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In this study, the potential for land subsidence in the Isfahan-Borkhar plain was
assessed using a simple weighted overlay method and the Analytic Hierarchy
Process (AHP). Seven influential factors including aquifer lithology, land use,
groundwater extraction rate, recharge, aquifer thickness, distance from faults, and
groundwater level fluctuations were analyzed. An initial subsidence potential
map, with index values ranging from 52 to 162, was produced using ArcGIS. To
optimize the weighting and improve consistency with field conditions, the
weights of each parameter were determined through the AHP method, resulting in
a final subsidence potential map with index values ranging from 57.4 to 170.7.
Validation using InSAR satellite data indicated that the correlation between the
predicted potential map and actual subsidence was higher for the AHP method
(0.62) compared to the simple weighted overlay approach (0.52). According to
the proposed model, the central, northern, and southwestern areas of the Isfahan-
Borkhar plain exhibit the highest subsidence risk and require the implementation
of groundwater management strategies and mitigation measures to reduce the
hazards associated with land subsidence.
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Abstract

In this study, the potential for land subsidence in the Isfahan-Borkhar plain was assessed
using a simple weighted overlay method and the Analytic Hierarchy Process (AHP). Seven
influential factors including aquifer lithology, land use, groundwater extraction rate, recharge,
aquifer thickness, distance from faults, and groundwater level fluctuations were analyzed. An
initial subsidence potential map, with index values ranging from 52 to 162, was produced
using ArcGIS. To optimize the weighting and improve consistency with field conditions, the
weights of each parameter were determined through the AHP method, resulting in a final
subsidence potential map with index values ranging from 57.4 to 170.7. Validation using
INSAR satellite data indicated that the correlation between the predicted potential map and
actual subsidence was higher for the AHP method (0.62) compared to the simple weighted
overlay approach (0.52). According to the proposed model, the central, northern, and
southwestern areas of the Isfahan-Borkhar plain exhibit the highest subsidence risk and
require the implementation of groundwater management strategies and mitigation measures to
reduce the hazards associated with land subsidence.

Introduction

Land subsidence is a gradual downward movement of the Earth’s surface, commonly caused
by increased effective stress, compaction of fine-grained sediments, and extensive
groundwater extraction. In recent decades, it has become a major global concern, while in Iran
the problem is intensified by the country’s arid climate and long-term overexploitation of
aquifers. Subsidence leads to critical environmental and socio-economic impacts, including
degradation of groundwater resources, surface fissuring, infrastructure damage, and reduced
aquifer storage capacity. Several regions of Iran—such as Isfahan, Tehran, Yazd, Qom, and
Semnan-have experienced severe subsidence. The Isfahan—Borkhar plain is particularly
vulnerable due to its fine-grained alluvial deposits and significant groundwater-level decline.
Understanding the spatial extent and controlling factors of subsidence in this area is essential
for planning mitigation strategies and protecting valuable urban and historical assets. Recent
assessments widely employ multi-criteria decision-making methods, especially AHP and
SAWEF, to evaluate subsidence potential. AHP provides a structured framework for weighting
influential factors through pairwise comparisons, while InSAR-based techniques enable
precise monitoring of ground deformation. Findings indicate that AHP is an effective tool for
optimizing parameter weighting in subsidence analysis.

Materials and Methods

This research focuses on assessing land subsidence potential across the Isfahan-Borkhar plain,
a region recognized as one of Iran’s most vulnerable and rapidly deforming sedimentary
basins. To quantify and spatially characterize subsidence susceptibility, two multi-criteria
decision-making approaches the Simple Additive Weighting Framework (SAWF) and the
Analytic Hierarchy Process (AHP) were applied using seven hydrogeological and geological
conditioning factors. These factors were prepared, classified, and assigned weights based on
expert evaluations, ensuring that both groundwater-related and geomorphological controls on
subsidence were captured. The integrated SAWF model produced a subsidence susceptibility
index ranging from 56 to 162, highlighting significant spatial heterogeneity. High-risk zones
were concentrated in Gaz-e Borkhar, Dolatabad, Habibabad, and Khorzug, which correspond
to areas experiencing intense groundwater extraction and the presence of compressible fine-
grained sediments. Moderate-to-high susceptibility appeared in Mahmoudabad, Baharan, Sin,
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Amorzidehabad, Gourt, northern Isfahan, and the vicinity of Shahid Beheshti Airport. These
areas, although less critical, remain exposed to considerable long-term deformation. Within
the AHP framework, expert-constructed pairwise comparison matrices were normalized, and
final weights were computed for each thematic layer. After rescaling these weights to a
standardized 0-5 numerical system, they were applied to the corresponding raster classes. The
resulting AHP-based susceptibility index (57.4-170.7) corroborated the SAWF results while
revealing slightly enhanced susceptibility in zones such as Kushk, implying localized hydro-
geomechanical sensitivity. To validate the two models, Sentinel-1 INSAR data for the April
2023—-April 2024 period were processed to derive vertical deformation rates across the plain.
The interferometric map showed maximum subsidence of -0.0928 m, with severe deformation
concentrated in Dolatabad, Gaz-e Borkhar, Habibabad, Baharan, Khorzug, northern Isfahan,
the southwestern domain of the plain, and eastern sectors of the airport. These hotspots
aligned closely with high-susceptibility zones predicted by both SAWF and AHP.
Conversely, areas such as Sin, Gourt, Amorzidehabad, and parts of Khomeinishahr exhibited
moderate deformation, consistent with their susceptibility classification. A visual and
statistical comparison between model outputs and INSAR data demonstrated strong spatial
coherence. Correlation coefficients (R? = 0.52 for SAWF and R? = 0.62 for AHP) indicate that
AHP provides higher predictive accuracy and better represents the complex interplay of
geological and hydrological factors governing subsidence. Overall, the study confirms that the
AHP model is a more robust and reliable tool for subsidence hazard assessment in the
Isfahan—Borkhar plain and underscores the critical need for groundwater management in its
most vulnerable zones.

Results and Discussion

The primary objective of this study was to assess land subsidence potential across the Isfahan-
Borkhar plain using two multi-criteria evaluation methods: the Simple Additive Weighting
Framework (SAWF) and the Analytic Hierarchy Process (AHP). Excessive groundwater
exploitation has caused significant declines in the water table, thereby accelerating the
likelihood of subsidence in this region. Considering the concentration of valuable historical
structures within the metropolitan area of Isfahan, identifying and monitoring subsidence-
prone zones is essential for preserving cultural heritage and reducing structural hazards.
Within the SAWF method, seven key indicators including aquifer material, land use,
groundwater pumping rate, recharge, aquifer thickness, fault proximity, and groundwater-
level fluctuations were identified as influential parameters and integrated in the ArcGIS
environment. To optimize the weighting of these indicators, the AHP method was applied
using expert judgments. A comparison of the two approaches demonstrates that AHP achieves
higher accuracy and a stronger correlation with actual subsidence data (62% versus 52%).
This difference can be attributed to two main factors. First, the revised weighting of layers in
the SAWF method, based on the knowledge of local experts familiar with the hydrogeological
characteristics of the plain, improved the realism of the assigned weights. Second, the
structured and systematic nature of AHP through pairwise comparisons and the derivation of
relative importance values enables a more precise assessment of each parameter’s
contribution. In contrast, SAWF lacks such structured comparison, and weights are assigned
without accounting for interdependencies among factors. As a result, the AHP model better
captures the true influence of each layer on subsidence and produces a more reliable
susceptibility map. According to the analyses, the highest subsidence potential occurs in the
central, northern, and southwestern sectors of the plain. Dolatabad, Gaz-e Borkhar,
Habibabad, and Khorzug were identified as the most hazardous zones. Mahmoudabad,
Baharan, Sin, Amorzidehabad, Gourt, and the Shahid Beheshti Airport area fall into high-risk
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but comparatively lower hazard categories. Portions of Kushk, Shahinshahr, and central
Isfahan also exhibit moderate to high susceptibility. A visual comparison of the SAWF and
AHP maps with processed satellite-based subsidence results indicates strong spatial
agreement, supporting the reliability of the models. Nevertheless, uncertainties related to
human-generated groundwater data, outdated information, intrinsic satellite limitations, and
model simplifications imply that the resulting maps should be interpreted cautiously,
particularly when used for engineering or management decisions.
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