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Abstract

Optimal allocation of water is one of the most important issues in the field of water
resources management. In this matter, there are many stakeholders with the goals of
maximizing profit and minimizing inequality in water allocation. Considering the
multiple and conflicting nature of the goals in such problems, a set of optimal beam
fronts is presented as an answer, and choosing one of these answers can cause conflicts.
In order to face the conflicts between the stakeholders, it is recommended to use the
models and concepts of game theory and multi-objective optimization, in order to face
the conflicts of the goals of the stakeholders present in the exploitation of water
resources, the leader-follower game theory approach is used. This study was carried out
to investigate the localization of water resources management among different water
users including agricultural, industrial and domestic sectors in the Zayandehrud river
basin. This is applied to a case study for the localization of water resource management
among different water users including agricultural, industrial and domestic sectors in
the Zayandehrud river basin. This model can achieve the trade-off between equity and
economic benefit of the system and characterize the interaction among water allocation
and objectives. Genetic algorithm of non-dominant sorting is used to solve the proposed
model. Also, to deal with the challenges, to deal with the uncertainty of the future, the
scenario-building technique is applied by changing the amount of available water. The
results show that according to the water allocated to each sector, the highest profit
belonged to the drinking sector of Isfahan province, and the lowest profit was obtained
by the drinking sector of Chaharmahal Bakhtiari province. Isfahan province has the
highest profit per allocated water with 119.2 billion IRR. The total benefit from
modeling and allocation of water between different regions and sectors is 130.7 billion
IRR. The Gini coefficient was also obtained as 0.24 and since this value is less than one
and close to zero, it shows that the allocation of water between the players was excellent.
According to the results of the study, it is suggested that planners and decision makers
use the proposed model for fair allocation and maximum benefit from the allocation of
water resources between competing users.
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Introduction

In recent years, the existence of some challenges in the water industry has led organizations to design
and implement different solutions. What is the opposite Water and optimal allocation of common water
resources is the most important service of game theory with a non-participatory approach to water
economy. Zaynderud watershed is the most important disputed watershed among several neighboring
provinces in the central plateau of Iran. Decision-making methods of hierarchical structures, despite
their wide application, cannot be applied in some decision-making structures. For example, when the
decision-making process in an organization is influenced by upstream organizations and their
constraints, it is recommended to use leader-follower game models.

Materials and Methods

Sometimes the structure of the decision-making problem is such that stakeholders cannot make
decisions simultaneously because they are at different levels of the decision-making hierarchy. In other
words, one or more stakeholders have priority over others in the decision-making process. The leader-
follower game, as a strong dynamic and non-cooperative game, can model such decision situations with
the help of mathematical relations.

The leader-follower game is one of the new methods in game theory and one of the types of non-
cooperative games; which can be used in allocating water resources. In this study, the leader-follower
model was formulated to support the planning of water resources in the Zayandeh River basin. Public
managers, as leader-level decision-makers, were more inclined to consider the overall benefits of the
basin's water system. Therefore, two objective functions were considered in the decision-making
process and the Gini coefficient was chosen to measure the equality of water resources allocation in
order to maximize the social benefits of the basin as well as to maximize the overall economic benefits.
But as follower-level decision makers, the managers of each sub-region in the basin were more
interested in their own interests and hoped to achieve water coordination in different sectors and gain
more regional economic benefits.

Results

According to the results obtained from solving the model in different scenarios, it can be seen that in
Isfahan province, the highest profit belongs to the drinking sector, and also in this sector, in the scenario
of normal water flow, the highest profit per allocated water has been obtained. The reason for this is
that in this scenario, less water is available than in the base case and high flow scenario, according to
the goals, the model has allocated more water to the drinking sector. In Chaharmahal Bakhtiari, the
amount of profit in the agricultural sector did not differ in different scenarios, and in the drinking sector,
the highest profit was in the high flow scenario and the lowest profit was in the normal flow scenario.
Discussion and Conclusion

In this study, government administrators are considered leaders who distribute water among three
provinces and local administrators in each province are considered as followers who allocate water to
different sectors. The results of the estimation of the model showed that if we want to allocate the
amount of available water between different provinces with this model, considering that the agricultural,
drinking and industrial water of Isfahan province is supplied from this river, the most water will be
allocated to Isfahan province. to be in Isfahan province, the most water is allocated to the agricultural
sector.
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