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Objective: Population growth and recurring droughts have intensified water scarcity in
arid and semi-arid regions. Optimal allocation of water resources is one of the most
important management strategies for prioritizing water use across different sectors. The
aim of this study was to prioritize the allocation of agricultural water among agricultural
sub-sectors in Zanjan Province.

Methods: To achieve this objective, the main criteria, sub-criteria, and allocation options
were determined based on expert opinions. The options were then prioritized using the
Analytic Hierarchy Process (AHP). The five main criteria included food security,
economic potential, technical and operational feasibility, resource and environmental
sustainability, and governance and comparative advantage. Each criterion included
several sub-criteria for evaluating the options. The allocation options consisted of crop
farming, horticulture, livestock production, poultry farming, aquaculture, and greenhouse
cultivation.

Results: The results showed that food security (weight = 0.40) was the most important
criterion, highlighting the necessity of focusing on staple food products. Economic
potential (weight = 0.08) ranked as the lowest priority criterion. Among the food security
sub-criteria, equitable access to food and resilience to drought each had the highest
importance (weight = 0.40), while the self-sufficiency ratio had the lowest importance
(weight = 0.20). Comparison of the allocation options showed that irrigated crop farming
(weight = 0.25) had the highest priority and plays a key role in ensuring food security and
supporting employment. Sensitivity analysis indicated that irrigated crop farming and
poultry farming ranked highest, and only under very high weighting of technical or
economic criteria could greenhouse cultivation or poultry farming replace crop farming.
Conclusions:The findings of this study indicate that agricultural water allocation in
Zanjan Province requires a comprehensive and multidimensional approach in which

sustainable food security is given the highest priority.
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Introduction

Population growth and the occurrence of droughts in arid and semi-arid regions have led to
water scarcity. This issue has turned optimal water resource allocation into a key strategy for
prioritizing water use across different sectors. Under such conditions, making informed and
scientific decisions for water allocation, especially in the agricultural sector which is the largest
water consumer, is of vital importance. The aim of this study is to prioritize the allocation of
agricultural water among sub-sectors in Zanjan Province. As one of Iran's agricultural-prone
areas, this province faces serious challenges due to drought and increasing water demand,
therefore, identifying water allocation priorities among agricultural sub-sectors can play an
effective role in sustainable water resource management.

Method

To achieve the objective, the main criteria and sub-criteria, as well as allocation options,
were determined based on expert opinions from fields of water resources, agriculture, and the
environment. The Analytic Hierarchy Process (AHP), as a multi-criteria decision-making
method, was used to prioritize the options. The five main criteria selected for evaluation
included: (1) food security, indicating the importance of meeting the basic food needs of
society; (2) economic potential, referring to the profitability and economic return of each sub-
sector; (3) technical and operational feasibility, encompassing infrastructure, technical
knowledge, and ease of implementation; (4) resource and environmental sustainability,
including considerations for water, soil, and ecosystem conservation; and (5) governance and
comparative advantage, related to macro-policies, laws, and regional capabilities. The
allocation options consisted of crop farming, horticulture, livestock production, poultry
farming, aquaculture and greenhouse cultivation. Sensitivity analysis was conducted to test the
robustness of the rankings under varying criterion weights. In this analysis, the weights of
different criteria were altered across various scenarios to observe whether the final priority of
options remained resistant to these changes.

Results

The results of the AHP showed that the food security criterion (weight=0.40) was the most
important among the five main criteria. This finding highlights the need to focus on food-basket
products (basic and strategic products for community nutrition). In contrast, the economic
potential criterion (weight=0.08) ranked lowest in priority, indicating the dominance of security
and sustainability perspectives over purely economic perspectives under water scarcity
conditions. Among the sub-criteria, equitable access to food and drought resilience each had
the highest importance (weight=0.40). This means that from the experts' viewpoint, the fair
distribution of water resources so that all segments of society have access to sufficient and
healthy food, as well as increasing the capacity of the agricultural system to cope with and
recover from drought, are the main priorities. In contrast, the self-sufficiency ratio sub-criterion
(weight=0.20) had the lowest importance, likely due to the high costs of achieving complete
self-sufficiency in specific products under water shortage conditions. Among the allocation
options, irrigated crop farming (weight=0.25) received the highest priority. This result
underscores the role of irrigated crop farming in ensuring food security and supporting
widespread employment in rural areas of Zanjan Province. The sensitivity analysis results
revealed that under most scenarios, irrigated crop farming and poultry farming ranked highest
overall. Only under extreme weighting of technical or economic criteria (i.e., when technical
feasibility or economic return was assumed far more important than all other criteria) could
greenhouse cultivation or poultry farming replace crop farming as the top priority. This finding
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indicates the relatively high robustness of the final decision in favor of irrigated crop farming,
except under completely exceptional conditions.

Conclusions

The findings indicate that agricultural water allocation in Zanjan Province requires a
comprehensive and multi-dimensional approach in which achieving sustainable food security
is prioritized as the main goal. In other words, during water scarcity, decisions cannot be made
solely on economic or technical considerations; rather, food security, drought resilience, and
equity in food access must also be considered simultaneously. Therefore, water resource
policymakers and managers in Zanjan Province should allocate water first toward irrigated crop
farming (as the top priority) and then to other sub-sectors based on the obtained ranking, while
always emphasizing the preservation of resource and environmental sustainability.
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