Summer 2025. Vol 17. Issue 63

Research Paper

Presenting A Model for Managing Agricultural, Industrial,
And Household Water Consumption in Iran by Combining
System Dynamics and Genetic Algorithm

Movaseghi Gilani, Maryam 1,Afshar Kazemi, Mohamad Ali 2*, Keramati, Mohamad Ali 3

1. Ph. D. Candidate of Industrial Management, Management Faculty, Islamic Azad University South
Tehran Branch, Tehran, Iran

2. Associate professor, Information Technology and Industrial Management, Management Faculty,
Islamic Azad University Central Tehran Branch, Tehran, Iran

3. Associate professor, Information Technology and Industrial Management, Management Faculty,
Islamic Azad University Central Tehran Branch, Tehran, Iran

Received: 2023/10/08 : Abstract

Revised: 2023/12/13 Introduction: In this study, the country's water resources
Accepted: 2023 /12 /22 management system has been modeled using a system dynamics
approach. After simulation, optimal water resources, social power of
governance, government financial resources, and the rate of water
migration have been determined based on the decision variables of
household, agricultural, and industrial water tariffs. The optimal
combined results suggest an 11%, 200%, and 200% increase in
water tariffs for household, agricultural, and industrial sectors,
respectively, over the next 5 years.

Methods: Initially, this study modeled and simulated the variables
and feedback loops involved in water resources management using
system dynamics tools. For optimization, two methods, genetic
algorithm and the Simulation-optimization capability in the Vensim
software, were employed. In the genetic algorithm, an initial
population of 30 individuals and crossover and mutation
probabilities of 83% and 17% were considered. The selection
criterion for each chromosome is based on the roulette wheel
method.

Findings: The results indicate that optimization using the genetic
algorithm results in an 89% increase in water resources behind dams
compared to the baseline conditions, whereas the Vensim software
output shows an 84% improvement. Overall, the genetic algorithm
improves the objective function by 2% compared to the Vensim
software's optimization output. Additionally, after optimization, the
best tariff policy for enhancing the objective function is a further
increase in agricultural and industrial water tariffs compared to
household tariffs.
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Extended Abstract

Introduction

Water scarcity is one of the most pressing
issues facing human societies in the 21st
century. Population growth, industrial and
agricultural activities, rapid urbanization,
and severe climate conditions have all had a
significant impact on limited water
resources and the environment in river
basins. Water consumption in Iran can be
divided into three main sectors: agriculture,
industry, and household use. According to
reliable sources, from 2001 to 2017, the
share of each sector's consumption was
82%, 14%, and 4%, respectively. Iran has
been seriously facing water scarcity for over
a decade. Therefore, it is of great importance
to first understand the water resource
management system and the influential and
affected wvariables, and then conduct
scientific studies on solutions to improve the
country's water consumption pattern.

Materials and Methods

The system dynamics technique was first
developed in the late 1950s by a group of
researchers led by Forrester at MIT based on
systems thinking. Traditional approaches
emphasize linear causality relationships,
while the approach used in this study
focuses on feedback between system
variables. After simulating the model using
system dynamics, the genetic algorithm was
used to optimize the decision variables of the
model. The genetic algorithm uses two
concepts of crossover and mutation to
identify the optimal point. Also, with the help
of Vensim DSS software, the decision
variables of the optimized model were
compared with output of the genetic
algorithm.

Genetic  Algorithm and  Simulation-
optimization capability, were used in
Vensim software to optimize the objectives
of social power, financial resources,
migration from water-scarce areas to
regions with high water security, and water
consumption based on decision variables
such as the increase in agricultural,
industrial, and household water tariffs. In
the Genetic Algorithm, an initial population
of 30 individuals and crossover and

mutation probabilities of 83% and 17%
respectively were used. The selection
criterion for each chromosome is also based
on the roulette wheel method. The
Simulation-optimization  capability in
Vensim DSS software, provided by Ventana
Systems, utilizes the Kalman-filtering
algorithm.

Findings

The results obtained using these two
optimization methods show that the Genetic
Algorithm improves the objective function
by 52% over a 20-year horizon, while
Vensim  software achieves a 50%
improvement. Therefore, the Genetic
Algorithm demonstrates higher efficiency in
optimization and simulation of dynamic
systems. The optimization results using the
Genetic Algorithm show that, in order to
preserve the objective function at the best
level, the optimal policy regarding the
increase in agricultural, industrial, and
domestic water tariffs is 10%, 200%, and
200% respectively. However, it does not
yield satisfactory results in terms of the
variables of social power, financial
resources, migration from water-scarce
areas to regions with high water security,
and water consumption.

Discussion

The study addresses water scarcity in Iran,
emphasizing the need for effective water
resource management amidst significant
agricultural, industrial, and household
consumption. Utilizing system dynamics and
a Genetic Algorithm for optimization, the
research found that the Genetic Algorithm
offers a 52% improvement in addressing
water management objectives compared to a
50% improvement from Vensim software.
The recommended tariff increases—10% for
agriculture and 200% for industrial and
household use—highlight the necessity for
pricing reforms. However, the limited
success in optimizing social and financial
factors suggests that broader socio-
economic strategies are essential for
sustainable water management, indicating
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the need for comprehensive policies that
incorporate both technical and socio-
economic dimensions.

Conclusion

The simulation results reveal promising
capability of applying system dynamics
approach in the policy evaluation studies.
After constructing the dynamic model of
system dynamics and optimizing it, the
results show that the Genetic Algorithm
provides more acceptable results compared
to the Simulation-optimization capability of
Vensim software. Furthermore, after
optimization, the best tariff policy for
controlling water resources, preserving
social power, increasing financial resources,
and reducing migration involves further
increases in agricultural and industrial
water tariffs.
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