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Research Topic: This study investigates land subsidence trends in the
southwestern region of Tehran, Iran, where overextraction of groundwater
combined with prolonged drought has triggered severe and accelerating ground
deformation. Given the critical implications for infrastructure stability and water
resource sustainability, this research aims to analyze the spatial and temporal
patterns of subsidence in this area using advanced geodetic techniques..

Objective: This study investigates the rate and trend of land subsidence in the
southwest of Tehran Province during the years 2014 to 2017. The main objective
is to analyze ground surface changes and to examine the impacts of excessive
groundwater extraction in this region, which has become one of the most critical
plains in the country.

Method: A time-series analysis was conducted using Sentinel-1A Synthetic
Aperture Radar (SAR) data processed with the Small Baseline Subset (SBAS)
INSAR technique for the period from October 2014 to March 2017. To validate
the InSAR-derived displacement results, GNSS data from the Varamin station
were used. The analysis focused on vertical ground movements to quantify the
rate and extent of subsidence in the study area.

Results: The findings reveal that the maximum subsidence rate reached 174
mm/year along the satellite’s line of sight, corresponding to 227 mm/year in the
vertical direction. The GNSS data confirmed the reliability of the INSAR results,
despite minor spatial scale differences between the two datasets. The most severe
subsidence was recorded in the Shahriar and Eslamshahr regions, where
uncontrolled groundwater extraction has led to critical ground deformations
threatening urban infrastructures, roads, and pipelines. The observed subsidence
pattern correlates strongly with the spatial distribution of groundwater pumping
wells and agricultural water consumption, exacerbated by consecutive drought
periods.

Conclusions: This study highlights the alarming rate of land subsidence in
southwestern Tehran and underscores the urgent need for continuous geodetic
monitoring combined with groundwater management strategies. Without effective
intervention, the ongoing depletion of aquifers will likely lead to irreversible
ground deformation and significant socio-economic and environmental risks. The
integration of INSAR time-series analysis with ground-based GNSS observations
provides a robust framework for assessing and mitigating land subsidence hazards
in vulnerable urban and peri-urban areas.
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Extended Abstract

Background and Motivation

Groundwater depletion has emerged as one of the most critical environmental and socio-economic
challenges in Iran, where rapid population growth, agricultural expansion, and consecutive droughts
have placed severe pressure on aquifers. Southwestern Tehran, encompassing the Shahriar,
Eslamshahr, and Robat Karim regions, is among the most severely affected areas. Persistent
groundwater overexploitation has triggered alarming land subsidence rates that pose direct threats to
infrastructure, water resources, and sustainable urban development. Previous studies documented this
phenomenon mostly prior to 2010, leaving a knowledge gap regarding more recent subsidence patterns
and their drivers. This study aims to address this gap by employing advanced geodetic techniques to
provide an updated and comprehensive assessment.

Objectives
The primary objective of this research is to quantify the spatial and temporal patterns of land
subsidence in southwestern Tehran during the period 2014-2017. Specifically, it seeks to:
1. Estimate annual subsidence rates using Sentinel-1A radar imagery and the Small Baseline
Subset (SBAS-INSAR) method.
2. Validate satellite-derived measurements against Global Navigation Satellite System (GNSS)
observations from the Varamin station.
3. Examine the relationship between subsidence trends, groundwater extraction, and
precipitation events to better understand the interplay between anthropogenic and natural
drivers.

Data and Methodology

A dataset of 21 Sentinel-1A radar images acquired between October 2014 and March 2017 was
processed using the SBAS-INSAR technique to generate a time series of ground displacements.
Atmospheric phase delays were corrected using ERA-Interim meteorological parameters, while
topographic contributions were removed via Shuttle Radar Topography Mission (SRTM) digital
elevation data. GNSS daily positioning data from the Varamin station were analyzed with the
GAMIT/GLOBK software and used for cross-validation of InSAR-derived results. Finally, rainfall
records from the Shahriar station were compared with the subsidence time series to detect correlations
with episodic uplift.

Key Findings

e The maximum detected subsidence reached 174 mm/year along the satellite line-of-sight,
equivalent to 227 mm/year in the vertical direction, indicating severe ground deformation.

e The most intense subsidence was observed in Shahriar and Eslamshahr, where agricultural
groundwater extraction is most concentrated.

e GNSS observations showed a subsidence rate of ~9.6 mm/year at the Varamin station,
consistent with the broader INSAR-derived deformation trends but lower due to the point-scale
nature of GNSS measurements.

e Time-series analysis revealed six distinct uplift events exceeding 50 mm, occurring after
rainfall episodes greater than 20 mm. These temporary uplifts reflect short-term aquifer
recharge but remain insufficient to counterbalance long-term subsidence driven by continuous
overextraction.

e Spatial correlation between subsiding zones and groundwater well density confirms that
anthropogenic water use is the dominant cause of land deformation.

Conclusions and Implications

This study demonstrates that land subsidence in southwestern Tehran has reached critical and
unsustainable levels, threatening urban infrastructure, transportation networks, and natural resources.
The integration of SBAS-INSAR with GNSS validation proved effective in capturing both large-scale
deformation and local variations, offering a reliable monitoring framework. The results highlight the
urgent need for:

e Continuous geodetic monitoring using INSAR and GNSS time series.
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e Comprehensive groundwater management strategies aimed at reducing overextraction.

e Incorporation of land deformation risks into urban planning and infrastructure design.
Without timely intervention, the continuation of current groundwater use practices will lead to
irreversible ground deformation, severe environmental degradation, and escalating socio-economic
risks. This research thus provides essential insights for policymakers, urban planners, and
environmental managers seeking to mitigate the impacts of subsidence and promote sustainable water
resource management in Tehran and comparable urbanized basins.
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