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Abstract

Purpose: The growing water crisis and the continued decline in Lake Urmia's water level have highlighted the urgent need to improve
water use and irrigation management practices in the agricultural sector. Since agriculture accounts for the majority of water withdrawals
in the basin, evaluating irrigation system efficiency is essential to identify resource waste and improve water productivity. Although
numerous studies have examined the hydrological and environmental conditions of Lake Urmia, limited attention has been paid to
assessing groundwater-based irrigation systems from a network perspective while also considering undesirable environmental outcomes.
Therefore, this study aims to evaluate the efficiency of irrigation systems powered by agricultural wells and identify efficient water-use
patterns in the Shabestar region.

Methodology: This applied research employed a Network Data Envelopment Analysis approach. The irrigation system was modeled as
a two-stage process: The first stage represented water extraction and delivery, while the second reflected agricultural utilization of water
resources. Data from 24 active wells in the Shabestar region were considered as decision-making units. Variables including well depth,
annual water extraction, maximum discharge rate, cultivated area, irrigated land, and annual operating hours were incorporated into the
analysis. Efficiency scores were calculated using auxiliary-variable network DEA models, and efficient units were ranked through a super-
efficiency framework.

Findings: The results indicate that only a limited number of wells operate efficiently, while most units exhibit inefficiencies in one or both
stages of the irrigation system. The findings further reveal that excessive groundwater extraction, unbalanced resource utilization, and a
predominant focus on short-term economic gains are among the primary factors contributing to inefficiency and worsening water scarcity
in the region. Moreover, the considerable variation between stage-specific efficiency scores highlights the importance of adopting a system-
wide perspective toward water extraction and agricultural consumption processes.

Originality/Value: This study advances itrigation performance evaluation by modeling water utilization systems as two-stage network
processes that simultaneously incorporate desirable and undesirable outputs. Its main contribution lies in moving beyond isolated well-
level assessments to examine interactions among different stages of water use, thereby enabling the identification of sources of inefficiency
throughout the system. The findings provide practical insights for sustainable water governance, agricultural productivity improvement,
and restoration planning within the Lake Urmia basin.
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Figure 2- Two-stage system of drilling and irrigation with a well.
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Table 1- Summary of statistical information related to wells drilled in the Shabestar region.
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Table 2- Results of total efficiency based on auxiliary variables and its ranking.
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