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Abstract

Introduction: Due to the occurrence of frequent droughts in recent years
and the increasing need for food production, effective planning of water
resources for irrigation purposes is vital. In the present study, in order to
optimally allocate water, cultivation area and pattern, an integrated
multiobjective optimization-simulation model has been developed using
collaborative game methods.

Methods: The developed model is an integrated multi-objective model
of surface water and groundwater in which the MODFLOW-GMS model
is used to simulate groundwater behavior. The objectives defined in the
model are to maximize equity in water supply, maximize farmers' profits
and maximize the use of green water. After running the model and
extracting the pareto front curve between the objectives, the most
preferred solution has been selected as the superior solution through the
Condorcet method. Then, by forming possible coalitions and applying the
cooperative games, profit reallocation has been done between different
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Introduction

As an undeniable fact, water is an essential
element for human life, including domestic,
industrial, agricultural and environmental
requirements.  Therefore, water is a
multifunctional  resource, threatened by
population growth, climate change, rainfall
variability, etc. These factors lead to more
pressure on water resources, including both
groundwater and surface water resources. So,
we will face numerous challenges if these
resources are not appropriately managed. Many
researches focused on agricultural requirements
because a large amount of available water in
watersheds is used by agricultural sectors. The
researchers offer some solutions to manage the
resources. Conjunctive use of groundwater and
surface water resources is one of the most
efficient tools to manage water resources in
agricultural sectors. According to restrictions in
water resources and the project’s aims, various
mathematical methods can be applied to get the
best solution. These methods are known as
optimization methods and include a wide range
of classical and heuristics methods. Also,
depending on cooperative or noncooperative
relations between agricultural sectors, water
consumption can be varied. These issues have
been studied in game theory methods, which
can be embedded in the water resource
management model. At present, the Narmab
region in Golestan province faces various
problems related to water shortage and the
growth of demands. This research has been
tried to offer a solution to alleviate the issues.

Materials and Methods

This research was conducted in the
geographical area of the Narmab region of
Golestan province. The region mentioned is
located downstream of Narmab dam and
divided into three agricultural sectors;
Minoodasht, Azadshahr, and Gonbad Kavoos.
The study period was from September 2002 to
September 2007, which determined based on
SPI index as a five-year drought period. In the
presented study, a conjunctive use model was
developed to allocate optimal water, cultivation
area, and crop pattern in a river, groundwater,
reservoir system. The model was a
multiobjective optimization- simulation model
in which an ANN meta-model simulates
Groundwater’s behavior through the obtained

results from the MODFLOW-GMS model.
Also, the reservoir was simulated based on the
minimum and maximum water level, hydraulic
characteristics of gates, and reservoir inflow. In
the optimization part, the objectives functions
were related to maximizing the equity,
agricultural benefit, and green water ratio. This
part used GA tools to solve the optimization
model. By running the model, a variety of
solutions related to the Pareto front curve was
obtained. One of the social choice methods;
‘Condorcet method” was used to select the
preferable solution. The input data for the
method is a matrix with rows equal to ‘the
number of objective functions’ and columns
equal to ’the number of solution points. After
choosing the preferable solution, the results
were used in the game model, and reallocation
prosses were done for all cooperative game
methods  (Nucleolus, Weak Nucleolus,
Proportional Nucleolus, Normal Nucleolus,
Shapley value) in the study.

Findings

The results showed that the obtained Pareto
front curve consists of 63 solution points. By
the Condorcet method, solution point NO.36
was selected as the preferable solution. The
solution is a vector with the optimal values for
crop pattern, crop area, water allocation,
agricultural benefit, and reallocation benefit of
different agricultural sectors. The results
showed that crop patterns varied dynamically
for each sector in the simulation period. Based
on the results, the maximum and minimum total
crop area were for the first and fourth years.
Another significant result is the summer and
winter crop area. The maximum and minimum
summer crop area were for the third and the
second year, respectively. These results were
for the winter crops in the first and fourth year,
respectively. Also, the maximum water
allocation occurred in the third year, while the
minimum value was for the fourth year.
Another result is related to agricultural benefit
per area, which had the maximum value for the
Minoodasht sector and the minimum value for
the Azadshahr sector. By applying the
cooperative game method and making use of
agricultural benefit results, benefit reallocated
was done. The results showed that the most
reallocated benefit for Minoo dasht, Azad
shahr, and Gonbad kavoos are obtained from
the normal nucleolus, nucleolus, and
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proportional nucleolus, respectively. However,
the results from the Shapley value method can
be more suitable than other cooperative games.

Discussion

According to the crop area results, the
maximum and minimum water allocation to the
sectors is expected to occur in the first and
fourth years, respectively. However, other
factors such as crop type in terms of water
requirements and cultivation season play key
roles in the amount of water consumed. So that
consumable plants do not exist in the fourth
year or have less area. Also, due to the
economic advantages of summer crops, these
crops are more preferable to cultivate than
winter crops. Regarding to agricultural benefit
results, the Minoodasht sector includes more
economic advantages plants than the other
areas. According to the reallocation results, the
Shapley value method is the best cooperative
game method. In this method the percentages of
benefit growth in sectors have the least
variance, so it creates the fairest distribution of
benefit.

Conclusion

In drought conditions, effective use of water is
vital. The simulation-optimization approach for
water resource management helps us to protect
water resources. In the research, the developed
model lets farmers have the maximum probable
benefit, as the most important objective in
terms of social. The mentioned condition is
definitely  affected by green  water
maximization, decreasing irrigation water
requirement (water resources protection), and
increasing the total crop area. Simultaneously
they feel satisfactory due to minimum variation
of distributed water among sectors. This makes
sectors’ cooperative efforts more effective and
encourages farmers in sectors to form a grand
coalition.
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