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ABSTRACT

Land subsidence is one of the most important geomorphological
hazards in arid and semi-arid regions, mainly resulting from the
compaction of subsurface layers due to groundwater depletion
and excessive exploitation of aquifers. This phenomenon leads
to ground surface deformation, damage to infrastructure,
reduction in aquifer storage capacity, and threats to
environmental sustainability, making it a serious challenge in
water resource management. The aim of this study was to
investigate land subsidence in the Mahidasht Plain, with a focus
on the role of groundwater level decline and its relationship with
surface subsidence. In this study, piezometric data from
observation wells for the period 2017 to 2022 were integrated
with Sentinel-1 radar imagery and the Interferometric Synthetic
Aperture Radar (InSAR) technique to analyze the spatial and
temporal variations of land subsidence. The results showed that
the groundwater table declined by approximately 7 meters
during the study period, while InSAR analysis revealed an
annual subsidence rate ranging from 3 to 14 centimeters, with
the highest values observed in the central and northwestern
parts of the plain. The spatial overlay of groundwater level data
and subsidence patterns confirmed a direct correlation between
aquifer depletion and subsidence intensity. The findings also
indicate that most of the subsidence is driven by excessive
groundwater extraction and compaction of alluvial deposits,
although local geological conditions also influence its severity.
These results highlight the necessity of continuous monitoring,
the use of advanced remote sensing technologies, and the
implementation of effective management strategies to control
groundwater extraction and mitigate land subsidence hazards,
which can ultimately contribute to improved water resource
planning and the reduction of environmental impacts.
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Extended Abstract
Introduction

Land subsidence is one of the major
geological and geomorphological hazards of
the twenty-first century, particularly in arid
and semi-arid regions where excessive
groundwater extraction has become a
serious environmental challenge. This
phenomenon, which results from the
compaction of subsurface layers following
groundwater depletion or the extraction of
natural resources, can cause severe damage
to infrastructure, agricultural lands, and
ecosystems. Owing to its arid climate and
increasing dependence on groundwater
resources, Iran has experienced widespread
land subsidence in many plains, with
reported rates exceeding the global critical
threshold in several regions. Recent
advances in satellite remote sensing,
particularly  Interferometric ~ Synthetic
Aperture Radar (InSAR), have enabled
accurate monitoring of ground deformation
over large areas. Previous studies in Iran and
other countries have successfully applied
INSAR  techniques to quantify land
subsidence and identify areas at risk.
However, the Mahidasht Plain in
Kermanshah Province, despite its intensive
groundwater exploitation and increasing
evidence of land subsidence, requires further
investigation to better understand the spatial
characteristics and severity of this
phenomenon. Therefore, the present study
aims to assess land subsidence caused by
excessive groundwater withdrawal in the
Mabhidasht Plain using the INSAR technique
and Sentinel-1 satellite imagery. The
objectives of the study are to estimate the
rate of land subsidence, analyze its spatial
distribution, identify critical subsidence
zones, and evaluate the relationship between
groundwater depletion, well density, and
subsidence intensity. Image processing was
performed using SNAP software to generate
land subsidence maps and provide scientific
information for sustainable groundwater
resource  management and  hazard
mitigation.

Methodology

This study is applied in nature and employs
library-based,  field, and  technical
approaches to analyze land subsidence in the
Mahidasht Plain and to investigate the
geological and hydrological factors
influencing its occurrence. The research
framework includes the collection of spatial
and remote sensing data, radar data
processing, analysis of piezometric records,
and integration of results within a GIS
environment. The datasets used in this study
consist of geological and topographic maps
at scales of 1:50,000 and 1:100,000, a 30-
meter Digital Elevation Model (DEM),
Sentinel-1 Synthetic Aperture Radar (SAR)
images in SLC format, piezometric data
from observation wells, and field
observations from the study area. Sentinel-1
Level-1 SLC images acquired on 8 June
2016 and 1 June 2022 in ascending orbit
with VV polarization were used for INSAR
analysis, as summarized in Table 1. The
master image (June 2016) and the slave
image (June 2022) were selected to assess
long-term surface deformation, and the IW1
sub-swath was chosen according to the
spatial extent of the study area. Radar data
processing was carried out using SNAP
software for interferogram generation,
coherence estimation, image coregistration,
debursting, and topographic phase removal,
while SNAPHU was applied for phase
unwrapping. During interferogram
generation, phase components including
flat-earth  effect, topography, surface
deformation, atmospheric effects, and noise
were extracted, and a coherence map was
produced to evaluate the reliability of
results, where values above 0.6 were
considered acceptable. To improve data
quality, Goldstein and Martin—-Loking filters
were applied to reduce speckle noise and
enhance deformation signals. Phase
unwrapping was performed to convert
wrapped phase into continuous displacement
information, and its accuracy was ensured
through prior filtering and coherence
control. Geometric distortions caused by
sensor viewing geometry and terrain effects
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were corrected using the Range-Doppler
Terrain  (RDT) algorithm in SNAP,
incorporating orbital parameters and the
SRTM DEM, and the final outputs were
projected into the WGS84 coordinate
system. In addition, 20 years of piezometric
data from observation wells (1997-2022)
were collected from the Kermanshah
Regional Water Authority and organized in
Excel, and due to data limitations, the years
2017 and 2022 were selected for final
analysis. These data were used to investigate
the relationship between groundwater level
decline and land subsidence. Finally, radar-
derived results were integrated with
hydrological data, and subsidence and
groundwater change maps were produced in
ArcGIS to enable spatial analysis and
identification of critical subsidence zones in
the Mahidasht Plain.

Results and discussion

Analysis of piezometric data and Sentinel-1
SAR imagery revealed that the Mahidasht
Plain experienced a significant decline in
groundwater levels between 2017 and 2022,
with the average depth to groundwater
increasing from approximately 50 m in 2017
to more than 57 m in 2022, indicating an
average decline of about 7 m over this
period, while the most pronounced depletion
occurred between 2019 and 2022,
particularly in the central and northwestern
parts of the plain where groundwater
extraction for agricultural purposes is most
intensive. Interpolation results using the
IDW  method showed a spatially
heterogeneous pattern of groundwater
decline, with values exceeding 10 m in some
areas, whereas lower declines ranging from
0.19 to 8 m were observed in the
northeastern and southwestern margins,
reflecting variations in abstraction intensity
and emphasizing the dominant role of
human activities in groundwater depletion,
although differences in temporal coverage
between piezometric data (2017-2022) and
INSAR observations (2016-2022), together
with limitations of interpolation methods
and geological heterogeneity, introduce
uncertainties in direct visual comparison of
the datasets. InSAR-derived  results

indicated that the annual land subsidence
rate ranged from less than 3 cm to more than
14 cm, with the highest values concentrated
in the central and northwestern parts of the
study area, which spatially coincide with
zones of severe groundwater level decline,
and correlation analysis confirmed a strong
positive relationship between groundwater
drawdown and subsidence rates (r > 0.8),
highlighting groundwater depletion as a key
driving factor of land subsidence in the
region. The spatial distribution further
shows that areas characterized by thick
unconsolidated alluvial deposits and high
well density are more susceptible to
subsidence, whereas marginal zones with
more competent lithology and lower
abstraction  rates  experience  lower
deformation (<3 cm/year), indicating that
subsidence is controlled by an interaction of
hydrogeological, geological, and
anthropogenic factors rather than a single
mechanism. From an impact perspective,
continued subsidence may lead to serious
damage to infrastructure such as buildings,
roads, and utility networks, as well as
reduced agricultural productivity due to soil
compaction and aquifer storage loss,
potentially threatening food security and
rural livelihoods and increasing the risk of
migration, while overall the integration of
INSAR-based deformation monitoring with
piezometric analysis demonstrates an
effective approach for assessing subsidence
dynamics and confirms a strong spatial
consistency between groundwater depletion
and land deformation despite temporal
mismatches between datasets, emphasizing
the importance of integrated groundwater
management and remote sensing-based
monitoring for mitigating  subsidence
hazards in vulnerable plains.

Conclusion

This study assessed land subsidence as a
major geomorphological hazard in the
Mahidasht Plain of Kermanshah Province
using InSAR-based radar analysis and
piezometric data over the period 20172021,
and the results revealed significant and
ongoing subsidence across the study area,
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with the highest rates observed in the central
and northwestern parts of the plain where
intensive  groundwater extraction and
agricultural activities are concentrated,
while a clear spatial correspondence was
identified between groundwater level
decline and subsidence intensity, indicating
an average groundwater drawdown of about
7 m that closely matches zones of severe
ground deformation. The integration of
INSAR observations and hydrogeological
data  confirmed that  groundwater
overexploitation is the primary driving force
behind land subsidence in the study area,
whereas geological factors such as lithology
and structural conditions play a secondary
role, and although the Mahidasht Plain lies
within the Zagros Folded and Thrust Belt,
tectonic influences were found to be limited
at the basin scale, suggesting that subsidence
is predominantly non-tectonic and human-
induced, with areas of more resistant
lithology and lower well density showing
significantly lower subsidence rates (less
than 3 cml/year), further supporting the
dominant role of anthropogenic pressure on
the aquifer system. Given the ongoing
increase  in  population, agricultural
development, and continued groundwater
abstraction, the risk of further subsidence
and associated infrastructural damage is
expected to intensify in the future if no
effective  management strategies are
implemented, therefore sustainable
groundwater management practices such as
artificial recharge of aquifers, regulation of
illegal pumping, optimization of cropping
patterns, implementation of modern
irrigation systems, and development of
wastewater reuse systems for groundwater
recharge are strongly recommended.
Overall, the findings demonstrate that the
integration of InSAR monitoring with
piezometric analysis provides a reliable and
effective framework for tracking ground
deformation and supporting environmental
management decisions, and this approach
can be extended to other vulnerable plains in
Iran as a practical tool for sustainable
groundwater management and hazard
mitigation in arid and semi-arid regions.
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