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Abstract

This paper aims to resolve four non-cooperative generic water disputes using the Graph Model approach for conflict resolution. There-
fore, a Decision Support System (DSS) has been utilized integrating multiple-criteria decision analysis, stability analysis, and uncertainty
analysis using the info-gap technique. The DSS has been applied to four different non-cooperative water conflict including: (1) ground-
water common pool; (2) environmental problem between two countries; (3) river conflict dispute between two countries; and (4) sustain-
able development game. The DSS demonstrates four stability concepts, including Nash Stability (R), General Metarationality (GMR),
Symmetric Metarationality (SMR), Sequential stability (SEQ) to illustrate how results differ with regard to the stability concepts. After
classifying the preferences of stakeholders, the DSS recognized the most stable solution, considering the potential actions and counterac-
tions of all stakeholders. Consequently, solution robustness was tested under the uncertainty related to stakeholders’ perspective, under
non-cooperative attitudes. When there are no sufficient details about the conflict and what decision to be prepared, the DSS proved to be

useful in modeling complex disputes, determining most robust solution, and examining the effect of uncertainty.

Keywords: water disputes; generic conflict resolution; graph model; decision support systems; and multiple criteria decision analysis.

1. Introduction

In a water conflict, different parties can be participated in de-
cision making process as decision makers (DMs), where each DM
can make selections with an agreement with other parties. Com-
bined alternatives of all players can find out the possible endings
of the conflict. Instead of moving with cooperation with other
parties, DMs can choose to collaborate or form coalitions. In such
situations, Game theory methods, such as the Graph Model for
Conflict Resolution, offer useful and accurate tools for discussing
conflicts. The graph model presents thoughtful details how to
resolve disputes efficiently [14]. Game theory is essentially a
mathematical method that deals with cooperation through forming
coalitions of competition between conflicting parties. It explains
how the combination between the players can be directed to a best
outcome solution which satisfies the DMs preferences. The best
outcome may not been discussed or even planned by any party
[19]. Games are mathematically defined and have many players
with strategies (alternatives) and potential outcomes (payoffs).
The payoffs to competitors or players decide the decisions made
and the nature of the game being played. When the value of the
payoffs is zero or a constant, the DMs don't have the same inter-
ests and are playing a zero/constant-sum game. In other words, if
one DM wins, the other DM loses. In such situation, the players
need to cooperate or form coalitions [14]. Decision makers in
water conflicts are trying to achieve their goals to defeat one an-
other by predicting the decision of each other. The resolution of a
game can be determined as end results of the players’ decisions.
Game theory technique allows parties plan to maximize their ben-
efits (payoffs). A good answer to a game recommends the set of
decisions that each decision maker takes at the end. One major
advantage of game theory when compared to classical optimiza-
tion methods is its competence to consider the actions and coun-

teractions during the negotiation process, until all stakeholders

accepted the final solution [14].

Many researchers have attempted to analyse water conflicts in a
game-theoretic framework. Hipel et al. [7] provided a resolution
of conflict associated with carcinogen in the groundwater that
supply Elmira city in Canada. Adams et al. [1] developed a non-
cooperative framework on water policy negotiation in California.
Dinar and Howitt [5] developed cooperative model for allocation
of cost of environmental control for polluters in California. Simon
et al. [18] used a non-cooperative model for negotiations of water
prices for agricultural production and reservoir sizes among dif-
ferent players. Ambec and Ehlers [2] developed cooperative solu-
tion concepts for better sharing of river among countries. Madani
and Lund [15] investigated the water disputes for San Francisco-
San Joaquin delta using Monte-Carlo game theoretic approach.
Obeidie et al. [16] addressed a conflict of exporting water from
Canada. Raquel et al. [17] developed a cooperative solution con-
cept for balancing the economic benefits versus negative environ-
mental impacts from agriculture production. Wang et al. [20] con-
sidered a cooperative model for allocation of water among differ-
ent users in Canada.

This paper uses the graph model for conflict resolution as a useful
method for resolving different water and environmental disputes
[6]. To facilitate its application, a decision support system (DSS),
called “congress”, has been used based on the early work of
Kassab et al. [9]. The DSS is then applied to generic water and
environmental disputes. The DSS helps to select the optimum
decision and to examine its robustness under the decision makers’
preferences uncertainty.
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2. The graph model

The graph model consists of three major steps [6]: modeling, sta-
bility analysis, and sensitivity analyses.

2.1. Modeling

The graph model deals with any conflict engage decision makers
DMs, their options, and their preferences. In other words, the
graph model is clarified using “prisoner’s dilemma” conflict.
Here, two suspicious people associates in a crime are apprehended
and positioned in prison so that they cannot talk to each other. The
court does not have satisfactory information to convict them of the
crime. Therefore, to reach a confession, the legal representative
shows each suspect with the next offers:

1. If one prisoner collaborate C with his associate (i.e., does not
confess) and the other one does not collaborate D (i.e., confesses),
the one who collaborates will receive a 10-year sentence while the
other prisoner will be discharged.

2. If both prisoners do not collaborate with each other (i.e., both
confess), each one will get 5 years confinements in prison.

3. If both collaborate by not confessing on each other, each will
get one year of confinement in prison.

In prisoner’s dilemma, each DM contains two choices known by C
and D. Therefore, four potential states will happen when each DM
chooses a policy which are described as CC, CD, DC, and, DD,
where left letter correspond to the first prisoner (DM 1) plan and
the right letter correspond to the second prisoner (DM 2) plan.
Figure 1 shows an illustration of the four decision states. Figure 1
shows that DM 1 can pick either Strategy C or D, while DM 2 can
also select either C or D. This will end up with four states CC,
CD, DC, and DD, respectively, as shown in Figure 1, and shown
as states 1, 2, 3, and 4.

Four Decision States Possible Decision Consequences

Maker Moves

DM1| DM2
@ cc ° 1Year | 1Year
DM 2
DM 1
@ cD ° 10 Years | Free
DM 1
@ DC e Free | 10 Years|
DM1
DM 2
@ oD ° 5Years | 5 Years

*C= Cooperation (i.e., Do not confess)
**D= Don’t Cooperate (i.e. Confess)

State Ranking Preference for DM 1: @ > @ >
State Ranking Preference for DM 2: @ > @ >

Graph Presentation

>

© O
OMO)

(>: more preferred)

Figure 1: Graph representation of Prisoners dilemma (Adopted
from [10]).

The middle section of Figure 1 demonstrates the integrated graph
model for the dispute. It shows how possibly the dispute move
from one state to another, where a node symbolizes a state and an
arc symbolizes the DM. For instance, DM 1 can let the conflict
move from State 1 (CC) to State 3 (DC) through not collaborating
with DM 2 telling the court about the crime (see Figure 1). In
sequence, DM 2 can let the dispute to expand from State 3 (DC) to
State 4 (DD) by not to collaborate. Further information about the
prisoner's dilemma DM actions and counteractions can be ob-
tained from [10]. The prisoner’s dilemma comprises a common
conflict shows how collaboration and non-collaboration be mod-
eled in a conflict. In fact, water conflicts are more sophisticated

than the prisoner’s dilemma as clarified by real-world disputes
studied in this paper.

2.2. Stability analysis

The stability analysis is performed to find the stability of each
state for every DM. When a state is stable for a DM, (if and only
if), it implies that DM has no motivation to move from it unilater-
ally in a certain attitude, typically referred to as a stability defini-
tion. Equilibrium is a state which all DMs discover to be stable
under a particular stability definition. A stability definition con-
cept describes how DMs may perform in a conflict where each
DM wants to reach his or her goals. Since DM may act in a differ-
ent way in a conflict, many solution concepts have been presented
and used (e.g. Nash Stability (R), General Metarationality (GMR),
Symmetric Matarationality (SMR), and Sequential Stability
(SEQ)). Each concept imitate different way of performance [6]
that include carefulness and enthusiasm of a DM to make deliber-
ate recognitions, risk behavior, and awareness of others DMs pref-
erences [8]. Table 1 shows more details about the stability defini-
tion. These stability concept definitions are elaborated in [8].

Table 1: Stability concepts definition

Solution concept Description
Nash Stability (R) No other decisions bring a better
payoff.

General Metarationality
(GMR)

If a better option is decided,
opponent's counter-actions are
safe.

Symmetric Metarationality
(SMR)

If a better option is decided,
opponent's counter-actions are
safe and not harmful to oppo-
nent.

Sequential Stability
(SEQ)

If a better option is decided,
opponent's beneficial counter-
actions are safe.

2.3. Sensitivity Analysis

The stability analysis step can be explained in terms of the actual
conflict by analysts, actual DMs, or involved stakeholders. Recent
information occasionally supports recalculation; a user can make
convenient alteration in the model and reanalyze it before pro-
gressing with more modeling scenarios. In sensitivity analyses,
model parameters and decisions are changing regularly to measure
the stability and robustness of the results. Sensitivity analyses are
also implemented to test how results changes against model pa-
rameter alterations, “what if”” questions.

3. Information-gap theory

Information-Gap theory is used to assess the uncertainty that ex-
ists between a system and what DMs want to identify and know
[12]. This process will allow the DM to forecast how convincing
and vigorous the decision is against the uncertainty which repre-
sents by the shortage of associated information. Uncertainty is
exceptionally important in decision making, where stakeholders
are doubtful about their options and their preferences. Here, a
range of +10 percent is used for the uncertainty by each DM.

4. Decision support system (DSS) implemen-
tation

To facilitate the analysis of the water conflict for the suggested
four water conflict cases, a decision support system (DSS), called
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"conflict /Game\ resolution" or “conGres" has been developed at
the University of Waterloo based on the work of Kassab et al.
[9,11]. As shown on Figure 2, the DSS combines three procedures:
(2) the elimination method [13], to shortlist the alternatives, and is
a multiple criteria decision analysis (MCDA) method or technique;
(2) the graph model for conflict resolution [6] to mediating process
which will be presented here; and (3) the information gap (info-
gap) theory [3, 4] to select the best decision while considering
stakeholders preferences uncertainty (see Figure 3). Figure 4
shows the main interface of “conGres" as applied to the Sustaina-
ble development game case study, with the following steps show-
ing the details of the implementation, for the goal of identifying
the best solution. The examples in following DSS steps only de-
scribed for the sustainable development game (see Figure 5D).

Step 1

A
T NS

£33

’ DSS Components

- Decision makers
- Options
- Preferences

Step 2: Elimination
method

MCDA

- Screening alternatives

¢

Step 3: Graph model for
conflict resolution

- Solution acceptance rules
- Evaluation criteria
- Uncertainties

- Strategic analysis

¢

Step 4: Information gap

Uncertainty analysis

Optimum decision

fea

Figure 2. The decision support system (DSS) component for con-
flict resolution.
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Figure 4: DSS for sustainable development game case.

among solutions

CJser input of uncertainty Ievelj

Specify initial preferences )

Environmentalists + 10%
Developers £ 10%

\ 4

Scenarios: i= 1 to 100
No. of experiments

Y
Generate random preferences
within the user-specified range of

uncertainty levels

Y
C Stability analysis

\ 4
Determine best solution)

for scenario i

|
L

Plot no. of occurrences

4 N

Sensitivity Analysis under an average of +
10% variability in Stakeholders'

100

Frequency as Best Solution

1 2 3 4

K Solution No. /

Example showing solution 4 with 100%
robustness

Figure 3: The uncertainty analyses process flowchart.

Step 1: Define Stakeholder and their options

For the Sustainable development problem, two decision makers
(DMs) with conflicting concerns: the developers and the environ-
mentalists. Figure 5D show the combinations of the developers
and environmentalists preferences. Each of these two DMs can
accept any of the four options mentioned earlier (A, B, C, D), as
shown in Figure 6. Therefore, there exists a set of 4 x 4 = 16 “so-
lution states” (or possible resolutions) that combine the decisions
of the two DMs. For example, decision state 3 (highlighted on top
of Figure 7) represents a decision in which both environmentalists
DM is willing to eliminate problems before they happened (Proac-
tive P), while the developer DM is willing to practice sustainable
development (SD).
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Figure 5: Generic water resources games (adopted from [21]).
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Figure 6: Stakeholders and their discrete options.

Step 2: Shortlist feasible solutions

For this example, 16 solutions or decision states are formed. It is
crucial to eliminate any solution with infeasible solution to give
priority to the important ones. The elimination process has the
capability to reduce the alternative which don't stakeholder's ac-
ceptability threshold. Figure 7 shows possible supportive out-
comes, occurring when both DMs select similar strategy. Based on

Total Solutions= 16
Soln 1
]
[ sD

"Developers
‘Emironmentalists

1. Set Criteria & Acceptance Thresholds
Default Should Desired

Weight Ranked Criteria MM

2. Score each solution w.rt. each criteria (0-100) or (A, B, C)

the game structure suggested by [9] shown in Figure 7, twelve
options were eliminated. The DSS allows the user to set any num-
ber of criteria to use for the elimination process. After the user
evaluates each decision state in terms of these criteria, the DSS
ranks the solution states. Accordingly, the user can eliminate the
lower ranked options. Following this process, only the four solu-
tions in which both parties agree to a certain solution are feasible,
therefore producing the short list in Figure 8.

Soln § Soln7 | Soln& | Soln9 | Seln 10| Soln 11| Soln 12
=) roactive (P)Reactive (RIT 5D ) roastive [P)fReactive (R)
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r r r r
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" 5040  Public and Social Impact <= C A A A A A A A A A A A A
" 720 Technology Transfer (%) > 5 6 6 6 6 6 6 6 6 6 6 6 6
" 120 Operational Efficiency > B A A A A A A A A A A A A
" 24 Economic Cost Reduction (milions) <= 3 2 2 2 2 2 2 2 2 2 2 2 2
" 6 Degree of Risk Transfer to Gov. <= 2 1 1 1 1 1 1 1 1 1 1 1 1
" 2 Environmental Protection <= 10 5 5 5 5 5 5 5 5 5 5 5 5
" 1 Poltcal (Foreign Sharehalders) b= C A A A A A A A A A A A A

Rank:| 1 2 3 4 5 6 7 8 9 10 1 12

MNote: Blue cells show unsatisfactory scores.

e

3. Delete Solution?
Delete How

|Yes|N0|N0|Yes|Yes|

Figure 7: Solution states and the elimination method.
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Figure 8: Shortlisted decision states (after elimination) with stakeholders’ preferences
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Solution is GMR. Stable with respect to: Developers (i.e., if a better option is decided, oppoents’ counter-actions are safe).
Solution is GMR Stable with respect to: Environmentalists (i.e., if a better option is decided, oppoents’ counter-actions are safe).

Solution is GMR. Equilibrium

Solution is SMR Stable with respect to: Developers (i.e., if a better option is decided, oppoents’ counter-actions are safe and not harmful to opponent).
Solution is SMR Stable with respect to: Environmentalists (i.e., if a better option is decided, oppoents’ counter-actions are safe and not harmful to opponent).

Solution is SMR Equilibrium

Solution is SEQ Stable with respect to: Developers (i.e., if a better option is decided, oppoents” beneficial counter-actions are safe).
Solution is SEQ Stable with respect to: Environmentalists (i.., if a better option is decided, oppoents” beneficial counter-actions are safe).

Solution is SEQ Equilibrium

Figure 9: Decision optimisation using conflict resolution.

Step 3: Analysis of conflict resolution

Here, conflict resolution with the graph model is presented. Also
process which tests the stability of the DMs” preferences shortlist-
ed solutions is discussed. Following the Graph Model approach of
[6], the preferences or favorites of each DM in the shortlisted solu-
tions are first specified. To do that, this study uses ordinal matrix
provided by [21], higher values represent higher preference of the
DM. Based on these values, it is possible to rank the alternatives
for each DM.

Once the preferences were determined, the Graph model uses the
stability concepts (Nash (R), General Metarationality (GMR),
Symmetric Metarationality (SMR), Sequatial Stability (SEQ)),
listed in Table 1, to test each solution in terms of stability and
equilibrium (i.e., stability for all DMs). For mathematical defini-
tions, more details are discussed in [6] and [10]. Each stability
concept has a different perception. For instance, a decision state is
Nash stable for one DM if the DM cannot unilaterally move to
more preferred state. When a decision state is stable for all the
stakeholders, this indicates that this decision state achieved equi-
librium situation and satisfied to all stakeholders preferences.
Using the DSS for water and environmental cases in this study,
the shortlisted solutions were further examined based on the
stakeholders’ preferences shown at the bottom of Figure 8. Based
on the stability analyses tests for sustainable development case
study, solution 2 was determined to be the determined to be the

optimum one and is in equilibrium with respect to all the stability
concepts, as shown on Figure 9. Solution 2 (UD, P) received the
highest number of score of 9250. More detailed results and discus-
sion will be presented next section.

Step 4: Accounting for uncertainty

In this step, the uncertainties linked to vagueness in stakeholder
favorites are considered. The measurement of uncertainty impact
on the final decision of the conflict is considered. To specify the
degree of uncertainty, an uncertainty process and range is shown
in Figure 3 for the performance of only the Sustainable develop-
ment game case. A value of 10% uncertainty range was consid-
ered for each DM. The uncertainty gives a good representation of
the variability in the preferences. Based on these ranges, the DSS
uses the info-gap theory [3] to give the user with the capability to
think about uncertainties. The info-gap method allows systematic
and formal inquiry the vigorous of a decision of stakeholder pref-
erences under the uncertainty [4]. After specifying the uncertainty
level, which are 10% for each DM, the DSS then carry outs a
number of experiments (e.g. 100 for this example) varying the
preferences randomly within the uncertainty range. The uncer-
tainty results are presented in the form of a histogram (See Figure
10).
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Figure 10: Sensitivity analysis under an average of 10% variability in stakeholder's preferences among solutions.

5. Applying graph model to generic water re-
sources games

In this study, different non-cooperative generic game will be in-
troduced to show the involvement of decision making process into
approaching and solving water conflict problems. Four general
water conflict problems are introduced with some descriptions of
each problem. All of the problems which are described in this
study considered ordinal payoffs. Then, the decision support sys-
tem (DSS), "conGres" has implemented on each problem based
on [9], [11].

5.1. Groundwater withdrawal game

This game discusses conflict between two farmers sharing the
same aquifer (see Fig. 6a). The profit obtained from the crop yield
minus the cost of pumping is the payoff for this conflict. It is
possible for farmers to continue pumping at a low cost if they
reduced their pumping rate (LPR). Due to over drafted aquifer,
pumping at a higher rate will result in closing the pumps and
therefore reduction in profit. Therefore, farmers can cooperate
with each other through lower pumping rate which generates

higher net benefits. However, the higher pumping rate is the dom-
inant practice and the main strategy for this game.

This game is considered as a non-cooperative groundwater game
because the lack of reliance on groundwater abstraction and moni-
toring. If a farmer is sure that he will change the pumping rate
when the other farmer reduce or change the pumping rate, this
problem will be changed to be cooperative game between the two
farmers. But if a farmer is not sure about the pumping rate of the
other farmer, then it is a non-cooperative game.

The stability results for this groundwater game are shown in Table
2. According to all stability condition considered in this study, it is
established that the (HPR, HPR) is stable for both players. Table 2
shows that the (HPR, HPR) as it best solution and achieved the
highest score of 9000. This indicated that both farmers are not
cooperating with each other (HPR, HPR), this may not lead to
sustainable use of groundwater. In other words, no farmer be able
to get a better result or better outcome to the game. Moving from
high pumping rate for both farmers (HPR, HPR) to lower pumping
rate (LPR, LPR) for both farmers, a cooperative strategy or form-
ing coalition has to be exist between farmers.
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Table 2: Computed stability analysis results for the groundwater withdrawal game (Figure 5a).

(LPR, LPR) (HPR, LPR) (LPR, HPR) (HPR, HPR)
Stability definition Stable for Farmer
1 2 1 2 1 2 1 2
Score 3500 8250 8250 9000
Payoff 3 3 4 1 1 4 2 2
Nash (R) N N N N
GMR V v v v ol ol
SMR V V v Xl v v ol ol
SEQ v v v v v v

5.2. Environmental issue game between two coun-
tries

Two countries are sharing a lake for this game (Figure 7b). Each
country has river and is discharging to the lake. Flowing water to
the lake is necessary to the maintain ecosystem of the lake. Both
countries must allow flowing water to the lake because of high
rate of evaporation. In other word, flowing water into the lake
from one country is not sufficient to maintain the ecosystem due
to the evaporation. The payoff of each country (see Fig. 6b) shows
the amount of environmental benefit it achieves from the lake. The
environmental benefits can be defined as the total inflow to the
lake plus the benefits from upstream user’s consumption. When
both increase

its release of water to the lake, the environmental benefits will go
beyond benefit loss due to reduction of upstream consumption.
However, when one country increases its release to the lake, envi-
ronmental benefits will be minimal. Thus, the country payoff will
reduced due to benefit losses from reduced upstream consumption
[21]. For this game, the stability results are shown in Table 3. It is
found that (I, 1) and (DI, DI) solution are the stable solutions for
this problem based on R, GMR, SMR, and SEQ (see Table 3). It
is found that two solution are stable for this problem cooperative
(1, 1) and non-cooperative (DI, DI), but with different scores. The
best solution is (I, 1) and received the highest scores of 10,000
followed by (DI, DI) with scores of 9333 (see Table 3). These
results indicated that in order to moved from the non-cooperative
situation (DI, DI) to cooperative solution (I, 1), the two countries
may sign an international water agreement on this problem.

Table 3: Computed stability analysis results for environmental issue game between two countries (Figure 5b).

(D) (I, 1) (1,DI) (DI, DI)

Stability definition Stable for Country

1 2 1 2 1 2 1 2
Score 10000 8000 8000 9333
Payoff 3 3 1 2 2 1 2 2
Nash (R) v v v v v v
GMR l V V V v v v v
SMR l V V V v v v v
SEQ v v v v v v v v

5.3. Conflict between two countries on a river

The Hirmand River located between Iran and Afghanistan is main
source for irrigation for those countries and naturally viable for
Hamun Lake ecosystem in Iran. Despite there is a water treaty to
share water between the two countries, the Afghanistan govern-
ment is unwilling to cover the operation and maintenance of
Kajaki Reservoir. This lack of operation and maintenance adverse-
ly impacted the agriculture and water supply for both countries.
The Iranian government cover the expenses of repairing part of the
system which is located in Afghanistan, in spite the fact that each
country are benefited from the lake [21]. The benefit from agri-

cultural water supply plus the environmental benefits cover the
maintenance and operation cost (see Figure 7c). This game is
considered a non-cooperative because both countries are not will-
ing to pay for operation and maintenance to have better payoff.
Therefore, the Don't Pay (DP) for maintenance is the main strate-
gy for both countries, which may lead to undesirable results to
highly demanded agricultural and urban users. The stability results
of this game are shown in Table 4. It is found that (P, P) solution
is the only stable for this problem based on R, GMR, SMR, and
SEQ (see Table 4). This stable solution (P, P) had received the
highest scores of 9500. This cooperative situation (P, P) is the
likely solution when both parties behave similar to each other.
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Table 4: Computed stability analysis results for conflict between two countries (Iran-Afghanistan) on a river (see Figure 5c¢).

P,P) (DP, P) (P, DP) (DP, DP)
Stability definition Stable for Player
| A | A | A | A
Scores 9500 8500 8500 4500
Payoff 3 3 2 4 4 2 1 1
Nash (R) N N N N
GMR l l V l V l V |
SMR l Xl V Xl l J Xl !
SEQ Y y v N \ N
Table 5: Computed stability results for the sustainable development game (Figure 5d).
(SD,P) (UP, P) (SD, R) (UD, R)
Stability definition Stable for Player
D E D E D E D E
Scores 8250 9250 4250 8250
Payoff 1 4 3] 2 4 2 1 1
Nash (R) N N N N
GMR l l V l v ol ol
SMR V V V V | V v v
SEQ y \ v \ \ \

5.4. Sustainable development game

This game (Fig. 6d) corresponds to a usual dispute between envi-
ronmental authorities and investors (developers). For example
water exporters or developers concern about their own benefits
such as building dams on a river for power production. The payoff
of each party represents its value and benefits from the outcome of
the game. That is, developer’s goal to obtain more benefits and the
environmentalist’s main goal is to protect the environment. How-
ever, developers can practice sustainability through their projects
and actions and to stop practicing unsustainable development as
usual. These practices generally have negative impact to the public
and environment due to the lack of developer’s awareness as the
profit maximization is the only goal for developers. The environ-
mentalists can be proactive in encourage responsible environmen-
tal planning with sustainable practices by developers, or may pre-
fer to react to environmental abuse whenever they happen. There-
fore one player benefits from the game and harms the other player.
In generally, the developers desire to exercise unsustainable de-
velopment with environmentalists demand. Therefore, the most
desired outcome for the developers is (UD, R) with practicing
unsustainable development to achieve more economical benefits
in absence of environmental regulations and demands from the
environmentalist’s authorities. The unsustainable development by

developers produces the lowest desirable result for the environ-
mentalists due to elevated cost of environmental development.
When developers practice pro-active and supporting responsible
environmental developments (SD, P), leads to favorite outcomes
to environmentalists. This eventually will reduce the economical
benefits for developers, making (SD, P) the lowest desired out-
come for the developers. Regardless of adopting sustainable or
unsustainable development practices by developers, the obtained
environmental benefits are always higher for the society and pub-
lic when environmentalists take into consideration pro-active
measures. Therefore, P is the environmentalist’s principal strategy.
Similarly, UD is the developers main strategy as they steadily
practicing policy with unsustainable developments. The results
found that (UD, P) is the stable solution with all stability concepts.
This solution has the highest score of 9250 (see Table 5). In-spite
of the how many move were allowed during this game, the solu-
tion (UD, P) is the not in favor for the environmentalists. In such
cases, it is recommended to adopt new strategies such as educating
the developers about how costly their action to the environment,
reduced taxes to encourage sustainable environmental develop-
ment, and encourage of imposing new strict environmental regula-
tions.
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6. Summary and concluding remarks

This study introduced the graph model for four generic water and
non cooperative disputes problem. These areas face serious water
conflict problems that affect the social welfare from water use and
allocation among different users or nations. This proposed DSS
was used to find the optimum solution based on stakeholders pref-
erences. In theses problem, all alternatives were reduced to only 4
feasible solutions. In addition, using conflict resolution with info-
gap theory led to the stable and best solution for each conflict.
Uncertainty analyses with +10% variability for different DM with
100 experiments were considered. The stable solution was suc-
cessful in achieving equilibrium in four stability concepts of Nash,
GMR, SMR, and SEQ. The application of these stability concepts
on non-cooperative water conflict would provide decision makers
a precious insight to resolving these conflicts.

The developed DSS, “congress”, proved to be practical and can be
used for variety of disputes. The elimination process is one of the
great advantages, particularly in larger disputes that involve a
large number of infeasible solution states. The simplicity of the
DSS makes it a viable tool for applying conflict resolution, stabil-
ity analyses, and robustness analysis. This study ignores other
issues, which may indirectly affect this conflict, such as water
allocation among other parties or states, agricultural cropping
rotation, pumping rates, and climate change. It is examined the
practicality of using graph model for resolving non cooperative
water disputes.

References

[1] Adams, G., G. Rausser, and, L. Simon, 1996. Modelling multilat-
eral negotiations: an application to California Water Policy. Journal
of Economic Behaviour and Organization 30 (1), 97—
111.https://doi.org/10.1016/S0167-2681(96)00844-X.

[2] Ambec, S., L. Ehlers, 2008. Sharing a river among satiable agents.
Games and Economic Behavior 64 1), 35—
50.https://doi.org/10.1016/j.geb.2007.09.005.

[3] Ben-Haim, Y., 2006. Information-gap decision theory: decision un-
der severe uncertainty. San Diego, CA: Academic Presses Inc.

[4] Ben-Haim, Y. and K. W. Hipel, 2002. The graph model for conflict
resolution with information-gap uncertainty in preferences. Journal
of Applied Mathematics and Computation, 126: 319-—
340.https://doi.org/10.1016/S0096-3003(00)00161-2.

[5] Dinar, A, and R. E. Howitt, 1997. Mechanisms for allocation of
environmental control cost: empirical tests of acceptability and sta-
bility. Journal of Environmental Management 49, 183
203.https://doi.org/10.1006/jema.1995.0088.

[6] Fang, L., K. W. Hipel, and D. M. Kilgour, 1993. Interactive deci-
sion making: the graph model for conflict resolution. New York:
Wiley.

[7]1 Hipel, KW., Fang, L., Kilgour, D.M., Haight, M., 1993. Environ-
mental conflict resolution using the graph model. In: Proceedings of
the IEEE International Conference on Systems, Man, and Cybernet-
ics, vol. 1, Le Touquet, France, October 17-20, pp. 17—
20.https://doi.org/10.1109/ICSMC.1993.384737.

[8] Hipel, K. W., D. M. Kilgour, L. Fang, and J. Peng, 1997. The deci-
sion support system GMCR in environmental conflict management.
Applied Mathematics and Computer, 83(2,3):117-152.

[9] Kassab, M., 2009. Integrated decision support system for infrastruc-
ture privatization using conflict resolution. Thesis (PhD). Depart-
ment of Systems Design Engineering, University of Waterloo, Wa-
terloo, Ontario, Canada.

[10] Kassab, M., K.W. Hipel, and T. Hegazy, 2006a. Conflict resolution
in construction disputes using the graph model. Journal of Con-
struction Engineering and Management, 132 (10): 1043-
1052.https://doi.org/10.1061/(ASCE)0733-
9364(2006)132:10(1043).

[11] Kassab, M., K.W. Hipel, and T. Hegazy, 2006b. Multi-criteria deci-
sion analysis for infrastructure privatisation using conflict-
resolution. Journal of Infrastructure Engineering, 00 (0): 1-11.

[12] Mack, R. P., 1971. Planning and Uncertainty: Decision Making in
Business and Government Admisinistration, Wiley, New York.

[13] MacCrimmon, K. R., 1973. An overview of multiple objective de-
cision making. In: J.L. Cochrance and M. Zeleny, eds. Multiple cri-
teria decision making. Columbia: University of South Carolina

Press, 18-44.
[14] Madani, K., 2010. Game theory and water resources. Journal of
Hydrology, 381: 225-

238.https://doi.org/10.1016/j.jhydrol.2009.11.045.

[15] Madani, K., and J. Lund, 2011. A Monte-Carlo game theoretic ap-
proach for Multi-Criteria Decision Making under uncertainty. Ad-
vances in Water Resources 34: 607—
616.https://doi.org/10.1016/j.advwatres.2011.02.009.

[16] Obeidi, O., K. W. Hipel, and D. M. Kilgour, 2002. Canadian bulk
water exports: analyzing the sunbelt conflict using the graph model
for conflict resolution. Knowledge, Technology and Policy, 14 (4):
145-163.https://doi.org/10.1007/s12130-002-1020-2.

[17] Raquel, S., S. Ferenc, C. Emery, and Abraham Jr., R., 2007. Appli-
cation of game theory for a groundwater conflict in Mexico. Journal
of Environmental Management, 84: 560—
571.https://doi.org/10.1016/j.jenvman.2006.07.011.

[18] Simon, L., R. Goodhue, G. Rausser, S. Thoyer, S. Morardet, and P.
Rio, 2007. Structure and power in multilateral negotiations: an ap-
plication to French Water Policy. Giannini Foundation of Agricul-
tural Economics. Monograph Series. Paper 47.
<http://repositories.cdlib.org/giannini/ms/47>.

[19] Stanford Encyclopedia of Philosophy, 2006. Game Theory, availa-
ble at: http://plato.stanford.edu/ entries/game-theory/.

[20] Wang, L., L. Fang, and K. W. Hipel, 2008. Basin-wide cooperative
water resources allocation. European Journal of Operational Re-
search 190 (3), 798-817.https://doi.org/10.1016/j.ejor.2007.06.045.

[21] Madani, K., K.W. Hipel, 2011. Non-Cooperative Stability Defini-
tions for straytegic analysis of generic water resources conflicts.
Water Resources Management 25:1949-
1977 https://doi.org/10.1007/s11269-011-9783-4.



https://doi.org/10.1016/S0167-2681(96)00844-X
https://doi.org/10.1016/j.geb.2007.09.005
https://doi.org/10.1016/S0096-3003(00)00161-2
https://doi.org/10.1006/jema.1995.0088
https://doi.org/10.1109/ICSMC.1993.384737
https://doi.org/10.1061/(ASCE)0733-9364(2006)132:10(1043)
https://doi.org/10.1061/(ASCE)0733-9364(2006)132:10(1043)
https://doi.org/10.1016/j.jhydrol.2009.11.045
https://doi.org/10.1016/j.advwatres.2011.02.009
https://doi.org/10.1007/s12130-002-1020-2
https://doi.org/10.1016/j.jenvman.2006.07.011
https://doi.org/10.1016/j.ejor.2007.06.045
https://doi.org/10.1007/s11269-011-9783-4

