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Groundwater depletion is one of the most important issues and challenges facing human
societies, which has led to increased vulnerability in many places. In this regard, the
present study was conducted to investigate the vulnerability of groundwater in the
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selected through stratified random sampling. In order to analyze the data, statistical
methods, spatial analysis in GIS software, and structural equation modeling using
AMOS software were used. The aim was to analyze the factors affecting groundwater
vulnerability. The results showed that the physical component with an affect coefficient

of 0.579 had the greatest influence. Identifying the most influential factors using the
MCDM lead to the classification of the physical component with the highest weight.
Other factors, including the socio- economic and environmental components, were also
examined. The lack of reliance on the environment, the emergence of new consumption
patterns, and the mismanagement of natural resources all contributed to the spatial
analysis of vulnerable areas. The findings emphasized the need for attention to natural
districts with high and very high vulnerability levels. In particular, the Sardaran and
Hajilo rural districts were identified as having an inappropriate situation.
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Introduction

One of the major environmental hazards that has emerged in recent decades is groundwater depletion
due to excessive extraction of groundwater resources. In other words, the overuse of groundwater has
become a critical issue and challenge for societies worldwide, leading to economic, social, and
environmental vulnerabilities. Given the vital role of groundwater in supplying drinking water,
supporting agricultural activities, and ensuring food security in rural and urban areas, it is essential to
adopt efficient and sustainable management practices and to understand the consequences of over-
extraction. Groundwater is a dynamic, limited, and vulnerable resource; although it is theoretically
reversible, it must be protected in an environmentally sustainable manner to prevent land subsidence,
sinkholes, and associated problems.

Environmental vulnerability assessment plays a crucial role in the sustainable management of
natural resources. The evolution of new approaches in environmental assessment has led to the
emergence of the concept of environmental vulnerability, which emphasizes the interconnectedness of
environmental and human systems. This concept is now central to sustainability research.
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Hamedan Province, located in western Iran, has been facing the threat of groundwater depletion for
decades. Among its regions, the Kabudarahang Plain has been declared a restricted zone due to critical
groundwater conditions. Given the strategic importance of aquifers in the Kabudarahang Plain for the
regional economy and the increasing occurrence of sinkholes, a systemic and structural approach to
assessing the vulnerability of this area is essential.

Methodology

This study employs a descriptive-analytical research method. To structurally analyze the vulnerability
of areas at risk of groundwater level decline in the Kabudarahang Plain, both documentary and library
research, as well as field methods (including questionnaires distributed among local stakeholders and
experts), were used.

The statistical population consisted of residents and experts in Kabudarahang County. The sample
size was determined using Cochran's formula, resulting in 400 stratified random samples based on
proportional allocation. To ensure validity, two formal methods were used: expert approval by
university faculty members and the KMO coefficient calculated in SPSS 23. The KMO values
confirmed the adequacy of the 86 analytical indicators categorized under 9 components. Reliability
was confirmed using Cronbach’s alpha (a = 0.90) after a pilot test.

Descriptive statistics were employed to assess respondents’ views. For inferential statistics,
parametric tests such as Pearson correlation and stepwise regression were applied due to the normal
distribution of the data. The FTOPSIS technique was used for the analysis of questionnaire responses.
To identify the most influential variables on community vulnerability to groundwater decline,
structural equation modeling (SEM) was performed using AMOS software. The vulnerability status of
rural districts within the Kabudarahang Plain was assessed using multi-criteria decision-making
(MCDM) techniques and expert surveys. Finally, spatial functions and algorithms in the ArcGIS
environment, along with the IDW model, were applied to generate a zoning map of vulnerability in the
study area.

Result and Discussion

The findings indicate a significant relationship between vulnerability to groundwater decline (the
dependent variable) and several independent variables. Regression results show that poor groundwater
management practices contribute to physical and environmental vulnerability, which in turn leads to
broader economic and social vulnerability, exacerbating the ongoing crisis in the region.

Among the analyzed factors, the physical component (coefficient = 0.579) and the environmental
component (coefficient = 0.178) had the highest impact on groundwater level decline. An inverse and
significant relationship was found between behavioral patterns and vulnerability, suggesting that
unsustainable water use behaviors increase vulnerability.

Economic and environmental dimensions emerged as the most critical factors in regional
vulnerability. The environmental impact is visible in the form of sinkholes, financial losses for
farmers, and reduced agricultural productivity. Structural equation modeling confirmed that behavioral
patterns (BP) exert the greatest influence on vulnerability.

Using expert input and MCDM methods, rural districts were categorized into different vulnerability
levels based on a researcher-designed questionnaire using a five-point Likert scale. The results
revealed that Shirinsu, Goltepe, and Alisadr rural districts have very low vulnerability (score: 0.01),
Sardaran has high vulnerability (0.70), and Raheb and Hajilo districts have very high vulnerability
(0.74 and 0.79, respectively), highlighting their need for priority in crisis management plans.

A final vulnerability zoning map was produced by combining MCDM and Shannon entropy
weights, and applying spatial analysis techniques in ArcGIS using the IDW model.

Conclusion

The Kabudarahang Plain in Hamedan Province is under serious threat from declining groundwater
levels, primarily due to unsustainable and unbalanced water resource exploitation. Using structural
equation modeling and inferential statistical analysis, this study identified key components influencing
regional vulnerability. Economic and environmental factors emerged as the most significant.
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To address the issue, it is recommended that water resource management approaches prioritize
maintaining ecological balance. Strategies should include promoting advanced irrigation technologies,
involving local communities in resource management, and integrating environmental values into
economic development policies. These actions are crucial for reducing the vulnerability of the region
and ensuring long-term sustainability
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