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Water resource management in agriculture particularly under conditions of
severe water scarcity and intensifying drought represents a pivotal challenge for
environmental sustainability and food security. This study developed and
implemented a hybrid agricultural-horticultural simulation model incorporating
water banking in Sarvestan Plain across seven farmer clusters to examine water
purchase and sale behaviors under varying drought conditions. The simulation
employed four drought scenarios with delta coefficients of 1 (no drought), 0.75
(mild drought), 0.5 (moderate drought), and 0.25 (severe drought) to analyze
shifts in water consumption patterns, trading activities, and economic strategies
throughout a calendar year. Findings revealed that as drought intensifies, water
purchase volumes increase continuously while water sales decline; under severe
drought conditions, farmers conserve their available water resources for
productive uses and lose the capacity to sell surplus water. Furthermore, the
temporal pattern of water transactions across clusters aligned with the seasonal
water demands of designated crops, playing a significant role in economic
resilience. Simulation results indicated that crop diversity and land area directly
influence farmers' economic flexibility in responding to drought; clusters with
greater crop diversity and higher sales capacity demonstrated enhanced
profitability and productivity. This research underscores that implementing
water banking as a management instrument can contribute to agricultural
sustainability and improve water allocation efficiency under water-scarce
conditions, offering practical strategies for policymakers and water resource
managers.
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EXTENDED ABSTRACT

Introduction

The water scarcity crisis, particularly in arid and semi-arid regions worldwide, has become a serious
challenge in recent decades. Multiple factors, including climate change, population growth, economic
development, and rising demand, have placed immense pressure on water resources, threatening both
water and food security. Groundwater, as a vital resource, plays a crucial role in supplying drinking
water, supporting agriculture, and maintaining ecosystem stability. However, unsustainable extraction
and environmental changes have put these resources at risk of both quantitative decline and qualitative
degradation. In many regions, traditional supply-side policies (such as dam construction) have reached
a dead end, especially in closed basins where there is no potential for new resource development. In
such contexts, demand management and the use of economic instruments such as water pricing,
extraction caps, and water markets have gained importance. Water banking, as an institutional
mechanism, facilitates water trading among farmers, reduces transaction costs, and ensures optimal
allocation. It can help improve water productivity, alleviate pressure on groundwater resources, and
enhance drought management. In Iran, where agriculture accounts for the majority of water
consumption, an agricultural water bank could serve as a key tool for sustainable water resource
management. This research aims to elucidate the role of water banking in improving water allocation
and promoting the sustainable management of water resources under water-scarce conditions.

Materials and methods

This study employs a Crop-Orchard simulation model to examine farmers' decision-making under water
scarcity and water market conditions. The primary objective function is to maximize the farm’s gross
margin (MBT), which is calculated as the difference between revenue (from crop sales and subsidies)
and variable costs (including production costs and water pricing). Using a simulation of seven different
clusters of field and horticultural crops, and applying four drought scenarios (with water shortages of
0%, 25%, 50%, and 75%), the model analyzes farmers’ behavior in buying and selling water through a
water bank. The results indicate that as drought intensifies, water purchases increase while water sales
decrease. Additionally, farmers' profits are affected by water shortages, but flexibility in resource
management and the use of water markets helps mitigate the impacts of drought. Differences in
behavioral patterns among clusters are also attributed to crop diversity, cultivated area, and their
respective profitability.

Results and discussion

The overall results of this study indicate that access to water resources plays a vital role in determining
cropping patterns, economic profitability, and farmers' water allocation behavior. Clusters with greater
water accessibility (such as Clusters 1-3) benefit from higher crop diversity, significant gross profits
(up to 57.7 trillion rials), and lower shadow prices of water. In contrast, clusters facing severe water
constraints (such as Clusters 6 and 7) experience reduced cultivated areas, a focus on low-water-demand
crops, lower economic returns (even below 1 trillion rials), and a sharp increase in the shadow price of
water (exceeding 1,240,000 rials per cubic meter). The use of mechanisms such as water banking allows
farmers to adapt more effectively to water scarcity by flexibly buying and selling water according to
drought intensity, thereby maintaining profitability and production sustainability as much as possible.
These findings underscore the importance of optimal water resource management and the design of
water markets to mitigate the impacts of drought and enhance economic efficiency in the agricultural
sector.

Conclusion

Based on the results of a simulation of an integrated crop-orchard model using a water bank, it was
found that drought severity has a direct impact on the volume of water purchases, and by relying on this
tool, farmers enhance their flexibility in managing water resources. Clusters with greater crop diversity
and the ability to sell water during non-demand seasons experienced higher profitability. Consequently,
expanding water banks, training farmers, implementing incentive policies, promoting low-water-
consumption crops, and intelligent monitoring of water resources are proposed as key strategies to
reduce drought risk and improve economic and environmental sustainability.
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