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Abstract

Increasing water scarcity and competition among different water-use sectors have
highlighted the need for advanced optimization approaches to simultaneously
manage cropping patterns and irrigation scheduling in agricultural systems. This
study aimed to determine the optimal cropping pattern and irrigation schedule to
maximize net profit and improve economic water productivity in Unit 1 of the
Tajan Irrigation and Drainage Network, Sari, Iran. Seven crops, including rice,
citrus orchards, wheat, barley, canola, forage maize, and soybean, were evaluated
across a cultivated area of 3,000 ha. An optimization model was developed to
maximize net profit under constraints related to water availability, cultivable land,
and management requirements, and the Grey Wolf Optimizer (GWO) was
employed to solve the model. To evaluate different water management strategies,
27 scenarios were developed by combining three water supply levels (100%,
80%, and 60%), three irrigation intervals (5, 7, and 10 days), and three
Management Allowable Depletion (MAD) levels (100%, 80%, and 60%). The
results showed that integrated management of cropping patterns and irrigation
scheduling can reduce water consumption without substantially reducing
economic returns. The best-performing scenario, W60-110-M60, reduced
irrigation water consumption by 7.87% compared with the baseline scenario,
while increasing net profit by 0.35% and economic water productivity by 8.93%.
Overall, the results indicate that metaheuristic optimization models can serve as
effective decision-support tools for water allocation, irrigation management, and
improving the economic sustainability of irrigation systems under water-scarce
conditions.

1. Introduction

Agriculture remains the largest consumer of freshwater resources worldwide, accounting for approximately
70% of total freshwater withdrawals. Increasing population growth, climate variability, frequent drought
events, and growing competition among agricultural, industrial, and domestic sectors have intensified
pressure on available water resources, making efficient agricultural water management an essential

* Corresponding Author: Ali Bagheri

Address: Department of Water Science and Engineering,

Email: Ali.bagheri@iau.ac.ir

QaS.C., Islamic Azad University, Qaemshahr, Iran

Ahmad Mohammadi, Ali Bagheri, Davod Akbari Nodehi. Simultaneous Optimization of Cropping Patterns and
Irrigation Scheduling under Different Water Supply Scenarios Using the Grey Wolf Optimizer (GWO): A Case Study

in the Taian Irrigation and Drainage Network. Sari. Iran



39 _ Iranian Journal of Irrigation and Water Engineering

component of sustainable development. In regions where irrigation is the primary source of crop water
supply, improving water allocation strategies while maintaining agricultural productivity has become one of
the major challenges for water managers and policy makers. Iran is among the countries experiencing severe
water stress because of low precipitation, uneven temporal and spatial rainfall distribution, excessive
groundwater abstraction, and increasing irrigation demands. Although northern provinces receive relatively
higher annual rainfall than other regions of the country, recent climatic fluctuations and increasing
agricultural water consumption have considerably reduced water availability during the growing season.
Consequently, irrigation networks in these regions require scientific decision-support tools capable of
allocating limited water resources more efficiently while preserving farmers' income and regional
agricultural production.

Cropping pattern optimization has been widely recognized as one of the most effective approaches for
improving agricultural water productivity. By reallocating cultivated areas according to crop water
requirements, production costs, market prices, and available water resources, optimized cropping patterns
can simultaneously enhance economic returns and reduce irrigation demand. However, cropping pattern
optimization alone cannot fully address irrigation management challenges unless it is integrated with
appropriate irrigation scheduling strategies. Therefore, simultaneous optimization of cropping patterns and
irrigation scheduling provides a more realistic framework for sustainable water resources management.
Recent advances in computational intelligence have significantly improved the capability of solving complex
agricultural optimization problems. Among various metaheuristic algorithms, the Grey Wolf Optimizer
(GWO) has demonstrated high efficiency in nonlinear optimization because of its simple structure, rapid
convergence, and strong global search capability. Nevertheless, limited studies have evaluated the combined
effects of different water supply levels, irrigation intervals, and soil moisture depletion strategies on cropping
pattern optimization within large irrigation networks in northern Iran. Accordingly, the objective of the
present study was to develop an integrated optimization model for determining the optimal cropping pattern
and irrigation scheduling in Unit 1 of the Tajan Irrigation and Drainage Network using the Grey Wolf
Optimizer algorithm. The model was designed to maximize net economic profit while improving economic
water productivity under multiple water management scenarios. The obtained results are expected to provide
practical guidance for sustainable irrigation planning and efficient allocation of limited water resources under
future water scarcity conditions

2. Materials and Methods

The study was conducted in Unit 1 of the Tajan Irrigation and Drainage Network, located in Sari County,
Mazandaran Province, northern Iran. This irrigation district represents one of the most productive
agricultural regions in northern Iran, where rice cultivation dominates the cropping system alongside citrus
orchards, wheat, barley, forage maize, soybean, and canola. The total cultivated area considered in the
optimization model was 3000 ha, consisting of 1320 ha of rice, 1080 ha of citrus orchards, and 600 ha
allocated to annual field crops.

Crop water requirements were estimated according to the FAO-56 methodology, in which reference
evapotranspiration (ETo) was calculated using the FAO Penman—Monteith equation. Crop
evapotranspiration (ETc) was subsequently obtained by multiplying ETo by the crop coefficient (Kc)
corresponding to each growth stage. Effective rainfall was deducted from seasonal crop water demand to
estimate the net irrigation water requirement. Crop-specific agronomic parameters, including irrigation
depth, crop yield response factor (Ky), production costs, cultivated area, and market prices, were compiled
from regional agricultural statistics, published literature, and field observations.

To evaluate crop performance under deficit irrigation conditions, the Doorenbos and Kassam crop yield
response model was employed. This model estimates the reduction in actual yield as a function of the relative
reduction in crop evapotranspiration. Consequently, crop yields under different irrigation conditions were
determined based on the relationship between potential evapotranspiration, actual evapotranspiration, and
the crop-specific yield response factor.

The optimization problem was formulated as a constrained nonlinear programming model with the objective
of maximizing total net economic profit. Decision variables included cultivated area allocated to each crop
under different management scenarios. The objective function incorporated crop yield, production costs,
market prices, and cultivated area, while the model was subjected to several practical constraints, including
total cultivated area, available irrigation water, minimum allowable rice cultivation, and restrictions on citrus
orchard area due to their perennial nature.

The optimization model was solved using the Grey Wolf Optimizer (GWO) algorithm implemented in
MATLAB R2024a. In this algorithm, each wolf represented a candidate cropping pattern, while the fitness

Ahmad Mohammadi, Ali Bagheri, Davod Akbari Nodehi. Simultaneous Optimization of Cropping Patterns and
Irrigation Scheduling under Different Water Supply Scenarios Using the Grey Wolf Optimizer (GWO): A Case
Studv in the Taian Irrigation and Drainase Network. Sari. Tran



Iranian Journal of Irrigation and Water Engineering _ 40

of each solution was evaluated using the net economic profit objective function. The optimization process
was performed with a population size of 50 wolves and a maximum of 200 iterations. The control parameter
(a) decreased linearly from 2 to 0, enabling a gradual transition from global exploration during the early
iterations to local exploitation near convergence.

To investigate the combined effects of irrigation management variables, 27 management scenarios were
generated using three irrigation water supply levels (100%, 80%, and 60%), three irrigation intervals (5, 7,
and 10 days), and three Management Allowable Depletion (MAD) levels (100%, 80%, and 60%). For each
scenario, the optimization model determined the optimal cultivated area of individual crops, total irrigation
water consumption, net economic profit, and economic water productivity. The comparative evaluation of
these indicators enabled identification of the most efficient irrigation management strategy under varying
water availability conditions.

3. Results

The optimization results clearly demonstrated that simultaneous optimization of cropping
pattern and irrigation scheduling considerably improved both economic and water-use
performance under different water management scenarios. The baseline scenario (W100-15-
M100) represented the existing management condition, in which the entire irrigation water
requirement was supplied using a five-day irrigation interval without allowable soil water
depletion. Under this condition, total irrigation water consumption reached approximately 19.5
million m?, resulting in a net economic profit of about 27.9 trillion Rials and an economic water
productivity of approximately 1.43 million Rials per cubic meter.

As irrigation management became more restrictive, gradual modifications in the optimal cropping pattern
were observed. Rice, the most water-consuming crop in the study area, showed a continuous reduction in
cultivated area, whereas the cultivated areas of canola and soybean increased under deficit irrigation
scenarios. Citrus orchards experienced only minor changes because perennial crops were constrained by
management requirements. These results indicate that the optimization algorithm preferentially reallocates
cultivated land toward crops with relatively higher economic returns per unit of consumed water while
maintaining the minimum cultivation constraints imposed by the optimization model.

Increasing irrigation intervals from 5 to 10 days together with higher allowable soil moisture
depletion (MAD) improved irrigation efficiency by reducing non-beneficial water losses.
Consequently, total irrigation water consumption continuously decreased across the evaluated
scenarios. Under the most restrictive management condition (W60-110-M60), irrigation water
consumption declined to approximately 10.4 million m?, corresponding to a reduction of nearly
46.5% compared with the baseline scenario. Despite this considerable reduction in water use,
net economic profit decreased only marginally, indicating that appropriate redistribution of
cultivated areas effectively compensated for water shortages through more efficient crop
selection.

Economic water productivity exhibited the greatest improvement among all evaluated
indicators. While the baseline scenario produced approximately 1.43 million Rials per cubic
meter, the optimal scenario increased this value to nearly 2.64 million Rials per cubic meter,
representing an improvement of approximately 84.5%. This substantial increase demonstrates that
optimization of irrigation scheduling together with cropping pattern adjustment enables significantly greater
economic returns from each unit of irrigation water applied.

The optimization process also revealed that moderate deficit irrigation did not necessarily result in
proportional reductions in farm profitability. Instead, appropriate combinations of irrigation interval,
allowable depletion, and cultivated area redistribution substantially mitigated the economic impacts of water
shortages. Such behavior reflects the capability of the Grey Wolf Optimizer to efficiently balance conflicting
objectives between maximizing economic benefits and minimizing irrigation water consumption under
practical management constraints.

Comparison among the twenty-seven management scenarios indicated that improvements in irrigation
efficiency were primarily associated with reduced irrigation water allocation rather than substantial
decreases in cultivated land. Total cultivated area remained constant at 3000 ha in all scenarios, whereas
crop composition gradually shifted toward more water-efficient production systems. This finding confirms
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that optimization of crop allocation provides greater flexibility for adapting agricultural production to limited
water availability than simple reductions in irrigated area.

The superiority of the W60-110-M60 scenario suggests that integrated water management strategies
combining controlled deficit irrigation, longer irrigation intervals, and optimized crop allocation can
substantially improve the sustainability of irrigation systems. Such management strategies simultaneously
reduce irrigation withdrawals, preserve agricultural income, and enhance economic water productivity
without requiring major structural modifications to existing irrigation infrastructure.

Overall, the results demonstrate that combining crop water requirement estimation, crop yield response
modeling, and metaheuristic optimization provides a robust decision-support framework for irrigation
management. The developed model successfully identified management scenarios capable of achieving
considerable water savings while maintaining acceptable economic performance, thereby offering practical
guidance for improving agricultural water allocation under increasing water scarcity conditions

4. Discussion and Conclusion

The present study developed an integrated optimization framework for simultaneous cropping pattern
optimization and irrigation scheduling in Unit 1 of the Tajan Irrigation and Drainage Network using the Grey
Wolf Optimizer algorithm. The integration of crop water requirement estimation based on the FAO-56
methodology, crop yield response assessment using the Doorenbos and Kassam model, and metaheuristic
optimization enabled comprehensive evaluation of irrigation management under multiple water availability
conditions. The results demonstrated that coordinated management of cropping pattern and irrigation
scheduling significantly improved irrigation performance by reducing water consumption while maintaining
satisfactory economic returns.

Among the twenty-seven evaluated scenarios, the W60-110-M60 scenario was identified as the most
efficient management strategy. This scenario substantially reduced irrigation water consumption while
achieving the highest economic water productivity through appropriate redistribution of cultivated areas
among the studied crops. The optimization results indicated that gradual reduction of rice cultivation together
with increased allocation to relatively drought-tolerant and economically efficient crops, including canola
and soybean, provided an effective mechanism for adapting agricultural production to limited water
availability. Furthermore, extending irrigation intervals and increasing allowable soil moisture depletion
enhanced irrigation efficiency without causing unacceptable reductions in net farm income.

The findings highlight the capability of metaheuristic optimization algorithms to support irrigation
management decisions under complex agricultural conditions characterized by multiple constraints and
conflicting objectives. The developed framework can assist irrigation authorities and agricultural planners
in identifying sustainable cropping patterns that maximize economic performance while improving water
productivity under future water scarcity scenarios. The methodology presented in this study is also
transferable to other irrigation districts with similar climatic and management conditions, providing an
effective decision-support tool for sustainable agricultural water resources management.
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