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One of the consequences of an earthquake can be changes in elevation
levels or roughness in the area of earthquake occurrence. These
changes will not be the same throughout the region and their rate will
be affected by several factors such as earthquake severity, landforms
and land type, and geological structure. The aim of this research is to
measure geomorphometric changes caused by the earthquake on
February 18, 2021, in the city of Dena using the Differential Radar
Interferometry (DINSAR) technique. To achieve this goal, two
Sentinel-1 satellite images (before and after the earthquake) were
obtained from the European Space Agency (ESA) Sentinel Hub
website. Then, data processing and analysis were implemented via the
DInSAR technique. The interferogram image shows that after the
earthquake on January 18, 2021, a part of the study area was affected
by upward elevation changes of 0.11 cm and downward changes of 0.6
cm displacement. These positive changes (upwards) near the epicenter
of the earthquake in East Dena are more noticeable, and the negative
changes (downwards) with the KhersanRud valley are quite evident.
Additionally, these changes have special irregularities in the areas with
differences in geological structures, formation, and faults.
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Introduction

Earthquakes are one of the most important natural events that have always caused
deformation on the surface of the earth, from the distant past to the present. The
consequences of this natural phenomenon have prompted humans to think about ways to
control and reduce damages during and after their occurrence. Today, many researchers in
earth sciences, including geomorphologists, are trying to reduce the risk for construction
activities in earthquake-affected areas by accurately identifying and measuring
geomorphometric changes. This is particularly important due to the high costs of
construction projects. By investigating the changes in the earth's surface after an earthquake,
it is possible to identify areas that are prone to upward or downward changes and minimize
the potential for irreparable physical and financial events. With the advances in modern radar
remote sensing technologies and the various capabilities of this technology, Differential
Radar Interferometry (D-INSAR) has become an efficient tool with easy accessibility for
studying and monitoring trends in geomorphology, morphotectonics, and morphometric
phenomena (Eftekhari et al., 250:1396). This capability has been recognized and utilized by
many geoscientists in the past decade, and its results have been significant. Geoscience
specialists have used this technique in the past decade, and sometimes in recent years, to
detect and analyze geomorphometric changes in different regions (Saed et al., 2022; Cherian,
2022; Zhu et al., 2022; Shi et al., 2022; Hou et al., 2022; Wang et al., 2021). In this study,
an attempt has been made to detect and analyze geomorphometric changes caused by the
earthquake that took place on February 18, 2021, in the city of Dena. This was done using
the Differential Radar Interferometry (DINSAR) technique and utilizing Sentinel-1 SAR
data.

Data and methods

The city of Sisakht is the capital of Dena located in Kohgiluyeh and Boyerahmad province,
35 km northwest of Yasuj, with the bounding latitudes of 51 degrees 3 minutes to 51 degrees
east and longitudes of 36 degrees 38 minutes 31 degrees north to 13 minutes north. Two
series of Sentinel-1 images pertaining to the study area were acquired before and after the
earthquake on 08/02/2021 and 21/21/2021, respectively. To analyze the available data, the
capability of two software, SNAP and SARscape extension in ENVI15.3 environment, was
used in three steps, according to the necessity of different stages of research: The first step:
The main parameters of the master and slave images were calculated in SARscape.The
second step: To determine the coherence between images, SNAP software was used. The
specifications of the master and slave images in SNAP software environment are shown in
Figure 7. The third step: Removing geometric and topographic errors by applying the
filtering of the fault due to atmospheric and radiometric effects and showing the actual phase
of the displacement .Given that the unit of measurement of the interferographic fringes is n2
and varies between +2.5 in the regions where the fringes are approaching each other, the
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more intense the displacement and the greater the distance, the less displacement has been
taken. To soften and open the fractures between the fringes, phases of the Snaphu
intermediary software are formed (10). Next, an unwrapping map using the conceptual
relationship given by Davoodpour (2019) was performed, and the phases difference to
vertical displacement of metric system and displacement map was generated.

Results and Discussion

In terms of geomorphology, the study area can be divided into three sections within a
mountain mass characterized by compact roughness. The eastern highlands consist of cliffs
and slopes that are visible at the base, while the western slopes are relatively gentler
compared to the eastern slopes. The valleys predominantly exhibit V-shaped forms, with
evident landslides and muddy liquefaction on the slopes. The central part of the area contains
the Khersan River network which is situated in a syncline bed. The morphology of the
riverbed varies from north to south (see figure 12). Various geomorphometric changes have
been identified, including :Geomorphometric changes derived from radar differentiation
maps (northwest to southeast). The findings confirm changes in elevation levels ranging
from +0.11 to -0.5 cm in Dena city following the earthquake (see figure 13).
Geomorphometric changes derived from radar differential maps (west to east direction). The
diagrams obtained from the studied area indicate that geomorphometric changes from west
to east are relatively more consistent compared to the northwest to southeast direction.
Description of geomorphometric changes based on geological conditions. According to the
Sishakht geological map, the study area is part of the folded Zagros area and the high
Zagros zone, which includes deposits of sandstone from the Balon Formation, as well as
silty sand, mila, and marl limes (see figure 14).

Conclusion
The aim of this research is to measure geomorphometric changes caused by the earthquake

on February 18, 2021, in the city of Dena using the Differential Radar Interferometry
(DINSAR) technique. To achieve this goal, two Sentinel-1 satellite images (before and after
the earthquake) were obtained from the European Space Agency (ESA) Sentinel Hub
website. Then, data processing and analysis were implemented via the DINSAR technique.
The interferogram image shows that after the earthquake on January 18, 2021, a part of the
study area was affected by upward elevation changes of 0.11 cm and downward changes of
0.6 cm displacement. These positive changes (upwards) near the epicenter of the earthquake
in East Dena are more noticeable, and the negative changes (downwards) with the
KhersanRud valley are quite evident. Additionally, these changes have special irregularities
in the areas with differences in geological structures, formation, and faults.

Keywords: Geomorphometric, Interferometry, Radar Differential Interferometry, Severe
earthquake, Dena.
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Nomal Baseline (m) = -18.939 Critical Baseline min - max(m) = [-5002.163] - [5002.163] |
Range Shit pixels) =4815 -
Azimuth Shit (pixels) = -10.146

}sm Range Distance (m) = 824341080
(Absoh.le Tl;\e Baseline (Days) = 12
?Doppier Centroid diff. (Hz) = -8.393

|
Crtical min-max (Hz) = [436.486)] - [436.486] %
[2 PI Ambiguty height (InSAR) (m) = 672.520 \
[2P1 Ambiguty dsplacement (DInSAR) fm) = 0.028 \
\J Pixel Shift Ambiguty height (Stereo Radargrammetry) (m) = 56491.675 J
|
|
|
;
|

i] Pixel Shift Ambiguity displacement (Ampltude Tracking) (m) = 2.330
i'illaster Incidence Angle =33.858 Absolute Incidence Angle difference = 0.001
iPav potentially suited for Interferometry, check the precision plot
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