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Abstract: This paper examines the transboundary water resources conflict resolution mechanisms.
Various academic fields have provided conflict resolution mechanisms that could be used to analyse
transboundary water conflicts. These mechanisms include social planner, water market, game theory,
static and dynamic systems engineering models, and negotiation analyses. These mechanisms
share some common characteristic features. This similarity has led to a general belief that these
mechanisms are competitive substitutes. However, closer examination by this research reveals
that these mechanisms have more complementarity than similarity. This complementarity permits
researchers and practitioners to combine any two or more of them to develop more comprehensive
mechanisms with stronger analytical capacity to analyse the different elements of the process of
transboundary water conflict resolution.

Keywords: transboundary water conflict resolution mechanism; hydro-diplomacy; systems
engineering models; social planner; water market; game theory; hydropolitics and critical
hydropolitics; hydro-hegemony; Transboundary Waters Interaction Nexus (TWINS); Alternative
Dispute Resolution (ADR); virtual water

1. Introduction

Management of Transboundary water resources is expected be one of the biggest challenges
facing human development over the next decades [1]. In general, transboundary water resources can
describe water shared across political, economic, or social boundaries [2]. Shared water resources
have been always a potential source of competition. The English language, as well as many other
Latin-rooted languages, reflects this historical relation between shared rivers and competition, as it
uses the word “rival” to refer to a competitor against others. The word “rival” is derived from the
Latin word rı̄vālis, which refers to an individual using the same river stream as another and originated
from the Latin word rivus meaning river stream [3]. At present, water scarcity and interdependence
among water-sharing countries have created complex conflicts over shared water resources around the
world. Moreover, these conflicts are expected to escalate as a result of the growing world population,
industrial development, and increasing urbanisation, as well as the negative consequences of climate
change [1]. This complexity and the increasing significance of water resources shared across political
borders conflicts have attracted considerable research interest in many scientific fields during the
past years. Thus, this article aims at reviewing this literature that addressed conflicts over water
resources that are shared across political borders, which is henceforth referred to as transboundary
water conflicts.

The literature regarding transboundary water resources conflicts has proposed various approaches
for allocating transboundary water resources [4]. Engineering studies have focused on finding the
optimal water allocation among parties sharing water resources [5]. Economic studies have attempted
to identify the different economic options for allocating water optimally among conflictive countries [6].
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Some of these studies have resorted to conventional economic approaches, such as “social planner” and
“water market”, to identify optimal water allocation [7]. A more comprehensive economic approach
has been provided by game theory in the past two decades [8]. These game theoretic studies have
linked the process of transboundary water conflict resolution to its outcome [8]. Political studies have
addressed the political constraints that determine the dynamics and the outcome of transboundary
water conflicts [9]. Finally, management studies have focused on the facilitation of the process of water
conflict resolution [10]. Alternative Dispute Resolution (ADR) is one major approach that has been
promoted by negotiations research [6]. However, the solutions that have been offered by the literature
have not resulted in tangible actual practice of transboundary water conflict resolution [11].

The main objective of this study is to assess the gap between theory and practice in the field
of transboundary water conflict resolution. More specifically, this research aims to identify why
practitioners in actual transboundary water conflict resolution have not used the approaches that are
offered by the academic literature. To achieve this, the research examines the approaches that have been
suggested in the literature by four different academic fields, namely engineering, economics, political
science, and management, as mechanisms of transboundary water conflict resolution. Subsequently, it
identifies which of these mechanisms have been used in practice to solve transboundary water conflicts,
in an attempt to assess the gap between theory and practice. Finally, based on this examination,
the study identifies the reasons behind this gap and provides some recommendations to bridge the
theory-practice gap in transboundary water conflict management.

This research provides an original contribution in its three key components: research theme,
research scope, and its analytical framework. With regard to the research theme, it analyses the
gap between the academic literature and real practices in the field of transboundary water conflict
resolution. With regard to research scope, the research provides a multidisciplinary study that analyses
academic literature on transboundary water conflict resolution originating from four different fields
of inquiry, namely engineering, economics, political science, and management studies. Finally, the
research introduces an analytical framework that offers a generic structure of water conflict resolution
mechanism that can be used to assess the capacity of mechanisms either offered by academic literature
or used by practitioners for transboundary water conflict resolution.

The study is divided to four sections, including this introductory section. The following
section introduces the analytical framework that was used in this study. The third section explores
these transboundary water conflict resolution mechanisms that are introduced by different scientific
disciplines and its state of application. It then uses the analytical framework that was developed in
this study to evaluate of the theoretical transboundary water conflict resolution mechanisms and the
reasons behind the theory-practice gap. The final section discusses the findings of these study and
provides some concluding remarks

2. Analytical Framework and Method

This section begins by exploring the different conceptualisations of conflict resolution that literature
has proposed. Subsequently, these conceptualisations are used to delineate a functional structure for
conflict resolution mechanism. This structure will be used as analytical framework to evaluate the
theoretical mechanisms that have been used to analyse transboundary water conflicts.

2.1. Conflict Resolution: Definition

This section develops an operational definition for “Conflict resolution”, which will be used in
this study in four steps. First, the various perspectives of situations considered as conflicts will be
discussed in order to establish a definition of conflict. Subsequently, the different conceptualisations of
the conflict resolution process are presented, from which a working definition of conflict resolution
will then be derived and used in this study.

Interest in studying conflict as a defined field grew in the second half of the twentieth century,
although conflict as a general phenomenon has existed throughout human history. Fears of international
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conflict that were generated by the Cold War led scholars from different fields to study conflict, and, in
particular, to identify the main defining characteristics of conflicts. The academic scholarship on conflict
has been divided since then between two theoretical schools. The first school maintained the ancient
conception of conflict as a physical confrontation [12]. This ancient conception was reflected in the Latin
origin of the term conflict, cōnflı̄gō, which means to strike together [13]. Therefore, when Coser [14]
introduced the concept of social conflict, he defined it as a struggle in which conflicting parties act to
neutralise, wound, or eliminate their opponents. Similarly, Mack and Snyder [15] characterised conflict
by the presence of behaviour aiming to hurt the other party. Deutsch [16] adopted a softer approach,
perceiving conflict as a situation in which parties carry out, or attempt to carry out, incompatible
activities. According to Bercovitch, Kremenyuk [12], the second school of thought perceives conflict as
a psychological state of affairs. It broadens the scope of conflict to include conflict of goals, whether or
not these goals are acted upon [17]. According to this school of thought, a situation is considered as a
conflict when parties have incompatible desires and are mutually aware of this incompatibility [18].
Galtung [19] further develops the concept of conflict as a conflict of goals, introducing the concept of
structural conflict to separate the periods before and after this incompatibility is recognised. According
to him, a structural conflict exists among the parties when they have conflicting interests, whether
they perceive this conflict of interest or not. This structural conflict would be latent until the parties
perceive this incompatibility of goals. The structural conflict becomes a manifest conflict when the
parties perceive the incompatibility.

Several conceptualisations of conflict resolution process have been presented in the literature.
Some scholars prefer giving a broad meaning to conflict resolution process to include two stages:
conflict settlement and conflict transformation. Conflict settlement refers to the achievement of
a consensus among parties to settle their political conflict over the issue of conflict [17]. Conflict
transformation implies a deep transformation in the deep-rooted sources of conflict to establish a more
stable structure of relationships among the conflict parties [12].

Various scholars preferred to confine the term conflict resolution to conflict settlement stage,
owing to the complexity of the conflict settlement stage. This study adopts this confined definition
of conflict resolution. Conflict resolution is defined in this study as a process that aims to solve the
central incompatibilities between conflict parties and create agreement among them on a solution for
the conflict issues. This process is a multidimensional process that facilitates constructive social change
among conflictive parties [20]. This multidimensional process is a macro-process that is composed
of connecting micro-processes aiming at differences reconciliation and bargaining that usually occur
during negotiations. These macro and micro conflict resolution processes may, or may not, include
active involvement of a third party that can act as intermediary, arbitrator or even superior authority
that can mandate a settlement.

2.2. Conflict Resolution Mechanism: Structure

Significant research in recent years has focused on developing comprehensive approaches to
explain and influence complex social processes, such as conflicts and their resolution. In social sciences,
as in science at large, three main competing perspectives of social processes explanation and prediction
have generated considerable research interest. These perspectives are covering laws, scepticism, and
mechanistic approaches.

On the one hand, the covering-law model entails that an explanation of an event implies subjecting
it to a higher general law. A general law is a statement of universal causal form that works functions
the same way under all [21]. This rule of universal application of general laws establishes structure
equality between the explanation and prediction of events [22]. If a causal relation between event that
has already occurred and particular initial conditions can be established, then the future occurrence of
this event can be predicted if these initial settings exist at present. An explanation cannot be considered
as complete unless it can function a prediction, according to this perspective [22]. Thus, in the covering
laws, the causal relationship between the initial conditions and the terminal condition is deterministic.



Water 2019, 11, 1337 4 of 40

The difference between explanation and prediction using such a general law is the object of scientific
enquiry. In explanation, the object of enquiry is the initial determining conditions of an existing or past
event. In prediction, particular events are known to exist or to have happened, but there is a need for a
projection of their future conditions. Thus, in this view, a general law is needed to connect an event,
a terminal condition, to a group of events, initial conditions, with an invariant causal relationship.

On the other, a wide-spread sceptic view emphasises that any attempt to create universal law that
is based on social events will fail. First, social events arise from actual sequence of events and particular
connecting processes [23]. This complexity makes them singular events that cannot be subjected to
general laws. Second, the difficulty of conducting controlled experiments excludes any possibility
to uncover universal social law, if one exists. Therefore, this doctrine claims that social enquiry is
mainly concerned with the description the experiences that led to particular events [21]. However,
they stress that such descriptive accounts do not have any predictive power. Therefore, according to
this perspective, there is a division between explanation and prediction, as social events are singular.

The third major approach to social analysis is the mechanistic approach, or simply mechanisms.
A mechanism-based approach was developed as intermediate-level approach between general laws
and descriptive accounts. Some scholars have proposed small-scale social processes to be the units
of causal analysis, recognising the difficulty of analysing large-scale social events or processes in the
framework of general covering rules [24]. Consequently, they introduced the concept of mechanism as
a process-based approach that has explanatory and predictive power [25].

Various definitions of mechanisms have been proposed in the literature [23,26–34]. However,
some characteristics are common among most of the accepted definitions. Two main characteristics of
mechanism can be distinguished that not only define the nature of mechanisms, but also distinguish
them from covering laws. First, covering laws analysis provides a black-box causal explanation
between two events, while assuming that the causal link between them is devoid of structure. To the
contrary, the structure of the link and its dynamic process are the main determinants of the terminal
event. As Elster ([35], p. 49) explains, “going from a black-box regularity to mechanisms is to go
from If A, then always B to If A, then always C, D, and B”. Second, having multiple mechanisms as
explanatory options for any particular situation means that any particular mechanism is not absolutely
true. It can be true in particular instances while being untrue in others. Again, as Elster ([35], p. 49)
clarifies, “the move from theory to mechanism is from If A, then always B to If A, then sometimes B”.
Therefore, the problem in any particular situation is to determine which mechanism has been followed,
or can be applied, in this case [36].

The term mechanism is used in this study to refer to a scientific representation of a social process
that produces a particular set of changes from initial conditions to terminal conditions in the light of all
indicated above. The agents and activities involved in this process and their organisation, as well as
the environment that constrains the process determine the process dynamics, operation, and outcome.
This environment includes all physical, legal, psychological, economic, political, and social constraints
of the process.

Consequently, a conflict resolution mechanism is defined as a scientific representation of a conflict
resolution process, delineating the conflict parties, their activities in this process, the initial and terminal
conditions of the process, and the conflict environment for the purpose of this study. The initial
conditions refer to the state of the issues that represent the substance of the conflict among parties
at the beginning of the conflict. Terminal conditions refer to the state of these conflict issues at the
end of conflict resolution process. The conflict environment includes all physical, legal, psychological,
economic, political, and social factors that influence the conflict resolution process. Figure 1 delineates
the structure of conflict resolution mechanisms.
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If a conflict resolution mechanism is used for explanatory purpose, it is referred to a positive
or descriptive mechanism. In this case, its main objective would be to explain the process structure
and dynamics that led from the given initial conditions the terminal conditions. On the other hand,
if the mechanism is used for prediction and planning, it is referred to as a normative or prescriptive
mechanism. Predicative mechanisms can be categorised into two types. In the first type, the initial
conditions and the process structure and parties’ activities are given, while the terminal conditions are
to be predicted. In the second, the initial conditions and the terminal conditions are given, while the
process structure and parties’ activities are to be predicted. However, in reality, it is very common that
analysts only have the current status identified, but not the optimal process or the optimal terminal
conditions. It becomes their task to identify the optimal outcome and the optimal negotiations process
to achieve that outcome. This conflict resolution mechanism structure is used in this study as thee
analytical framework to examine the explanatory and predictive power of the theoretical water conflict
resolution mechanisms presented in the literature.

3. Analysis

This part explores the various theoretical approaches that have been used to analyse transboundary
water conflicts and their possible mechanisms of resolution. It begins by delineating the main feature
of transboundary water disputes that affect its process of settlement. Subsequently, it analyses the
approaches that were proposed by the various academic disciplines to transboundary water conflict
resolution. This analysis includes a review of the main studies that used each of these approaches,
followed by their state of application by practitioners in reality.

The transboundary water conflicts are usually contentious, as it usually includes various conflicted
issues. In general, the complexity of conflict structure is significantly determined by the range of
disputed issues in conflict. Issues become a substance of conflict when they are scarce [15]. A conflict
may erupt as a result of competition over various types of scarce resources, such as status, power,
position, and natural resources [37]. In general, conflict issues could be grouped into five basic
types: natural resources; sovereignty; survival; honour; and, ideology [38]. The transboundary water
resources are surface water and ground water resources that cut cross political borders of states.
Therefore, transboundary water conflicts are usually contentious, because it crosses three overlapping
issues: natural resources, survival, and sovereignty. Moreover, transboundary water resources are
subject to multiple physical and social constraints that regulate transboundary water. These constraints
are enrooted in various disciplines that include hydrology, international relations, international law,
economics, engineering, and climate science, among others. Therefore, the resolution of transboundary
water conflicts needs sophisticated efforts, because of the multiplicity of conflict constraints.

Literature has developed various mechanisms for dealing transboundary water conflict resolution
over the past decades. These mechanisms are rooted in three main disciplines: Engineering, Economics,
Political Science and Management studies. Engineering-based approaches have mainly relied on models
as a mechanism for water management and conflict resolution. Scholars who analysed the economic
dimension of transboundary water disputes introduced the “social planner” mechanism and the “water
market” mechanism. A more comprehensive economic mechanism has been provided by game theory
that has brought together the economic and political dimensions of the water dispute management.
The political perspective introduced two main theoretical lines, hydropolitics and critical hydropolitics,
which analyse the political constraints on transboundary water conflict resolution. Finally, other
approaches, such the Alternative Dispute Resolution (ADR), have focused on the negotiation process.

3.1. Engineering Approaches

Early attempts to address water management problem relied on conventional sectorial approaches.
Gradually, attempts have been made to use more comprehensive approaches to address the complexities
of water resources management. Two main paradigms have dominated the water resources management
during the past few decades: the uncertainty paradigm and the complexity paradigms [39]. The
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uncertainty paradigm focuses on the availability of water related data and its variability. The complexity
paradigm deals with the complexity of water resources planning and management.

This systems approach perceives water resources management as a complex process that should
take the social, economic, political, and environmental dimensions into consideration. Scholars
developed mathematical models of water resources as mechanisms to efficiently analyse water basins
to evaluate these dimensions [5]. The increasing complexity of water, the rapid increase in computer
processing power, and the growing ease of use of modelling tools have given rise to a solid and
comprehensive approach for water resources management, which is referred to as systems analysis.
Systems models that are used to analyse transboundary water conflicts can classified into two categories:
static models and dynamic models [5]. The static models are used to examine the impact of change in
the initial conditions on the terminal conditions of conflict. Dynamic models analyse the evolution of
the conflict resolution process over time due to a change in the initial conditions and they try to predict
the terminal conditions of the conflict resolution process.

3.1.1. Static Models

Since the 1960s, various studies have attempted to analyse water resources in the framework of
systems analytical concepts. These studies mapped water resources as a set of various components
or subsystems that interact in a logical manner [40]. The interconnections of the subsystems impose
constraints upon each other, thus limiting the range within which the individual inputs could be
assigned. Consequently, scholars redefined the water systems elements and interactions by means of
mathematical or logical functions. These mathematical models have been used to find the combination
of components and interactions that satisfy a desired objective or achieve optimal output. In other
words, the systems approach has been mainly concerned with prediction and control. Engineering
mechanisms can be positive or normative, similar to economic mechanisms. However, engineering
models have focused on prediction and planning was extended to the conflict resolution field.

Transboundary water conflict resolution are multi-criteria multi-participant problems.
Conventional optimisation models have aggregated the multiple participants into a single
decision-maker then attempt to identify the Pareto-based optimality for such a water system. Other
systems engineering mechanisms attempted to achieve sub-optimal (Pareto-inefficient) settlements
that could be perceived fair by parties, and hence accepted by them [41]. These mechanisms have
included least square analysis, goal programming, and compromise programming. The least square
analysis method proposes the water allocation scheme that minimises the aggregate dissatisfaction of
parties by minimising the squared differences between the parties’ desired shares and the proposed
resource shares. The goal programming methods select a scheme allocating water among parties in a
way that either guarantees the minimum dissatisfaction level for the most dissatisfied party (Minimax)
or guarantees the maximum satisfaction level for the least satisfied party (Maxmini). Compromise
programming provides a solution that minimises the distance between and the desired solution for the
ideal allocation scheme.

Various studies employed these systems mechanisms to address water resources conflict while
using optimisation techniques as conflict resolution mechanisms. The Danube River, the Nile
Basin, Ganges River Basin, Caspian Sea, and Nestos River have been analysed while using different
optimisation techniques, including multi-objective multi-participant optimisation, linear programming,
and dynamic programming (Table 1). Almost all of these studies were conducted with the aim of
providing policy advice and there is no evidence of having been used by decision makers. These
optimisation methods implicitly reduce economic actors into a single decision maker with a composite
objective, such as social welfare function, and then attempt to optimise such a composite objective.
The weakness of these technique is that it assumes perfect cooperation among the actors or the existence
of a social planner, which is an assumption that is far from being realistic. These techniques focused on
identifying the possible conflict settlement, i.e., the terminal conditions, under ideal conditions, while
it ignored the dynamic resolution process and the environmental constraints (Figure 2).
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Table 1. Static Models—Theory and Implementation.

Optimisation

Problem
Addressed Issue Addressed Objective Citation

Danube River
Applying compromise programming, as a multi-criteria

multi-actor decision technique, to assist in conflict resolution
among riparian countries

Prediction
Planning [42]

Nile River Basin

Using the cybernetic paradigm to study the policy options for
development of Egypt and Ethiopia between 2000 and 2050s as

constrained by the shared finite water resources of the Nile

Prediction
Planning [43]

Using multi-criteria optimisation approach to identify the best
performing reservoir designs that balance between the water

allocations and uses by the Eastern Nile countries.

Prediction
Planning [44]

Ganges River Basin Combining linear programming and game theory to analyse the
alternatives for manage the river

Prediction
Planning [45]

Aral Sea Modelling and evaluating different future scenarios for the Aral
Sea basin countries

Prediction
Planning [46,47]

Nestos/Mesta River
Using multi-criteria decision analysis as a tool for conflict

resolution in Nestos/Mesta River shared by Greece and Bulgaria
in South Eastern Europe.

Prediction
Planning [48]

Caspian Sea
Using Multi-Criteria Decision making methods to Evaluate the

different options for sharing the Caspian Sea and allocating the oil
and natural gas resources to parties.

Prediction
Planning [49]
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3.1.2. Simulation Models

One of the main challenges that face transboundary water conflict resolution is the need to analyse
a vast amount of physical and social data. This analysis is necessary for evaluating the available
alternatives during the negotiations process. Optimisation models have been mainly used to analyses
the milestones of the conflict resolution process, providing alternatives for decision making at these
decision nodes. However, there has been a need for tools that can analyse dynamic changes during the
conflict resolution process rather than snapshots of it.
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Therefore, another type of the engineering models that relied on the gigantic computer processing
power. One variant of these models attempted to simulate transboundary water management under
different conditions to provide the possible future scenarios of conflictive water resources. A good
example of these studies is the one that was conducted by Siegfried and Kinzelbach [50] to analyse
the future of the transboundary northwest Sahara aquifer. The Conflict Resolution Support System
(CRSS) is a similar simulation modelling tool that was developed by Rajasekaram, Simonovic [51]
to implementation of a systemic approach to help parties in water conflicts. However, although
such types of models succeeded in providing a prediction of the evolution conflicted water resources
management process under different initial conditions; it failed to account for the continuous changes
that occur during this evolution process as a result of external or internal forces. Moreover, these
models focus on modelling the process initial and terminal conditions and give less attention to the
agents’ preferences and decisions.

These continuous changes were internalised by another computer-based systems approach,
which is known as system dynamics that was developed during 1960s. System dynamics provide
a strong analysis platform that can map the interrelationships between the physical systems and
social systems [52]. These relationships are captured using the feedback linkages among the different
parts of the system. The system dynamic relationships can be mapped while using mental models
in the form of causal loop diagrams or formally modelled while using computer-based simulation
tools. System dynamics has provided a powerful tool for analysing water management and conflicts
within the national boundaries [53–57]. However, it has lacked a clear conceptualisation of the parties
that are involved in the conflict. Most system dynamics models assumed full collaborative conflict
resolution process, which again assume full cooperation among the parties. This assumption reduces
the conflict resolution process from a multi-objective multi-agent process to a multi-objective process
(Figure 3). Such reduction limited the explanatory and the explanatory power of these models on the
case of transboundary water conflicts. Some recent studies attempted to include the conflicting parties
through representing their utility functions [52,55]. These studies pave the way for a wider application
of system dynamics in the field of transboundary water conflict resolution (Table 2).
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Table 2. Simulation Models—Theory and Implementation.

Simulation Models

Problem
Addressed Issue Addressed Objective Citation

Northwest Sahara
aquifer

Developing a simulation model using a multi-objective discrete
stochastic optimization approach to identify capital gains that can
be achieved by the establishment of intelligent pump scheduling

by Algeria, Tunisia and Libya.

Prediction
Planning [50]

Nile River Basin

Developing a system dynamics model that simulate the impact of
climate change and population growth on the water adequacy of

riparian countries and on the possibility of eruption of
intra-regional conflict

Prediction
Planning [58,59]

Hirmand
Transboundary

River Basin

Adopting system dynamic approach to map the causal
relationships of Hirmand transboundary river system shared

between Iran and Afghanistan to guide the development planning
across the region

Prediction
Planning [60]

Hypothetical Water
Resource System

Developing a system dynamics model assist parties with two
different jurisdictions to resolve a potential water-sharing conflict.

Prediction
Planning [45,52]

3.2. Economic Analysis

Long-term sufficiency of natural resources has been a major concern for economists since the
emergence of economics. This concern has risen, because many of these natural resources can diminish
either because they are non-renewable or because its renewable supply is not enough to meet the
growing demand [61]. Since human survival relies on these natural resources, its scarcity has been
a major concern for early economists. Malthus expressed the concern over the declining sufficiency
of natural resources of living natural resources [62], who perceived population growth as the major
source of pressure on food supply. He stressed that “the power of population is indefinitely greater
than the power in the earth to produce subsistence for man” ([62], p. 4). The interest on non-living
natural resources can be traced back to the analysis of Jevons [63] of the impact of the exhaustion of
coal mines in Britain in regards to British economic growth.

Like the other theoretical schools, the economic analysis of conflicts over natural resources,
including water resources, has addressed the two main concerns that are related to conflicts: explanation
and prediction. Historically, the first concern of economic research has been explaining the causes of
conflicts. However, the Cold War generated considerable research interest in studying the future of
conflicts and providing possible solutions for conflict resolution. Even though the orthodox economic
schools of thought have agreed on the explanation of the causes of conflicts in the framework of
common-pool resources; however, these schools have differed regarding its resolution.

The economic explanation of natural resources conflicts is rooted in the behavioural conception
of the classical economic thinking, which crafted economics as a new field of social analysis.
This behavioural conception has been adopted, but with adaption, by the economic streams that
inherited the orthodox tradition of economic analysis, notably, Keynesian, neo-classical, Institutional
schools of thought. This conception has three main assumptions: the scarcity of resources, utility-based
motivation, and the capacity of rational choice.

Economics aimed to study the allocation of scarce resources among different uses since its early
development. Resources have been interpreted as objects, which can directly or indirectly satisfy
human desires. This scarcity implies competition over them, and hence actors in an economy need to
evaluate their available options and make choices that best serves their interests [64]. This logic has
raised two questions to be answered by economic scholars. The first has been how economic actor
evaluate their alternative option and how they make their choices from these alternative options.

The judgment of what economic actors evaluate their alternative options depends on the value
system that was adopted in economic analysis. Much of the classical economic perspective relies on
utilitarianism as its normative standard [61]. Utility is perceived as “that principle which approves or
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disapproves of every action whatsoever, according to the tendency it appears to have to augment or
diminish the happiness of the party whose interest is in question” [65]. According to this academic
tradition, “utility, or the Greatest Happiness Principle, holds that actions are right in proportion as they
tend to promote happiness, wrong as they tend to produce the reverse of happiness” [66]. Moreover,
this utilitarian conception evaluates the morality of the actions is only determined by its consequences
and by its motives [66]. Thus, this conception has been called instrumental utility. Jevons [67] has
argued that pleasures and pains can be represented by positive and negative algebraic quantities that
represent utility and disutility, respectively. “The algebraic sum of a series of pleasures and pains will
be obtained by adding the pleasures together and the pains together, and then striking the balance by
subtracting the smaller amount from the greater. Our object will always be to maximise the resulting
sum in the direction of pleasure” [67]. Jevons emphasised the need to estimate the physical objects
that induce such feelings, recognising the difficulty of measuring feelings. Therefore, he introduced
the term “commodity” as an indicator of actors’ feelings. He defined commodity as “any object,
substance, action, or service, which can afford pleasure or ward off pain” [67]. Accordingly, he defined
utility as “the abstract quality whereby an object serves our purposes” [67]. Finally, he concluded by
arguing that any commodity that can induce pleasure or prevent pain has utility [67]. The sum utility
of a commodity is the sum of its positive utilities with negative dis-utilities to an actor. Moreover,
social utility can be assessed by evaluating the sum total of individual utilities of all members of the
society [61].

Nineteenth-century utilitarian conception, which focused on happiness as the motive behind
human actions, influenced classical conception of rationality. Therefore, the role of reason in forming
rational behaviour was limited to the means and not the goals. In other words, the rationality of
behaviour was not seen as the rationality of goals, but the rationality of means to achieve these ends.
Therefore, the behaviour of an actor can be judged as rational when he adopts, or intends to adopt,
suitable means to achieve his ends. Moreover, altruistic motives were excluded from actors’ motives.
The goal of an actor should be to increase his own happiness. Adam Smith, one of the founders of the
economic science, [68] stressed that agents are not motivated by humanity, but by “self-love”. Similarly,
Francis Edgeworth stated explicitly that “the first principle of Economics is that every agent is actuated
only by self-interest” [69]. Therefore, the assumption behind rationality has been reinterpreted as
the adoption of actor of suitable means to maximise his own utility. Implicitly, this hypothesis of
rationality assumes that an agent has unlimited capacity to understand his environment has unlimited
computational powers [70].

The market has to meet four conditions in order to efficiently allocate resources, assuming
the rationality of economic agents: perfect information is available for all economic agents; perfect
competition; full mobility of resources; and finally, ownership rights over resources, goods, and services
are clearly defined [71]. The market reaches equilibrium when the quantity demanded equals the
quantity supplied [72]. Economic theory has shown that, in this perfectly competitive market, no
producer can be better off without at least one buyer being worse off [73]. In other words, the sum total
of the net benefit of producers and consumers is maximised [73]. This conclusion implies economic
efficiency at equilibrium, which has been referred to as Pareto optimality [73]. However, in the case of
shared natural resources, the market may fail to reach such equilibrium because of lack of definition of
property rights to such common-pool resource, such as transboundary water resources. This problem
of common-pool resources started to attract research interest since the beginning of the 20th Century.
Pigou [74] and Gordon [75] provided two lines of analyses of the problem of common-pool resources
that paved the way for the introduction of two main mechanisms to solve this problem. The first
mechanism is called social planner, which is enrooted on the Keynesian interventionist line of thinking.
The other mechanism is water market, which was introduced by neo-classical economists.
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3.2.1. Social Planner

Arthur Pigou [74] analysed the divergence between the private and social net benefit of a product
or an action, a phenomenon that became later known as externality. Externality refers to an economic
condition in which a cost was incurred or a benefit accrued to a party who does not commit an action
that results in that cost or benefit [76]. More specifically, externality is present when the utility of an
affected individual is influenced by a vector of activities under his or her own control, but also affected
by one or more activities under the control of another party, or parties, who belong to the same social
group [76,77]. In this case, social benefit, as measured by social utility, diverges from private benefit
measured by individual utility. Positive externality arises from a divergence between private and social
benefit, whereas negative externality arises from a divergence between private and social cost. Pigou’s
analysis [74] served two purposes: firstly, it showed the impact of the divergence between social and
private benefits or costs on the efficiency of the market; secondly, it proposed the intervention of central
authority to correct this market failure with such a situation. Several policy options, which became
known as commend-and-control policies, but all of them shared a common feature, which is having a
central authority that is in charge of planning and implementation. This analysis of externalities was
extended to shared water resources, which led to the introduction of what has become known social
planner mechanism.

A social planner mechanism assumes a hypothetical benevolent decision maker whose objective
is to maximise the overall economic welfare of the water basin. Generally, this allocation is called social
or Pareto optimal allocation when resources are allocated in a way that it is impossible to make any
one individual better off without making at least one individual worse off. A social planner would
allocate based on overall efficiency of water use in the basin, regardless of the individual interests of
water sharing parties to achieve a Pareto optimal allocation. For example, in a transboundary river
basin, a social planner establishes social welfare function by assigning weights for riparian countries
based on their efficiency. Consequently, water is allocated among riparian countries based on these
social welfare weights. This implementation of water allocation yields the highest basin welfare, and is
hence considered to be a social optimal allocation. It is worth mentioning that some studies recently
used social choice theory to apply some social choice procedures to provide potential solutions for
transboundary water conflicts [78]. Some of these potential solutions provide less-then optimal solution
to achieve the necessary consensus among parties and the stability of post-conflict arrangements [41].

Although researchers have extensively used this mechanism as a planning tool, its application
has been limited in reality. On the academic level, various studies have used the social planner
mechanism to address transboundary water management (see Table 3). In rare cases, the social
planner was used as an explanation mechanism, such as the analysis of the Columbia River Treaty
of 1964 by Krutilla [79]. The mechanism was extensively used as a prediction and planning tool to
address conflictive management and planning issues in various transboundary water basins, such
as the Columbia River basin, the Nile River Basin, Ganges-Brahmaputra River Basin, Great Lakes
between the United States and Canada, and the Caspian Sea. However, in practice, academic efforts
were only partially translated into policy actions in two cases (see Table 3). The first case was the
development plan of the Nile Basin in the first half of the Twentieth Century. The United Kingdom,
which was the major colonial power in the basin at that time, commissioned its experts to conduct a
series of studies to maximise the utilisation of the Nile water, mainly in agriculture to provide its textile
industry with the necessary cotton supplies. These results of these studies were partially implemented
through a series of treaties and projects in the first half of the past century. The second case was a
plan that was developed by a joint governmental committee between the United States and Canada to
solve the pending water question between the two countries over the Columbia River. This plan was
materialised in the agreement signed between the two countries in 1964.
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Table 3. Social Planner Mechanism—Theory and Implementation.

Social Planner (Central Planning)

Problem Addressed Issue Addressed Objective Implementation Citation

Columbia River Basin

Developing a plan for the upper Columbia Basin
prepared by the International Joint Commission (IJC)
established by the Boundary Waters and Questions

Arising Between the United States and Canada.

Prediction
Planning

The Columbia
River Treaty of 1964

[80]

Explaining the development, The Columbia River Treaty
of 1964 and evaluating its economic benefits.

Explanation
Analysis [79]

Nile River Basin

Developing a comprehensive framework for the Nile
control projects in Nile Basin to increases Egypt’s and

Sudan’s annual water shares.

Prediction
Planning

The Nile Water
Treaty of 1929

-
Treaty of Owen

Dam of 1949

[81]
[82,83]

[84]
[85]
[86]

Analysing of the development of treaties of 1929 and
1949

Explanation
Analysis

[87]
[88]

Providing Preliminary proposals for increasing the
utilizable annual water supply of the Nile.

Prediction
Planning [89]

Evaluating the economic benefits of cooperation among
riparian countries.

Prediction
Planning [90]

Ganges-Brahmaputra
River Basin

Analysing the alternatives for water transfer from
Brahmaputra River to Ganges River

Prediction
Planning

[91]
[92]

Caspian Sea
Using Multi-Criteria Decision making methods and

social choice procedures to Evaluate the different options
for sharing the Caspian Sea.

Prediction
Planning [41,49,78]

Great Lakes
USA and Canada

Comparing social planner with non-cooperative game
solutions to the problem of water diversion from the

lake.

Prediction
Planning [93]

The main strength of this mechanism is the fact it provides the most efficient yield for the whole
group of conflicting parties. However, it faces two key challenges, which limits its application as a
mechanism resolving real conflicts. First, it assumes the possibility of establishing a water management
system based on a basin-wide objective function, ignoring the difference in preferences, with its political,
economic, and cultural determinants, among the riparian countries [6]. In other words, it ignores
the conflict environment and its constraints. Second, its assumption of the existence of some central
decision making ignores the sovereignty of parties in transboundary water conflicts. It assumes a
passive attitude of parties, with full obedience and commitment to the decision of the central planning
entity. Thus, this mechanism replaces the process of conflict resolution by a single decision maker
(Figure 4). These dynamics include the parties’ interests, strategies, and actions during the process of
conflict resolution. The social planner mechanism has been reduced to water allocation criteria by
excluding the conflict resolution process. This reduction limited its full application in reality. However,
it still provides a benchmark outcome that can guide parties during their negotiation process.
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3.2.2. Water Markets

Gordon provided an extensive analysis of shared natural resources in the 1950s [75]. He analysed
the case of fisheries as a representative model for common-pool resources to show the problems that
result from the competition over shared natural resources. Gordon’s model shows that open-access
common resources give rise to a pattern of competition among appropriators that leads to an inefficient
outcome. Hardin [94] developed this idea by demonstrating that such an outcome is not only
economically inefficient, but also physically inefficient and unsustainable. He coined the term “tragedy
of commons” to describe the competition over common natural resource, clarifying that in such
situations “each man is locked into a system that compels him to increase his herd without limit—in a
world that is limited. Ruin is the destination toward which all men rush, each pursuing his own best
interest in a society believes in the freedom in the commons” [94].

This analysis common-pool resources alarmed economists to the importance of establishing a clear
structure of appropriation rights to natural resources that can support an efficient allocation of shared
resources. Coase [95] adopted this approach, who emphasised that given a well-defined structure of
property rights, a costless transferable and enforced exchange will eliminate all externalities and the
resource allocation will not be determined by the pattern of the assignment of property rights [95].
This idea of using the market mechanism to manage resource appropriation rights of common-pool
resources was extended to water resources management, which resulted in the introduction of what
has been known as water market.

Therefore, water economists have argued that a market could represent an efficient mechanism
for water rights allocation. The market mechanism that has been proposed is allocate-and-trade, which
is a market mechanism that relies on two-step procedure [96]. The first step is establishing an initial
allocation of water rights among the water-sharing countries. The second step would be auctioning the
water surplus of the potential supply countries to the potential demand countries. This auction can take
the either of two forms: a percentage-claim auction or priority-claim auction [7,97]. In percentage-claim
auctions, potential demand countries bid for a share of an uncertain water surplus from potential
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supply countries. In priority-claim auctions, potential demands countries bid for a slot in a queue for
the water surplus of possible supply countries. This last form of auction can be conducted as one-stage
auction or as a multi-stage auction to allow the bidder to increase their bids [98]. Although various
studies have used this mechanism to propose efficient allocation of water in various basin or region,
such as the Nile Basin, Middle East Region, and Ganges River Basin, no evidence that any of these
studies has been materialised (see Table 4).

Table 4. Market Mechanism—Theory and Implementation.

Water Markets

Problem
Addressed Issue Addressed Objective Citation

Ganges River Basin
Analysing the impact of market-based water transfer on

mitigating water scarcity and resolving transboundary water
conflict in the Basin.

Prediction
Planning [99]

Nile River Basin

Proposing a new Nile water agreement based on allocate and
trade scheme

Prediction
Planning [100]

Evaluating a market solution for water sharing in Eastern Nile
Basin based on allocate-and-trade approach by comparing its
possible economic benefits to that of a social planner solution

Prediction
Planning [96]

Combing Market approach with cooperative game theoretic
framework to assess the stability of possible water allocation

agreements of the Eastern Nile Basin

Prediction
Planning [101]

The Euphrates
River

Based on a model developed to maximize the economic benefits of
the Euphrates water system, the study proposes a water trading
mechanism between Syria and Turkey to overcome water scarcity.

Prediction
Planning [102]

Middle East Region

Developing a model for a free water market between Palestine,
Jordan and Israel.

Prediction
Planning [103]

Evaluating two possible mechanisms, percentage claims and
priority claims, for establishing regional water markets in the

eastern Middle East region (Palestine, Egypt, Jordan and Israel) by
comparing them to the social planner option

Prediction
Planning [97]

analysing the option of establishing regional water markets in the
eastern Mediterranean region (Palestine, Egypt, Syria Jordan and

Israel, Turkey) by comparing them to the social planner option

Prediction
Planning [7]

Lake Constance
Comparing the management capacity of states and markets using
Lake Constance as an example of efficient transboundary market

institutions.

Explanation
Analysis [104]

Although Water market mechanism has been celebrated by various academics as an efficient
solution for transboundary water conflicts, four realities have challenged it. Firstly, transboundary
water basins need to have a large number of agents to yield an efficient equilibrium. One of the main
conditions necessary to yield an efficient allocation of resources is having a large number of sellers and
buyers. The number of riparian countries sharing any basin, even in the case of large river basin, cannot
satisfactorily meets this condition. This market failure is compounded by the fact the most basins are
characterised by a difference bargain power among sharing countries. Secondly, another necessary
condition of efficient allocation of resources is the independence of actor’s actions. Actions by agents
should not affect other agents, except through the price mechanism. However, in the transboundary
water basins, the actions of agents may affect each other as a result of the interdependence that
characterise transboundary water basins. Thirdly, it is difficult to establish well-defined property rights
when dealing with countries with cultural differences and traditional systems that have regulated these
basins for long time, especially in the absence of a robust international law doctrine on transboundary
water resources management. These market failures has limited the power of water market approach
as a transboundary water conflict resolution mechanism, as it assumes an idealised process of water
allocation, ignoring the conflict environment and its constraints (Figure 5). Finally, it does not take the
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connecting micro-processes of negotiations that add up to form the process of conflict resolution into
consideration. These limitations have induced researchers to resort to another theoretical framework
used to analyse imperfect-competitive market structures, which is game theory.
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3.2.3. Game Theory

Game theory is another economic mechanism that has been used to address transboundary
water resources management and conflict resolution. Game theory adopted the main assumption of
classical economic thinking and developed a new understanding of the utility and rationality concepts.
This new perspective avoided the complex psychological explanation of the nature of rationality
and utility [105]. The new understanding of rationality holds that an agent’s choices are rational if
they are internally consistent [106]. This internal consistency results from the fact that every human
mind is constrained by certain general rules that are shaped by his personal experiences [107]. These
rules form his expectations of possibility of future events and they influence his criteria of decision
making. His utility function is the other factor that influences the decision making criteria. A new
conception of utility, called subjective utility, has been developed by game theorists. Von Neumann and
Morgenstern [108] were the first to develop this utility concept by integrating the risk factor into the
conception of ordinal utility function, as introduced by Daniel Bernoulli in 1738, to map the decision
preferences of each individual confronting risky options. This utility function, which is known as the
subjective expected utility, is formed based on personal utility of agent and his personal probability
distribution of possible outcomes. These two assumptions of consistent rationality and subjective
utility, along with the assumption of scarcity of resources, form the basic behavioural conception of
game theory.

Game theory differs from traditional economic analysis, in that it is multi-objective multi-agent
interactive decision theory. It does not deal with decision situations in which actors are isolated,
to avoid the impact from the influence of other actor’s decisions and actions [109]. These interactions
are claimed to be strategic, due to the fact that participants in such interactions are mutually aware of
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the mutual-effects of others’ actions and actions are taken as a result of such cross-awareness [110].
Game theory has been used for three main types of analysis: explaining the development and outcome
of real and experimental events, predicting the evolution and the outcome of already developing
situations, and providing recommendations for influencing future interactions [110].

Games are classified into a few categories, according to the features of their context. For instance,
they can be classified according to the sequence of play, the availability of information or the degree of
conflict or coincidence of interests of players. One important classification that is worth emphasising is
the categorisation of games into cooperative and non-cooperative games. This classification is used to
distinguish between situations in which the actors establish an enforceable joint-action agreement and
those in which they are not. The game is considered to be cooperative when the players can make such
an enforceable joint agreement [110]. This cooperative game is a benefit-sharing situation, in which the
players take not only their own payoff, but also the total payoff of all players into consideration [111].
Non-cooperative games materialise when the players act only in their own interests, even if cooperation
among them emerges as a result of coincidence between their interests [110].

Game theory has provided a strong mechanism for addressing transboundary water resources
conflicts. It has three main advantages over the conventional economic methods. First, it provides
an analysis tool that maps the conflict resolution process, linking its dynamics to its potential output
(Figure 4). Second, it has the capacity to analyse multi-criteria multi-decision maker interaction
processes [8]. In the game models, each player optimises his objective, while remaining aware that
others’ decisions affect his payoff and that his decisions affect others’ payoff. Last, the framework
has strong tools and broad concepts that are capable of analysing not only individuals’ action, but
also state and organisational actors [112]. A unified actor does not necessarily perform actions, they
might be the outcome of complex bureaucratic procedures or complicated tactics and changing the
political coalitions [113]. Therefore, the application of game-theoretic frameworks as mechanisms for
addressing the problem of transboundary water resources has generated considerable research interest
in the past three decades (Table 5). Some researchers have resorted to cooperative game theory to tackle
transboundary water basins, such as Columbia River Basin, Nile Basin, Euphrates and Tigris rivers,
Jordan River Basin, and Ganges River Basin. Others have used the non-cooperative game theoretical
mechanisms to analyse shared water resources, such as The Hirmand (Helmand) River, the Great
Lakes between USA and Canada, and also the Nile Basin.

However, although a significant share of these studies aimed at predicting the future evolution of
the water conflicts in these basins and suggested solutions to settle it, there is no evidence that any of
them were put into action (Table 5). This can be attributed to some limitations of the studies that adopted
game theory as their analytical framework. Firstly, these studies adopted the conventional game
theory that has inherited the full-rationality assumption from the neoclassical economics. Laboratory
experiments show that the analyses of games that are based on rational assumption sometimes fail to
conform to the real events and situations [114]. “Polls and laboratory experiments indicate that people
often fail to conform to some of the basic assumptions of rational decision theory” [115]. Self-interest
maximisation is often quite difficult; in reality, most individuals and even specialists cannot conduct
them [116]. Game theory ignores the constraints created by the conflict environment by assuming full
rationality (Figure 6). Secondly, studies that used game theory have provided a macro-analysis of the
process of conflict resolution but have not mapped the details of the connecting micro-processes of
negotiations that could play a major role in defining the conflict settlement deal. Game theory has the
power to analyse the micro-processes of negotiations (Figure 6). A recent study has used game theory
to reflect the importance of linking the micro processes of negotiations to both the macro-process
of water conflict resolution and conflict substance. However, most water conflict resolution studies
have not linked the negotiations of micro-processes to the macro process of transboundary water
conflict resolution.
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Table 5. Game-Theoretic Mechanism—Theory and Implementation.

Game Theory

Problem Addressed Issue Addressed Objective Citation

Columbia River Basin
Analysing the Columbia River scheme involving Canada and

USA using cooperative game theory.
Explanation

Analysis [117]

Applying game theory, using the Graph Model for Conflict
Resolution to analyse the conflict between USA and Canada over

the Flathead River

Prediction
Planning [118]

Nile River Basin

Applying game theory, using the Graph Model for Conflict
Resolution, to analyse the possible strategic behaviour of the Nile

riparian countries to determine the most likely outcomes.

Prediction
Planning [119,120]

Applying cooperative game theory to the Nile Basin conflict to
evaluate the benefit of different options of cooperation

Prediction
Planning [121,122]

Analysing the option of trading water technology
for interbrain water transfer among neighbouring

nations using cooperative game theory

Prediction
Planning [123,124]

Combing Market approach with cooperative game theoretic
framework to assess the stability of possible water allocation

agreements of the Eastern Nile Basin

Prediction
Planning [101]

Euphrates and Tigris
rivers

Combining linear programming and game theory to identify
stable water allocations that Syria, Iraq and Turkey accept.

Prediction
Planning [125,126]

Jordan River Identifying possible option of sharing water through a
cooperative game theoretic with two players, Arabs and Israelis.

Prediction
Planning [127]

Ganges River Basin

Combining linear programming and game theory to analyse the
alternatives for manage the river

Prediction
Planning [45]

Combining optimisation and cooperative game theoretic methods
to identify feasible water sharing options in the Ganges Basin

Prediction
Planning [128]

Lower
Mekong River

Applying cooperative game theory to analyse the Lower Mekong
river basin

Prediction
Planning [117]

Great Lakes between
USA and Canada

Comparing social planner with non-cooperative game solutions to
the problem of water diversion from the lake highlight the

importance of cooperation between actors in the Great Lakes
Basin.

Prediction
Planning [93]

Rio Grande

Evaluating the cooperative options between the USA and Mexico
to reduce transboundary water pollution using non-cooperative

game theory

Prediction
Planning [129,130]

Applying interconnected game approach to identify the linkages
between All-American Canal, Colorado River salinity and

wastewater projects of Rio-Grande
that are amenable to linked negotiations

Prediction
Planning [131]

Colorado River

Applying interconnected game approach to identify the linkages
between All-American Canal, Colorado River salinity and

wastewater projects of Rio-Grande
that are amenable to linked negotiations

Prediction
Planning [131]

The Platte River
Using cooperative game theoretic methods to determine share of

instream flow water each of the river-sharing states should
provide.

Prediction
Planning [132]

Volta River Basin
Using a stochastic Stackelberg differential game to identify

sustainable water-sharing arrangements that can be achieved by
linking transboundary water flows to hydropower exports.

Prediction
Planning [133]

The Hirmand
(Helmand) River

Examining equilibria resulting from the application of different
stability definitions on the conflict modelled as non-cooperative

water resources game

Prediction
Planning [134]

Caspian Sea
Analysing the Caspian Sea conflict using a bankruptcy model,

based on cooperative game theory, to allocate oil and gas to the
littoral countries.

Prediction
Planning [135]
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3.2.4. Institution-Constrained Game Approach: Institutional Analysis and Development

A new framework has been developed to combine game theory and institutional analysis. Elinor
Ostrom has constructed the Institutional Analysis and Development (IAD) framework as a model for
strategic interaction among the users of common-pool resources. This framework can be considered as
institution-constrained game analysis, or shortly institutional game analysis. This framework combines
New Institutional Economics and non-cooperative game theory [136,137].

The New Institutional Economics (NIE) adopts an adapted version of neoclassical behaviour
conception. It maintains its assumptions of utility-based motivation and competition over scarce
resources [138]. However, it replaces the assumption of “full rational choice” with that of “bounded
rationality” that was developed by Simon [116]. According to Simon, “human behaviour is intendedly
rational but only boundedly so” [139]. Two constraints limit economic agents’ rationality. The first is
environment uncertainty, which results from environment complexities that are beyond the human
mind capacity [140]. The second is the conflict of goals among agents resulting from the opportunistic
behaviour of some of them [141].

North [142] developed his institutional environment model as a political economy framework,
inspired by Simon´s Assumptions. He defined institutions as constraints that human devise to reduce
uncertainty through providing a structure to their daily lives [142]. Moreover, he defined the concept
of the institutional environment as the meshwork composed of formal and informal institutions and
their enforcement mechanisms that govern a society [143]. Formal institutions are the written laws,
regulations, and agreements that govern politics and the economy [144]. Informal institutions are the
unwritten social norms and taken-for-granted beliefs that constrain human behaviour [145]. Informal
institutions, especially subconscious institutions, are persistent to change [146]. The institutional
environment of a particular society defines property rights, provides the incentive structure that
dictates the interactions of agents, and constrains their choices [143]. The importance of the role of
institutions in making and constraining water resources governance system was highlighted by [147].
Ostrom has enlarged the concept of institutions to include not only rules (formal institutions) and
norms (informal institutions), but also the strategies of the actors [148]. Subsequently, she developed
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an institution-constrained game theory analysis and applied it to water resources cooperation and
conflict [148]. According to her, strategies are the regularised plans that are developed by actors
within the incentive structure of the surrounding institutional environment and the expectations of
the possible behaviour of others in a situation that is influenced by the relevant physical and material
conditions [137].

IAD, as a mechanism of conflict resolution, is a variant of game theory with the explicit role of
institutions (Figure 7). This explicit representation of institutions provided the power of mapping
more accurately the water conflict resolution. Unfortunately, although the importance of institutions
has become accepted as one of the main determinants of strategic interactions, such institutional game
analysis has not yet attracted interest in the field of transboundary water conflict. Only two studies of
the study of the Nile Basin [87] and the Jordan River [149] can be considered as the closest attempts to
apply an analytical framework that is similar to Ostrom´s institutional framework (Table 6). This could
be explained in the light of three facts. The first is that this framework is relatively recent. The second is
that the framework highlights the paramount role of the conflict environment by emphasising the role
of institutions, especially informal institutions, in shaping the outcome of the conflicts over resources;
it has not yet provided a method for accurately accounting for the impact of these institutions. Finally,
most game theoretic approaches to transboundary conflict resolution have tended to focus on the
actors’ activities and the conflict environment, while also giving less attention to the conflict substance,
which is water allocation. Although actors’ activities and conflict environment are major determinants
of the conflict resolution process, many transboundary basins suffer for a real problem of water scarcity,
which can impede transboundary cooperation. Two other approaches have been developed which
focus on the conflict substance, which is water scarcity as an impediment to transboundary water
cooperation: benefit sharing and virtual water.
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Table 6. Institution-constrained Game Mechanism—Theory and Implementation.

Institution-Constrained Game Theory Analysis

Problem
Addressed Issue Addressed Objective Citation

Nile River Basin
Analysing the evolution of the Nile River governance system

using a framework combining non-cooperative game theory and
institutional analysis

Explanation
Prediction [87,150]

Jordan River Basin
analysing the negotiations process between Jordan and Israel over
the Jordan basin in the framework of collaborative negotiations

approach

Explanation
Analysis [149]

3.2.5. Benefit-Sharing Perspective

The basic idea of the benefit-sharing perspective is to widen the common property that is
intended to be shared among water-sharing countries to enhance the potential for cooperation among
them [151]. Thus, this perspective widens the shared property to water-related benefits instead of water.
Water-related benefits can be classified into three major categories: environment-related; economic; and,
security-related benefits [152]. The first category of cooperation benefits are the benefits that accrue
to stakeholders from the improvement of the ecosystem of the river as a result of cooperation [153].
The second category of benefits derives from increased food and energy production that result from
the efficient cooperative management of the river [153]. The third category of benefits derives from
the reduction of defence costs because of minimising the tensions among riparian countries [153].
This perspective argues that widening the water-related benefits that are shared among water-sharing
countries could facilitate transboundary water conflict resolution [154].

Benefit-sharing mechanism is still relatively recent and it has been limitedly used in explanation
and analysis (Table 7). It introduces a view that can facilitate transboundary water conflict resolution.
Nevertheless, benefit-sharing mechanism does not address the conflict resolution processes or the
conflict environment, like the water market and social planner mechanisms (Figure 8). It assumes that
a hypothetical benevolent conflict parties whose only concern and constraint is to maximise the overall
economic welfare of their transboundary water basin.

Table 7. Benefit-sharing Mechanism—Theory and Implementation.

Benefit-Sharing Perspective

Problem
Addressed Issue Addressed Objective Citation

Nile River Basin
Analysing the impact of Negotiations over the Grand Ethiopian
Renaissance Dam (GERD) on benefits sharing discourse in the

Eastern Nile Basin.

Explanation
Analysis [155]

Jordan River Basin
analysing the negotiations process between Jordan and Israel over
the Jordan basin in the framework of collaborative negotiations

approach

Explanation
Analysis [149]
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3.2.6. Virtual Water

The virtual water perspective has evolved over the past twenty-five years from being a positive
perspective that explains the role that is played by food imports in addressing water deficits in
water-scarce regions to a normative concept that could be implemented as a mechanism relieving
water stress in transboundary water basins. The virtual water concept was developed and used
by Allan [40,156–163] to explain the role that is played food imports in addressing water deficits in
water-scarce regions. Virtual water refers to the water embedded in a product that is traded in the
global trading system [158]. The term virtual is used to highlight the fact that water embeddedness is
not physical [164]. Virtual water describes the water that is consumed in the production of a product,
not the water that is physically embodied in that product [164]. The term exogenous water is also used
to describe virtual water to highlight the fact that it is exogenous source of water that a country adds
to its indigenous water by importing food [165]. Furthermore, when a country in a transboundary
water basin imports virtual water from outside this basin, it virtually adds exogenous water to the
indigenous water of this basin [166]. Thus, virtual water import has been gradually developed to be
mechanism that could help resolving transboundary water conflicts in the basins that suffer from water
scarcity [11]. Allan [11] emphasises that the political economy context of water constrains the role of
virtual water in a transboundary water basin, both on the national level and the basin-wide level. The
impact of the social context of water is also identified as one of the major determinants of virtual water
role in mitigating water deficit [167].

Although virtual water has been extensively applied as a national water policy mechanism to
mitigate national water deficit, its application as a transboundary water conflict resolution mechanism
has been quite recent (Table 8). The main strength of this mechanism is that it provides a revolutionary
solution, an external virtual supply of water, which can effectively mitigate the transboundary water
conflicts in basins that suffer from water scarcity. It also accounts for the economic, political, and
social environments of transboundary conflicts (Figure 9). On the other hand, this perspective has
deliberately abstained from addressing the conflict resolution process. This deliberate abstention is
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justified by the politicization and securitization of transboundary water conflicts that withdraw it from
the public domain and limit intellectual access to its details [11].

Table 8. Virtual Water Mechanism—Theory and Implementation.

Virtual Water Perspective

Problem
Addressed Issue Addressed Objective Citation

Nile River Basin Analysing the impact of virtual water imports on relieving the
water stress in Nile Basin.

Explanation
Analysis

[166,168,
169]

Jordan River Basin
Explaining the contribution of virtual water to relieve the water

scarcity and reduce the water-related tensions in the Jordan River
Basin

Explanation
Analysis [149,170]
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3.3. Political Perspective

The political perspective to transboundary water conflicts is the latest addition to perspectives that
addressed transboundary water conflict resolution. The political perspective to transboundary water
conflicts highlights the significance of the influence of the political environment on transboundary water
interactions [159,171]. For this perspective, it is political geography that determines transboundary
water conflict and cooperation among water-sharing states, although physical geography determines
the water supply characteristics in a transboundary basin and economic geography identifies
the parameters of water demand in that basin [172]. Thus, political scholars criticise the other
perspectives for depoliticising transboundary water conflicts and proposing either politically neutral
engineering or economic solution [173]. Instead, they give politics centre stage on transboundary water
interactions [174]. This perspective evolved over the past forty years [175] into two well-identified
main intellectual lines: hydropolitics and critical hydropolitics.

3.3.1. Hydropolitics

Hydropolitics literature focuses on systematically studying the nature and dynamics of inter-state
conflict and cooperation over transboundary water resources [176]. Hydropolitics can be considered
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as the mainstream political literature on transboundary water conflicts. The London Water Research
Group (LWRG) mainly developed it in the past two decades [175]. LWRG was established by a
group of scholars that was composed of students and colleagues of Professor John Anthony (Tony)
Allan [177]. The group adopted his view of the dominance of role of politics on transboundary water
issues [11,177]. They stress that politics authoritatively allocate values on society with respect to water,
which constrains the transboundary water interactions [178]. This perspective has presented four main
analytical frameworks that could be used as transboundary water conflict resolution mechanisms over
the past two decades: Hydro-Hegemony, Transboundary Waters Interaction Nexus (TWINS), Dynamic
Transboundary Water Interaction (DTWI), and Transformative Analysis.

The Hydro-hegemony framework has been presented as an explanatory mechanism that highlights
the role of power asymmetry in determining the intensity of transboundary water interactions.
Hydro-hegemony has argued that the more powerful party among water-sharing parties, or the
hegemon maintains its control over the transboundary interactions by subordinating the parties
through water resource control strategies that exploit the existing forms of hard and soft power in the
transboundary water basin [179]. In this way, the hegemon maintains situations of non-violent water
conflict [180]. Four power forms can exist in a transboundary water basin: geography; material power;
bargaining power; and, ideational power [181]. Geographical position of a state in a transboundary
water basin is the natural source of power that usually favours upstream states [9]. Material power
comprises military power, economic power, technology, and international political support [181].
Bargaining power describes the capacity of a state to control the rules of the game and set agendas of
transboundary water interaction [182]. Ideational power refers to the capacity of a state to impose and
legitimise specific narratives or discourses in a transboundary water basin [181]. Dominant narratives
or discourses can constrain and strengthen the transboundary water conflict resolution process [183].
They can also structure the flow of the transboundary water conflict resolution process [183]. According
to this framework, the power asymmetry among the water-sharing states and their strategies in using
it determine the allocation, planning, and management of transboundary water resources [184].

The Transboundary Waters Interaction NexuS (TWINS) framework has been introduced as an
explanatory mechanism that can highlight the simultaneous coexistence of conflict and cooperation in
transboundary water interactions [9]. On the one hand, the level of intensity of cooperation in each
instance is determined by the existence or absence of four factors among the water-sharing states:
common goals; joint action mechanism (s), will to participate in joint action mechanism, and confidence
that other parties will to participate in collective action [162]. On the other, four levels of conflict can
exist at each instance: non-politicized, politicized, securitized, and violised [11]. TWINS has offered
a map that can analyse the patterns transboundary water interactions at any point of time based on
these coexistent levels of cooperation and conflicts [185]. It can also trace the changes in the intensity
of cooperation and conflict in transboundary water relations over time. An improvement has been
introduced to TWINS by adding the degree of robustness of political economy the political economy
context as third determinant of transboundary water interaction patterns [162].

The Dynamic Transboundary Water Interaction (DTWI) framework has been developed as
an explanatory mechanism that can explain the dynamics of the changes in transboundary water
inter-state relations. It combines the theoretical perspectives on counter-hegemony and change in order
to analyse and explain the evolution of transboundary water inter-state relations [186]. It presents this
evolution of transboundary relations as a struggle between contest and compliance [9]. The framework
presents strategies that are used by water-sharing countries to establish and change transboundary
water arrangements in transboundary water basins, including coercive, leverage, and liberating
mechanisms [186]. According to this framework, a resistance that could be explicit or masked
by “apparent” consent as counter-hegemonic tactic usually induces this process of change in the
transboundary arrangements [9]. The outcome of Transboundary Water Interaction is determined
by the net impact of simultaneous hegemonic and counter-hegemonic processes that shape new
transboundary water arrangements [186].
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The Transformative Analysis is the most recent analytical framework that is introduced by the
hydropolitics scholars. It can be considered as the first hydropolitical mechanism that has been
developed to be used for planning purposes [187]. The Transformative Analysis attempts to trace and
analyse strategies that are used by water-sharing states to identify which of them can improve the
inter-state power relations and establish sustainable transboundary water arrangements [187]. As this
analytical framework has been very recently introduced, many of its ideas still need to be clarified and
tested by applying it into real transboundary water conflicts.

3.3.2. Critical Hydropolitics

Critical hydropolitics is the second intellectual line of the political perspective to transboundary
water interactions. It criticises the state-centred view of hydropolitics that examine transboundary water
issues as state-centred issues [188]. It presents an analytical framework that focuses on socioecological
networks that were developed around transboundary water resources, which can be local within one
nation state or can transcend the water-sharing state borders [188]. The framework combines the
elements of political and human-environment geography to highlight how the state-centred analysis
could simplify the socioecological networks and misleads the efforts to resolve transboundary water
conflicts [188]. Recent research by Cascão and Zeitoun [181] has attempted to combine a hydropolitical
and critical hydropolitical frameworks in one merged framework in order to provide more accurate
and detailed political analysis for transboundary water conflicts. Hussein carried out another form
of integration between the hydropolitical and critical hydropolitical frameworks [189]. He analysed
the dominant national water discourse, stressing the interdependence between the dominant national
water discourses and the dominant inter-state hydropolitical discourse in the transboundary water
basin [189].

The mechanisms that were introduced by the political perspective focus on overcoming the
constraints that are imposed by the political environment on transboundary water interactions in order
to enable facilitating transboundary water conflict resolution. As Figure 10 shows, they do not address
the technical or the economic process that are needed to resolve transboundary water conflicts. The main
objective of their theoretical framework is to analyse the political determinants of transboundary water
interactions. These frameworks have been extensively applied over the past two decades as explanatory
mechanisms of transboundary water conflicts (Table 9). Furthermore, the Transformative Analysis, as
the latest addition to this perspective, attempts to change the political environment of transboundary
water conflict in order to facilitate its resolution. Thus, when used in transboundary conflict resolution,
these mechanisms can be considered as the preparatory mechanisms for these conflicts while using
the mechanism that is offered by the engineering and economic perspective. However, it should be
highlighted that the use of these political mechanisms in transboundary conflict resolution faces the
extremely complex challenge that is emphasised by the godfather of the perspective, Professor Tony
Allan, which is the difficulty of accessing the data and decision making circles in transboundary water
conflicts [11].
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Table 9. Political Mechanisms—Theory and Implementation.

Political Perspective

Problem
Addressed Issue Addressed Objective Citation

Nile River Basin

Using the hydro-hegemony framework to analyse the role of
hydro-political relations in shaping the water governance regime

in the Nile Basin.

Explanation
Analysis [180–182]

Using an extended TWINS approach to analyse the role of
economic strength and diversification in shaping the trajectory of

Egypt-Sudan water interactions in the Nile Basin.

Explanation
Analysis [11,162]

Using the conceptual framework of dynamic transboundary
water interaction to explain the changes in the Nile Basin.

Explanation
Analysis [186,190]

Using the case of the Grand Ethiopian Renaissance Dam (GERD)
to scrutinise the hydro-hegemony framework hypothesis that

counter-hegemonic mechanisms produce a more equitable
transboundary water governance regime.

Explanation
Analysis [191,192]

Using a hydro-hegemony framework to analyse the role of power
asymmetry in shaping patterns of hydropolitical relations in the

Nile Basin

Explanation
Analysis [174]

Jordan River

Analysing the role of hydro-political relations in shaping the
water governance regime in the Jordan River Basin using the

hydro-hegemony framework.

Explanation
Analysis [180–182]

Using an extended TWINS approach to analyse the role of
economic strength and diversification in shaping the trajectory of

Palestinian-Israeli water interactions over shared aquifers.

Explanation
Analysis [11,162]

Using the conceptual framework of dynamic transboundary
water interaction to explain the stability in the Jordan river basin

Explanation
Analysis [186]

Using a framework for discourse analysis to examine the role of
the dominant Israeli discourse in structuring the transboundary

water conflict resolution process in the Upper Jordan River Basin

Explanation
Analysis [183]

Using a framework for discourse analysis to examine the
formation process of the dominance national water discourse in

Jordan, linking it to the transboundary water political and
hydropolitical relations.

Explanation
Analysis [189]

Tigris and
Euphrates rivers

Applying the hydro-hegemony framework to Identify the role of
hydro-political relations in shaping the water governance regime

in the Tigris and Euphrates Basin.

Explanation
Analysis [180–182]

Using the conceptual framework of dynamic transboundary
water interaction to explain the changes in the Tigris river basin.

Explanation
Analysis [186]

Mekong River

Using a critical hydropolitics framework to analyse how the 1995
Agreement geopolitically framed the basin-wide water

interactions in interstate level, masking in this way water
interactions occurring at the level of communities and ecosystems.

Explanation
Analysis [188]

Using a critical hydropolitics framework to how hydropower
dams connecting major power markets in China, Thailand and

Vietnam, are transforming the nature-society relations in countries
sharing the Lancang-Mekong River.

Explanation
Analysis [193]

Using the conceptual framework of dynamic transboundary water
interaction to explain the changes in the Mekong River Basin.

Explanation
Analysis [186]

Rio Grande

Using a political-economy-constrained TWINS approach to
analyse the role of economic strength and diversification in

shaping the trajectory of water interactions in the Rio-Grande
Basin.

Explanation
Analysis [162]

Amu Darya River Using the conceptual framework of dynamic transboundary water
interaction to explain the changes in the Amu Darya River Basin.

Explanation
Analysis [186]
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Table 9. Cont.

Political Perspective

Problem
Addressed Issue Addressed Objective Citation

Yarmouk River
Basin

Using a discourse theory framework to maps relation between the
bilateral agreements on the Yarmouk River, the dominant

hydropolitical discourses. It also analyses the impact of these
dominant hydropolitical discourses and the proposed solution by
Jordan and Syria, taking into consideration the Power asymmetry

between the two countries.

Explanation
Analysis [184]

Using a hydro-hegemony framework to analyse the role of power
asymmetry in shaping the evolving patterns of hydropolitical

relations in Yarmouk Basin

Explanation
Analysis [174]

The Guarani
Aquifer System

Using a merged analytical framework that integrates critical
hydro-political framework into a hydro-hegemony framework to
analyse the role of power asymmetry between Argentina, Brazil,

Paraguay, and Uruguay in shaping the current formal water
governance’s arrangements of The Guarani Aquifer System and

the informal cooperation arrangements between local
communities

Explanation
Analysis [194]

Ganges River Basin

Applying an extended TWINS approach to explain the role of
economic strength and diversification in shaping the trajectory of

Nepal-India water interactions in the Ganges River Basin.

Explanation
Analysis [11,162]

Using the conceptual framework of dynamic transboundary
water interaction to explain the stability in the Gangs river basin

Explanation
Analysis [186]

Disi Aquifer

Using a discourse theory framework to analyse the impact of the
water scarcity discourse in Jordan

on transboundary water governance of the Yarmouk River basin,
the Jordan River Basin and Disi Aquifer basin.

Explanation
Analysis [195]

The Platte River

Using a hydro-hegemony framework to highlight the impact of
hydropolitical regional hegemony on transboundary water

cooperation in in the La Plata River Basin and Guarani Aquifer
System.

Explanation
Analysis [196]
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3.4. Management Perspective

The field of conflict management has focused on the process of negotiations with less attention
being paid to the substance of conflict. Among the different perspectives of negotiations, the Alternative
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Dispute Resolution (ADR) approach can be considered as the line of thought that has provided new
insights to negotiations [6]. Generally, ADR has generated considerable research attention among
professional mediators and negotiator. However, recently, the contribution of academic researcher has
been growing. The increasing importance of environmental conflicts has played an important role in
the recent development of growing body of ADR literature.

The ADR literature focuses on re-centring negotiations around interests not positions [6]. ADR aims
at reshaping the process of negotiations from distributive, or zero-sum, negotiations into collaborative
negotiations. In collaborative negotiations, all of the parties cooperate to increase the overall outcome
of the process, allowing for every party to gain from negotiations. Various frameworks of negotiations
have been developed by the scholars of this field, but most of them rely on four main principles:
defining the problem; focusing on interests and positions; getting parties together to generate new
options; and, providing objective criteria for allocating the gains among parties.

As a process-based mechanism, ADR provides a detailed analysis of conflict resolution process.
(Figure 11). It deals with the micro dynamics of the negotiations process in order to obtain the
optimal results of it. However, it does not provide a concrete conceptualisation of the criteria that
determine the optimal results. By providing the one-size-fits-all remedies, the ADR virtually excluded
the conflict substance from the determinants of the evolution path of the process [197]. Therefore,
the ADR could be considered as a partial conflict resolution mechanism that can serve as a process
facilitation tool, but not as resolution mechanism that can guide the participants to optimal terminal
conditions (Figure 11). Therefore, the ADR could be used as a complementary mechanism with other
substance-based transboundary water conflict mechanisms.
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Taking the complexity of transboundary water conflict resolution into consideration, ADR,
as a process facilitator, has the potential to support the transboundary water resources negotiations.
However, water conflicts generally have not attracted much research attention in this field. Few studies
have addressed the conflicts in the Jordan River Basin, Caspian Sea, the Nile Basin, the Mekong River
Basin, and the Ganges River Basin (Table 10). These studies focused on explaining the past or ongoing
negotiations without giving concrete recommendation to facilitate solving these problems.

Table 10. Alternative Dispute Resolution Mechanism—Theory and Implementation.

Alternative Dispute Resolution

Problem
Addressed Issue Addressed Objective Citation

Caspian Sea

Using descriptive approach identify the most likely outcomes of
the ongoing Caspian Sea negotiation according to the capabilities

of the decision makers and their preferences over the available
alternatives.

Prediction
Planning [198]

The Mekong River Basin Investigating the negotiations for Mekong Agreement of 1995
between Cambodia, Laos, Thailand, and Vietnam.

Explanation
Analysis [199]

Nile River Basin

Analysing the causes of failures and successes of the negotiations
process the Nile water using two explanatory approaches, the
Strategic Management Process (SMP) and Political Accounting

System (PAS).

Explanation
Analysis [200]

Jordan River Basin

Evaluating the negotiations process between Jordan and Israel
over the Jordan basin management in the framework of

collaborative negotiations approach

Explanation
Analysis [149]

Analysing the negotiations processes between Jordan and Israel of
1950s and 1990s over the Jordan basin, comparing the impact of

the process on the resulted agreement in each case.

Explanation
Analysis [201]

Examining the negotiation mechanisms and processes between
Syria, Turkey and Iraq in 1990s over Euphrates and Tigris rivers

Explanation
Analysis [202]

Ganges River Basin

Evaluating performance of the supporting institutional
mechanisms evolved over Time in the negotiations between India

and Bangladesh over waters-related issues in
Ganges-Brahmaputra-Meghna System.

Explanation
Analysis [203]

4. Discussion and Conclusions

This research aims at analysing the transboundary water conflicts resolution. Transboundary
conflict resolution process is complex multi-dimensional process that needs a process-based approach to
analyse it. This process-based analytical framework provided by us is called the mechanistic approach.
A mechanism is analytical framework that provides extensive analysis of process and its elements; i.e.,
parties’ goals, its initial conditions, terminal conditions, and environment constraints. The paper has
attempted to map the major transboundary water conflict resolution mechanisms provided by the
academic literature.

The literature that was reviewed revealed that the field of enquiry has influenced the focus of
studies that have analysed transboundary water conflicts. Engineering studies have focused more on
prediction and planning. Economics literature on transboundary water conflict resolution has had
broad scope that covered both explanation and planning. Political analysis mainly concentrated on the
explanation of the political constraints on transboundary water conflicts. Management studies have
focused, in the very few studies that addressed transboundary water conflicts, on the explanation of
water conflict resolution process.

Another major finding is the gap between theory and practice in the field of transboundary water
conflict resolution. Although numerous studies have addressed the problems of transboundary water
conflicts, very few of them have been used in reality for planning of water resources management.
More specifically, the only theoretical transboundary water conflict resolution mechanism practiced
was social planner, as Table 3 indicates. Two reasons behind this gap were identified by this review.
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The first was stressed by Allan [11], comprising the lack of academic access to the data and the decision
making process in transboundary water conflicts, especially the critical and securitised conflicts.

The second is that almost transboundary water conflict resolution mechanisms that are offered by
academic literature lack the analytical capacity to deal with all of the dimensions of transboundary
water conflicts. This lack of analytical capacity stems from the uni-dimensionality of transboundary
water conflict resolution mechanisms that are offered by academic literature. Almost all of these
mechanisms have focused on dimendion of transboundary water conflicts, but not all of the dimensions.
This uni-dimensionality was revealed by the analysis that was conducted in this study for the structure
of the transboundary water conflict resolution mechanisms offered by the different academic fields.
The study revealed that the structure of transboundary water conflict resolution mechanisms have
also been determined by the field of enquiry (Figure 12). The majority of mechanisms developed in
engineering and economics have focused on the conflict substance (Figure 12). These mechanisms
include engineering-based mechanisms that relied on static models and economics-based mechanisms,
such social planner and water markets. However, game theory and dynamic systems models have
the analytical power to combine both the conflict substance as well as the conflict resolution process.
Institution-constrained game theory, which is a recent variant of game theory, also has the capacity
to include the external environment constraints. Although this capacity provides this recent game
theory variant higher accuracy in analysing conflict resolution processes, it still needs to overcome the
challenge of accurately modelling these constraints in its analysis. The political perspective focused on
the conflict environment, namely the political environment, and its impact of the political constraints
on these conflicts. Management studies is the last field of enquiry that addressed transboundary
conflict resolution. These studies have focused on the micro-processes of the conflict resolution, i.e., the
negotiations rounds. Although these parts of the conflict negotiation process have not been addressed
by other mechanisms, it is not sufficient to reach a durable conflict resolution. Management studies
needs to integrate the conflict substance in its structure to be capable of providing effective guidance to
decision making.

Moreover, none of the mechanisms that were developed by the different disciplines have the
analytical power to address all of the dimensions of transboundary conflict resolution (Table 11).
Environment-focusing mechanisms that are offered by the political perspective have not addressed
the macro- or the micro-processes of transboundary conflict resolution. However, these political
mechanisms are essential in the preparatory stage for transboundary conflict resolution, but the solution
needs to be generated by the engineering-based or economics-based mechanisms. Substance-focusing
approaches, such as optimisation, social planner, and water markets, benefit-sharing, and virtual water
do not have the capacity to map the macro and micro processes of conflict resolution. As indicated
above, transboundary water conflict resolution is a complex process that needs a process-focusing
analytical framework. Being devoid of a structure that can analyse this process deprives these from the
defining feature of mechanism. To be a full mechanism, these approaches need to be complemented
by other mechanism that are environment focusing-mechanisms that are offered by the political
perspective and the process-based mechanisms. Similarly, pure process-based mechanisms, such as
ADR and simulation models, need to integrate the conflict substance in its structure to be capable of
providing effective guidance in decision making. Therefore, it also needs to be complemented by the
above-referred environment focusing-mechanisms and substance-focusing mechanisms to acquire the
analytical capacity that is needed to address all dimensions of transboundary water conflicts.
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Table 11. Transboundary water conflict resolution mechanisms: structural comparison—Self-elaborated.

Field Mechanism Initial
Conditions

Macro-Process
Dynamics

Micro-Processes
Dynamics

Conflicts
Parties

Third
Party

Conflict
Environment
Constraints

Terminal
Conditions

Engineering Static Models � × × × � × �
Dynamic Models � � � × � � �

Economics

Social Planner � × × × � × �
Water Markets � × × � × × �
Game Theory � � × � × × �

Institution-Constrained Game Theory � � × � × � �
Benefit-sharing � × × � × × �
Virtual Water � × × � × � �

Political
Perspective

Hydro-Hegemony � × × � × � �
Transboundary Waters Interaction Nexus (TWINS) � × × � × � �
Dynamic Transboundary Water Interaction (DTWI) � × × � × � �

Transformative Analysis. � × × � × � �
Critical Hydropolitics � × × � × � �

Management Alternative Dispute Resolution � × � � � � ×
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In sum, most of the theoretical mechanisms that were provided by literature have not possessed
the analytical capacity to address all of the elements of transboundary water conflict resolution
processes. Nevertheless, many of these mechanisms exhibit complementarity and they can be
combined together to form a mechanism with strong analytical capacity. Therefore, it can be useful if
academic research can examine the potential of using hybrid mechanisms that integrate two or more of
the above-examined mechanisms to analyse the existing transboundary water conflict resolution. In
this way, literature can provide practitioners with conflict resolution tools that can help them to resolve
some of persistent transboundary water conflicts. However, it is important to stress that the use of
these integrated mechanisms requires more collaboration and openness by practitioner to research and
academic community.
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