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In recent decades, land subsidence has emerged as a significant geomorphological
hazard and environmental crisis, resulting in extensive and often irreversible
damage to the plains of Iran. The primary driver of this phenomenon is the ongoing
water crisis. The Eshtehard Plain, a vital industrial and agricultural hub in Alborz
Province, has been classified as a critical prohibited zone by the Ministry of Energy
due to the severe decline in groundwater levels. Consequently, assessing the rate
of subsidence and identifying its causes and influencing factors are essential for
effective risk management. This study employed the Differential Radar
Interferometry (D-InSAR) technique to analyze subsidence in the Eshtehard Plain,
utilizing data from the Sentinel-1A satellite spanning the years 2017 to 2023.
During this period, subsidence in the region ranged from -2.08 cm to -2.93 cm.
The highest subsidence rate, approximately -2.93 cm, occurred between 2019 and
2020, while the lowest, approximately -2.08 cm, was observed between 2022 and
2023. Notably, subsidence rates exhibited an increasing trend from east to west and
in the southern expanse of the plain. The maximum subsidence observed
throughout all study periods was concentrated in the Eshtehard aquifer area, which
encompasses a significant portion of farmland, villages, the city of Eshtehard,
industrial towns (Kosar, Omid, and Eshtehard), agricultural lands, and the highest
density of groundwater extraction wells. Hydrographic analysis and interpolation
of piezometric well data further revealed a consistent decline in groundwater levels
and an increase in water table depth in this area. Moreover, the correlation between
land subsidence and changes in groundwater depth was statistically significant at
the 95% confidence level, indicating that subsidence intensifies as groundwater
levels decrease. The subsidence change profiles suggest a complex subsidence
pattern within the study area, influenced by a combination of factors, including
human activities (such as the intensity and type of land use, as well as excessive
groundwater extraction), environmental conditions, geological characteristics
(e.g., sediment composition, aquifer thickness, and bedrock position), and the rates
of aquifer recharge and discharge. These findings underscore the urgent need for
sustainable groundwater management and mitigation strategies to address the
escalating subsidence crisis in the Eshtehard Plain.
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Extended Abstract

Introduction
Land subsidence is a geomorphological phenomenon and terrestrial hazard caused by the gradual

compaction of subsurface deposits, leading to the downward displacement of the Earth's crust (Hu et
al., 2009; Poland, 1984; Bagheri et al., 2021). It is most prevalent in alluvial and deltaic plains, where
its severity varies due to natural and anthropogenic factors (Chen et al., 2018). Over the past two
decades, climate change, prolonged droughts, poor water resource management, population growth,
and excessive groundwater extraction have exacerbated subsidence globally (Sabouhi et al., 2014;
Papi et al.,, 2020; Dehghani et al., 2013; Chich Hong Chan et al., 2010). In Iran, declining
groundwater levels due to over-extraction are the primary cause, threatening over half of the country's
600 plains, with projections suggesting up to 80% could be at risk (Haghighat Mehr et al., 2019;
Galloway et al., 1998; Haghighi & Motagh, 2019; Safari et al., 2016). The Eshtehard Plain, a key
agricultural and industrial hub in Alborz Province, has been declared a critical zone due to severe
groundwater depletion, with levels dropping from 120 meters to over 300 meters in two decades
(Water Resources Protection Office, 2019). Composed largely of loose Quaternary sediments, the
plain is highly susceptible to subsidence, worsened by tectonic activity and faults (Geological Survey
of Iran, 2000; Akbari et al., 2021). Sustainable water management and advanced monitoring
techniques like radar interferometry are essential to mitigate this growing crisis (Bergman et al.,
2000; Crosetto et al., 2013).

Material and Methods

To evaluate the rate of subsidence in the Eshtehard Plain and its correlation with groundwater levels,
this study utilized the Differential Radar Interferometry (D-InSAR) technique. Sentinel-1 radar
images from 2017 to 2023, in Single Look Complex (SLC) format with VV polarization, were
processed using SNAP software. The goal was to calculate the final subsidence rate by analyzing
phase differences between images captured at different times .To assess groundwater levels,
statistical data from piezometric wells for the periods 1997-2021 (groundwater levels) and 2017—
2022 (groundwater depth) were obtained from the Alborz Regional Water Authority. This data was
processed in ArcMap (GIS 10.8 software), where annual averages were calculated. Groundwater
depth maps and related charts were generated using the Inverse Distance Weighting (IDW)
interpolation model and subsequently analyzed .Finally, on January 8, 2024, a field visit was
conducted in Fath Abad village, located within the study area. During this visit, images of ground
cracks were captured to validate the results obtained from the remote sensing and groundwater data
analyses.

Results and Discussion

This study employed the Differential Radar Interferometry (D-InSAR) technique to analyze
subsidence in the Eshtehard Plain using Sentinel-1A satellite data from 2017 to 2023. The results
revealed that subsidence in the region ranged between -2.08 cm and -2.93 cm during this period. The
highest subsidence rate, approximately -2.93 cm, occurred between 2019 and 2020, while the lowest,
about -2.08 cm, was observed between 2022 and 2023. Subsidence rates increased from east to west
and were particularly pronounced in the southern part of the plain. The maximum subsidence was
consistently concentrated in the Eshtehard aquifer area, which encompasses a significant portion of
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farmland, villages, the city of Eshtehard, industrial towns (Kosar, Omid, and Eshtehard), agricultural
lands, and the highest density of groundwater extraction wells .Hydrograph analysis and interpolation
of piezometric well data further confirmed a consistent decline in groundwater levels and an increase
in water table depth in the area. A statistically significant correlation (at the 95% confidence level)
was found between land subsidence and groundwater depth changes, indicating that subsidence
increases as groundwater levels drop. Subsidence change profiles revealed a complex pattern of
subsidence, influenced by a combination of factors, including human activities (e.g., intensive land
use and excessive groundwater extraction), environmental conditions, geological characteristics
(such as sediment composition, aquifer thickness, and bedrock position), and the rate of aquifer
recharge and discharge .These findings highlight the critical role of groundwater over-extraction in
driving subsidence and underscore the need for sustainable water resource management to mitigate
this growing environmental hazard.

Conclusion

This study employed the Differential Radar Interferometry (D-InSAR) technique to analyze
subsidence in the Eshtehard Plain, utilizing data from the Sentinel-1A satellite spanning the years
2017 to 2023. During this period, subsidence in the region ranged from -2.08 cm to -2.93 cm. The
highest subsidence rate, approximately -2.93 cm, occurred between 2019 and 2020, while the lowest,
approximately -2.08 cm, was observed between 2022 and 2023. Notably, subsidence rates exhibited
an increasing trend from east to west and in the southern expanse of the plain. The maximum
subsidence observed throughout all study periods was concentrated in the Eshtehard aquifer area,
which encompasses a significant portion of farmland, villages, the city of Eshtehard, industrial towns
(Kosar, Omid, and Eshtehard), agricultural lands, and the highest density of groundwater extraction
wells. Hydrographic analysis and interpolation of piezometric well data further revealed a consistent
decline in groundwater levels and an increase in water table depth in this area. Moreover, the
correlation between land subsidence and changes in groundwater depth was statistically significant
at the 95% confidence level, indicating that subsidence intensifies as groundwater levels decrease.
The subsidence change profiles suggest a complex subsidence pattern within the study area,
influenced by a combination of factors, including human activities (such as the intensity and type of
land use, as well as excessive groundwater extraction), environmental conditions, geological
characteristics (e.g., sediment composition, aquifer thickness, and bedrock position), and the rates of
aquifer recharge and discharge. These findings underscore the urgent need for sustainable
groundwater management and mitigation strategies to address the escalating subsidence crisis in the
Eshtehard Plain.
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