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Presenting a model for managing agricultural, industrial, and household water
consumption in Iran by combining system dynamics and genetic algorithm

Abstract

Introduction: In this study, the country's water resources 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¥olved
in water resources management using system dynamics tools. For optimization, two methods,
genetic algorithm and the Simulation-optimization capability in the Vensim seftware, Were
employed. In the genetic algorithm, an initial population of 30 individuals and ‘€rossover and
mutation probabilities of 83% and 17% were considered. The selection™eriterion for each
chromosome is based on the roulette wheel method.

Results: The results indicate that optimization using the genetiesalg@rithm results in an 89%
increase in water resources behind dams compared to the®baselifie canditions, whereas the
Vensim software output shows an 84% improvement. Overall, tfi€ genetic algorithm improves
the objective function by 2% compared to the Vensim software's optimization output.

Conclusion: The results demonstrate that optimization with the genetic algorithm provides
more acceptable outcomes compared to Vensim sofiware JAdditionally, after optimization, the
best tariff policy for enhancing the objective ftingtiom iS a further increase in agricultural and
industrial water tariffs compared to Reusehold tarifs.

Keywords: Water resource mariagementy, Systern dynamics; Genetic algorithm
.



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 variables, and then conduct
scientific studies on solutions to improve the country's water consumption pattern,

Bottom of Form

Materials and Methods:

The system dynamics technique was first developed in the late 1950s by a group,of researghers
led by Forrester at MIT based on systems thinking. Traditional approaches emphasizefinear
causality relationships, while the approach used in this study focuses ‘ofi~feedback between
system variables. After simulating the model using system dynamicShthe genétic 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 compafed with output of the
genetic algorithm. 'Y

Genetic Algorithm and Simulation-optimization capability, were used in Vensim software to
optimize the objectives of social power, financial resousges, 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 househeld water tariffs. In the Genetic Algorithm,
an initial population of 30 individuals and cfess@vegand mutation probabilities of 83% and
17% respectively were used. The selection criterionfor each chromosome is also based on the
roulette wheel method. The Simulatiog-optimization capability in Vensim DSS software,
provided by Ventana Systemg utilizeS'the Kalman-filtering algorithm.

Results: v

The results obtained using these twio optimization methods show that the Genetic Algorithm
improves the objective function®y 52% over a 20-year horizon, while Vensim software
achieves a 50% improvement. Therefore, the Genetic Algorithm demonstrates higher efficiency
in optimization and simulatiog.ef'dynamic systems. The optimization results using the Genetic
Algorithm shew that, ipyorder to preserve the objective function at the best level, the optimal
policy regarding theégincrease in agricultural, industrial, and domestic water tariffs is 10%,
200%, and 200%drespectively. However, it does not yield satisfactory results in terms of the
variables of sogial power, financial resources, migration from water-scarce areas to regions with
high water sg€urity, and water consumption.

Conclusign:

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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Parameter Value Unit

Initial value of water source in dams 300000 MCM
Initial value of Underground waters 1000000 MCM
Initial value of Population 6.6e+007 person
Absorbtion rate in dams 0.076 1lyear
Absorption Rate for ground 0.2 | 1/year
Average temperature N . Centigrade

. 0,0)-(1400,500000)],

rainfall look up Y 80,406000),(1385,406000),(1400,306000) MCM/Year
Family Dimention | person
Death rate .0 1lyear
Migration rate from rural 0.015 1lyear
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