
-0.15
(0.15)
0.056
(0.072)
-0.11**
(0.048)
0.23***
(0.067)
-0.0015
(0.0056)
0.20***
(0.040)
0.032***
(0.012)
-0.030
(0.050)
-0.088
(0.061)
0.050
(0.037)

H4
0.13
(0.080)
Omitted
0.079***
(0.024)
-0.29***
(0.077)
-0.12***
(0.039)
-0.049
(0.032)
-0.15
(0.15)
0.055
(0.072)
-0.12**
(0.055)
0.23***
(0.068)
-0.0015
(0.0056)
0.20***
(0.040)
0.034**
(0.014)
-0.030
(0.050)
-0.087
(0.061)
0.058
(0.053)
0.013
(0.066)

-0.35
(0.34)
1125
0.10

-0.34
(0.34)
1125
0.10

Autocracy-Autocracy
Constant
N
R-squared

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

H4 compares the two-autocracy outcome to the two-democracy and the
democracy-autocracy outcomes stating that an autocratic-autocratic country pair is
more likely to conflict over water quantity issues related to transboundary
freshwater resources than a democratic-democratic country pair, but it is less likely
to conflict over the quantity of transboundary freshwater resources than a
democratic-autocratic country pair. The results from the multivariate regression
analysis testing H4 can be found in Table 2. All of the patterns established in the
results from H3 in terms of significance and anticipated sign of coefficients hold true
in the results from H4 except that the unconsolidated regimes variable is not
statistically significant in this model. The major power variable once again has the
largest magnitude coefficient and is shown to be negatively correlated with conflict,
which is not consistent with previous findings (Hegre 2005). H3 and H4 employ a
smaller sample size than H1 and H2, but the R-squared values are slightly larger.

Governance Type and Water Quantity Cooperation
H5 posits that a democratic-autocratic country pair is less likely to cooperate
over water quantity issues related to transboundary freshwater resources relative
to democratic-democratic country pairs and autocratic-autocratic country pairs. The
results of the multivariate regression ran to test that hypothesis are shown in Table
3. The results show that democracy-autocracy pairs are slightly less likely to
cooperate over water quantity than the other dyad types in question. In this model
the unconsolidated regimes, major power, alliance, Middle East/North Africa, SubSaharan Africa, dryness, and independent news variables are significant with the
major power and Middle East/North Africa variables having an unexpected sign.
Once again, the major power coefficient was the largest, but its effect is not as
pronounced in this model and it is in previous models

Table 3. Testing the relationship between governance type and water quantity
cooperation events.
Variable
Unconsolidated Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Democracy-Autocracy

H5
-0.15**
(0.068)
Omitted
-0.014
(0.026)
0.19**
(0.076)
0.14***
(0.041)
0.011
(0.034)
0.16
(0.16)
-0.048
(0.077)
0.091*
(0.052)
-0.16**
(0.072)
-0.0069
(0.0061)
-0.15***
(0.043)
-0.015
(0.013)
0.065
(0.054)
0.16**
(0.065)
-0.090**
(0.040)

H6
-0.057
(0.087)
Omitted
-0.016
(0.026)
0.13
(0.083)
0.12***
(0.042)
0.018
(0.034)
0.23
(0.16)
-0.06
(0.078)
0.038
(0.060)
-0.15**
(0.073)
-0.0071
(0.0061)
-0.15***
(0.043)
-0.0012
(0.015)
0.063
(0.054)
0.17***
(0.066)
-0.017
(0.057)
0.13*
(0.071)

0.51
1125
0.058

0.58
1125
0.073

Autocracy-Autocracy
Constant
N
R-squared

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

The final hypothesis argues that an autocratic-autocratic country pair is less
likely to cooperate over water quantity issues related to transboundary freshwater
resources than a democratic-democratic country pair, but it is more likely to
cooperate over the quantity of transboundary freshwater resources than a
democratic-autocratic country pair. The results from the regression ran to test that
hypothesis are found in Table 3. Results show that a dyad composed of two
autocracies is more likely to cooperate over a water quantity event than a dyad
composed of two democracies. Four control variables are found to be significant and
have expected coefficient signs: alliance, Sub-Saharan Africa, dryness, and
independent news (largest coefficient in magnitude). The R-squared value from this
regression is slightly better than that from the regression testing H5.

Comparing Governance and Conflict/Cooperation Outcomes
To have a reference, the mean of the three types of events studied (IRCC,
conflict over quantity, and cooperation over quantity) were found for each dyad
type (Table 4). In each case a dyad composed of two autocracies showed the
strongest trends towards cooperation. Democracy-democracy dyads show the
strongest trends toward conflict in all three cases. It should be noted that the twoautocracy dyads are by far the least common, followed by the democracy-autocracy
dyads.
Table 4. Mean water event outcome by dyad type.
IRCC
Democracy-Democracy
Democracy-Autocracy
Autocracy-Autocracy

1.46
1.57
1.70

Conflict over
Quantity
0.097
0.070
0.038

Cooperation over
Quantity
0.30
0.31
0.74

Number of
Observations
2191
1136
531

Conclusion
Two of the three hypotheses comparing democracy-autocracy dyads to
democracy-democracy and democracy-autocracy dyads are affirmed by the results
of the multivariate regression analyses. Dyads composed of one democracy and one

autocracy are more likely to conflict in general freshwater interaction events and
less likely to cooperate in quantity-focused freshwater interaction events. There is
no evidence to indicate that democracy-autocracy dyads conflict more than other
dyad types over freshwater quantity events.
Of the three hypotheses that posit dyads of two democracies conflicting less
than other dyad types, only one is affirmed by the results of the multivariate
regression analysis. Results are not significant enough to yield an answer to the
question of how democracy-democracy dyads compare in the case of general
freshwater events and the question of how democracy-democracy dyads compare in
the case of freshwater quantity conflict events. However, the results of the final
regression show that autocracy-autocracy pairs are significantly more likely to
cooperate over water quantity issues than democracy-democracy pairs are. The
democracy-autocracy variable is not significant in the water quantity cooperation
regression. Thus, no comparison can be made between all three dyads in that case.
The interaction results for governance and conflict/cooperation variables
show that interactions between two autocracies are, on average, more cooperative
than any other interaction type considered. In general, all three dyad types
cooperate over water quantity much more than they conflict and they all conflict
over water quantity about equally as often.
Six control variables stand out as worthy of further discussion after
regressions were ran on the dependent variables when the governance type was
known (Appendix C). Water scarcity is a conflict indicator for general water events
regardless of the governance type. However, it seems to have a more prominent
effect when at least one autocracy is present (C-1). Remember that Koubi et al.
found water scarcity to be a driver of cooperation, but they were not looking at
water-specific events (2013). Dyad size is negatively correlated with water quantity
cooperation when at least one autocracy is present (C-3). It is positively correlated
with all conflict types and negatively correlated with water quantity cooperation in
democracy-autocracy pairs. That is generally consistent with Gleditsch et al. findings
that show likelihood of militarized interstate disputes (MIDs) increasing with
increasing population (2006). The percent of the river basin in the upstream state is

positively correlated with all types of cooperation and negatively correlated with
water quantity conflict in democracy-autocracy pairs. That is not consistent with
Gleditsch findings, which found the basin variable to be an indicator of increased
MIDs (2006). The alliance and contiguity variables are positively correlated with all
types of cooperation and negatively correlated with water quantity conflict in
democracy-democracy dyads. The alliance outcome is to be expected from studies of
general conflict, but the contiguity outcome is surprising (Vasquez 1995; Gleditsch
et al. 2006; Furlong, Gleditsch, and Hegre 2006). Finally, the only valid variable
related to development, the Kuznet’s variable, is the only one that is not significant
in any of the cases (C-1, C-2, C-3).
The results of this study could have important implications for the selection
of control variables in water conflict studies.

Discussion
Democracies are frequently lauded as paragons of cooperative behavior and
a sound control for peace in analyses of freshwater conflict (Gleditsch 1998;
Gleditsch et al. 2006). The justification for those statements and uses are sound:
democracies promote the liberal peace and cannot be matched in their ability to
distribute public goods (Gleditsch 1998; Gleditsch et al. 2006; Olken 2010; O’Neal et
al. 1996; Doyle 1983). As has been mentioned before, freshwater poses a unique
case. It cannot be solely defined as a public good or examined with a resource curse
eye (Zetland 2012; Koubi et al. 2013; Sachs and Warner 2001). If the presence of
democratic government is used in as a stabilizing factor in studies on freshwater
conflict, then its use should be scrutinized to determine its validity.
The results of this paper show that “the stabilizing force of democracy” might
not be as relevant as previously assumed in the case of freshwater interaction
events. Dyads composed of two autocracies were shown to cooperate more than
democratic pairs over water quantity events and generally showed more
cooperative trends. Those results call into question the validity of the public good
distribution argument that praises democracies for their ability to handle issues of

water quantity. That is not surprising considering the fact that freshwater is
frequently not a public good (Zetland 2012).
It should be noted that this analysis did employ a small sample size with
especially small occurrences of democracy-autocracy and autocracy-autocracy
dyads. A number of variables that are typically strong indicators of conflict were
actually found to be relatively strong indicators of cooperation in this study. That
could be a sign of errors in the model. Or it could be a side-effect of the fact that
water events are very unique and might not be directly comparable to other
interaction events such as wars and conflicts over expensive, point resources.
Variables that should be investigated more include water scarcity measures, the
percent of the river basin in the upstream state, and contiguity because they seem to
interact with water events differently than they do with general conflict events.
Those variables, in addition to dyad size and the presence of an alliance, should
continue to be used in water conflict studies because of their consistent significance
and influence. Future studies would do well to employ a greater sample size with
more accurate post-2001 geopolitical variables than this study. Or, perhaps even
better, future studies could investigate the use of different conflict and geopolitical
control variables since traditional ones do not seem to be as relevant to water
conflict as is thought.
The results of this study show that greater scrutiny is required in the
selection of control variables for freshwater conflict studies. The “stabilizing force of
democracy” might not be as relevant as scholars argue. Generally, there is a need for
better control variables that more accurately represent the dynamics of waterspecific events. Perhaps once appropriate control variables are found,
transboundary freshwater conflict studies can yield robust results that pave the way
for tangible improvement in water conflict-stricken areas.

Appendix A*
IRCC Value

Name

6

Alliance (Ratification of Freshwater Treaty)

5

Official Support (Signing of Freshwater Treaty)

4

Agreement/Commitmentiii

3

Agreement of Low Scaleiv

2

Verbal Supportv

1

Minor Official Changes, Talks or Policy Expressionsvi

0

Neutral Actsvii

-1

Mild Verbal Expressions Displaying Discord in Interactionsviii

-2

Strong Verbal Expressions Displaying Hostility in Interactionix

-3

Hostile Actionsx

-4

Breaking Diplomatic Relationsxi

-5

Any Violent Acts (not war)

-6

Violent Conflict (formal war)

*Descriptions of IRCC conflict/cooperation variables adapted from Kalbhenn 2011.

Closing plant in own country that possibly leads to pollution in other country; offering commitment, such as
water supply; financial support for water projects in other country (e.g. creation of sewage treatment facility);
any legally binding, cooperative actions excluding treaties; cooperative/joint water management projects
iv Visit by head of state, discussion on joint water issues (JWI); meeting of environmental ministers for talks on
JWI; drafting cooperation agreement/joint policy; agreement to set up cooperative working groups; setting up
expert group (on JWI)
v Official support of policy; meeting of river commission with expression of policy goals; minor reaction to
environmental accidents, such as establishment of an information hotline; invite inspectors from other country
in order to dispel doubts of possible pollution, etc.
vi Meeting of high officials discussing JWI; visit by lower officials for talks on JWI; proposing talks on JWI;
submitted position on joint water problem; demanding action from other country (positive connotation);
informing other country about environmental accidents
vii Rhetorical statements; interaction by private actors
viii Proposing unwanted dam or other flow regulation; demanding action from other country (negative
connotation); delaying talks/refuse to take part in talks
ix Failure to report environmental accidents harmful to other country; turning to court; officials making
threatening demands and accusations; postponing heads of state visits, refusing participation in
meetings/summits
x Disposal of waste in shared water; abrogation of a water agreement; opening/closing a dam’s floodgates
causing harmful consequences for another country
xi Intended pollution; unilateral construction of water projects against another country’s protest; reducing flow
of water to another country
iii

Appendix B*
Variable Name

Mean

Standard Minimum
Deviation Value

Maximum
Value

Number of
Observations

alliance1

0.29

0.45

0

1

5881

anydryhh

0.51

0.50

0

1

5881

mcontiguity

1.29

0.52

0

2

5881

newdyadsize

17.94

1.21

14.03

21.61

5881

ind

0.083

0.28

0

1

5881

ircc

1.54

1.79

-5

6

5881

mlnbasinupstream

8.42

5.16

0

15.18

5816

mlndistance

6.39

0.91

1.61

8.60

5816

-6.08

1.16

-8.82

-3.29

5881

-12.16

2.32

-17.64

-6.57

5881

mmajorpower

0.13

0.34

0

1

5816

mmideastnaf

0.20

0.40

0

1

5816

onedemocnew

0.28

0.45

0

1

5881

0.092

0.29

0

1

5881

0.33

0.47

0

1

5816

-0.16

0.74

-3.85

0

4053

quantconflict

0.31

0.46

0

1

1500

quantcoop

0.52

0.50

0

1

1500

twoautocnew

0.15

0.35

0

1

5881

unconsolidatednew
0.055
0.23
*Descriptions of the variables used in this study.

0

1

5611

lndyaddevelopment
lnsqdyaddevelopment

partlyind
mssa
msyssize

Appendix C
Table 1. Regression results from models testing the relationship between the
control variables and the IRCC water event scores when governance type is
known.
Variable
Unconsolidated
Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North
Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Constant
N
R-squared

DemocracyAutocracy
Omitted

AutocracyAutocracy
Omitted

Omitted
-0.12*
(0.061)
0.60**
(0.25)
-0.20
(0.14)
0.11
(0.098)
0.89
(6.20)
-0.64
(1.68)
-0.071
(0.17)
1.10***
(0.21)
0.045***
(0.017)
-0.61***
(0.14)
-0.020
(0.043)
0.51***
(0.17)
0.029
(0.24)
0.94
(6.34)
1136
0.16

Omitted
0.035
(0.22)
-0.71
(0.67)
0.071
(0.18)
0.31
(0.19)
21.73*
(11.73)
-5.90*
(3.21)
0.28
(0.27)
0.16
(0.31)
-0.0034
(0.022)
-0.65**
(0.27)
0.076
(0.082)
0.69**
(0.31)
-0.36
(0.54)
-21.38
(12.42)
531
0.052

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

DemocracyDemocracy
0.12
(0.21)
Omitted
-0.19***
(0.069)
0.42*
(0.22)
0.34***
(0.10)
0.12
(0.78)
1.01***
(0.36)
-0.51***
(0.13)
-0.18
(0.26)
0.52***
(0.19)
-0.070***
(0.011)
-0.23**
(0.12)
-0.029
(0.039)
-0.068
(0.14)
0.58***
(0.13)
3.01***
(1.08)
2191
0.11

Table 2. Regression results from models the relationship between the control
variables and water quantity conflict events when governance type is known.
Variable
Unconsolidated
Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North
Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Constant
N
R-squared

DemocracyAutocracy
Omitted

AutocracyAutocracy
Omitted

Omitted
-0.099***
(0.034)
-0.61***
(0.17)
0.048
(0.096)
0.13*
(0.076)
-4.97
(10.78)
1.52
(2.89)
-0.058
(0.11)
-0.0038
(0.12)
-0.054***
(0.014)
0.21**
(0.091)
0.012
(0.025)
-0.15**
(0.075)
-0.17
(0.14)
3.43
(10.74)
290
0.17

Omitted
0.047
(0.17)
-0.23
(0.43)
-0.071
(0.091)
-0.071
(0.14)
Omitted
Omitted
-0.19*
(0.11)
0.44***
(0.12)
0.012
(0.017)
0.17
(0.10)
0.032
(0.030)
-0.052
(0.13)
-0.082
(0.20)
0.062
(2.25)
189
0.20

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

DemocracyDemocracy
0.42***
(0.13)
Omitted
0.0072
(0.043)
-0.14
(0.16)
-0.28***
(0.075)
0.043
(0.056)
-0.36**
(0.17)
0.14
(0.11)
-0.37***
(0.13)
-0.12
(0.14)
0.0063
(0.0077)
0.034
(0.076)
0.036
(0.024)
0.099
(0.076)
-0.090
(0.074)
0.73
(0.58)
646
0.098

Table 3. Regression results from models the relationship between the control
variables and water quantity cooperation events when governance type is
known.
Variable
Unconsolidated
Regimes
Development
Dyad Size
Major Power
Alliance
Distance
Contiguity
System Size
Middle East/North
Africa
Sub-Saharan Africa
Basin Upstream
Dryness
Kuznet’s
Partially Ind. News
Independent News
Constant
N
R-squared

DemocracyAutocracy
Omitted

AutocracyAutocracy
Omitted

Omitted
-0.077**
(0.036)
0.57***
(0.18)
-0.18*
(0.10)
-0.088
(0.082)
-14.43
(11.66)
3.69
(3.13)
-0.068
(0.12)
0.098
(0.13)
0.061***
(0.016)
-0.11
(0.098)
-0.0034
(0.027)
0.10
(0.081)
0.44***
(0.15)
16.18
(11.61)
290
0.17

Omitted
-0.52**
(0.21)
1.26**
(0.53)
0.16
(0.11)
0.36**
(0.17)
Omitted
Omitted
0.056
(0.13)
-0.25*
(0.15)
0.0060
(0.021)
-0.20
(0.13)
-0.017
(0.037)
0.31*
(0.16)
-0.19
(0.25)
7.33***
(2.79)
189
0.14

*p < 0.1, **p < 0.05, ***p < 0.01, standard error in parentheses

DemocracyDemocracy
-0.25*
(0.13)
Omitted
0.10**
(0.045)
-0.041
(0.17)
0.22***
(0.078)
-0.12**
(0.058)
0.39**
(0.18)
-0.14
(0.11)
0.27**
(0.13)
0.075
(0.14)
-0.022***
(0.0080)
-0.086
(0.079)
0.0070
(0.024)
-0.020
(0.079)
0.23***
(0.077)
-0.70
(0.60)
646
0.078
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