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An earthquake with a seismic moment magnitude of Mw 6.8
occurred in Bengkulu province, located on the southwestern coast
of Sumatra, on August 18, 2020. This study aims to assess the
application of the differential interferometric synthetic aperture
radar (DInSAR) method to detect and analyze coseismic
deformation due to this earthquake using the Sentinel-1A radar
satellite. The results of the DINSAR did not yield significant
coseismic signals with the range of Line of Sight (LOS)
displacement of ~-40 mm to ~40 mm. The InSAR data did not
detect clear deformation patterns or displacements associated with
the August 18, 2020 earthquake. Further investigations are
needed to understand the limitations of INSAR in detecting
coseismic signals for this specific event. Integrating these datasets
can provide a more comprehensive understanding of the
earthquake source, fault characteristics, and associated
deformation patterns.

Keywords: Bengkulu earthquake, Deformation, Coseismic, InSAR,
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INTRODUCTION

The island of Sumatra, Indonesia, is
located along the convergent boundary
between the Indo-Australian Plate and
the Sunda Plate, and the interaction
between the two plates causes seismic
activity. The region has experienced
numerous  earthquakes  throughout
history, including the devastating 2004
Aceh earthquake (Tanioka et al., 2006;
Vigny et al., 2005) and the 2010
Mentawai earthquake (Ardika et al.,

2015). These events highlighted studies

on earthquake mechanisms, deformation
tectonics, and the associated risks.

Recent advancements in geodetic
techniques have provided valuable tools
for studying and monitoring earthquake
events. Assessment of earthquake
coseismic displacement using the Global
Navigation Satellite System (GNSS)
(e.g., Alif et al., 2021; Anggara et al.,
2024) and Interferometric Synthetic
Aperture Radar (InSAR) (Meilano et al.,
2021; Alif et al, 2024) are two

prominent methods used to measure
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crustal deformations associated with
earthquakes. GNSS is one of the precise
measurements of ground displacements,
while InSAR provides high-resolution
interferograms for mapping surface
displacements (Albano et al., 2018;
Anggara et al., 2023; Fang et al., 2019;
Natadikara et al., 2023; Zhao et al.,
2018).

Interferometric synthetic aperture radar
(INSAR) is a powerful technology for
measuring the complexity of earthquakes
in spatial dimensions. It gives more
precise information about  the
consequences of significant earthquake
(Li et al, 2021).
Furthermore, the use of Sentinel-1

displacement

satellite data, known for spatial
resolution and frequent times, is accurate
and timely ground observations (Yang et
al., 2019).

On August 18, 2020, an earthquake with
a magnitude of Mw 6.8 in Bengkulu
province located on the southwestern
coast of Sumatra. These results are based
on the processing using Sentinel 1A data
with the method Differential
Interferometry Synthetic Aperture Radar
(DINSAR). The study aims to analyze
the coseismic displacement resulting

from the Bengkulu earthquake and
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assess its impact on the region using the
DINnSAR method.

MATERIALS AND METHODS

In this study, We used Sentinel 1A from
ascending and descending  tracks
covering the study area, which were
processed using the DINSAR method to
determine the Bengkulu earthquake on
August 18, 2020 (Figure 1). Processing
using two pairs of images, namely the
master and slave images, with acquiring
images before and after the earthquake
to estimate the coseismic phase of the
earthquake. The DInSAR processing
uses GMTSAR software (Sandwell et
al., 2010).

includes

Generally,  processing

preprocessing,  alignment,
interferometry, filter/snap, and geocode
stages. Image coregistration or image
coregistration is a process that combines
two SAR images consisting of a master
and slave image into one layer.

The process of forming an interferogram
is carried out after going through the
image coregistration stage by
multiplying the master image with the
complex conjugate of the slave image.
The coherence value in images ranges
from 0-1; the higher the coherence
value, the more identical the images are,

and the highest coherence value is one
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which indicates that the images are
identical, while the lower the value is
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closer to 0, the more non-identical the

pair of image.

Figure 1. Location map of earthquake August 18 2020. The red star represented the

epicentre of the earthquake in Bengkulu. Red beachball is the focal mechanism

(Dziewonski et al., 1981). The Brown line represented the Fault of Mentawai Fault and
Sumatran Fault Zone (PuSGeN, 2017)

In the DINSAR processing stage, the
topography and filtering phases are
removed. Topographic phase removal is
carried out using SRTM 1-Arcsec DEM
to remove topographic effects so that
this  process leaves displacement,
atmospheric, and noise information. The
filtering process was carried out using
the advanced Goldstein filter method

(Goldstein, 1998). Phase unwrapping

changes the phase difference value of the
master image and slave image into a
deformation value (line of sight). The
unwrapping process uses the SNAPHU
algorithm (Chen & Zebker, 2002). Line
of Sight (LOS)

calculated using the following equation.

displacement is

BA
LOS diplacement = ——

—dr
Where 6 is the unwrapped phase

difference, A is the wavelength of the
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Sentinel-1 satellite sensor (0.056 m). The
1 (Single Look
Complex) image data used was in the
after  the

Sentinel-1A  level
acquisition  before and
Bengkulu earthquake on August 18,
2020, with the

Descending satellite directions, each

Ascending and

image pair was used in the process of
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determining the data that will be used as
master and slave. In each image pair in
Table 1. This study used 14 images that
produced interferogram and line of sight
(LOS) displacement images due to
coseismic earthquakes. Figure 2 shows
the image acquisition footprint of

sentinel 1A.

Table 1. Sentinel 1 image data acquisition

No Satellite mission Accltlijrﬁét'on Orbit [;gte(e (itlli(t)en

1 Sentinel 1A 16/08/2020 91 Descending
2 Sentinel 1A 28/08/2020 92 Descending
3 Sentinel 1A 11/08/2020 18 Descending
4 Sentinel 1A 23/08/2020 18 Descending
5 Sentinel 1A 11/08/2020 18 Descending
6 Sentinel 1A 23/08/2020 18 Descending
7 Sentinel 1A 15/08/2020 69 Ascending
8 Sentinel 1A 27/08/2020 69 Ascending
9 Sentinel 1A 15/08/2020 69 Ascending
10 Sentinel 1A 27/08/2020 69 Ascending
11 Sentinel 1A 15/08/2020 69 Ascending
12 Sentinel 1A 27/08/2020 69 Ascending
13 Sentinel 1A 08/08/2020 142 Ascending
14 Sentinel 1A 20/08/2020 142 Ascending

Figure 2. Acquisition of Sentinel-1A image data (a) ascending satellite direction (b)

descending satellite direction
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RESULTS AND DISCUSSION

In the coherence results, many areas
have low values because the vegetation
conditions are very dense, which affects
the coherence results (Alif et al., 2023).
High coherence values are defined with
white colour values, while low
coherence values are defined with black
colour values. The decorrelation of
interferometric signals is caused by
differences in conditions between two
SAR data acquisitions. These conditions
include changes in the field's topography

and atmospheric conditions (Amani et
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al.,  2021). Another  factor is
decorrelation due to the addition of
changes in the dielectric characteristics
of scattering due to temporal factors and
geometric factors of baseline
decorrelation contained in the formation
of interferograms using the DInSAR
method (Jacob et al., 2020). Low
correlation values are usually caused by
the large amount of vegetation in the
area (Suresh & Yarrakula, 2020). Figure
3 shows the coseismic coherence of the

August 18, 2020 Bengkulu earthquake.
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Figure 3. Coherence image pair (a) ascending direction (b) descending direction

The resulting interferogram fringes are
represented in 2 wave cycles as colour
cycles with a value range of -3.14 to
3.14 rad (Figure 4).

represents

Each cycle
half a wavelength and
represents relative ground displacement.
The denser the fringes, the greater the

deformation in the ground. In the coastal

area of Bengkulu, denser fringes are
visible, indicating a changing pattern.
The ascending image has a better
pattern, visible in parts of Enggano
Island and South Pagai Island. The
fringes are formed very well compared
to the descending image. However, the

dominant land area  experiences
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decorrelation. The interferogram that is

formed greatly influences  the

earthquake's  magnitude and the
earthquake epicentre's distance to the

image acquisition area. Sentinel 1 uses a
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limited C-band in imaging so that

vegetation and dense residential objects

will be distorted (Funning & Garcia,
2019).
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Figure 4. Interferogram Bengkulu earthquake August 18, 2020 (a) ascending

direction (b) descending direction

The coherence and interferogram results

are formed from pairs of images before

and after the earthquake to determine the

deformation that  occurred by

Coseismic Deformation Of The 2020... | 67


https://doi.org/10.20961/ge.v11i1.90987
https://jurnal.uns.ac.id/GeoEco/article/view/90987

p-ISSN 2460-0768 e-ISSN 2597-6044
https://doi.org/10.20961/ge.v11i1.90987

unwrapping that the deformation
phenomenon can be identified based on
Line of Sight (LOS) displacement
(Anggara et al., 2024). Figure 5 shows
the LOS Displacement in the direction of
the ascending and descending satellite.
The results of the Bengkulu coseismic
earthquake with DInNSAR on August 18
2020, with values ranging from ~-40 mm
to ~40 mm with blue to red symbology.
In the ascending LOS image, parts of
Enggano Island and South Pagai Island
experience deformation of ~-15 mm,
while in the descending LOS image,
there is deformation of ~15 mm. This
difference is thought to be caused by
different satellite directions. Radar
images measure direction when the

satellite is moving away with a negative
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value when the satellite direction is
ascending, and the distance away from
the object is compared with the direction
of the descending image, which is
moving closer to the object (Mora et al.,
2016). However, the coherence and
interferogram formed from the coseismic
phase of the earthquake affect the Line
of Sight (LOS) displacement results,
which are influenced by the atmosphere
(atmospheric disturbances) and phase
unwrapping (Monterroso et al., 2020).
These results are relevant to insar studies
for small earthquakes by requiring
estimates of non-tectonic contributions
to ground  displacement  before
estimating the geometry and kinematics
of the earthquake source (Albano et al.,

2018; Yu et al., 2018).
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Figure 5. LOS displacement Bengkulu Earthquake August 18, 2020 (a) ascending

direction (b) descending direction

CONCLUSIONS

In  conclusion, this paper utilized
coherence and interferogram analysis on
pairs of satellite images before and after
the Bengkulu coseismic earthquake on
August 18, 2020. The Line of Sight
(LOS) displacement was determined
through

unwrapping, allowing the

identification of the deformation
phenomenon. The results of Line of
Sight (LOS) displacement in the
ascending and descending satellite
directions, respectively, ranged from ~-
40 mm to ~40 mm. The InSAR data did
not detect clear deformation patterns or
displacements  associated with the
August 18, 2020 earthquake. However, it
is crucial to acknowledge the impact of

atmospheric disturbances and phase

unwrapping on the coherence and

interferogram  formation during the

coseismic  phase. These  findings
contribute  significantly to InSAR
studies, particularly ~ for  small

earthquakes in Indonesia, emphasizing

the need for accurate assessments.
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