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As one of the key factors causing changes in the Earth's altitude, earthquakes can
lead to subsidence or uplift in different areas. These changes are mainly caused
by the displacement of tectonic plates, movement along faults and changes in
pressure deep within the Earth. The type of fault and the conditions of the
earthquake determine whether uplift or subsidence occurs. Monitoring and
examining these changes is of great importance for crisis management and relief,
improving urban planning, and reducing environmental damage. To study
changes in the Earth's surface, various methods are used, including accurate
alignment, global positioning systems, laser scanning, and remote sensing, each
of which has a specific accuracy and characteristic. Nowadays, satellite data and
remote sensing methods are an efficient tool for calculating the vertical
displacement of the Earth's surface. This study investigated the potential of
Sentinel-1 satellite data and images to study land surface changes due to the 5.6-
magnitude Khoy earthquake using the radar differential interferometry technique.
Processing the radar images before and after the earthquake allowed us to extract
the vertical displacements of the phase changes. The results show uplift and
subsidence occurring in some areas close to the epicentre and in more distant
places. The maximum uplift was 0.08 metres and the maximum subsidence was
-0.156 metres. These results demonstrate the non-uniform pattern of land surface
elevation changes caused by this earthquake.

Introduction

Changes in the Earth's surface elevation,
and uplift,
widespread consequences for the environment,

including  subsidence

imagery has significantly enhanced researchers'
ability to monitor subsidence phenomena
associated with seismic events. To this end,
various studies have been conducted,

have

infrastructure, and human life. Earthquakes are
among the most significant factors influencing
elevation changes, as they cause sudden
subsidence or uplift due to the displacement of
crustal layers. These changes, in addition to
causing economic losses, can lead to
humanitarian disasters. Estimating elevation
changes caused by earthquakes is a crucial
research area that relies on advanced remote
sensing  techniques,  particularly  radar
interferometry. The advent of Sentinel-1 satellite

demonstrating that this method is capable of
detecting and quantifying ground movements
with high accuracy, playing a vital role in
analyzing surface  deformations  after
earthquakes. In this context, Maleki et al. (2023)
investigated the extent of land subsidence caused
by the November 2017 earthquake in western
Kermanshah. They reported vertical
displacements ranging from -41.72 to -42.99 cm
and measured the average annual uplift rate in
the satellite's line of sight between 17.53 and
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34.53 cm. Similarly, Mohammadhasani et al.
(2023) examined surface changes following the
6.1-magnitude earthquake on January 7, 2022, in
the coastal region of the Persian Gulf,
particularly in Bandar Khamir. They reported a
maximum uplift of 14 cm around Bandar Khamir
and a maximum subsidence of 12 cm near
Bandar Charak. Continuing these investigations,
another study analyzed the geomorphic changes
induced by a 5.6-magnitude earthquake in
Sisakht (Dana City), revealing a maximum uplift
of 0.11 meters and a maximum subsidence of 0.6
meters following the event.

Materials and Methods

In this study, the Differential Radar
Interferometry technique was used to analyze
vertical land surface changes in Khoy City
following an earthquake. Sentinel-1 satellite
images were utilized for this purpose, with one
image selected as the Master (pre-earthquake)
and another as the Slave (post-earthquake). Data
processing was performed using SNAP
software, which included coregistration,
interferogram generation, topographic phase
removal, phase unwrapping, and phase-to-
displacement conversion. The DInSAR analysis
successfully  identified  vertical  ground
displacement with high precision. The images
used in this study:

S1A IW_SLC__1SDV_20230322T030125
20230322T030152_047751_05BC88_ACEL.S
AFE

S1A_IW_SLC__1SDV_20230403T030125_
20230403T030152_047926_05C260_24D7.SA
FE.

Results and Discussion

The Differential Interferometric Synthetic
Aperture Radar technique revealed significant
vertical ground displacement in the city of Khoy
following the earthquake in March 2023.
Analysis of Sentinel-1 satellite images revealed
a pattern of ground displacement, highlighting
areas of subsidence and uplift within the
earthquake-affected region. The maximum

recorded subsidence was -0.127 metres, while
the maximum uplift was 0.07 metres. The
heterogeneous distribution of these changes
suggests that local geological formations, fault
activity and tectonic stresses played a significant
role in shaping the pattern of ground
displacement. To improve visualisation and
interpretation of the results, the processed data
were integrated into Google Earth (Figure 5c),
providing a more comprehensive assessment of
ground changes. Furthermore, displacement
charts comparing Salmas and Khoy (Figure 7)
showed that the earthquake's effects were also
felt in Salmas, clearly illustrating the extent of
the ground changes. The histogram analysis
(Figure 6-a) revealed that subsidence was
predominant in the study area, with the dominant
displacement values confirming the presence of
zones with varying changes. Furthermore, the
scatter plot (Figure 6-b) indicated a negative
correlation  between  displacement  and
coherence, meaning that areas with significant
changes exhibited lower coherence. Finally, the
study area was classified into 8 classes (Figure
8), and the area of each class was calculated to
enable a more detailed analysis. These findings
highlight the importance of continuous, remote-
sensing-based monitoring in improving our
understanding of seismic hazards and
developing effective strategies for mitigating
earthquake risk.

Conclusions

This study clearly demonstrated the high
capability of the Differential Radar
Interferometry  technique  for  analysing
earthquake-induced land surface changes when
utilising Sentinel-1 satellite imagery. The
research revealed that the April 2023 earthquake
in Khoy City caused significant terrain
alterations, including uplift and subsidence in
areas evidently influenced by crustal
displacement and fault activity. Such data once
again highlight the importance of continuous
land deformation monitoring for a deeper
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understanding of seismic phenomena and the
mitigation of potential hazards. DINSAR, due to
its ability to detect millimeter-scale surface
changes without the need for extensive field
surveys, enables accurate and cost-effective
monitoring of earthquake-affected areas.
However, integrating radar data with field
observations and Global Positioning System
(GPS) measurements can enhance the accuracy
and reliability of results, leading to a more
profound understanding of how the Earth's crust
responds to tectonic stresses. Furthermore, long-
term studies aimed at assessing the gradual
deformation of land in seismically active regions
not only contribute to a better understanding of
seismic effects but also provide a scientific
foundation for hazard prediction and risk
management. The findings of this study, besides
offering a clear depiction of the recent
earthquake's impact, emphasize the need for
more precise planning and further research in the
field of earthquake-related hazard management.
This information can be instrumental in high-
level decision-making, including the
development of earthquake-resistant

infrastructure, urban planning, and the
optimization of early warning systems.

Using advanced algorithms such as Persistent
Scatterer Interferometry can lead to more precise
analyses, especially in regions experiencing
complex deformations. By reducing
environmental noise and enhancing
measurement accuracy, these methods enable
the detection of gradual crustal movements.
Additionally, the development of machine
learning and artificial intelligence-based models
can optimize data analysis and provide more
accurate predictions of ground displacement
patterns. Thus, the integration of cutting-edge
technologies plays a crucial role in mitigating
earthquake-related damages. This  study
demonstrated that remote sensing and radar data
significantly facilitate the monitoring of
seismically active regions and may serve as a
foundation for the development of crisis
management systems. It can be concluded that
analyzing earthquake-induced deformations and
improving analytical methods are vital steps
toward reducing seismic risks and enhancing
resilience against this natural disaster.
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