Military Science and Tactics @

Prire (524 J008- 191y

hatps:/ /Www.aimstir e (S50 43)0-2670

Investigating the Effects of Bombardment of Cities on

the Displacement of the Earth's Surface Using DINSAR

(Case Study: Gaza City, Before and After the Al-Aqgsa
Storm Operation)

Ehsan Moradi Motlagh' | Khalil Didehban? | Maryam Davud
baharvandi®
Abstract

Background and Objective: This research aimed to compare the
vertical displacement of the earth's surface using DINSAR obtained
from the processing of radar images of the Sentinel-1A satellite in the
period of 168 days before and 108 days after the Al-Agsa storm
operation by the Palestinians.

Avrticle type:
Research Article

Article history:

Received Methodology: For this purpose, 2 radar images for before and one
. for after the operation were used. All steps of creating DInNSAR and
6 April 2024 calculation of ground surface displacement were done in SNAP

Received in revised form
13 December 2024
Accepted

21 May 2025

Published online

software.

Findings: The results indicated that the maximum vertical
displacement of the ground surface in places and structures before
and after the operation was 5. 06 cm and 22. 67 ¢cm, and for roads - 6.
4 cm and 13. 25 cm, respectively. Also, the vertical displacement of
the earth's surface after this operation increased from the south to the
north of Gaza, which indicated the more intense bombing of the
middle and northern areas of Gaza. The displacement speed of the

earth's surface (mm/day) after the operation is about 4 times than
before, while the time period after the operation is 60 days less than
before of it.

Conclusion: This research demonstrates the ability of satellite
remote sensing methods to monitor damages of cities and their
infrastructures due to bombings in the least cost and time.
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Investigating the Effects of Bombardment of Cities on the

Displacement of the Earth's Surface Using DINSAR (Case Study:

Gaza City, Before and After the Al-Agsa Storm Operation)
Extended Abstract

Background and Objective:

One of the cases that must be constantly monitored in cities and their vital and important
infrastructures is the values of land subsidence (Asadzadeh et al. , 2016). Some factors that cause
Earth's surface movement are natural, such as tectonics and earthquakes, while others are the
result of human intervention, such as excessive extraction of water and oil from underground,
and even wars (Boloorani et al. , 2021; Karimzadeh & Matsuoka, 2020). One of the methods that
has proven to be economical and time-saving in environmental science studies is the using of
various satellite remote sensing resources and GIS techniques (Moradi Motlagh, 2016). In recent
years, radar interferometry techniques using data from satellites carrying active radar sensors
have been used in identifying and measuring changes in the Earth's surface (Osmanoglu et al. ,
2016). Given the importance of radar satellite images, especially free images from Sentinel-1
satellites, in identifying land surface changes, this research attempts to investigate the land
surface displacements caused by the bombing of Gaza City during the period of about 6 months
before (May 21, 2023 to November 5, 2023) and about 4 months after the bombing of Gaza City
(November 5, 2023 to February 21, 2024) using the Differential Interferometry Synthetic
Aperture Radar (DINSAR) method and to determine the extent of this surface change in
buildings, cities, and transportation routes.

Methodology:

Study Area:

Gaza is a small, narrow strip (141 square miles) that has width around 6 to 12 kilometers (Figure

).
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Figure 1. Study area

Data resources:

All vector maps of Gaza city were obtained from the UN Humanitarian Data Exchange (HDX)
website. To produce DInSAR images before and after Al-Agsa Storm Operation, the IW data
type and VV polarization of the European Space Agency's Sentinel-1A satellite in ascending
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mode were used. Two radar SLC images are from before of Gaza City bombardment time (May
21, 2023 to November 5, 2023), and the third image is for February 21, 2024. The SRTM 1 Sec
HGT digital elevation model used to eliminate the phase error resulting from the terrain
topography.

Methods:

This study is an applied research and the terrain surface displacement was calculated according
to the flowchart illustrated as Figure (2). All processing related to these calculations was
performed in the free SNAP software environment using the TOPS algorithm developed by the
European Space Agency (ESA). According to this algorithm, for both SLC images, the selection
of polarization (VV) and IW (IW1) and Bursts (2-6) were performed (Split stage). In the next
step, the orbital information of the two images was extracted (Apply Orbit File stage). Then, the
two master and slave images were geometrically registered (Back Geocoding) using the one-
second SRTM digital elevation model. Azimuth and range estimation were also performed using
the Enhanced Spectral Diversity algorithm stage. To produce a radar interferogram, the master
image was cross-multiplied with the complex conjugate of the slave image (Interfrogram stage).
The created interferogram image has lines without data, which are removed in the Deburst stage.
The phase error resulting from the topography of the terrain was removed using the 1-second
SRTM DEM and a DInSAR image was created (Topographic Phase Removal stage). At first a
multilooking filter (multi-looking stage) and then a Goldstein Phase Filter (Goldstein Phase
Filter) were applied to reduce the noise of the generated DINSAR image,
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Figure 2. Methodology flowchart

The DINSAR image was cropped within the study area (Subset stage) and then the phase
unwrapping step was performed (SNAPHU Unwrapping stage). The phases of the unwrapped
DInSAR image were converted to terrain surface displacement in meters (Phase to Displacement
stage). This operation is theoretically possible from equation (1) (Pawluszek-Filipiak &
Borkowski, 2020).

Equation. 1
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Where d is the displacement of the terrain's surface in meters, A is the wavelength used in the
satellite in meters, A@ is the phase difference between the two radar images (SLCs). The
calculated displacement was along the sensor's line of sight, which was converted into vertical
terrain surface displacement using the terrain geometry in a DEM, and finally terrain corrections
(Terrain Correction of Displacement) and georeferencing was performed on it (ESA, 2020).
Findings:

Table (1) indicates som statistics aroun vertical displacement of the terrain surface before and
after the bombing of Gaza City.

Table 1. minimum, maximum, and average vertical displacement of the terrain
surface before and after the bombing of Gaza City

Standard ; ini i
Days Deviations Average Maximum Minimum Time
Befor of
168 2.12 3.77 7.08 -15.23 bombardment
After of
108 2.87 10. 99 24. 28 -1.27 bombardment

By comparing DINSAR images before and after the Al-Agsa Storm Operation, it can be seen
that the mild phase changes that existed in the cities before the operation intensified afterwards,
resulting in an increase in the amount of displacement in the study area. The results indicted the
rate of vertical uplift increases from the southwest to the northeast of Gaza, and this could
indicate more bombing and destruction of the northern and central areas of study area.
Conclusion:

The results indicated the maximum displacement on the terrain surface was 7. 08 cm and 24. 28
cm before and after the operation, respectively; while some large earthquakes do not cause such
vertical displacement on the terrain surface. One of these earthquakes was the 6. 5 magnitude
earthquake in Norcia, Italy on October 30, 2016; the vertical displacement values of this
earthquake were reported to be -20 to 20 cm (Valerio et al. , 2018). The average of terrain
subsidence before and after Al-Agsa Storm Operation in Gaza structures and places had a
difference of approximately 18 centimeters. The vertical displacement rate of the terrain surface
in places/structures, roads, and the entire study area after the operation was calculated to be
approximately 4 times that before the operation, while the time interval after the operation is 60
days less than before. The trend of increasing land terrain displacement in Gaza is such that the
amount of upward displacement of the land terrain increases towards the northern regions. The
results of this study also indicated mosques and tall buildings experienced greater vertical
displacement during these bombings. The accuracy of vertical displacement calculations would
have been improved if a unwrapped phase interferogram had been used instead of the 1-second
SRTM digital elevation model. For this purpose, it is recommended that researchers use the
three-pass radar interferometry method in their future research for urban environments.

Keywords: subsidence, DInSAR, Gaza, Sentinel-1, destruction of war
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