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challenges for water resources management in recent years.
Methods: The current study assesses the existing challenges
between stakeholders who intend to extract from shared water
resources. Chicken game has been applied to solve the problem,
which is a practical method of games theory in order to eliminate the
oppositions between two players. The main goal is to achieve a
suitable behavioral pattern for two players by considering
appropriate foresight. In this research, MODFLOW model has been
used to simulate shared groundwater resource in the studied region.
Then, the model is connected to a two-objective optimization model
by minimize the drop in the aquifer’s water table and profit increase
by using a neural network. The management period of this research
was four years and its practicality has been evaluated one of the sub-
basins of Golestan province located in northern Iran.

Findings and Conclusion: In the study, different optimized
cultivation areas in various modes of the game have been developed
and then, based on the obtained results from the extracted
groundwater, the exact amount of groundwater drawdown and
obtained profit have been determined. The results show that
different stakeholders in exploiting the common water source by
using foresight can prevent their strategic losses in the future.
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Extended Abstract

Introduction

Sustainable water resources management
requires cooperation between users with
conflict interests. If already water resource
stakeholders do not have proper plan to save
water, many problems will arise in the future
and their interests will be in jeopardy. In this
study, the application of game theory
between Gonbade-Kavus and Minudasht-
Azadshahr districts located in Golestan
province, Iran, which have a common aquifer
and also suffering from water bankruptcy,
has been investigated. The type of game that
used is called "Chicken Game". The
application of this game to manage
groundwater resources shared between the
two areas has been investigated and the
results have been expressed in different
situations. It should be noted that so far no
comprehensive study has been conducted in
which the application of chicken play in a
common groundwater basin has been
investigated and the game results have been
implemented in a  multi-objective
optimization model.

Materials and Methods

In this study, after collecting data, the
studied aquifer was simulated using
MODFLOW software in stable and unstable
conditions. To develop the model, after
creating and calibrating the MODFLOW
model based on geological and hydrological
information of the study area, the necessary
data for neural network validation has been
compiled through repeated implementation
of the validated model. Then the validated
neural network model is connected to the
simulator model and then the optimization
model is implemented. After developing the
optimization model, the chicken game
between the exploitation areas of the
common  groundwater  source  was
developed. According to the game results,
different scenarios of exploiting the common
water source between different
stakeholders were entered in the optimizer
model. and based on those results, the
amount of water consumption, the amount
of optimal cultivation levels and also the
amount of profit were calculated. Finally, the

results of the chicken game were analyzed
and evaluated. Chicken game is an effective
model for examining the intersections of two
players in game theory. The rule of the game
is that during this game neither player is
willing to give up on the other, and the worst
result is that neither one gives up. The game
models two drivers moving on opposite
sides of a bridge in opposite directions. The
first driver to divert the car is the loser, and
if none of the drivers pulls their car out of the
way, it will be the result of a serious accident
in the middle of the bridge. It must be borne
in mind that what every driver wants to do is
continue on his way to divert his opponent.
The study area is located in northern Iran
and in Golestan Province.

Findings and Conclusion

Games theory can identify and interpret the
behavior of the parties involved and explain
how their interactions evolve the system. In
the study area, two areas are considered (A:
Minudasht -Azadshahr B: Gonbade-Kavus to
continue harvesting water indiscriminately
to make more profit from growing more
crops and selling them, but this harvesting
leads to a reduction in public interest (water
shortage, reduced area under cultivation,
lower profits, environmental damage
Bankruptcy conditions will continue and
become more acute in the future, which will
be borne by the wuser. When users
(stakeholders) get into the game of chicken
game, they will realize that if they continue
to consume without considering another
user, they would loss, that is greater than the
current benefit (with excessive water
withdrawal). We put them under the chicken
game to be aware of future strategic losses.
Here, the two areas of interest look at the
common groundwater source as a public
good. Water management cases involve
ongoing  relationships that develop
participatory strategies. However, some
players may not be constantly interested in
the system or may not have a good foresight
of the state of the system in the future.
Therefore, as can be seen from the results, it
is notalways in the best interest of the short-
sighted player to develop foresight and have
a mutual motivating factor. In this model],
reducing the initial profit is to avoid future
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profit reduction and system collapse.
However, there may be discouraging factors
for foresight. The results of the research
indicate that it is unreasonable for a myopic
player to save in the first game. Because they
incur more costs than when they do not save.
This means that players with foresight of
system collapse will incur initial strategic
losses in the game to avoid further costs in
later stages. Or in other words, any foresight
leads to greater productivity for each region.
With foresight, players can compare their
initial winnings to the costs incurred by
delaying all games. Another note is that the
implemented model offers a simultaneous
dual choice to players, including saving and
not wasting water. Whether or not they pay
for this savings. In most cases, players can
trade in advance. In this model, the game
ends when one or both regions save water.

Discussion

In the present study, it was shown that lack
of foresight by players in the study areas
leads to unsustainable management in terms
of public interest. If the player only has a
mystical view of the situation, it will delay
the necessary actions and eventually the
system will fail and collapse. In this game, it
was shown that playing a game related to the
passage of time will create grounds for not
reducing further profits in the future.
Players must have the foresight to enter the
chicken game to avoid strategic losses in the
future. This research shows that players
need to understand the costs of system
collapse in the future in order to reach the
level of foresight needed for the future. The
necessary warning to the target areas can
prevent the reduction of larger profits in the
future in terms of foresight at the present
and reduce part of the current profits.
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