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ABSTRACT: In 2021 and 2022, the province of Kon Tum in Vietnam had a number of low-to-moderate earthquakes
with magnitudes between 2.5 and 4.8 on the Richter scale. The primary causes of these earthquakes are geological
activity and hydroelectric development projects in the area. The DINSAR technique is primary tool for monitoring the
earthquakes, volcano. Sentinel-1 satellite images, which are openly accessible for a period of 12 days, are currently
the main source of data for monitoring surface displacement. In this work, we use time-series Sentinel-1A images and
Persistent Scatterer Interferometry (PSINSAR) techniques to analyze and assess the effects of low to moderate
earthquakes in Kon Tum. The Sentinel-1A images were used from April 2021 to July 2022. According to the data,
the Kon Tum area had a mean displacement velocity of -21.3 mm to 20.3 mm per year between 2021 and 2022. There
has been an abnormal displacement and subsidence of approximately 40 mm, particularly in the area that is near the
epicenter location.

1. INTRODUCTION

More than 100 earthquakes with magnitudes smaller than 4.0 on the Richter scale occurred between April 2021 and
July 2022, with their epicenters in the Kon Plong district, Kon Tum province, Vietnam. In particular, an earthquake
of a moderate magnitude of 4.8 on the Richter scale occurred in the Kon Plong area on April 18, 2022, and the
hypocentral depth was 8.1 km. The cause of the earthquake was due to the influence of the hydroelectric reservoirs'
water storage activities in the area. Low-to-moderate earthquakes at Kon Tum did not harm people or property, but
they did prove the area’s unstable ground. The Rao Quang-A Luoi fault line, which runs through Kon Plong district,
Kon Tum province, Vietnam, is where the earthquake-prone regions are.

Synthetic Aperture RADAR (SAR) is an active microwave remote sensing system that can operate in all weather
conditions and is not affected by haze from clouds. Sentinel-1A satellite has a microwave sensors, band C and 12-
day orbit cycles. Additionally, control in a narrow tube will aid in reducing the spatial baseline in interferometry
processing. This particular design provides a quick response with INSAR to earthquakes and supports the production
of interferograms with high interferometry coherence, particularly in low-latitude regions with thick plant cover.
The InSAR method has been shown to be effective for observing earthquakes (Biggs and Wright, 2020; Bighami, et
al., 2021; Eyidogan and Barka, 1995; Furuya and Satyabala, 2008; Ghayournajarkar and Fukushima, 2020), as well
as volcanoes (Catry, et al., 2015; Gatsios, et al., 2020). Many studies show that the INSAR method accurately
determines surface displacement and provides more accurate information about earthquake effects than traditional
measurement methods (Ghayournajarka and Fukushima, 2020; Gong, et al., 2011). Radarsat (Elske, et al., 2012),
EnviSAT ASAR (Furuya and Satyabala, 2008; Moro, et al., 2017), ALOS PALSAR (Ghayournajarkar and
Fukushima, 2022; Huang, et al., 2014; Liu, et al., 2022), and Sentinel-1A and Sentinel-1B (Bignami, et al., 2021;
Ghayournajarkar and Fukushima, 2020; Li, et al., 2021a; Li, et al., 2021b) are the SAR images used in earthquake
research by the INSAR method. Research results have proved that Sentinel-1 data is suitable for monitoring the
deformation of terrain after earthquakes globally (Li, et al., 2021a). (Tong, et al., 2022) determined the coseismic slip
model of an earthquake Mw 7.3 in Maduo Country, Qinghai Province, China, using Sentinel-1 imagery and the
INSAR method. The length of the surface rupture is more than 140km as determined by the INSAR technique, and
the LOS (line-of-sight) displacement is approximately 2m. (Zhao, et al., 2021) used 45 Sentinel-1 images to detect
and analyze ground displacement caused by small magnitude earthquakes in Rong Country, China using the D-INSAR
technique combined with GACOS atmospheric correction. The research results show that the atmospheric correction
by the GACOS method helps to increase the accuracy of determining seismic displacement. Studies show that
earthquakes Mw > 5 will cause a displacement of several centimeters and are easily detected by D-INSAR.
Earthquakes Mw<5 often cause small surface displacements and are difficult to detect by the INSAR technique. In
addition, the factors affecting the determination of surface displacement due to earthquakes include magnitude and
hypocentral depth. In addition, the accuracy of the INSAR method depends on the perpendicular baseline, atmospheric
and coherent properties of the master and slave images. In fact, the monitoring of terrain displacement by the INSAR
method in densely vegetated and hilly areas such as Kon Tum will have some limitations. To reduce the influence of
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atmospheric conditions on the InSAR technique, we propose to detect the impacts of earthquakes in Kon Tum,
Vietnam by the PSInNSAR method using multi-temporal Sentinel-1A images. The observation period is from March,
2021 to July, 2022.

2. STUDY AREA AND MATERIALS
2.1. Study area
The study area is Kon Plong district, where low-to-moderate earthquakes occurred, and the effects on surrounding

areas in Kon Tum province, Vietnam. The boundary and location of Kon Plong district and Kon Tum province are
shown in Figures 1a and 1b.

: (a) 4 (C) USGS Community Internet Intensity Map
b il VIETNAM
TRUNG QUOC i ’*"JA 202204-18 05:54:24 UTC 14,7574N 108.134E M4 8 Depth: 10 km IDus7000130q
y o

Sy = P 17'N 4 17N

‘44#:—*\.'\———-—“ H

LAG. ot P
Hodng Sa : 16'N 4 16'N

THAI LAN A
3 15N 15N
CAM PU CHIA| +
sa
_» f Truomg

14°N =R 14N

WA CAY 514
CERLci s “ T ' . 13N - = 13N

e 3 1080w & fee J S 3
(b) A : ! 09'E 1OE
R T P TR T S S T Y |
OAMAGE | now | now | nane | veryion | ipne | wocware | sty | merey | very ey

Ok Gt

worsd 1800

]

o may

s ey

rlave Toeou Toa3owe Lat 14.6195° Lon 108.0776° Bev 1,117meters

Figure 1. (a) Location Kon Tum in Vietnam; (b) The district of Kon Tum; (c) The Earthquake in Kon Tum
are recorded by USGS in 18/04/2022 with 4.8 Richter; (d) The position of Sentinel-1A in the study area
Kon Tum is a province in the north of the Central Highlands, Vietnam. Location coordinates range from 13055'10"
to 15027'15" north latitude and from 107020'15" to 108032'30" east longitude. Most of the area is located in the
western part of the Truong Son mountains (Annamite Range). The topography is complicated, including mounds,
hills, mountains, plateaus, and alternating lowlands. Hills and mountain areas cover two-fifths of the province's area,
with an average elevation of 500 m to 700 m. The north has an altitude of 800m to 1200m. The mountains are
distributed in the north-northwest direction, running to the east of Kon Tum province. Kon Tum's climate has two
distinct seasons: the rainy season (from April to November) and the dry season (from December to March of the next
year). There is a difference in temperature between the high mountains in the Northeast with cool weather and the

lowland areas in the Southwest with dry and hot weather.

Kon Plong is a mountainous district that is located in the northeast of Kon Tum province. The coordinates of location
14042'N and 108015'E. The topography is hilly, with the Kon Plong plateau occupying the main area of the district.
The area has many small rivers and streams. The climate is divided into many sub-regions, including a cold, rainy
climate. Kon Plong is a district with a forest coverage of 78% of the natural land area, the highest in Vietnam. Small
rice fields are often located next to streams and at the foot of the piedmont slope. The area has no major industrial
trees.
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The Kon Tum province currently has 28 hydropower plants in operation and 36 hydropower projects under
construction. Most of the hydropower plants in Kon Tum are small and medium ones. But it is possible that
earthquakes in the area are caused by the buildup of hydroelectric power.

2.2. Materials
Sentinel-1A imagery from the Kon Tum area of Viethnam was used for the experiment. The characteristics of the data

are shown in Table 1.
Table 1. The characteristics of Sentinel-1A data

Sentinel - 1A
Acquisition time 40 scences (18/03/2021 — 11/07/2022)
Data product Interferometric Wide (IW) - SLC
Polarization VV - polarization
Imaging frequency C-band (5.46 Hz)
Bit depth 16 bit

SNAP toolbox software is used to do preprocessing steps on Sentinel-1A data. These steps include applying orbit,
back geocoding, processing TOP SAR data, co-registering and repairing data for StaMPS (Stanford Method for
Persistent Scatterers) software. In the study, we used an SRTM Digital Elevation Model (DEM) of 90m resolution
for removing the topographical content. The steps for calculating PS points are performed by StaMPS software. The
experience data consists of 39 Sentinel-1A images. The study area is at location IW1 and burst from 5 to 7 (Figure
1d). Using the SNAP toolbox software, we identified the master image on October 20, 2021, and the other images as
slave images. The length of the perpendicular baseline of interference images is shown in Figure 2. Besides, Figure
3 shows the location of the epicenter, the magnitude, and the hypocentral depth of the earthquakes that occurred in
Kon Tum from March 2021 to July 2022.

50 100
1

Perpendicular baseline [m]

-50
1

T T T T

-200 -100 0 100 200

Temporal baseline [days]

Figure 2: The perpendicular baseline of interference images with the master image on October 20, 2021
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Figure 3. The location of the epicenter earthquakes in Kon Tum province, Vietnam (03/2021 — 07/2022)
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3. METHODOLOGY
3.1. Differential Interferometric Synthetic Aperture Radar (DInSAR)

The InSAR technique is applied to estimate the interferometer from two SAR images. At the moment, INSAR is
mostly used to detect and monitor surface changes that happen between radar sensor passes in the same scene. In
such a case, assuming a surface change occurs during the two SAR acquisition times in the scene, an additional term
in the interferometer phase relates to the RADAR line of sight (LOS) component of the surface displacement. By the
geometric relationship described in Figure 3, we have (Pepe and Calo, 2017):

4t B, 4
. s 1
A rsin0Z+ A dros @

Ap =

Where d, s denotes the projection of the observed deformation in the sensor LOS direction; B,, is the perpendicular
baseline; 6 are the satellite side-looking angle; z is the surface height.

In order to estimate the interferometric phase term associated with the displacement, the interferometric phase
contribution related to the underlying topography must be eliminated from Eq.(1). Specifically, Differential
interferometry (DINSAR) consists primarily of the synthesis of a simulated topographic phase screen using a Digital
Elevation Model (DEM) of the area and the subtraction, pixel-by-pixel, of these synthetic fringes, leaving just the
displacement element. In addition to the deformation component, computed differential SAR interferograms also
contain (unwanted) phase components resulting from inadequacies in the knowledge of the real topographic pattern
and orbital parameters. Particularly, the variation of the interferometric phase can be described in a more general
form as follows (Pepe and Calo, 2017):

A(p = A(pdiszal + A(pt'opo + A(porb + A(patm + A(»Dscatt + A(»anoise (2)
Where:
A@gispr = %dws provides for the possibility of scatterer displacement on the ground between observations.
A@iopo = — 47" . TSBL,ZB Az indicates the residual-topography-induced phase resulting from an inaccurate understanding

of the real height profile (i.e., the DEM errors Az).

Ag,., provides for residual fringes caused by the use of imprecise orbital data in the topographic phase synthesis;
A, indicates the phase components induced by the difference in propagation conditions between the two images
(caused by the change in atmosphere and ionospheric dielectric constant);

A@qqqte TEPresents the phase components caused by changes in scattering behavior;

A@,0isecoOntains all phase noise contribution.
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Figure 4. InSAR geometry for the estimation of the displacement of the Earth’s surface
In addition, the occurrence of phase unwrapping errors, resulting from an incorrect estimate of 2z-multiple integers
to be added to the (measured) INSAR phase to recover the complete (unrestricted) phase, is a further cause of
misinterpretation regarding the (wanted) deformation signal.

3.2. Persistent Scatterer Interferometry (PSINSAR)

The purpose of every DINSAR approach is to extract A, from Ag. This necessitates the separation of A@g;gp
from the other phase components of Eq (2). An essential condition for achieving this separation is to analyze pixels
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characterized by small Ag,,,ise, Which are often associated with two types of reflectors: those where the radar
response is dominated by a powerful reflecting object and is constant over time (Permanent Scatterer, PS) and those
where the radar response is constant over time, but is caused by a variety of small scattering objects (Distributed
Scatterers, DS) (Crosetto, et al., 2015). PSINSAR is a type of DInSAR techniques that use multiple SAR images
recorded over the same area and proper data processing and analysis procedures to distinguish Ag 4, from the other
phase components indicated by Eq (2). The primary results of a PSI study are the deformation time series and the
deformation velocity computed over the analyzed PSs or DSs (Figure 4). An additional result of a PSI analysis is the
so-called residual topographic error (RTE), which is the difference between the true height of the scattering phase
center of a specific PS and the height of the DEM at this point. The RTE is a critical element for achieving precise
PS geocoding (Crosetto, et al., 2015). Figure 5 shows the process of the PSINSAR method using SNAP and StaMPS
software (Tran, et al., 2021; Nam, et al., 2020).
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Figure 5. PS-InSAR processing in this research as the flow chart
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4. RESULTS AND DISCUSSION

According to the flowchart in Figure 5, we determine the surface displacements of low and moderate magnitude
earthquakes in Kon Tum by the DINSAR technique. Table 2 shows the magnitude on the Richter scale and the
hypocentral depth of the earthquake in Kon Tum in the acquisition images.

Table 2. The information of the earthquake in Kon Tum province in the acquisition images

. The
Date I\gl;igcr;:::rc;e hypocentral Date Magnitude (Richter) Thger;);ﬁo(f:w;ral
depth (km)
05/05/2021 2.6 16.2 26/09/2021 3; 3.6 15; 8.8
17/05/2021 2.6;25 8.2;20.1 25/11/2021 2.8 7.9
10/06/2021 2.5 10 12/01/2022 3.7;3.2 8.2;85
25;29;26;48;3.6; | 8;8;12.1;10;8.1; 8.1;

22/06/2021 2.6 8.1 18/04/2022 3.4: 4.6 2.5 423 10: 8.2: 10
16/07/2021 25,28 8.1;8.2 17/06/2022 2.6 8.1
02/09/2021 3.0 12 29/06/2022 2.6;2.7 10; 10
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In the days after the earthquake, April 18, 2022, was determined to have had a moderate earthquake with a Richter
scale of 4.0-4.8 in the Kon Plong district of Kon Tum province (Figure 1c). Figure 6 depicts the interferogram between
the images taken on October 20, 2021 and April 18, 2022 in the study area. Figure 6b shows the interferogram in Kon
Tum city. In the study area, the regions with high coherence are mainly urban areas such as Kon Tum city because
of the mountainous topography. Hence, INSAR technique conducts in high coherence areas as the urban areas. Based
on the interference fringes, we can be seen that the magnitude 4.8 earthquake has an impact on the area that is more
than 30 km southwest of the epicenter. Based on the interferogram in Figure 6b, the area has trended the land
subsidence.
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Figure 6. (a)h interferogram by DINSAR meo on April 18, 2022; (b) In Kon Tum city
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Figure 7. The interferogram of Kon Tum by using PSINSAR method on April 18, 2022
Figure 7 shows similar results when determining phase interference on April 18, 2022 by the PSINSAR method.
Using the PSInSAR method, we also determine phase interference at times of low magnitude earthquakes (Figure 8).
Figure 8 show that the ground has oscillations at low magnitude earthquakes. The days with great hypocentral depth,
such as 20.1 km on May 17, 2021 (Figure 8), clearly have the interferogram.
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Figure 8. The interferogram of low magnitude earthquake
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By using StaMPS software, we determined the mean displacement velocity of the study area (Figure 9). The area has
a mean displacement velocity with a range -21.3 mm to +20.3 mm per year. In Figure 10, area A has an upwelling
phenomenon, area B has a slumping phenomenon, and Kon Tum city, as area C, tends to be stable. There is no large
land subsidence in Kon Tum city.
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Figure 9. The mean displacement velocity of the study area
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Figure 10. The mean displacement velocity per year of area A, area B, area C
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In this article, the author uses StaMPS-Visulizer software (Hooper, et al., 2012) to analyze the surface displacements
at PS points in image acquisition time. We analyze surface displacement in three main regions of the study area
included in area A, are B and area C of Figure 10.
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Figure 11. LOS displacement of a PS point; (a) In area A; (b) In area C; (c) In area B; (d) The area nearby
the epicenter in Kon Plong district.

The results show that during the period of March 2021 to July 2022, the PS points identified have abnormal land
subsidence at the time of the earthquake. There was no subsidence during the study period in area C, which includes
the most permanent homes (Figure 11b). There is a fluctuation between -20 mm and +20 mm in Areas A and B,
which are primarily composed of dirt road (Figure 11a, 11c). However, there were several unusual changes in the
area which is nearby the epicenter (Figure 11d).

5. CONCLUSION

In conclusion, the DINSAR technique is a monitoring tool for low to moderate earthquakes. The results demonstrate
that moderate-magnitude earthquakes are typically identifiable on SAR images using the DinSAR technique.
PSInSAr, one of the DINSAR methods, permits the estimation of PS points with the use of interferometric time series
images. However, the PSINSAR technique can only locate PS points with a high coherence value in urban regions.
PS points cannot be identified in areas with dense vegetation, such as the Kon Tum mountain range. Analysis of the
mean velocity of displacement in the Kon Tum area shows a range of -21.3 mm to +23.3 mm. At the time of the
aftershock, the analysis of multi-temporal interference data at PS points indicates abnormal land subsidence.
Evaluation of the capability of the DINSAR technique to detect the impacts of earthquakes in mountainous regions of
Vietnam required many studies on different types of data, at different times, and field-level validation. This article's
results will also help Vietnam in applying InSAR technology to monitor surface displacement, particularly the effects
of earthquakes.
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