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ARTICLE INFO ABSTRACT

In recent decades, land subsidence has emerged as a critical environmental and
management challenge in Iran’s arid and semi-arid regions. Primarily caused by excessive
groundwater extraction, subsidence poses risks far beyond agriculture, threatening water
security, infrastructure stability, ecological balance, and community resilience. This study
aims to develop a paradigmatic model of the factors influencing land subsidence in Zanjan
Province, emphasizing managerial, natural, and human dimensions with special attention
to the role of weak water governance. Using a qualitative approach and grounded theory
methodology, data were collected through semi-structured interviews with 18 experts in
the field. The data were analyzed using MAXQDA software based on a paradigmatic
framework comprising causal, intervening, and contextual conditions. The findings reveal
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features, and socio-economic pressures like rural unemployment and low groundwater
costs further intensify the problem. Contextual conditions including unstable governance
structures, poor inter-agency coordination, low community participation, and insufficient

infrastructure accelerate the spread of this hazard. Addressing land subsidence requires a
comprehensive strategy rooted in sustainable water resource management. Key
recommendations include implementing effective groundwater monitoring, promoting
water-efficient irrigation, strengthening institutional capacities, enforcing relevant
regulations, and enhancing community awareness and involvement. These insights
provide a valuable foundation for developing policies and practical measures to mitigate
land subsidence and protect groundwater resources nationwide.
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Land subsidence is a major geo-environmental issue in arid and semi-arid regions, affecting structures,
infrastructure, agriculture, and groundwater. Excessive groundwater extraction, climate variability,
and poor management are key accelerating factors. Despite many quantitative studies, comprehensive
qualitative analyses of land subsidence remain limited. This study uses grounded theory to identify
and categorize causal, contextual, and intervening factors, as well as consequences and response
strategies, providing a scientific basis for effective groundwater management policies at national and
regional levels.
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Methodology

This exploratory qualitative study employed grounded theory with a systematic approach. Data were
collected through 18 structured interviews with experts in geology, groundwater resources, water
management, and urban planning. The data were analyzed using open, axial, and selective coding, and
the core categories were examined within a paradigmatic model. Validity of the findings was
confirmed using member checks and peer debriefing. In addition, relevant document analysis and
statistical data related to groundwater table changes and subsidence rates were used to triangulate the
qualitative results with gquantitative evidence. This combined approach enabled deeper understanding
of causal, contextual, and intervening relationships influencing subsidence.

Results

Analysis revealed four main causal categories: excessive groundwater withdrawal, geological
structure, land-use changes, and weak water management. Contextual factors include inadequate
monitoring infrastructure, lack of deterrent regulations, and insufficient awareness among water users,
all intensifying the phenomenon. Intervening factors such as macroeconomic policies, water
governance structure, and institutional support play a decisive role in weakening or strengthening
causal impacts. Consequences were analyzed from physical, economic, social, and environmental
perspectives. Damage to infrastructure, reduced agricultural productivity, social tensions, and
ecosystem degradation were key impacts. Response strategies such as integrated water management,
advanced monitoring technologies, revising governance frameworks, and community engagement
were extracted. The findings highlight that the interplay of multiple factors necessitates adoption of
proactive, monitoring-based policies.

Conclusion

The results indicate that tackling land subsidence requires a comprehensive, interdisciplinary,
participatory approach. Emphasis on reforming agricultural water consumption, strengthening local
and regional governance, enhancing monitoring systems, and expanding smart observation networks
are key strategies. Moreover, given the importance of the social dimension and weaknesses in water
governance, future studies should examine socio-economic aspects of land subsidence with focus on
stakeholder analysis, community capacity-building, and participatory governance models. Such
approaches foster acceptance of aquifer protection policies and reduce unsustainable withdrawals.
Ultimately, policymakers should develop clear, actionable plans that involve stakeholders and raise
public awareness to ensure sustainable groundwater use and protection.
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