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ABSTRACT

Land subsidence is a critical environmental challenge, especially
in Iran's arid regions, threatening infrastructure and water
resources. This study addresses a research gap by conducting
the first analysis of subsidence and groundwater changes in the
Shahrekord Plain using time-series radar interferometry
(InSAR). The primary objective was to determine the precise
risk and vrate of subsidence to inform prevention
strategies.Employing a quantitative methodology, Sentinel-1
satellite data from 2019-2023 was processed with SARPROZ
software to measure millimeter-level surface deformation. The
INSAR data was integrated with groundwater levels,
precipitation records, geotechnical data, and well information.
Advanced statistical analyses, including multivariate regression
and spatial analysis, were used to identify causal patterns,
supplemented by field visits for validation. The results confirm
significant subsidence, with a maximum rate of 77 mm over four
years. The spatial pattern reveals the central plain as the most
vulnerable area, subsiding over 5 cm annually—far exceeding
the safe limit of 2 mm per year. A strong correlation (coefficient
of 0.87) was found between groundwater decline and subsidence
rates. A nine-year precipitation deficit and persistent drought
were key exacerbating factors, with the lowest rainfall areas
experiencing the highest subsidence. In conclusion, the research
demonstrates that excessive groundwater extraction,
compounded by climate-induced drought, is the principal driver
of severe and accelerating land subsidence in the Shahrekord
Plain. The findings provide a critical scientific basis for
implementing urgent water management and mitigation
policies.
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Extended Abstract

Introduction

Land subsidence is one of the most serious
environmental and social challenges in
Iran’s arid and semi-arid regions, severely
threatening infrastructure, water resources,
and human settlements. This phenomenon,
often triggered by excessive groundwater
extraction, aquifer compaction, and
prolonged drought, has been extensively
documented worldwide in cities such as
Venice (Italy), Bangkok (Thailand), Mexico
City (Mexico), and Jakarta (Indonesia). In
Iran, significant subsidence rates have been
reported in numerous plains, including
Rafsanjan (up to YVYcm/year), Hamadan,
Mashhad, and Lardegan, highlighting the
urgent need for advanced monitoring
techniques.This study presents the first
comprehensive InSAR-based analysis of
subsidence and groundwater changes in the
Shahrekord Plain using Sentinel- Ysatellite
data and the SARPROZ software. By
integrating radar interferometry,
piezometric well records, precipitation data,
and geological maps, the research identifies
the spatial distribution, annual rates, and
causal factors of subsidence. The findings
demonstrate  severe land  subsidence
(maximum YYmm over four years,
exceeding  ecmfyear in central areas)
primarily driven by intensive groundwater
withdrawal and a nine-year rainfall deficit,
far beyond the international safety threshold
of Ymml/year. The results provide critical
scientific evidence for urgent water
management policies and sustainable
groundwater governance in the Shahrekord
Plain and similar alluvial basins across Iran.
The primary objective of this study is to
determine the extent and rate of subsidence
risk in the Shahrekord Plain using the time-
series radar interferometry (INSAR) method
and the SARPROZ software. This research
is the first comprehensive analysis of land
subsidence and groundwater level changes
in this plain. By integrating satellite data,
piezometric wells, precipitation records, and
geological maps, the study identifies causal
patterns and provides a scientific basis for
developing prevention strategies and
evidence-based water management policies

to mitigate and control subsidence.

Methodology

This research adopted a quantitative and
multi-source data integration approach.
Sentinel-YA satellite imagery (VV-VH
polarization, °xY+« m resolution) was
acquired over three distinct periods (¥ +)A-
YON4, YaY.YuYY and Y.YY-Y.YY) with
perpendicular baselines shorter than YV m
and temporal baselines of Y+ ¢, €07 and ¢4
days, respectively.  Processing  was
performed in the SARPROZ software,
including orbit file application, Back
Geocoding using a Y+ m SRTM digital
elevation model, topographic phase
removal, Goldstein speckle filtering, Phase
Unwrapping with the SNAPHU algorithm,
conversion of phase difference to vertical
displacement via the formula $ d = (\lambda
/ \pi) \times \Delta\phi $, and Range-
Doppler Terrain Correction for
orthorectification. A total of YY piezometric
wells from the Regional Water Company of
Chaharmahal and Bakhtiari  Province
(Y+YY-Y+YY) and daily precipitation data
from five synoptic stations (Shahrekord,
Saman, Farasan, Borujen, and Kiari) were
collected. Ground-truth validation was
conducted using Y permanent dual-
frequency Leica GS GPS points measured
every three months. Spatial hazard mapping
was generated using the Inverse Distance
Weighting (IDW) interpolation method in
ArcGIS, and multivariate statistical analyses
and correlation coefficients were applied.

Results and discussion

The results indicate significant land
subsidence in the Shahrekord Plain. The
maximum cumulative subsidence over the
four-year study period reached YY mm, with
the central plain (Region A) experiencing
rates exceeding © cm per year — far above
the international safety threshold of Y
mm/year. In the peripheral zone (Region B),
the average annual subsidence rate was
approximately ‘e mm, with a standard
deviation of 1 mm. The spatial pattern shows
a clear concentration of subsidence in low-
elevation, high-churn areas (red zones with
subsidence >¢+ mm). A strong correlation
(coefficient = +,AY) was found between



Quantitative Geomorphological Researche, 15(1), 2026

groundwater decline and subsidence rates.
Multivariate regression analysis explained
%AY of the variance in subsidence. Spatial
hazard mapping revealed that %Y of the
plain area is in very high-risk category
(depth to groundwater >°+ m and annual
decline >Y,° m), %A in moderate risk, and
%Y+ in low risk. Time-series analysis
demonstrates  accelerating  subsidence,
increasing from Y,) cm/year in the first
period to Y,Y cm/year in the third period.
Independent validation with GPS data
yielded RMSE = Y,A mm and MAE = ),
mm, confirming the high accuracy of the
INSAR method.

Conclusion

This study was designed using a quantitative
approach based on advanced radar
interferometry technology, enabling
millimeter-level ~ surface  deformation
measurement  without extensive field
presence. The results confirm the occurrence
of significant subsidence in the Shahrekord
Plain, with the central areas exhibiting rates
above © cm per year and classified as very
high risk. Excessive groundwater extraction,
in interaction with a nine-year precipitation
deficit and prolonged drought, is the
principal driver of accelerating subsidence.
The findings provide a new scientific
foundation for evidence-based policy
formulation. The results strongly emphasize
the wurgent need for water resource
management, reduction of groundwater
abstraction from the central aquifer,
protection of groundwater reserves, and
proactive  assessment of  subsidence
vulnerability for urban and infrastructural
development. Given the plain’s location in
the Zagros foothills and the high density of
wells, continuous monitoring with advanced
INSAR  techniques  combined  with
sustainable water policies is essential to
prevent irreversible damages. This study
offers a replicable model for similar alluvial
plains in Chaharmahal and Bakhtiari
Province and other arid regions of Iran,
supporting  policymakers in achieving
sustainable agricultural development while
preserving groundwater resources.
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