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1. Introduction

Sustainable management of water resources, especially ganats, which are among the most vital water
supply sources in rural areas, plays a fundamental role in agricultural and rural development. Qanats
not only provide essential water for agricultural and domestic use in villages but also help ensure the
sustainability of rural ecosystems and the continuity of farming activities. This traditional irrigation
system, used for thousands of years, now faces challenges from climate change and population growth,
necessitating optimized management and utilization to maintain its role in water supply and support
rural livelihoods. Statistics indicate that ongoing droughts and water shortages cause approximately
$2.5 billion in annual damages to the country’s agriculture and livestock sectors, largely affecting rural
areas. In Yazd Province, one of the driest regions of Iran, this problem is especially pronounced.
Reduced water resources not only have environmental and economic impacts but also increase rural-
to-urban migration, weakening agriculture and rural development. Proper and efficient water
management, particularly of ganats, supports rural livelihoods, sustains agriculture, and plays a crucial
role in reducing migration and promoting sustainable rural development. Synthesizing previous studies,
nine factors—economic, technical and managerial, policy, supportive, educational, environmental,
extension, social, and participatory—have been identified as influential in the sustainable management
of ganats. Accordingly, this study seeks to examine the extent to which these factors affect the
sustainable management of ganat utilization in Yazd Province.

2. Methodology

The study population consisted of 80,759 farmers utilizing ganats in Yazd Province. The sample size
was initially estimated at 265 using Cochran’s formula, based on the standard deviation obtained from
a pilot study for the sustainable management variable (c = 3.08) and a 95% confidence level. To satisfy
the condition of having at least 5 to 20 samples per estimated parameter in confirmatory factor analysis
using structural equation modeling, the sample size was increased to 280, and data were ultimately
collected from 280 ganat users. Multi-stage random sampling was employed: first, four counties—Taft,
Mehriz, Ardakan, and Yazd—covering the majority of the province’s qanats were selected, and then
participants from each county were proportionally assigned based on the number of ganat users in that
county. The primary data collection tool was a researcher-made questionnaire, evaluated for validity
and reliability in two stages. Face and content validity were confirmed through a panel of experts,
including professors of agricultural extension and education from various universities and specialists in
rural development, water resources, and irrigation from the Yazd Agricultural Jihad Organization.
Reliability was assessed using Cronbach’s alpha, ordinal theta, and Composite Reliability (CR), all of
which indicated satisfactory reliability. Construct validity was further confirmed through confirmatory
factor analysis, using the Average Variance Extracted (AVE) index.

3. Results

To determine the contribution of each of the nine first-order constructs to the formation of the second-
order construct of factors affecting sustainable ganat management, the gamma coefficient within the
structural equation modeling framework was used. All constructs showed a statistically significant
relationship with the second-order construct, with t-values exceeding the threshold for 99% confidence.
The economic factor had the strongest influence, highlighting the critical role of considerations such as
profitability, maintenance costs, revenue from water use, and water-saving benefits, as economic
sustainability underpins the effectiveness of other interventions. The technical and managerial factor
was the second most important, emphasizing the significance of regular maintenance, modern repair
techniques, and optimal management practices, supported by the highest level of statistical confidence.
Policy, educational, supportive, and environmental factors also played major roles, reflecting the
importance of effective policy-making, government support, farmer knowledge enhancement, and
maintaining environmental conditions, such as preventing pollution and minimizing environmental
degradation in ganat basins. The promotional factor, though slightly less influential, remained important
in raising awareness, sharing successful practices, and encouraging farmers to adopt sustainable
management methods. Overall, the findings indicate that economic and technical/managerial factors are
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the most critical for sustainable ganat management, while policy, education, environmental protection,
and promotion provide complementary support to ensure long-term sustainability.

4. Discussion

Water supply and utilization represent one of the major global crises of the present century, posing
serious threats to populations worldwide. The multidimensional nature of water issues—arising from
both natural factors, such as climate change, and human factors, including mismanagement of supply
and demand across domestic, industrial, and agricultural users—underscores the complexity of this
challenge. In this context, sustainable management of water resources, particularly ganats in central
Iran, has historical and practical significance for providing drinking and irrigation water. This study
identifies nine key factors directly affecting sustainable ganat management in Yazd province, including
economic, technical, managerial, environmental, social, participatory, policy, educational, and
promotional factors, with economic, technical/managerial, and policy-related aspects having the
greatest influence. Economic considerations, such as profitability, maintenance costs, agricultural
returns, and investment incentives, are crucial for motivating farmers to maintain ganats; without
economic viability, even the best technical and institutional measures may fail. Technical and
managerial factors, including regular maintenance, skilled personnel, traditional water allocation
systems, and local institutional capacity for coordination, are essential for maintaining ganat
functionality and preventing structural deterioration. Policy factors play a foundational role in guiding,
organizing, and regulating ganat management through comprehensive strategies, legal frameworks, and
participatory governance structures. Effective policy ensures integration of other factors such as
community participation, economic investment, and technical preservation. Additionally, educational
and promotional efforts, including local storytelling, documentaries, and competitions, can enhance
community awareness and engagement, while modern monitoring systems, such as smart water-level
sensors and satellite imagery, help regulate usage and protect ganat resources. Overall, sustainable
management of ganats in Yazd requires a coordinated approach that integrates economic incentives,
technical expertise, governance policies, education, promotion, and modern technology, ensuring long-
term water security, preservation of traditional water systems, and sustainable rural and agricultural
development in arid and semi-arid regions.

5. Conclusion

Sustainable management of ganats in Yazd province depends on a combination of economic, technical,
managerial, and policy-related factors, supported by environmental, social, participatory, educational,
and promotional efforts. Economic viability and technical maintenance are critical for
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