ater Resources Engineering Journal

Research Paper

application of game theory in optimal allocation of water
resources in Sistan region under drought conditions with
deficit irrigation strategy

Zahra Ghaffari moghadam*
Assistant Professor, Department of Agricultural Economics, Agriculture Institute, Research Institute of zabol,
Zabol, Iran
Email (zahraghafari@uoz.ac.ir) A
Ali Sardarshahraki
Associate Professor of Agricultural Economics, University of Sistan and Baluchestan, Zahedanylran,
Email: a.s.shahraki@eco.usb.ac.ir
Arash Ghaffari moghad
Master's degree in Computer Engineering, Hatef Univ
Email: Arashgh68@gmail.com

ity, Zahedan, Iran

)
Received: Abstract
Revised: ¢ Introduction: Due to freq it is usually not possible to
Accepted: : increase water allocation and re iths the limiting factor of
water volume. Considering th tion (mvater resources, the use
Use your device to scanand read the ; of appropriate technigues to optimize the allocation of water to
article online : different products can olution. Using deficit irrigation methods
to ith the water shortage crisis.
: t study have been investigated the effects of
er cation between crops and regions,
ge between regions. For this purpose, the

not equilibrium model has been used with the

DO otating water between different irrigated areas at the
K ds: ocating water between different crops at the

eywords: lev@lin the condition that the water market is formed and
Stackelberg, Water

asis ofMddeficit irrigation. In this study, three scenarios of 5%
irrigation, 10% deficit irrigation and 15% deficit irrigation
een considered to deal with drought conditions in Sistan

requirements, A Genetic
algorithm, ‘Uiatio wate
Water market A\

« Findings: The results showed that in the condition that full

. irrigation is done, the most water is allocated to the melon crop and
: the least amount of water to the wheat crop, and the profit in this

: case is 2.71x10'1 IRR, which increases the profit by applying deficit
: irrigation scenarios. The results of this research can be used as

* assistants for network managers and responsible people for water
: allocation.

*Corresponding author: Zahra Ghaffari moghadam
Address:

Tell: +9854-32220690

Email: zahraghafari@uoz.ac.ir


https://orcid.org/0000-0001-7586-1196

Water Conflict and Its Management Strategies Among Users of Shared Water Wells: The Case Study of...

Extended Abstract

Introduction

One of the most important challenges in
water resource management is the sharp
increase in human water consumption
alongside a reduction in water availability
for agricultural production. Due to frequent
droughts, increasing water allocation is
usually not possible, and water volume
becomes a limiting factor.

Materials and Methods

Given the limitations on water resources,
employing appropriate techniques to
optimize water allocation across different
crops could be a viable solution. One such
strategy is the use of deficit irrigation, which
has proven to be an optimal method for
addressing water shortages. This study
investigates the effects of deficit irrigation
on water allocation between crops and
regions, system profitability, and water
exchanges between regions. To achieve this,
the Stackelberg-Nash-Cournot equilibrium
model has been applied to allocate water
among irrigated areas at the leadership
level, and among different crops at the
follower level, within the context of a water
market and with an emphasis on deficit
irrigation. \

In this study, the model proposed by Kalerk:
was used to estimate functional changes in
selected agricultural products under water
stress conditions. Three deficit irrigation
scenarios (5%, 10%, and 15%) were
considered to address drought conditions in
the Sistan region. In this framework, local
managers are considered high-level decision
makers (leaders) who distribute available
water among various irrigated regions,
represented by the decision variableX;.
Farmers, actin as low-level decision makers,
allocate the water to crops within each
region, denoted by ET,;. The model also
allows for water exchange between regions,
whereby regions with excess water can sell
surplus to others, generating income and
increasing overall profits. The goal of
farmers is to maximize economic benefits for
their irrigated areas through the creation of
a water market.

Findings

The results indicated that in full irrigation
conditions, the melon crop received the
highest water allocation, while wheat
received the least. In this scenario, the total
profit was 2.71x10*' IRR, with the water
allocation inequality index being 0.0334,
indicating equitable water distribution
among the regions. With the implementation
of deficit irrigation scenarios, profits
increased and the water allocation
inequality index decreased. The analysis
revealed that the benefits from the stored
water in deficit irrigation compensated for
the reduction in crop yields. By saving water
and reallocating it to high-yielding crops, the
loss from reduced yields could be mitigated.
Moreover, deficit irrigation reduced the
relative decline in crop performance, as
unmet water needs were minimized, and a
higher percentage of water demands were
fulfilled. \

Conclusiony

Although deficit irrigation is not currently
practiced in the Sistan region for income
generation through water sales, it presents a
viable approach for optimizing water use in

\, areas with crops that yield higher economic

returns. The combined policy of deficit
irrigation and water markets will likely
enhance water exchanges between regions
and increase economic profits. This policy is
recommended as an effective tool for the
sustainability of water resources in the
Sistan region. The findings from this study
can assist network managers and water
allocation authorities in making informed
decisions.
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