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Introduction

Availability of natural resources such as water, forests and land throughout the world has decreased over time (both in terms of quantity and quality) as a result of development and expansion of urbanization and agriculture.  The inevitable consequences of increased demand for, and decreased supply (including deteriorating quality) of, various natural resources, especially water, is an increase in the value of these scarce resources and their services, leading to increased competition over their allocation. Therefore, there is a need for comprehensive and stable arrangements of a sustainable nature that will satisfy all parties involved, directly and indirectly.

Regional conflict, negotiation, and cooperation are three possible stages in a process that results in an economic system that may, under certain conditions, lead to regional arrangements vis-à-vis resource allocation and management.  In this paper I will discuss the conditions under which a regional cooperative arrangement is possible, and to what degree economic considerations alone provide the basis for cooperation.  Economically optimal arrangements of a cooperative nature have to fulfill efficiency requirement.  Such arrangements should be associated with additional gains to the participants.  They also have to address issues of justice and fairness associated with the allocation of the resulting benefits or the joint cost.


Economic concepts are applicable in the case of resource conflicts arising from market failure; they can be used to design institutions and organizational solutions in terms of rules and structures that are socially desirable; and they identify solutions that are associated with gains to all parties involved in the conflict (Loehman and Dinar A., 1995).  The literature provides several methods that can be adapted to finding cooperative solutions.  After acquainting ourselves with cooperative principles in the next section, I will briefly review several approaches and demonstrate how they have been applied to water resource-related cooperative analyses.  This will be followed by several examples of actual cases of cooperation over water in various parts of the world.  The lessons learned are summarized in the concluding section.

(Economic) Principles of Cooperation

Cooperation is defined as a process through which human beings and groups may move up from one level of social development to the next, richer and more stimulating, one (Bogardus, 1964).  Several principles of cooperation are described in the literature.  The most important are: (1) the democracy principle of managing the cooperation, (2) the voluntary principle of joining and leaving the cooperation arrangements, (3) the autonomy principle of self sustainability, (4) the equity principle of participating and sharing the benefits, and (5) the universality principle of having a set of goals that attract all participants (e.g., Bogardus, 1964).


Cooperative participation in design and scale, and mutually planned sharing of costs and attendant benefits, are likely to lead to more effective exploitation of a resource potential in such an undertaking than if each party were to take an independent course of action that ignores off-site effects they would have been worse off.  In general, where inter-dependencies exist, pooling the resource potential of an entire river system, for example, offers a wider range of technically feasible alternatives, and by avoiding duplication, it offers an opportunity to select the most economical combination of sites for cooperation for attaining mutually desired objectives. 

Given the apparent advantages inherent in the cooperative development of an international river, why have such undertakings not always proceeded smoothly and to an expeditious completion? There are several reasons: (1) technical complexity of the cooperative project (e.g., Waterbury, 2002; Just and Netanyahu, 1998), (2) ill-defined rights and responsibilities of each riparian (e.g., Dinar S., 2004), (3) the existence of differing goals that cannot be represented by a simple balance of costs and gains to the riparians concerned, and (4) the existence of wider considerations among the riparians and other stakeholders (Kibaroglu, 2002).  For example, in the Nile Basin there are a number of factors that may make cooperation more difficult (Waterbury, 1996, 2002): high rainfall variability over time and across states in the basin; economic growth in several basin states has been low or negative; high population growth rates, and growing water-related needs in all basin states necessitate immediate action rather than long-term vision. Also, potential non-significant contributions of various basin states may diminish their role in a cooperative arrangement, because they will have very little to offer. 


Contrary to the perception that a “grand coalition”
 is associated with the highest total benefit from cooperation, Just and Netanyahu (1998) observe that multilateral agreements on international river basin issues are the “rare exception rather than the rule” (pg. xx). They found that performance of multilateral organization is negatively correlated with the number of member states and that negotiations over international water resources tend to yield bilateral arrangements in higher frequency than multilateral arrangements.  Based on these observations, Just and Netanyahu (1998) challenge the grand coalition concept as the desired one because it imposes transaction costs on each coalition member, because of the within-coalition monitoring problems, and because of the free rider
 problem.  In other words, Just and Netanyahu (1998) argue that the grand coalition concept is too theoretical and impractical to be applied to international water issues. Rather, they suggest that the partial coalition concept should be considered, since it may offer greater net economic benefits to be shared between the parties and a higher level of sustainability in cooperation.

Figure 1: Likelihood of Cooperation
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In the above figure, N is the number of riparians, C and B are respectively the costs and benefits of cooperation, and P is likelihood of having a treaty among the riparian players.  Based on existing experience in int’l water (e.g., ) the cost of cooperating increases as the number of participating players increase, due to additional monitoring and enforcement.  Using the same venue, the benefits from cooperation do increase as the number of parties increase, but in a decreasing rate.  Thus, there is an optimal number of participating players that each cooperative arrangement has.  Likewise, the likelihood of obtaining a treaty increases with the number of participating parties up to a point where the difference beyeen benefits and cost is in its maximum and thereafter the likelihood decreases.


These points are important and should be looked at carefully. The question is whether or not many partial agreements provide a more stable environment for regional cooperation than one, multi-lateral agreement. In terms of time gained during negotiations, and better resource management in the short run, this may be the case. Therefore, a long-term analysis is needed as well. A possible solution is a dynamic pattern in which at first partial cooperative arrangements are arrived at, and then higher-level coalition arrangements should be sought.


Using economic terms, for a regional cooperative arrangement to be attractive to the participants, and to be economically sustainable, it needs to fulfill requirements for individual and group rationality.  That is, the regional cooperative outcome is preferable to the non-cooperative outcome for each participant.  Also, the regional cooperative outcome for each participant is preferable to outcomes from any partial cooperative arrangement that include a subset of the regional participants.  The regional cooperative arrangement also fulfills requirements that all costs or gains are allocated or accounted for.  This means, at least in theory, that all costs–direct and indirect, internal and external–that are associated with cooperation can be identified and included in the cooperative agreement.


Dinar S. (2004) addresses cooperation among riparian states in bilateral basins.  The work explores whether the observed variation in treaty outcomes can be explained by differences in geography and economics.  In particular it tests hypotheses regarding cost-sharing patterns and the transfer of side-payments between parties to ameliorate pollution problems and resolve disputes over flood control, hydropower and water allocation.  The main conclusion from his work is that there should be a difference in the cooperative outcome of treaties that relate to two different types of geographies, the through-border and border-creator typologies. However, given that richer states have different propensities to pay than poorer states, economic asymmetries among states should also matter.


In addition, Dinar S. and Dinar A. (2005) argue that states will cooperate when it is in their interest, and scarcity on a given river provides the appropriate context.  Furthermore, cooperation is often sought when countries are unable to solve problems of scarcity in a unilateral fashion but can gain through cooperation and coordination of a river’s resources uses.  Thus, in explaining why cooperation takes place in some cases and not others, one is able to explain why treaties have been negotiated for some rivers and among some countries and not for other rivers and among other countries.  In this ‘issue specific’ treaty vs. no treaty analysis, scarcity is considered a necessary variable for the emergence of a treaty.  Since a given treaty is negotiated to ameliorate a particular scarcity issue, a scarcity measurement may also be used to explain the likelihood of treaty formation for that particular issue.  For example, a situation of scarcity in pollution control is likely to lead to a pollution abatement agreement between the respective countries. The model, therefore, not only considers the likelihood of treaty formation in general, for a particular year, but also the kind of treaty to be negotiated. 

To further demonstrate the potential role of economic principles in regional cooperation, we can borrow from the field of international trade and investment (Moran, 1996), although water and water-related activities are not as easy to trade or handle as other commodities.  As the globalization of economic activity can be a source of benefit and harmony among trading nations on the one hand, it also can create conflicts because of unfair trade practices.  As domestic trade and production policies can affect international trade, other domestic policies can impact the stability of water-sharing arrangements as well.


Economics and politics play interactive roles in the evaluation of regional cooperation. Just as political considerations can effectively veto a joint project with an otherwise favorable economic outcome, a project with potential regional-welfare improvements might influence the political decision-making process to allow the necessary cooperation.  Therefore, economic and political considerations should be incorporated into regional cooperation evaluations. Several works demonstrate these issues.


Dinar A. and Wolf (1994a, 1994b, 1997) argue that economic efficiency alone is not a sufficient condition for cooperation, especially when it is related to the transfer of a scarce resource, such as water, among hostile potential cooperators. Therefore, political considerations should be incorporated into the analysis as well. They develop a framework for analyzing economic and political aspects of cooperation and demonstrate, using the case if trading Nile water, how regional cooperative arrangements based only on economic considerations are inferior to arrangements that take into account also political considerations.


LeMarquand (1977) provides a general conceptual framework to handle international river cooperation, taking into account hydrologic, economic, and political aspects. The conceptual framework identifies three sets of factors, each containing several variables that establish general patterns of incentives and disincentives for cooperation. The three sets are the Hydrologic-Economic relations among the potential cooperators, the Foreign Policy of each potential cooperator (regarding relevant issues), and each potential cooperator’s Domestic Policy and Consensus. The Hydrologic-Economic set can be viewed as a necessary condition for cooperation. Then Foreign Policy, which is affected by Domestic Policy and Consensus, may decay or enhance this cooperation. However, this framework does not include an important set of factors: the power of a potential cooperator to prevent the establishment of other coalitions. Another potential drawback of this approach is its lack of quantitative measurements for the various factor sets and variables used.


Not many studies address the sustainability of the cooperation once an agreement has been reached.  Morrow (1994) identifies four problems associated with sustainability of cooperative solutions: sanctioning, monitoring, distribution, and information.  All four activities are mixed in their impacts on the stability of the cooperative arrangement stability.  A distributional problem arises when the actors have different preferences over the cooperative arrangement. An information problem occurs when the actors are uncertain of the value of the different cooperative arrangements, and may benefit by sharing knowledge.  Assuming that the parties reveal their true interests by signing a cooperative agreement, there is no need, in theory, for enforcing and sanctioning.  However, problems of monitoring, enforcing, and sanctioning (in cases of defection) in a cooperative environment, which are subject to the ex-post non-cooperative behavior of some parties, are important and difficult to resolve as well.  For example, monitoring and enforcing cooperative agreement may be expensive and difficult because it requires acquiring complicated information.  The distribution of relevant information among the signatories is one of the key factors in the effective implementation of a cooperative agreement.


How do analysts approach regional cooperation in the context of int’l water?  There are several guidelines to be followed in order to establish regional cooperation.  But what are the tools available for evaluation of regional cooperation? Following is a review of two types of modeling tools for this purpose: optimization models and game theory models.

Optimization Models

Optimization models provide solutions that, economically, are preferable to the entire basin.  They are usually seen as if a social planner took responsibility for the preferences of the parties in the basin and suggested solutions that they ‘could not resist’.  A class of optimization models applied to resource allocation problems can be found in the literature.  Optimization models can be classified, for our purposes, by three approaches: regional planning, inter- and intra-regional allocations, and markets (Beach et al., 1998).

Regional Planning Models

Chaube (1992) applies a multi-level, hierarchical modeling approach to international river basins in order to evaluate possible resolution arrangements of the India-Bangladesh-Nepal-Bhutan conflict over the Ganges-Brahmaputra river basin water. That modeling approach allows the utilization of existing models and institutional frameworks for the analysis of large-scale, real-life problems. By breaking the overall problem into hierarchical stages, it can carry a robust analysis of physical, political, economic, and institutional systems.  As opposed to Chaube (1992), who used a static framework, Deshan (1995) presents a large-system, hierarchical dynamic programming model, which is applied to the Yellow River in China.  By incorporating inter-temporal effects, this approach allows for the testing of likely future impacts of water availability scenarios on the urban, storage and hydropower sectors that compete over the scarce water of the river.  Having the inter-temporal effects built into the regional framework, allows a careful evaluation of potential cooperation arrangements as well.


Another tool is the multiple objective planning approach. North (1993) applies a multiple objective model (MOM) to water resource planning and management. MOMs are particularly important in water-related conflicts, since water conflicts may arise because each party has different set of objectives (that may conflict with other parties’ objectives) in using the scarce resource. MOMs can compare the results of various optimization problems in terms of incommensurate values for economic, environmental, and social indicators. 


Kassem (1992) develops a river basin model driven by water demand at each of the nodes (stakeholders, users, countries, etc...) in the river basin. This comprehensive approach takes into account both the available water resources and the characteristics of water use by each of the use sectors. In addition, the model allows for policy interventions directed at each of the river basin parties, in order to affect water use efficiency. Pricing, storage, and administrative quota restrictions are among such interventions.


The similarity among these planning models is that they provide a wide set of alternatives for consideration by the parties, but they do not create a mechanism flexible enough to respond to changing local and global situations (e.g., relative power, economic conditions) affecting the parties involved.


LeMarquand (1989) suggests a framework for developing river basins that is economically and socially sustainable. At the core of the approach is a river basin authority to coordinate basin-wide planning and execution of multi-purpose projects, including water and other regional development. In the case of developing countries, the approach also includes a component to coordinate donor activities. Especially in international rivers, LeMarquand suggests the following conditions for successful water sharing agreements: (1) similar perceptions of the problem, (2) similar characteristics of the welfare functions of the parties, (3) similar water production functions,
 (4) existence of some level of dialogue, (5) a small number of parties involved, and (6) at least one party having the desire to resolve the conflict.

Inter- and Intra-regional Allocations

Sprinz (1995) investigates the relationships between local (state) production and pollution and international pollution-related conflicts. Although very specific to international environmental pollution conflicts, there are some features in this work that can be adapted to international water conflicts. The move from closed economies to a situation, which allows international trade, international pollution regulation, and global environmental problems, produces a more stable and acceptable solution.


Using the Coase Theorem as a theoretical foundation
, Barrett (1994) proves that when there is international inter-dependence, that is, if what country A does with water on its territory affects the welfare of country B (say, by pollution of return flows of the river stretch in country B), there is no guarantee that the allocation of water resources will be efficient. Barrett (1994) applies simple modifications of the Prisoners’ Dilemma Game
 to various international water dispute case studies (Columbia, Indus, Rhine), under various treaty and institutional arrangement scenarios. The main conclusion from this work is that the allocation of the joint benefits from an allocation scheme of the basin water among the riparians is the key to an acceptable agreement.


Just et al. (1994) suggest an economic framework to deal with trans-boundary water issues, and apply it to the Middle East. The core of the approach is joint (with international help) planning and finance of water-related projects that may expand the resource base among countries in the region. Better use of existing sources can occur because the political and economic costs of changing the existing water use patterns is reduced when supply is higher.

Markets

Dudley (1992) introduces the concept of common property and capacity sharing (of a water system, such as a reservoir or a river) in the context of water markets and potential disputes over water in large water systems. It is argued that because capacity sharing minimizes the inter-dependencies of behavior between users of a water system, it provides a good basis for dividing up the system among the system users.


Zeitouni et al., (1994) and Dinar A. and Wolf (1994a, 1994b, 1997) also suggest a market approach for water allocation problems within states in the Middle East. While there are several important differences in scope between the models in these two studies, both arrive at a similar conclusion that market mechanisms, amended by appropriate institutions, may apply also to efficient allocation of scarce water in an international setting.
Game Theory

Game theory is a relatively new branch of mathematics and social sciences that has been used successfully to engineer improvements in the understanding of many market and non-market events. It is used to clarify decision making in contexts where one player’s best choice in a particular interaction depends, to some extent, on the choice of another player (or other players). This is often called a “strategic choice.” By working out the logic behind purposeful behavior of actors involved in some strategic interaction, it is possible to determine how individuals ought to make choices in a particular interaction if they adhere to principles of rationality. The principles of rational choice require that the players’ behaviors are motivated by their own goals and values, as modified by their updated expectations and as constrained by their resources and the rules of the institutional context in which they operate. In the jargon of game theory, a game’s outcome depends upon the set of feasible outcomes, participants' choices, and the rules of the game.


This is easily shown to be relevant to the engineering of social outcomes. Trying to guide social policy involves two steps: (1) the specification of social goals and (2) the design of institutions, rules, or strategies to channel the social outcomes toward those goals. The theory of games coupled with experimentation is ideally suited for these goals. After all, the idea behind a game is that institutions and agreements determine the rights and powers of participants. They determine both the acts available to players and the consequences which result from any pattern of acts taken by the set of participants.
 The acts of the participants, and hence the social choices from among the feasible alternatives, depend upon both the choices of the actors and of the institutions which define the processes and their rules. These rules, which govern or, at least, influence the outcome of the overall game, form the basic context of the decisions.


As in all science, the theory cannot be sufficiently "closed" without empirical understanding of the exact details of the institutional context. Thus, any useful policy applications require a continual interplay between theoretical formulation, manipulation of real world assumptions, and careful observation to monitor the status of the theoretical predictions. 


When the demand of a population for water in a river basin begins to approach its supply, the inhabitants have three choices. (These options are equally applicable to the problems facing inhabitants of a single basin that includes two or more political entities.) Each can be modeled (see Falkenmark 1989a and LeMarquand 1977 for related work):

The inhabitants may work unilaterally within the basin (or state) to increase supply - through waste-water reclamation, desalination, or increasing catchment or storage - or decrease demand, through conservation or greater efficiency in agricultural practices.  The inhabitants of a basin may cooperate with the inhabitants of other basins for a more efficient inter-basin distribution of water resources. This usually involves a transfer of water from the basin with greater resources.  Or, the inhabitants may make no changes in planning or infrastructure and face each cycle of drought with increasing hardship. This is the option most often chosen by countries that are less developed or are wracked by military strife.


Although the last alternative may seem unreasonable, game theoretic models can help to explain how nations may make choices, which lead to it due to the nature of their underlying interests and the strategic structure of the game itself. The modeler can then try to make prescriptions in such cases to change the contexts so as to lead to more efficient and welfare-enhancing outcomes.


Game theory has applied to international water conflicts only sporadically. Rogers (1969) applied a game theoretic approach to the disputed Ganges-Brahmaputra sub-basin that involved different uses of the water by India and Pakistan. The results suggest a range of strategies for cooperation between the two riparian nations which will result in significant benefits to each. In a more recent paper, Rogers (1991) further discusses cooperative game theory approaches applied to water sharing between the U.S. and Canada in the Columbia basin, among Nepal, India, and Bangladesh in the Ganges-Brahmaputra basin, and among Ethiopia, Sudan, and Egypt in the Nile Basin. In-depth analysis is conducted for the Ganges-Brahmaputra case, where a joint solution improves each nation’s welfare more than any non-cooperative solution (Rogers 1993). Dufournaud (1982) applies game theory to both the Columbia and the Lower Mekong to show that "mutual benefit" is not always the most efficient criterion to measure cooperative river basins. Dinar A. and Wolf (1994a) use cooperative game theory to explore the economic pay-offs that might be generated in a technology-for-water exchange between Israel and Egypt, and how those pay-offs might be distributed to induce cooperation. Netanyahu et al. (1998) apply a game theory framework to the very problematic issue of cooperation over shared aquifers, specifically the Israeli-Palestinian dispute over the Mountain Aquifer. Using an interconnected game approach, Bennet et al. (1998) demonstrate the ability to solve conflicts with relatively high level of externality by attaching side issues to the main issue in the dispute. They apply that approach to the Aral Sea basin in Central Asia and to the Euphrates and Orontes River basins in the Middle East.


Application of metagame theory, which is a non-numeric method to analyze political conflicts, has been applied to water resources problems by Hipel et al. (1976), and Hipel and Fraser (1980). The resulting outcome of a conflict is a set of strategies most likely to occur and their payoffs to each participant. Becker and Easter (1994) analyze water management problems in the Great Lakes region among different U.S. states and between the United States and Canada. A central planning solution is compared to a game theory solution with the results favoring the solution found through game theory.


Using a game theory approach, Dinar A. and Wolf (1994a) evaluate the idea of trading hydro-technology for inter-basin water transfers among neighboring nations. They attempt to develop a broader, more realistic conceptual framework that addresses both the economic and political problems of the process. A game theoretic model is then applied to trade in the Middle East involving Egypt, Israel, the West Bank, and the Gaza Strip. The model allocates potential benefits from trade among the cooperators. The main findings are that economic merit exists for water transfer in the region, but political considerations may harm the process, if not block it entirely. Part of the objection to regional water transfer might be due to unbalanced allocations of the regional gains and, in part, to regional considerations not directly related to water transfer.


The examples described above address cooperation and focus in particular on issues such as time consideration, grand coalition/partial cooperation, and expansion of the scope of cooperative activities. The following sections show that real-world cooperation strategies almost always address such issues. Questions such as when to activate a certain feature in the cooperation arrangement, whether or not to wait for the entire set of parties to agree on cooperation; or to promote less than grand-coalition cooperation activities; and whether or not to address the issue under dispute or to involve more issues that may enhance cooperation; all these questions are addressed in real life cooperation problems.

Some Observations on Conflict and Cooperation over Int’l Water

Both conflict and cooperation combine a mix of economic and political impetuses.  Some scholars see conflicts to be the hallmark of the social interaction, and cooperation to be rare.  Others believe that relations between various interest groups resemble a variety of rules, norms, and a wide spectrum of political interest, all of which lead to cooperative ambience (Stein, 1990).  Analyses of conflicts and cooperative solutions suggest that the general observations of Stein (1990) hold also for the case of water, which is a source for conflict, but it can also be a good reason for cooperation.

In the project ‘Basins at Risk (BAR)’ researchers conducted keyword and subject searches of several databases.  This information was recorded by a team of researchers from Oregon State University in Corvallis.  The electronic news databases – the Foreign Broadcast Information Service (FBIS) and the World News Connection (WNC) – are among the databases that were searched.  The incidents of conflict and cooperation over freshwater catalogued in the water event dataset can be considered in two basic formats:  (a) "interactions", in which incidents are broken out by the country-pairs (dyads) and basins involved (which allows exploration of the relationship between incidents and variables at the country scale), and (b) "events", in which one entry is provided for each incident in a basin, regardless of the number of country-pairs involved (allowing for exploration of the relationship between incidents and variables at the basin scale).  The Water Event Dataset contains approximately 1,800 events, which can be broken out into approximately 3,300 country-pair interactions.  The data include events for 124 countries and for 122 out of 265 current and historical international basins. 

As can be seen in Figure 2, Cooperative events are always surpassing the conflictive events between 1949-2000, and the last decade is characterized by a hike in both conflictive and cooperative events. What does that mean?  (a) With regard to the ratio between cooperative and conflictive events, this means that countries that share international basins are more likely to cooperate than to fight.  And (b) With regard to the hike in events in the last decade, it may mean that new communication channels like the internet and media allowed the researchers to capture more events than in prior decades.


[image: image3..pict]
Figure 2: Water Conflictive and Cooperative Events Over the last 50 Years (Source: Based on Yoffe et al., 2002).

Cooperation over scarce water resources has taken a variety of forms.  From the extremes of full cooperation to full-scale conflict, there are always the questions of why a conflict and how to enhance cooperation.  Sharing of water resources is a global problem, as international river and lake basins comprise nearly 50 percent of the world's continental land area (United Nations, 1978).  In Africa, Asia, and South America, this percentage rises to at least 60 percent (Barrett, 1994).

Table 2: Countries that Share a Basin (Wolf et al, 1999 Table 6)
	Number of Riparian Countries
	The Shared Basins

	17
	Danube

	11
	Congo, Niger

	10
	Nile

	9
	Rhine, Zambezi

	8
	Amazon, Lake Chad

	6
	Aral Sea, Ganges-Brahmaputra-Meghna, Jordan, Kura-Araks, Mekong, Tarim, Tigris and Euphrates, Volta

	5
	La Plata, Neman, Vistula

	4
	17 Basins

	3
	49 basins

	2
	176 basins

	Total number of basins
	261 basins


The economic and political burden of unresolved international water conflicts are significant. Economic development of river basins is delayed or stopped. Short- and long-term damages to parties occur as a result of a unilateral action taken by another party, and additional indirect social costs may also be the result of such conflicts.  The range of shared basins provides examples for conflict and cooperation among the riparians.  Of the 261 transboundary basins and lakes, 176 are shared by two countries and one is shared by 17 countries (Table 2).  

For example, there are several ways in which cooperative international river development offers possibilities for mutual gain (Krutilla, 1969). An upstream riparian may wish to undertake measures on the domestic reaches of the stream in order to provide some protection from flood hazards and some improvement of flows during low-flow seasons.  According to Krutilla (1969), documenting the Columbia River case, cooperative participation in design and scale, and mutually planned sharing of costs and attendant benefits, are likely to lead to more effective exploitation of the river’s potential than if each party were to take an independent course of action, ignoring off-site effects. In general, where inter-dependencies exist, pooling the resource potential of an entire river system offers a wider range of technically feasible alternatives, and by avoiding duplication this pooling gives an opportunity to select the most economical combination of sites and measures for attaining mutually desired objectives.


In a recent work, Dinar S. and Dinar A. (2005) argue that it is scarcity that drives the process of cooperation among riparians to rivers that are shared between two riparians.   A descriptive statistics of the 300 treaties (between 1896 and 2002) that were analyzed in their work suggest a similar pattern that was depicted in Figure 2, namely, cooperation (measured by treaty formation) has increased significantly in the last two decades.  Thus the claim that the next century will be characterized by wars over water is simply erroneous. 
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Figure 3: Distribution of bilateral treaties during 1864-2002 (Source: Dinar S. and Dinar A. 2005).


What is becoming increasingly clear as patterns of international water conflict begin to emerge is that a variety of factors tend to preclude cooperative management within basins. (Here I use the term cooperative management also to address the resolution of conflicts, which requires some degree of cooperation.)  These factors may include unequal power and hostile political relations between riparians, or an especially large number of riparian states. Any successful basin-wide arrangement in the face of these factors has been a result of strong NGO or other third-party involvement, roles that have been taken on with increasing reluctance (Bingham et al. 1994).


A more detailed analysis of factors affecting treaty signature among riparian states can be found in Song and Whittington (2004) and in Espey and Towafique (2004). 


Even though it is suggested that the likelihood of basin-wide cooperation is less attainable because of existing externalities affecting riparians’ benefits (Just and Netanyahu, 1998), there are two issues that need further attention. First, mechanisms can be put in place, to reduce and even eliminate the externality impacts, hence promote basin-wide cooperative water arrangements. Such mechanisms may include river basin authorities, or step-wise agreements – such as was the case in the Danube River basin (Linnerooth, 1990) and in the Mekong River and the Aral Sea basins (Kirmani and Le Moigne, 1997) – and information collection and dissemination systems, which are becoming more and more affordable and acceptable to all parties in various parts of the world (Kilgour and Dinar A., 1995). Second, even if a partial cooperation arrangement is more likely to take place in the basin in the short- and medium-run, the longer-term prospect for such arrangements are gloomy in light of previous empirical evidence (Kaufman et al., 1997). For that reason, it is important in cases of less-than-basin-wide arrangements to identify symptoms of pre-conflict situations.


While evaluating the potential for cooperation in water resources development between Middle East countries, Kalley (1989) examines a particular approach that is based on individual water-related projects among two or more parties in the region. It should be noted that in Kally’s approach, the water-related projects cut across basins and do not focus on a particular basin. The author suggests that it is possible to envision different combinations of various projects of potential interest to the particular parties as well as to all parties in the region. However, political considerations other that those related directly to water are likely to determine the level of cooperation in the region and the particular subset of projects to be selected.

Cases of Cooperation

There are a variety of successful and less successful experiences of cooperation between riparian countries over development and management of river basins. Several examples detailing the experience of various river basin organizations from Africa are found in Rangeley et al. (1994). One successful long standing example for international river basin cooperation is that of the Senegal River (LeMarquand, 1990).  This cooperation originated in the French colonial era and continued after the independence of three of the Basin states: Mali, Mauritania, and Senegal.  For a detailed review of literature dealing with various aspects of conflict and cooperation over transboundary water see Dinar and Dinar, 2003.


Four examples of interest presented here are the cooperation attempts in the Mekong River, the Danube River, the Aral Sea Basin Water and Environmental Program, and the Jordan Basin.  The Mekong example demonstrates the power of cooperation even during times of war. The Danube Strategic Action Plan is an example of how the riparian states of the Danube River have established an integrated program for the basin-wide control of water quality, which, if not the first such program, has claims to probably being the most active and the most successful of its scale.  The Aral Sea Program is the least mature of the four examples, but its establishment in itself is a major achievement.  The Jordan Basin is an example of riparian states that turned many years of hostility to a working cooperative agreement of water allocation in a region with highly variable water supply.

The Mekong Basin

The Mekong rises in China and flows through Myanmar, Laos, Thailand, Cambodia, and Vietnam. The Mekong experience is a successful application of a comprehensive approach to development planning in an international river. Yet, it is one of the least developed major rivers in the world, in part because of difficulties inherent in implementing joint management among its diverse riparian states.


China and Myanmar located upstream, had no interest in regional cooperation in the Mekong Basin. Their individual development plans did not disrupt the downstream riparian states. The downstream countries, though acknowledging the potential benefits to be drawn from the river, could not find the resources for joint development or a mechanism to overcome their divergent interests. A formal international basis for cooperation was established in 1957 when the Mekong Committee was created, comprised of representatives from the four latter riparian states. Programs for developing the resources of the Mekong for irrigation, navigation, power, and flood control were advanced with support from the United Nations, Asian Development Bank, the World Bank, and other donor countries.


The Committee’s mandate is to prepare and submit to participating governments plans for coordinated research, study, and investigation; to make requests on behalf of the governments for special financial assistance and receive and administer theses funds; and to draw up and recommend to participating governments criteria for use of the water for development purposes. All four representatives must attend all Committee meetings, and any decision must be unanimous. Meetings are held three to four times a year, and leadership is rotated annually in alphabetical order by name of country.


With agreement among the riparians on priority issues came extensive international support. Along with the collection of physical data and the establishment of hydrographic networks, the Committee encouraged undertaking of economic and social studies and a regional training activity, and programs for aerial mapping, surveying, and leveling. Navigation has also been improved along the river. The work of the Committee also helped overcoming political suspicion through increased integration. Laos and Thailand signed an agreement on developing the power potential on one of the Mekong tributaries inside Laos (Nam Ngum). This project provides electricity to Thailand and was funded with international funds. As a sign of the Committee’s viability, the supply of electricity from Laos to Thailand and the payment in hard currency by Thailand to Laos was never interrupted, despite hostilities between the two countries.


During the 1970s, the Committee’s momentum started to fade, and international support declined. There were several reasons for this, including: (1) political and financial obstacles that impeded the shift from data collection and studies to actual development projects; (2) the departure of Cambodia in 1978, paralyzing its activity – it rejoined in 1991; (3) the divergent development objectives of the members, and (4) over-ambitious projects that were sometimes inconsistent with long-term needs. (Bingham et al., 1994; Kirmani, 1990). 

The Strategic Action Plan for the Danube (DSAP) River Basin, 1995-2005

The Danube River is shared by a number of riparian states (see also footnote 7) that for decades were allied with hostile political blocks, and some of which were locked in tense national disputes. During the period of centralized planning systems, the central and eastern European countries did not develop full environmental protection policies to respond to the degradation of the river environment. Legal standards for environmental quality were often unenforced or unenforceable. Apart from Germany and Austria, all other Danube countries are undergoing fundamental transformation of their political, legal, administrative, economic and social systems.


Recognizing the increasing degradation of water quality, in 1985 the (at that time) eight riparians of the Danube signed the “Declaration of the Danube Countries to Cooperate on Questions Concerning the Water Management of the Danube,” known as the Bucharest Declaration. It committed the riparian states to a regional, integrated approach to river basin management. Basin-wide coordination was strengthened at a meeting in Sofia in September 1991, at which the riparians elaborated on a plan for protecting the water quality of the Danube. At that meeting, the countries and interested international institutions, including the World Bank and UNDP, met to draw up an initiative to support and reinforce national actions for the restoration and protection of the Danube River. The countries and donors established a Task Force
 to oversee the program, which covers monitoring, data collection and assessment, emergency response systems, and pre-investment activities. A Program Coordination Unit was established to monitor the day-to-day activities of the Environmental Program. 


In 1991, as part of the overall Danube Environmental Program, each riparian country identified a country coordinator and a “focal point” who would be the liaisons to the Program Coordination Unit in Brussels (now in Vienna). Both the focal point and the coordinator were members of the task force. The country coordinator was usually from a ministerial or other political position. The focal point was a technical person who handles the day to day issues of the country team.


The public consultation process that was designed to guide and support the development of the DSAP in 1994 required a facilitator from each country who had some technical background either in water or environment. The local facilitator organized and ran the local public consultation meetings in each of the 9 countries, based on an agreed design. The World Bank designed and initiated the format of the consultation process, including training sessions.


A major accomplishment of the Program was the development of a Strategic Action Plan for the Danube River Basin, which was adopted by the Task Force in October, 1994, and ratified by the countries’ respective water or environment ministers in December, 1994, in Bucharest. During late 1993 and early 1994, another major Danube River activity was being carried out in the basin. The riparian countries were developing the Convention on Cooperation for the Protection and Sustainable Use of the Danube (the Danube River Protection Convention) at the same time that the Danube Environmental Program began developing the Strategic Action Plan. The Danube River Protection Convention aims to achieve sustainable and equitable water management in the basin and was ratified in June, 1994, in Sofia. (Task Force for the Programme, 1995). 
Water and Environmental management in the Aral Sea Basin

The Syr Darya and Amu Darya Rivers constitute The Aral Sea Basin. The Basin covers parts of Kazakhstan, the Kyrgyz Republic, Turkmenistan, Tajikistan, Uzbekistan, and a small area of Afghanistan. River water has played a vital role in the economic and social life of these arid Central Asian countries. In the 1960s, resulting from Soviet irrigation projects, water was withdrawn from the Amu Darya and Syr Darya before their discharge into the Aral Sea and was conveyed to remote desert areas of Kazakhstan, Turkmenistan, and Uzbekistan. The water has been used mainly for irrigation of cotton and rice, using very inefficient irrigation technologies. This has resulted in a lake falling level, a reduction in the lake’s area, and increased salinity levels in its water (Ayres et al. 1996).


The marked reduction in the lake’s area has resulted in significant climatic changes in the region, including lower temperatures, less snow in the mountains (thus reduced snowmelt), and further diminished river flow. Additional effects include wind erosion and salt deposits, which cause damage to crops, power lines, concrete structures, and land fertility, as well as severe health problems among the region’s population. The water level has dropped from 53.3 to 39 meters above sea level, and salinity content tripled from 10 to 28 grams per liter between 1960 and 1989. If no action is taken, the water level is expected to fall to 32 meters, and the salinity content will increase to 65 grams per liter in the year 2000 (Ayers et al., 1996). Aquifer levels have dropped, and aquifer water quality has deteriorated significantly. Forest areas have declined, and in many places disappeared. Navigation of the lake is impossible now, and fisheries have disappeared. All the fish for the region’s canning industry, once brought from the Aral Sea, is now imported from other regions.

The basin countries recognize the gains to be realized from a basin-wide effort to address the causes of the crisis. The five states – Afghanistan does not participate in this effort – explore means for deepening inter-state cooperation. Issues of cooperation that are being considered include rehabilitating and stabilizing the environment of the Aral Sea, improving the management of the international waters of the basin, and building up the capacity of regional institutions to deal with water management in the region (World Bank, 1997). 


A detailed regional water resource management strategy was agreed upon by the basin states. The strategy includes inter-state water-sharing agreements, sharing of information, and monitoring of the international water ways in the Basin. The expected benefits from regional cooperation are substantial and drive the actions of individual states. 
The Jordan Basin

Water is one of the major issues addressed in the peace treaty between Jordan and Israel.  The way water has been dealt with in this treaty can be used as a possible model for a comprehensive cooperation among riparians vis a vis the scarce water resources they share directly and indirectly.  


The water-related cooperation between the two states is based on a mutual recognition of their reliance on different joint sources (Jordan and Yarmouk Rivers’ and the Arava ground waters) that are not sufficient to meet their needs, and that “...water can form the basis for the advancement of cooperation between them...” (Jordan Times, 1994:6).  The basis for the water-related cooperation between Jordan and Israel is that any joint undertaking of management and development of these water resources will not harm the water resources of the other party.


Among the alternative options the two riparians considered for alleviating water shortage and cooperation among themselves are: (1) Develpoment of existing and new water resources; (2) Prevention of contamination od water resources; (3) Mutual assistance in the alleviation of water shortages; and (4) Transfer of water-related information and knowledge.


The treaty that was signed in 1994 ensures a proper implementation of the various items by having a description of various steps and actions that acknowledge both historical usage, present needs, and water origin.  Examples include: (1) Allocation rules for water from the Yarmouk and Jordan Rivers during various seasons; (2) Operation and maintenance schemes of sources in one state’s jurisdiction being supplied to the other state; (3) Development and operation of joint storage systems;  (4) Joint monitoring of water quality, and (5) Joint management of ground water wells in the Avara Valley, recognizing existing pumping experiences.


In his book Diplomacy on the Jordan, Haddadin (2002:442) Provides a wonderful evidence for the state of cooperation over water between Israel and Jordan: “…the cooperation between Israel and Jordan, in general, was going downhill because of the Likud policy toward peace and the Palestinians.  Water on the other hand, continued to flow and proved to be an element of cooperation for the benefit of both sides.  The water that the treaty brought saved Jordan from devastating effects of drought that lasted from March 1998 to January 2000.  Israel honored most of her commitments to Jordan, at a time when she badly needed the water herself (The Israeli Water Commissioner announced, in April 1999, that he was cutting irrigation water to 40%of the usuqal quantities.  He went to say that he did not have water to give Jordan either.  But the flow to Jordan continued until the level in Lake Tiberias got to the Red Line”).
Conclusions and Suggestions

Several objectives form a basis for international cooperation over natural resources. They include: (1) developing incentives for voluntary cooperation, (2) developing monitoring and enforcement mechanisms to ensure compliance with cooperation arrangements, (3) creating institutional structures for managing potential conflicts, and (4) addressing third-party effects.


The lessons learned from past experience suggest that integrated international resource management will be best implemented before conflict develops. Cooperative development plans will also be more stable if they link as many components as possible.  For example, linking water quality with quantity and surface with groundwater sources.


Creating incentives for voluntary cooperation among riparians in an international river basin may be accomplished either by targeting a broad set of issues of interest to all riparians, by ensuring an attractive outcome, or by providing linkages to out-of-basin activities. The role of a third party in the process of resolving existing conflicts, or preventing potential future conflicts, is crucial.


A list of rules of thumb (Bingham et al., 1994) for reducing the likelihood of conflicts and laying the foundation for international river basin cooperative management may include:

1. focusing on interests underlying each riparian’s position,

2. sharing information,

3. developing strategies for joint fact finding,

4. expanding the set of alternative development options,

5. preventing of asymmetrical outcomes,

6. developing of mechanisms for transparent and fair allocation of joint gains from cooperation.


An alternative approach to achieving regional cooperation in situations where a grand coalition is not a viable outcome is the creation of partial-coalition agreements. This is encouraged either as an ultimate goal or an interim one. The partial coalition arrangement is challenged, however, by more likely negative third party effects relative to the grand coalition arrangement.
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� A Grand Coalition is a cooperative arrangement that includes all parties.


� This is a situation where a non-participant in the cooperative arrangement enjoys benefits arising from the arrangement.


� Similar water production functions may also mean that there might be a competition over water among the water users, leading to potential conflict.  Diifferent water production functions may suggest that the demand for water doesn’t overlap.


� The Coase Theorem indicates that assigning property rights to water users will allow optimal allocation of the scarce resource among these users.


� Prisoner’s Dilemma is a an economic situation characterized by a set of circumstances that lead to a preferred strategy of non-cooperation between the players that is suboptimal.


� The principles of game theory are not discussed here in detail, but can be found elsewhere.  (see, for example, Shubik 1982 and the other entries in the text.) 


� Members of the Task Force include the Danube countries of Austria, Bulgaria, Croatia, Czech Republic.  Germany, Hungary, Moldova, Romania, Slovakia, Slovenia, and Ukraine, the European Commission (EC).  European Bank for Reconstruction and Development (EBRD), the United Nations Environment Programme (UNEP), the World Bank, Austria, The Netherlands and USA, non governmental organizations, IUCN, WWF, the Regional Environmental Centre, Cousteau Foundation, and the Barbara Gauntlert Foundation.
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		7 Lima		1		1) 3/29/1968 and 02/12/1976 (Additional Protocol)2) 5/6/1971 3) 11/30/1998		4		1968		1976		1971		1998												Spain		Portugal

		8 Tuloma		1		1) 10/28/1922 2) 12/9/19483) 4/24/1964		3		1922		1948		1964														Finland		Russia

		9 Kogilnik		1		1) 11/23/1994		1		1994																		Ukraine		Moldova*

		10 Mius		1		1) 10/19/1992		1		1992																		Ukraine		Russia

		11 Latorica		1		1) 4/28/1955		1		1955																		USSR(Ukraine)		Czechoslovakia (Slovakia)

		12 Uzh		1		1) 4/28/1955		1		1955																		USSR(Ukraine)		Czechoslovakia (Slovakia)

		13 Orawa		1		1) 12/20/19522) 03/21/1958		2		1952		1958																Poland		Czechoslovakia (Slovakia)

		14 Desna (Smolenska)		1		1) 10/19/1922		1		1922																		Russia		Ukraine

		15 Barta		1				0																				Lithuania		Latvia

		16 Smeda/Witka		1		1) 4/2/19602) 03/21/1958		2		1958		1960																Czechoslovakia (Czech Republic)		Poland

		17 Roya		1		1) 12/17/19142) 9/28/1967		2		1914		1967																France		Italy

		18 Doveria		1		1) 4/20/1972		1		1972																		Swetzerland		Italy*

		29 Maira (Mera)		1		1) 4/20/1972		1		1972																		Swetzerland		Italy

		20 Reno de Lei (dam owned by Switzerland)		1		1) 6/18/1949		1		1949																		Italy		Switzerland

		21 Allaine		1		1) 4/4/1963		1		1963																		Switzerland		France

		22 Lac du Mont Cenis/Mont Cenis River		1		1) 1/12/19552) 9/14/1960		2		1955		1960																France		Italy

		23 Sarata		1		1) 11/23/1994		1		1994																		Moldova		Ukraine

		24 Struma		1		1) 7/12/1971		1		1971																		Bulgaria		Greece

		25 Vijose		1				0																				Greece		Albania

		26 Vardar		1		1) 5/25/19542) 6/18/1959		2		1954		1959																Yugoslavia (Macedonia)		Greece

		27 Belli Drim/Drin		1		1) 12/5/1956		1		1956																		Yugoslavia (Serbia+Montenegro)		Albania

		28 Lava-Pregel		1		1) 07/17/1964		1		1964																		USSR(Russia)		Poland*

		29 Siret		1		1) 9/20/1997		1		1997																		Ukraine		Romania

		30 Isonzo		1		1) 7/18/1957 (7/19/1977 and 5/9/1979)2) 11/10/1975		4		1957		1975		1977		1979												Yugoslavia (Slovenia)		Italy

		31 Iizer		1				0																				France		Belgium

		32 Morghab/Murgab		1				0																				Afghanistan		Turkmenistan

		33 Helmand		1		1) 9/7/1950 2) 3/13/1973		2		1950		1973																Afghanistan		Iran

		34 Talas		1		1) 1/21/2000		1		2000																		Kyrgyzstan		Kazakhstan

		35 Terek		1				0																				Georgia		Russia

		36 Onon		1		1) 2/11/1995		1		1995																		Mongolia		Russia

		37 Selenga		1		1) 2/11/1995		1		1994																		Mongolia		Mongolia, Russia

		38 Kerulen		1		1) 4/29/1994		1		1994																		Mongolia		Mongolia, China

		39 Bulgan		1		1) 4/29/1994		1		1994																		Mongolia		Mongolia, China

		40 Prohladnaja***		1		1) 07/17/1964		1		1964																		Poland		USSR (Russia)

		41 Coruh		1				0																				Turkey		Georgia

		42 Ishim		1		1) 8/27/19922) 6/26/1997		2		1992		1997																Kazakhstan		Russia

		43 Gangir		1		1) 12/26/1975		1		1975																		Iraq		Iran

		44 Kanjan Cham		1		1) 12/26/1975		1		1975																		Iraq		Iran

		45 Tib (Mehmeh)		1		1) 12/26/1975		1		1975																		Iraq		Iran

		46 Nahr El Khabir		1				0																				Turkey		Syria

		47 Sarisu		1		1) 11/10 and 18/1955		1		1955																		Turkey		Iran

		48 Oued Bon Naima		1				0																				Morocco		Algeria*

		49 Veleka		1		1) 10/23/1968 2) 9/13/1975		2		1968		1975																Turkey		Bulgaria

		50 Kosi		1		1) 4/25/19542) 12/19/1966 and 4/7/1978		3		1954		1966		1978														Nepal		India

		51 Kaladan		1				0																				India		Burma

		52 Wangchu		1		1) 3/24/19742) 1996		2		1974		1996																Bhutan		India

		53 Kurichhu		1		1) 1995		1		1995																		Bhutan		India

		54 Sembakung		1				0																				Malasya		Indonesia

		55 Sujfun		1				0																				China		Russia

		56 Karanfauli		1				0																				India		Bangladesh

		57 Negro		1		1) 12/20/1933 (border and limits treaty but includes an additional protocol on the Negro)2) 3/11/1991*		2		1933		1991																Brazil		Uruguay

		58 Palena		1		1) 6/26/19712) 8/2/1991		2		1971		1991																		Chile

		59 Lauca/Concoso		1				0																				Bolivia		Chile*

		60 Gallegos-Chico		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Chile		Argentina

		61 Comau		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Argentina		Chile

		62 Coatan		1		1) 11/9 and 12/21 19612) 4/10/1987		2		1961		1987																Mexico		Guatemala*

		63 Grijalva		1		1) 11/9 and 12/21 19612) 4/10/1987		2		1961		1987																Guatemala		Mexico

		64 Barima		1				0																				Guyana		Venezuela

		65 Chico/Carmen Silva		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Chile		Argentina

		66 Cullen		1		1) 6/26/19712) 8/2/1991		2																				Chile		Argentina

		67 Belize		1				0																				Guatemala		Belize

		68 Catatumbo		1				0																				Colombia		Venezuela

		69 Rio Grande		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Chile		Argentina*

		70 Mira		1				0																				Ecuador		Colombia

		71 San Martin		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Cile		Argentina

		72 Yelcho (Futaleufu)		1		1) 6/26/19712) 8/2/1991		2		1971		1991																Argentina		Chile

		73 Sabi		1		1) 6/11/1891 (navigation treaty between Great Britain and Portugal; not in table)		1		1891																		Zimbabwe		Mozambique

		74 St. Paul		1				0																				Guinea		Liberia

		75 Baraka		1				0																				Eritrea		Sudan

		76 Little Scarcies		1				0																				Guinea		Sierra Leone

		77 Loffa		1				0																				Guinea		Liberia

		78 Daoura		1				0																				Morocco		Algeria*

		79 Buzi		1				0																				Mozambique		Zimbabwe*

		80 Gash		1		1) 6/12 and 15/1925 2) 4/18/1951		2		1925		1951																Eritrea		Sudan

		81 Atoul/Atui		1				0																				Western Sahara		Mauritania*

		82 Benito		1				0																				Gabon		Equatorial Guinea

		83 Gulr/Guir		1				0																				Algeria		Algeria, Morocco*

		84 Mbe		1				0																				Equatorial Guinea		Equatorial Guinea, Gabon

		85 Medjerda		1				0																				Tunisia		Algeria

		86 Tagawi/El Fadma		1		2) 7/18/1990		1		1990																		Nigeria		Niger*

		87 Yukon		1				0																				Canada		USA

		88 Stikine		1				0																				Canada		USA

		89 Columbia		1		1) 1/11/19092) 2/25-3/3/19443) 1/17/19614) 1/22/1964-9/16/1964		4		1909		1944		1961		1964												Canada		USA

		90 Firth		1				0																				Canada		USA*

		91 Whiting		1				0																				Canada		USA

		92 Red		1		1) 1/11/19092) 8/30/1988		2		1909		1988																USA		Canada

		93 Skagit		1		1) 1/11/19092) 1/10/19673) 4/2/1984		3		1909		1967		1984														Canada		USA

		94 Taku		1				0																				Canada		USA

		95 Alesek		1				0																				Canada		USA

		96 St. Mary		1		1) 1/11/1909		1		1909																		USA		Canada

		97 Chilkat		1				0																				Canada		USA*

		98 Tijuana		1		1) 2/3/1944 2) 8/14/19833) 4/30/19854) 7/18/19855) 7/2/19906) 4/16/19977) 12/2/1997		7		1944		1983		1985		1985		1990		1997		1997						Mexico		USA

		99 New		1		1) 8/26/19802) 4/15/19873) 8/14/19834) 7/18/19855) 11/24/1995		5		1980		1983		1987		1985		1987		1995								Mexico		USA

		1 Jacobs		2				0																				Norway		Russia

		2 Oyopock		2				0																				French Guyana		Brazil*

		3 Golok***		2				0																				Thailand		Malaysia

		4 Pakchan		2				0																				Thailand		Myanamar

		5 Yalu		2		1) 5/26/1960 (Strengthening cooperation on border zones along Yalu) 2) 9/27/1958 (Protocol on China's supply on whole sets of equipment for joint construction of power station)3) 3/17/1971 (protocol on work of board of directors)4) 11/25/1963 (navigation		9		1956		1957		1958		1960		1960		1961		1963		1965		1971		China		North Korea

		6 An Nahr Al Kabir		2		1) 4/20/2002		1		2002																		Syria		Lebanon

		7 Niagara		2		1) 1/11/19092) 5/20/1941 (diversion)3) 10-11/27/1941 (works and diversion)4) 2/27/1950-9/13/19545) 03/21/1969		6		1909		1941		1941		1950		1954		1969								USA		Canada

		8 St. Croix		2				0																				USA		Canada

		9 Yaguaron/Jaguarao		2		1) 12/20/19332) 07/07/1977 (treaty about Mirim Lagoon but additional Protocol is included regarding the Yaguaron River).3) 3/11/1991*		3		1932		1977		1991														Brazil		Uruguay

		10 Qurai/Curaim		2		1) 12/20/1933 2) 03/11/19913) 3/11/1991*4) 9/16/19915) 5/6/1997		5		1933		1991		1991		1991		1997										Brazil		Uruguay

		11 Sixaola		2				0																				Costa Rica		Panama

		12 Pandaruan		2				0																				Brunei		Malaysia

		13 Akpa Yafi		2				0																				Cameroon		Nigeria

		14 Utamboni		2				0																				Gabon		Equatorial Guinea

		15 Astara Chay		2				0																				Iran		Azerbaijan

		16 Bangau		2				0																				Malaysia		Brunei

		17 Karasu		2		1) 11/10 and 18/1955		2		1955		1955																Turkey		Iran

		1 Tagus		3		1) 9/29/1864 (1866 Annex)2) 9/17/19123) 05/29/1968 and 02/12/1976 (Additional Protocol)4) 5/6/19715) 11/30/1998		6		1864		1912		1968		1971		1976		1998								Spain		Portugal

		2 Duoro		3		1) 9/29/1864 (1866 Annex)2) 9/17/19123) 8/11/1927 and 6/2 and 9/29/19514) 07/16/1964 and 6/10/19885) 11/30/1998		7		1864		1912		1927		1951		1964		1988		1998						Spain		Portugal

		3 Guadiana		3		1) 9/29/1864 (1866 Annex)2) 9/17/19123) 05/29/1968 and 02/12/1976 (Additional Protocol)4) 5/6/19715) 11/30/1998		5		1864		1912		1968		1971		1976		1998								Spain		Portugal

		4 Saar		3		1) 10/27/19562) 12/20/19613) 5/10/1966		3		1956		1961		1966														France		Germany

		5 Lys		3		1) 2/3/1982 (navigation-not in table)		1		1982																		France		Belgium

		6 Torrente Breggia/ Breggia		3		1) 6/15/19702) 4/20/19723) 6/23/1972		3		1970		1972		1972														Switzerland		Italy

		7 Melezza		3		1) 4/20/1972		1		1972																		Switzerland		Italy*

		8 Nestos/Mesta		3		1) 7/12/19712) 12/22/1995		2		1971		1995																Bulgaria		Greece

		9 Tundzha		3		1) 10/23/19682) 9/13/1975		2		1968		1975																Bulgaria		Turkey

		10 Crni Drim		3		1) 12/5/1956		1		1956																		Albania		Yugoslavia (Macedonia)

		11 Lielupe		3				0																				Lithuania		Latvia

		12 Dunajec		3		1) 03/21/19582) 3/21/1975		2		1958		1975																Poland		Czechoslovakia (Slovakia)

		13 Castletown		3				0																				UK (N. Ireland)		Ireland

		14 Fane		3				0																				Ireland		UK (N. Ireland)

		15 Flurry		3				0																				UK (N. Ireland)		Ireland

		16 Spol		3		1) 5/27/19572) 4/20/1972		2		1957		1972																Italy		Switzerland

		17 Song Vam Co Dong		3				0																				Cambodia		Vietnam*

		18 Gandak		3		1) 12/4/1959		1		1959																		Nepal		India

		19 Fenney		3				0																				India		Bangladesh

		20 Teesta		3		1) 7/20/1983		1		1983																		India		Bangladesh

		21 Samur***		3				0																				Russia		Azerbaijan*

		22 Ca/Song-Koi		3				0																				Laos		Vietnam

		23 Chu		3		1) 1/21/2000		1		2000																		Kyrgyzstan		Kazakhstan

		24 Tobol		3		1) 8/27/19922) 6/20/1996		2		1992		1996																Kazakhstan		Russia

		25 Jenisej (Yenisei)		3		1) 2/11/1995		1		1995																		Mongolia		Russia

		26 Duverij (Doveryrich)		3		1) 12/26/1975		1		1975																		Iran		Iraq*

		27 Han***		3				0																				North Korea		South Korea*

		28 Chira-Catamayo***		3		1) 5/22-24/19442) 9/27/1971and  6/10/1972-exchange of letters for affirming mixed commission and 02/26/1975 exchange of letters for amending the rules of procedure for the mixed commission.		4		1944		1971		1972		1975												Ecuador		Peru

		29 Puyango-Tumbes***		3		1) 5/22-24/19442) 9/27/1971and  6/10/1972-exchange of letters for affirming mixed commission and 02/26/1975 exchange of letters for amending the rules of procedure for the mixed commission.		4		1944		1971		1972		1975												Ecuador		Peru

		30 Artibonite		3		1) 02/20/19292) 02/27/1935 and 3/9/1935		3		1929		1935		1935														Dominican Republic		Haiti

		31 Cross		3				0																				Cameroon		Nigeria

		32 St. John		3		1) 1/11/19092) 9/21/19723) 2/22/1984		3		1909		1972		1984														USA		Canada

		33 Colorado		3		1) 3/1/1889 (1895, 1896, 1897, 1898, 1899, 1900)2) 2/3/19443) 8/24/19664) 7/14/1972 (1973)5) 8/30/1973 6) 8/14/19837) 7/18/19858) 11/13/19929) 7/16/1994		9		1889		1944		1966		1972		1973		1983		1985		1992		1994		USA		Mexico

		1 Coco/Seguvia		4				0																				Honduras		Nicaragua

		2 Corubal***		4		1) 10/21/1978		1		1978																		Guinea		Guinea Bissau*

		1 Mino/Minho		5		1) 19/29/1864 (1866 Annex)2) 9/17/19123) 05/29/1968 and 02/12/1976 (Additional Protocol)4) 5/6/19715) 11/30/1998		6		1864		1912		1968		1971		1976		1998								Spain		Portugal

		2 Chanza		5		1) 9/29/1864 (1866 Annex)2) 9/17/19123) 05/29/1968 and 02/12/1976 (Additional Protocol)4) 5/6/1971		5		1865		1912		1968		1971		1976										Spain		Portugal

		3 Bidassoa		5		1) 7/14/1866 2) 5/23/19643) 7/14/1959 (3/4/1965)-fishing (not in other table)4) 12/14/1978 (Commission)		4		1866		1959		1964		1965		1978										Spain		France

		4 Gander		5		1) 6/3 and 23/1971		1		1971																		Luxembourg		France

		5 L'Hermance		5		1) 12/2/1959		1		1959																		France		Switzerland

		6 Rezvaya/Rezovska		5		1) 10/23/19682) 9/13/1975		2		1968		1975																Turkey		Bulgaria

		7 Bojana		5		1) 12/5/1956		1		1956																		Albania		Yugoslavia (Montenegro)

		8 Prut (during independence river rises in Ukraine and then forms the border between Moldova and Romania)		5		1) 11/25/19492) 12/25/19523) 12/16/19714) 4/9/1986 (NIS)		4		1949		1952		1971		1986												USSR (Ukraine+Moldova)		Romania

		9 Timok		5		1) 4/4/19582) 4/4/1958		2		1958		1958																Yugoslavia(Serbia and Montenegro)		Bulgaria

		10 Tami		5		1) 11/13/1973		1		1973																		Indonesia		Papua New Guinea

		11 Atrak		5		1) 5/14/19572) 8/11/1957		2		1957		1957																Iran		(USSR)Turkmenistan

		12 Ussuri		5		1) 1/2/1951 (navigation and construction procedures)2) 5/27/1994 (NIS Report)		2		1951		1994																Russia		China

		13 Argun		5		1) 1/2/1951 (navigation and construction procedures)2) 8/18/1956		2		1951		1956																China		(USSR) Russia

		14 Paz		5		1) 4/9/19382) 12/14/1951		2		1938		1951																Guatemala		El Salvador

		15 Montaqua/Motaqua		5				0																				Guatemala		Honduras

		16 Sarstun		5				0																				Guatemala		Belize

		17 Suchiate		5		1) 11/9 and 12/21 19612) 4/10/1987 (environmental treaty with reference to border waters in general)		3		1961		1961		1987														Guatemala		Mexico

		18 Goascoran		5				0																				Honduras		El Salvador

		19 Chuy		5		1) 12/20/19332) 3/11/1991*		2		1933		1991																Brazil		Uruguay

		20 Mataje		5				0																				Ecuador		Colombia*

		21 Pendernales		5		1) 1/21/19292) 2/20/1929		2		1929		1929																Haiti		Dominican Republic

		22 Courantyne/Corantijin		5				0																				Suriname		Guyana

		23 San Juan		5		1) 04/15/1858																						Nicaragua		Costa Rica*

		24 Zarumilla***		5		1) 5/22-24/19442) 10/8/1998		2		1944		1998																Ecuador		Peru*

		25 Tano		5				0																				Ghana		Ivory Coast*

		26 Cunene		5		1) 7/1/19262) 4/29/19313) 1/21/1969		3		1926		1931		1969														Angola (Portugal)		Namibia (South Africa)

		27 Umba		5				0																				Tanzania		Kenya

		28 Komadougou-Yobe		5		1) 7/18/1990		1		1990																		Nigeria		Niger

		29 Morro-Mano		5				0																				Liberia		Sierra Leone*

		30 Mono		5				0																				Togo		Benin*

		31 Great Scarcies/Kolente		5				0																				Guinea		Sierra Leone*

		32 St. Lawrence		5				0																				Canada		USA

		33 Rio Grande		5		1) 3/1/1889 (1895, 1896, 1897, 1898, 1899, 1900)2) 5/21/19063) 2/1/19334) 2/3/1944 and 10/4/19605) 8/14/19836) 7/18/19857) 11/10/19878) 11/13/1992		9		1889		1906		1933		1944		1960		1983		1985		1987		1992		USA		Mexico

		1 Gauja		6				0																				Latvia		Estonia

		2 Tana***		6				0																				Norway		Finland

		3 Judrio		6		1) 11/10/1975		1		1975																		Italy		Switzerland

		4 Chut de Chatelot (part of the Doubs river-begins and ends in France)/Lac de Moron		6		1) 11/19/1930		1		1930																		France		Switzerland

		5 Fly		6		1) 11/13/1973		1		1973																		Papua New Guinea		Indonesia

		6 Saigon/Song Nha Be		6				0																				Vietnam		Cambodia

		7 Chiriqui		6				0																				Panama		Costa Rica*

		8 Choluteca		6				0																				Honduras		Nicaragua

		9 Negro		6				0																				Honduras		Nicaragua

		10 Orinoco (may start on the border with Brazil)		6				0																				Venezuela		Colombia

		11 Dra		6				0																				Morocco		Algeria*

		1 Olanga***		7		1) 10/28/1922 2) 12/9/19483) 4/24/1964		3		1922		1948		1964														Russia		Finland

		2 Erne		7				0																				Ireland		N. Ireland

		3 Olsa (may actually create the border after entering Czechoslovakia)		7		1) 02/18/19282) 03/21/1958		2		1928		1958																Poland		Czechoslovakia

		4 Petruvka (same as Olsa)		7		1) 02/18/1928 2) 03/21/1958		2		1928		1958																Poland		Czechoslovakia

		5 Seversky Donets*** (may actually create part of the border with Russia (mixed) upon its exiting from Ukraine)		7		1) 10/19/1992		1		1992																		Russia		Ukraine

		6 Elancik		7		1) 10/19/1992		1		1992																		Ukraine		Russia

		7 Ma		7				0																				Vietnam		Laos

		8 Sepik		7		1) 11/13/1973		1		1973																		Papua New Guinea		Indonesia

		9 Gada/Goulbi (Part of Maradi River)		7		1) 7/18/1990		1		1990																		Nigeria		Niger*

		10 Rudkaneh-ye/BahuKalat***		7				0																				Iran		Pakistan

		11 Bia		7				0																				Ghana		Ivory Coast

		12 Souris		7		1) 1/11/19092) 10/29/1989		2		1989																		Canada		USA

		13 Milk		7		1) 1/11/1909		1		1909																		USA		Canada

		14 Kootenay		7		1) 1/17/19612) 1/22/1964-9/16/1964		3		1961		1964		1964														Canada		USA

		1 Ural		8		1) 8/27/19922) 6/20/1996 (NIS)		2		1992		1996																Russia		Kazakhstan

		2 Salzach		8		1) 10/16/1950		1		1950																		Austria		Germany

		3 Massacre/Dajabon		8		1) 1/21/19292) 2/20/1929		2		1929		1929																Dominican Republic		Haiti

		1 Foyle		9				0																				Ireland		Northern Ireland (UK)

		2 Krka		9				0																				Bosnia-Herzegovina		Croatia

		3 Major		9		1) 10/19/1994 (transport routes; not included in table)		1		1994																		France		Spain

		4 Amur		9		1) 1/2/1951 (navigation and construction procedures)2) 8/18/19563) 3/11/19594) 4/17/19625) 5/27/1994 (NIS REPORT)		5		1951		1956		1959		1962		1994										Russia		China

		5 Amu Darya		9		1) 6/25/1958		1		1958																		Afghanistan		USSR

		6 Panduaran		9				0																				Brunei		Malaysia

		7 Candelaria***		9		1) 11/9 and 12/21 19612) 4/10/1987		3		1961		1961		1987														Mexico		Guatemala

		8 Bermejo		9		1) 6/9/1995		1		1995																		Bolivia		Argentina

		9 Grande de Tarija		9		1) 6/9/1995		1		1995																		Bolivia		Argentina

		10 Amacuro		9				0																				Guyana		Venezuela

		1 Nyanga		10				0																				Gabon		Republic of Congo (Brazzaville)

		1 Seim (Kurska)		11		1) 10/19/1992		1		1992																		Russia		Ukraine

		1 Hal Ha		12		1) 4/29/1994		1		1994																		China		Mongolia

		1 Mahakali		13		1) 2/12/1996		1		1996																		Nepal		India





Hystogram Treaty Period

		Period		Frequency		Cumulative %

		1864		4		1.33%

		1875		3		2.33%

		1900		3		3.33%

		1925		20		10.00%

		1950		37		22.33%

		1975		139		68.67%

		2000		93		99.67%

		2002		1		100.00%

		More		0		100.00%

		Total		300
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