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Qeshm Island, as the largest island in the Persian Gulf and a part of the Zagros
fold-and-thrust belt, represents a unique geodynamic environment where natural
geological processes, such as salt diapirism and active tectonics, intersect with
intense anthropogenic pressures from groundwater over-extraction. This study
quantitatively analyzes land surface deformation on the island between 2022 and
2024 using Interferometric Synthetic Aperture Radar (InSAR) time-series
analysis on a dataset of 39 Sentinel-1 images. The methodology is based on the
Short Baseline Subset (SBAS) algorithm to derive the vertical displacement rate
map and deformation time series. The findings reveal two distinct spatial
patterns: a localized and significant uplift zone in the west with a maximum rate
of +7.5 cm/year, attributed to salt dome activity, and two widespread subsidence
bowls in the central and eastern regions with a maximum rate of -11.5 cm/year.
Time-series analysis of specific points of interest confirms the direct correlation
between subsidence and groundwater level decline through the identification of
seasonal oscillations. Furthermore, the results indicate that existing fault
structures play a crucial role in controlling the spatial pattern of subsidence. This
study highlights the capability of InSAR technology for geohazard monitoring,
provides a critical warning regarding risks to infrastructure and increased coastal
flooding hazards on Qeshm, and underscores the necessity for sustainable water
resource management.
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Extended Abstract

Introduction

Land subsidence is recognized as a prominent
geohazard, particularly in arid and semi-arid
regions where anthropogenic activities
intersect with complex geological structures.
In Iran, this phenomenon has escalated into a
national crisis, threatening urban
infrastructure, agricultural productivity, and
ecological sustainability. Qeshm Island, as the
largest island in the Persian Gulf and a part of
the Zagros fold-and-thrust belt, serves as a
prime example of these conditions. The island
faces a significant land subsidence challenge
due to its unique geological features, such as
active tectonics and salt diapirism, combined
with rapid population growth and the over-
extraction of groundwater resources.

Methodology

This study employs Differential
Interferometric Synthetic Aperture Radar
(DInSAR) and time-series analysis using the
Short Baseline Subset (SBAS) technique to
derive the land surface deformation field. For
this purpose, a dataset of 39 Sentinel-1
satellite radar images, acquired by the
European Space Agency between 2022 and
2024, was utilized. The images were obtained
as Single Look Complex (SLC) data in the
Interferometric Wide Swath (IW) mode with
VV polarization. Additionally, a 30-meter
resolution Digital Elevation Model (DEM)
was used to remove the topographic
contribution from the interferometric phase.
The data processing workflow consisted of the
following steps:

e Interferogram Formation: Precise co-
registration of Master and Slave
images, followed by the complex
multiplication of the Master signal
with the complex conjugate of the
Slave signal.

e Topographic Phase Removal:
Utilization of the DEM to create a
differential interferogram.

e Phase Unwrapping: Application of
the Minimum Cost Flow (MCF)
algorithm to resolve phase ambiguity.

e Phase-to-Displacement Conversion:
Conversion of the unwrapped phase
to line-of-sight (LOS) displacement

and subsequently to  vertical
displacement.

e Time-Series Analysis:
Implementation of the SBAS method
and Singular Value Decomposition
(SVD) to calculate the temporal
evolution of displacement and
mitigate atmospheric errors.

Results and Discussion

Through the InSAR time-series analysis, a
map of the mean annual vertical displacement
rate for Qeshm Island was generated for the
2022-2024 period. This map reveals complex
spatial patterns of surface deformation,
characterized by two primary phenomena:
subsidence and uplift. The results indicate that
extensive areas in the central and eastern parts
of the island are experiencing subsidence,
whereas a distinct and localized uplift pattern
is observable in the western part. The most
severe subsidence rate, at -11.5 cm/year, is
concentrated in the eastern region, which
corresponds to urban and agricultural areas
with a high density of water wells.
Conversely, the western part of the island
exhibits a significant uplift rate of up to +7.5
cm/year, indicating a powerful and active
geological process. To better understand the
temporal behavior of the deformation, the
cumulative displacement time series for three
points of interest (POls) from different zones
were extracted. The POI in the center of the
uplift zone shows a nearly linear uplift trend,
consistent with a stable and continuous
geological process such as salt diapirism. In
contrast, the POI in the severe subsidence
bowl exhibits not only a strong linear
subsidence trend but also distinct seasonal
oscillations. These fluctuations clearly
correlate with the annual hydrological cycles:
during wet seasons, the subsidence rate
decelerates or even shows slight uplift due to
reduced groundwater extraction and increased
recharge, while it accelerates during dry
seasons. This behavior confirms the direct link
between subsidence in this area and
groundwater  exploitation.  Furthermore,
spatial analysis reveals a significant
correlation between the boundaries of the
main subsidence bowls and the trends of
existing faults, suggesting that these
geological structures act as hydrodynamic and
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structural barriers, creating distinct tectonic
blocks.

Conclusion

This research utilized advanced InSAR time-
series techniques to conduct a quantitative and
qualitative  analysis of land surface
deformation on Qeshm Island from 2022 to
2024. The results present a comprehensive
picture of a complex and active geodynamic
environment where natural and anthropogenic
processes are concurrently shaping the land
surface at varying intensities. The key
findings include the identification of two
dominant deformation patterns: a localized
and severe uplift zone in the west with a
maximum rate of +7.5 cm/year, and two
extensive subsidence bowls in the central and
eastern parts with a maximum rate of -11.5
cm/year. The observed uplift is almost
certainly caused by salt diapirism, whereas the
widespread subsidence and its seasonal
oscillations in the time series confirm a direct
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