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Abstract. Disasters, including earthquakes and landslides, have enormous economic and social losses besides their impact on
environmental disruption. Iran, and particularly its Western part, is known as an earthquake susceptible area due to numerous strong
ground motions. Studying ecological changes due to climate change can improve the public and expert sector’s awareness and
response to future disastrous events. Synthetic Aperture Radar (SAR) data and Interferometric Synthetic Aperture Radar (InSAR)
technologies are appropriate tools for modeling and surface deformation modeling. This paper proposes an efficient approach to
detect ground deformation changes using Sentinel-1A. The focal point of this research is to map the ground surface deformation
modeling is presented using InSAR technology over Sarpol-e Zahab on 25" November 2018 as a study case. For surface
deformation modeling and detection of the ground movement due to earthquake SARPROZ in MATLAB programming language is
used and discussed. Results show that there is a general ground movement due to the Sarpol-e Zahab earthquake between -7
millimeter to +18 millimeter in the study area. This research verified previous researches on the advanced image analysis techniques
employed for mapping ground movement, where InSAR provides a reliable tool for assisting engineers and the decision-maker in
choosing proper policies in a time of disasters. Based on the result, 574 out of 682 damaged buildings and infrastructures due to the
2017 Sarpol-e¢ Zahab earthquake have moved from -2 to +17 mm due to the 2018 earthquake with a magnitude of 6.3 Richter.
Results show that mountainous areas have suffered land subsidence, where urban areas had land uplift.
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1. Introduction

As a widespread disaster, massive mass movements like
landslides are known as a disastrous natural hazard
(Moayedi ef al. 2019a, c, Kallel et al. 2019, Nguyen et al.
2019). However, these events usually occur in the local and
regional scales; they can bring severe damages and life
losses on a national level (Bui et al. 2019b, ¢, Moayedi et
al. 2019d, Van Dao et al. 2020). Various phenomena and
human-made infrastructures such as roads, dams, residential
buildings, etc. can be damaged by such events (Moayedi et
al. 2011, 2019b, Zhu et al. 2012, Zhang et al. 2016, Yuan
and Moayedi 2019a, b). In China, for example, landslides
and floods featured as the second dangerous economic
disaster between May and August 2010 due to US$ 18
billion worth of damage (Guha-Sapir et al. 2012).
Accordingly, massive mass movements have killed 1,765
people to be one of the ten most crucial catastrophes in the
case of psychological damages (Choi et al. 2011, Guha
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Sapir et al. 2012, Mei 2017). A large area can be affected by
landslide causative events like earthquakes, typhoons,
rainfalls, etc. In Taiwan, as a susceptible area, for instance,
Typhoon Morakot (i.e., in 2009) triggered more than 9,000
landslides Tsai and Chen (2010).

Considering the reported damages (i.e., both financial
and psychological damages) and the importance of the issue
of slope stability (Bui ef al. 2019a, Moayedi et al. 2019e,
Liu et al. 2020, Wang et al. 2020), the development of
reliable, fast, and inexpensive models for mapping and
interpreting earth observation is more and more highlighted.
In the particular case of landslides, providing the landslide
inventory map plays an essential role in many relevant risk
analyses. Traditional manners that have been used for
deriving landslide locations are field monitoring (e.g., using
GPS) and aerial photo interpretations. Such methods,
however, offer exact results, they are significantly the time
and cost consuming. As well as this, scholars may
encounter problems for doing field surveys in inaccessible
sites. Satellite imagery yields a simply-performed way of
monitoring and detecting landslides in every susceptible
area. Remarkably, the growing trend of the spatial
resolution of this technology enables us to obtain more
accurate results (e.g., Debella-Gilo and Kadb (2012), and
Stumpf and Kerle (2011)). Application of remote sensing
methods such as satellite and airborne imagery and
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altimetry has raised for various investigations like river
hydrodynamics, floodplain inundation, and floods
(Schumann 2017). There are many numbers of sensors and
data processing techniques to analyze and process
information (Ebrahimi et al. 2016, Baziar and Rostami
2017, Rostami et al. 2018, Kargar ef al. 2020). For instance,
sensors that record flood phenomena are in the visible,
microwave, and thermal range of the electromagnetic
spectrum.

For surface deformation measuring due to geo-hazards
including earthquakes, landslides, and floods, Spaceborne
interferometric  synthetic aperture radar (InSAR) a
technique that uses the high spatial resolution and remotely-
acquired data Ferretti e al. (1999) and Hooper (2008) has
been used. The name (InSAR) symbolizes a potent
technique that enjoys the high spatial resolution and
remotely-acquired data for assessing surface deformation
caused by geo-hazards, including earthquakes, landslides,
and floods (Hooper 2008). Numerous mathematical based
solutions are proposed to solve complex engineering
problems (Liu e al. 2020, Qiao et al. 2019a, b, Qiao and
Yang 2019a, b, Zhang et al. 2019b, Chen et al. 2020,
Jinlong et al. 2020, Zhou et al. 2020a, b). At the same time,
satellite imageries of the land surface provide full
information of geomorphometry on landforms (Glenn et al.
2006, Hugenholtz ef al. 2013). Radar sensors have provided
valuable information about the near-surface landforms.
Note that this information plays a complementary role in
visible and infrared sensors. Today, Interferometric
Synthetic Aperture Radar (InSAR) is a valuable tool for
measuring surface deformations induced by earthquakes
(Ambrosi, Strozzi, Scapozza, & Wegmiiller, 2018; Qu, Zuo,
Shan, Hu, & Zhang, 2017). This tool has been effectively
applied to understanding and quantification of co- seismic
(Barnhart et al. 2018), inter-seismic strain (Karimzadeh et
al. 2013), and post-seismic (Montecino et al. 2017)
associated with large earthquakes. It has been demonstrated
that InSAR keeps its sensitivity to displacements and
deformations triggered by moderate to small magnitude
earthquakes (Dicelis ef al. 2016, He et al. 2018, Farolfi et
al. 2019).

Accordingly, as significant landslides occurrence is
connected to a massive earthquake thus is challenging to
foresee. Many scientists used SAR data related to before
and after earthquakes to detection the corresponding
deformations by ecarthquakes (Valerio ef al. 2018). SAR
interferometry is a practical tool for detecting land
deformations caused by earthquakes (Chen et al. 2014), as
well as for estimation of glacier surface motion (Dai ef al.
2016); application of Differential InSAR (DInSAR)
techniques to measure the seasonal (Fang ef al. 2016) and
multi-year surface displacements studies has been the
subject of a few works in recent times. InSAR allows us to
have a reliable mapping from surface deformation at an
unprecedented spatial resolution (Wright et al. 2004).
Creating time-series data provides a beneficial way to
assess the temporal behavior of the identified phenomena. It
also enables us to investigate the evolution of the proposed
deformations (Berardino ef al. 2002).

InSAR based Surface deformation for Taiwan by the

Small Baseline Subset (SBAS) method from April 2016 to
April 2017 was investigated by Yang et al. (2019). For
surface deformation modeling, they used Global Positioning
System (GPS) and InSAR by reducing velocity difference
between InSAR derived displacement and GPS
measurement. In their study, combined measurements from
InSAR and GPS showed that dry-season land subsidence
was from 60 percent to 74 percent of the total land
subsidence. The InSAR technique was considered as an
effective method for land subsidence modeling in their
research. Time series InSAR based deformation monitoring
for land subsidence in Xi’an, China, was researched by
Wang et al. (2019) from 20 June 2015 to 17 July 2019.
They concluded that from multi-temporal InSAR
techniques, time-series deformation could be derived to
model the temporal evolution of land subsidence in Xi’an,
China. For the estimation of an interferometric component
related to displacement, the SBAS technique should be
predefined on a deformation model where differential SAR
interferometry (DInSAR) method does not have this
limitation (it does any need any deformation model). On the
other hand, the DInSAR process has a limited accuracy
compared to SBAS technique caused from temporal and
spatial decorrelation, atmospheric signal delay, and
orbital/topographic  errors  (Pawluszek-Filipiak  and
Borkowski 2020). As a result, Pawluszek-Filipiak and
Borkowski (2020) used the integration of SBAS and
DInSAR techniques for mining-related deformations using
Sentinel-1 data. In their study, a Kriging-based integration
method of DInSAR and SBAS could effectively be used for
mining-related land subsidence monitoring.

Du et al. (2020) used SBAS and Temporarily coherent
point (TCP) InSAR techniques as two current multi-
temporal  interferometric  synthetic  aperture  radar
(MTInSAR) technique for land subsidence along with the
coastal areas of Guangdong, China. They used long-
wavelength L-band ALOS/PALSAR-1 dataset from 2007 to
2011. They concluded that aquaculture regions suffered
40.8 percentage of the total land subsidence, followed by
urban, agricultural, and forest regions with 37.1, 21.5, and
0.6 percentages. Their results showed that groundwater
exploitation for aquaculture and agriculture was probably
the main reason for land subsidence in the region of study.
Detection of active slope deformation analysis with the use
of Sentinel-1 data in the Southwest Area of Shanxi, Chin
was investigated by Shi et al. (2020). To model the unstable
areas in Xiangning County, the time series InSAR analysis
method was used in their research. They detected 597
unstable sites in a 41.7 km? area, where 70 percent of the
identified sites that are prone to landslide is located in
mountainous regions correlated with precipitation rate in
the study area.

Overall, despite the fact that SAR data (i.e., Sentinel-1
SAR C-band data) are free and easy to access for the study
areas, to the best knowledge of authors, no such attempt has
been performed for displacement mapping after 2018
Sarpol-e Zahab earthquake. This results in limited state-of-
the-art data on ground movement using remotely sensed
information, particularly in the chosen study area. Also,
InSAR techniques can satisfactorily deal with high
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dimensionality issues. However, datasets can be handled by
this method for displacement modeling. To date, the study
has evaluated the applicability of the InSAR method for
ground movement mapping is still rare in the study area for
the 2018 earthquake. Hence, this work aims to fill the gap
by applying InSAR techniques to map displacement model
using the Sentinel-1 C-band data in Sarpol-e Zahab located
on the north of Zahab plain, Iran after 2018 Sarpol-e¢ Zahab
earthquake.

2. Material and methods

2.1 Description of the study area and earthquake
event

On Sunday night of 25" November 2018, the Sarpol-e
Zahab earthquake with a magnitude of 6.3 Richter hit
western of Iran at 20:07 local time, injuring over 700
people. The studied area is the Sarpol-e Zahab county
located in the north of Zahab plain in Kermanshah province,
Iran (Fig. 1). The coordinates of this area are 34°18'51"N
47°03'54"E. About Kermanshah, the average altitude is
1,350 m (4,430 ft) upper than sea level. Its population has
been reported as 851,405 people in 2011. The presence of
the Zagros mountains dramatically influences the climate of
this province, which is chiefly categorized as the hot-
summer Mediterranean. In general view, the Zagros
structural domain is located in the central portion of the
Arabia-Eurasia young collision zone (e.g., Berberian
(1995), Agard et al. (2005), and Oveisi et al. (2009)). A
relatively high elevation and being exposed to western
winds brings high annual precipitation for Kermanshah in
fall and spring. Because of the same reason, the daily air
temperature is high indeed, especially during the rainless
summers.

The Sarpol-e Zahab (see Fig. 2) is located in the
Kermanshah province of Iran, which is situated in the north
of Zahab plain with the annual average rainfall of the area is
around 440 mm. August and September are considered as
the hottest months with a maximum temperature of 41°C,
where January is the coldest one with a minimum
temperature of -2.5°C. The Sarpol-e Zahab was effected

massively due to the 2017 earthquake with over 1000
injured and casualty with more than 14000 damaged
buildings and infrastructures in the region.

2.2 Synthetic aperture radar

Six Single Looks Complex (SLC) of Sentinel 1A images
for displacement modeling using InSAR technology using
SARPROZ (Perissin 2019) in MATLAB programming
language are used. Properties of utilized Sentinel 1-A SLC
images for the Sarpol-e Zahab earthquake is shown in Table 1.
For various mapping aims such as providing a map of soil,
agriculture, water, forests, emergency mapping support for
natural disasters including flooding, landslide, earthquakes,
Sentinel 1A, 1B satellites were launched. A C-SAR sensor
is carried by Sentinel 1 satellites which give medium and
high-resolution images. Notably, it can work in all weather
conditions. The C-SAR is a powerful monitoring tool for
both land and sea. It helps us to obtain night imagery and
detects millimeter movements on the ground (Zhang et al.
(2019a).
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Fig. 1 (a) Simplified tectonic sehpgtting of Iran (Vernant ez al. 2004); (b) Regional instrumental seismicity of 2018

Sarpol-e Zahab earthquake from CSEM/EMSC
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Table 1 Single Look Complex (SLC) of Sentinel-1A images properties of the study area

Granule SLC name Orbit

S1A_IW_SLC__1SDV_20180903T025354
20180903T025421_023528_028FD9_2548

SIA_IW_SLC__1SDV_20180927T025354
20180927T025421_023878_029B21 0F68

SIA_IW_SLC__1SDV_20181009T025355_
20181009T025422_024053_02A0E4 DD63

SIA IW SLC_ 1SDV 20181102T025355
20181102T025422 024403 02AC58 2387

S1A_IW_SLC__1SDV_20181126T025354_
20181126T025421_024753_02B932_2387

SIA_IW_SLC__1SDV_20181220T025353_
20181220T025420_025103_02C562 21B5

23528

23878

24053

24403

24753

25103

Acquisition mode Acq‘;l;fition Pass
"Wide Swath 03-09-2018  Descending
INeTISTOMENIC 27.09-2018  Descending
fereTomettic 09-10-2018  Descending
nferromettic  02-11-2018  Descending
Wi Swath 26°11-2018  Descending
h;;?ﬁzrg;lzﬂ ©  20-122018  Descending

2.3 Data processing

As shown in Fig. 3, for displacement modeling using
InSAR technology, first, the master image belonging to 2"
November 2018 (before the earthquake) is co-registered
with slave image belonging to 26™ November 2018 (after
the quake) (see Fig. 4(a)). Co-registration guarantees that
each ground target is related to the same (range, azimuth)
pixel in both the slave and the master images. A pixel-to-
pixel match between common features in SAR master and
slave images is required for SAR interferometry. In a vital
process for the final phase difference identification and
noise reduction, the alignments of SAR images from two
antennas (the co-registration) is needed. For exceptional
InSAR results, a subpixel-to-subpixel match called co-
registration is a must (Li and Bethel 2008). The coherence
image (see Fig. 4(b)) is produced after two images are co-
registered. Coherence is correlated with scatters between
the two interfering SAR images (master and slave), and it is
typically calculated by testing the phase variance (0 and 1)

of pixels within a spatial window. It decreases with the
physical changes/movement of the scatters, such as rockfall
and landslide phenomena. Vital information to detect any
mass movement or surface change can be extracted from
InSAR coherence. Using radar intensity and phase
differences from two SAR images in a different period,
coherence change detection can be used. For land surface
deformation monitoring caused by an earthquake, the
coherence product of InSAR can be used, which is a
sensitive and powerful tool. Coherence between the two
images can be estimated by Eq. (1) (after both Master and
Slave images are co-registered)

XX L(r o)l (r.o)l
.
{XF20 2800 I (ro)lP XR5g Xess IL(r o)

0<y=<1

Where y is the absolute value of the coherence at a
certain pixel, I; and I, are the two co-registered complex

SAR Images coregistration

-Using 2000 ground control
points

Coherence Image

- By testing the phase variance (0
and 1) of pixels within a spatial
window

DEM removal

-Subtracting the reference DEM

(SRTM 3 second) from
interferogram

v

Noise Removal

- Removing temporal

Increasing Signal-to-Noise ratio

decorrelation, g ic
decorrelation, volume scattering,
and processing error

-Using in phase filtering
with a window size of 15 by 15

Phase Unwrapping

- Using sparse least square with

coherence image as the mask
image with a threshold of 0.3

Dispalcement map

h

Correction of A pheric Phase

Screen

Geocoding

Fig. 3 Workflow chart for displacement modeling caused by the Sarpol-e Zahab earthquake
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Fig. 4 (a) Co-registered (left image); (b) coherence (right image) of surface deformation after the earthquake occurred in
Sarpol-e Zahab on 25th November 2018 processed in SARPROZ in MATLAB

images (I, = Master and I, = Slave), and [, is the
complex conjugate of the other image. The coherence (y)
has values ranging between 0 and 1.

3. Results and discussion

As stated earlier, the SAR sensor satellites and InSAR
technology for environmental monitoring and disaster
management are presented. The results of earthquake-
induced displacement modeling (i.e., based on the InSAR
technology) after change detection modeling are provided
and discussed here. In this section, to model ground
movement in the study area triggered by the Sarpol-e¢ Zahab
earthquake on 25" November 2018, the InSAR
Interferogram of surface deformation is created and
discussed.

3.1 SARPROZ analysis

A SAR signal has phase and amplitude information
where the phase is the fraction of one complete sine wave
cycle, and the amplitude is the strength of the radar
response. The phase of the SAR image is determined by the
distance between the ground targets and the satellite
antenna. InSAR uses the phase difference between two
sophisticated radar SAR observations with a slightly
different sensor position. An interferogram is created by a
combination of the phase of these two images after co-
registration, whose phase is linked to the terrain topography.
In the interferogram, one image is defined as a master
image, while the other image is a slave image. The
interferogram is constructed by cross multiplying the master
image with the complex conjugate of the slave. While the
phase is the phase difference between the two images, the
amplitude of both images is multiplied. The interferometric
phase of each SAR image pixel is linked only with travel
paths differences from each of the two SARs to the
interested resolution cell. The interferometric phase
variation d@ is then proportional to dR divided by the
transmitted wavelength A (Eqs. (1) to (3)). In the
interferogram, the interferometric phase is ambiguous and

only known within 2z. To link the interferometric phase to
the topographic height, the phase should be unwrapped.
Phase unwrapping solves the ambiguity by integrating the
phase difference between neighboring pixels. Unwrapped
results should be considered as a relative displacement/
height/between two pixels (European Space Agency 2016).

_ 41R

(Z)l—T (D
4(R + dR
¢2=¥ 2
4mdR
do =0, -0, = — (3)

With the use of SAR interferometry, geometric
information is extracted from conjugated complex
multiplication of Master and Slave images, which have
slightly different sensor positions where it gives 3D
positions of scattering elements. With the use of external
DEM, deformation values are extracted besides the
estimation of topography. The restriction of InSAR would
be where coherence is decreasing, and InSAR is not
practical. The issue rises where several persistent scatter
points are not affected by the properties of spatial-temporal
variation of backscattering. This restriction is solved by
long-term monitoring for surface deformation extraction.
Soil moisture and vegetation information are obtained from
coherence and intensity values.

Interferogram of surface deformation (see Fig. 5) after
the earthquake occurred in Sarpol-e Zahab on 25t
November 2018 is created where Digital Elevation Model
(DEM) is removed in topographic phase removal by
subtracting the reference DEM (SRTM 3 second) from the
interferogram. Noise from temporal decorrelation,
geometric decorrelation, volume scattering, and processing
error can corrupt the interferometric phase, which is needed
to be removed. In this study, Goldstein phase filtering with
an empirical window size of 15 by 15 is used to increase the
signal-to-noise ratio as interferogram phase filtering. For
unwrapping the interferogram and converting it as
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Fig. 5 (a) Interferogram of surface deformation (left image); (b) atmospherically corrected interferogram (right image)
after the earthquake in Sarpol-e Zahab on 25th November 2018 processed in SARPROZ in MATLAB
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Fig. 6 (a) Displacement image (left image); (b) atmospheric corrected displacement image (right image) of the Sarpol-e

Zahab due to the earthquake on 25th November 2018.

a displacement map in millimeter using SARPROZ in
MATLAB programing language on HP Spectre with an
Intel Core-i5 system with 8-GB RAM., sparse least square
with coherence image as the mask image with an empirical
threshold of 0.3 is used. Fig. 6 presents displacement
images caused by the Sarpol-e¢ Zahab earthquake in
Kermanshah, western Iran. Atmospheric Phase Screen
(APS) is required to be removed or reduced from the
interferogram image. APS depends on local temperature,
humidity, and pressure. In this research, for correcting APS,
long spatial wavelengths are masked and removed. Long
wavelengths were considered as atmospheric delay, and
they were removed from interferograms (see Figs. 5(b) and
6(b)). For a better estimation of APS, six SLC images of
Sarpol-e¢ Zahab region are used.

Results of InNSAR modeling show that there is a vertical
ground movement between -7 millimeters to +18 millimeters
in the study area after the Sarpol-e Zahab earthquake (see
Fig. 7). Mean, minimum, maximum, median values of
ground movement are equal to +2 mm, -7 mm, +18 mm, +2
mm, respectively.

Peak Ground Acceleration (PGA) (see Fig. 7(c)) and
Peak Ground Velocity (PGV) (see Fig. 7(d)) can be used for
potential damage defined by the United States Geological
survey. PGV presents the most significant value of how fast

a ground point is shaking due to an earthquake at a
particular location. PGA shows the most considerable
amount in increasing the velocity, which is recorded at a
specific station during an earthquake. Ground motion is
related to buildings and infrastructure damage due to an
earthquake, so basically, both PGA and PGV are relevant
and accurate metrics to determine how an earthquake may
results in small or massive damages to buildings near the
earthquake location. 2018 Sarpol-e Zahab earthquake had a
peak ground acceleration from 0.2 to 0.24, which is
considered as type VII with a moderate potential of damage.
2018 Sarpol-e Zahab earthquake had a peak ground velocity
from 12 to 18 that is regarded as types VI and VII with light
and average possibilities of contamination (see Table 2) (the
data is freely available at https://earthquake.usgs.gov).

Out of 682 damaged buildings and infrastructures due to
the 2017 Sarpol-e¢ Zahab earthquake (see Fig. 7(a)), 574
structures are moved from -2 to +17 mm (see Figs. 7(b) and
8). Even though the displacements are small, but it can be
harmful to damaged infrastructures. Based on this research,
damaged buildings and infrastructures should be checked
for further possible new damages caused by the 2018
Sarpol-e Zahab earthquake, especially building related to
gas and water stations. The presented results can be useful
for likely new damaged buildings or infrastructures for
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Table 2 Peak ground acceleration and velocity potential displacement.
damage according to United States Geological
Survey 3.2 Validation of the result
In_strumgntal Acceleration Velocity Perce!ved Potential At 21:48’ (local time), on November 12, 2017, a strong
intensity ©) (cm/s)  shaking  damage quake of magnitude 7.3 struck the region west of
| <0.0017 <0.1 Not felt None Kermanshah city (within Zagros structural domain), in
H=I11 0.0017-0.014 01-11  Weak None western Iran. The death toll in this event has risen to at least
v 0.014-0.039 11_34 Light None 4OQ. The Powerful earthquake cal.ls.ed vast de.struction in the
) region, given the number of cities and villages located
v 0.039-0.092 3.4-81 Moderate Very light within the affected area (see Fig. 10).
VI 0.092-0.18 8.1-16 Strong Light The affected zone of this great seismic event contains
VII 0.18-0.34 16—31 Verystrong Moderate the MFF (Mountain Front Fault) and HZF (High Zagros
Moderate to Fault) of the main Zagros structures. Within the study area,
Vil 034-065 31-60  Severe heavy these two active fault zones are located closer to each other
) in the NW. In the Zagros structural domain, the MFF is a
IX 0.65-124 60-116 Violent Heavy

basement thrust fault (dipping NE), and the HZF is a
X+ >1.24 >116  Extreme Very heavy reverse fault with a small dextral component (dipping NE).
The assessment was mainly focused on the Sarpol-e Zahab
region and Ezgaleh city due to the extent of destruction and

agencies such as municipalities for further investigation. that being relatively close to the source of the earthquake
As presented in Fig. 9, regions with a higher altitude, (MFF and HFZ). Our preliminary assessment highlights the

which are mountainous areas, suffered subsidence with concentration of the secondary order co-seismic geological

negative values where urban areas with lower height features on the hanging wall of the MFF, close to the HZF

experienced ground uplift (heave) with positive values. zone.

Vegetation and farm areas had the least ground In general view, most of the Zagros active thrust faults
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play a role as blind faults (e.g., Berberian 1995). However,
taking into account the magnitude of the earthquake
occurred at a shallow depth, there could be a possibility of
forming a co-seismic surface faulting. The recent studies
(e.g., Motaghi et al. (2017); Karimzadeh et al. (2018))
reveal the detachment depth of 15-18 km in the basement
within this sector of the Zagros domain. This is more or less
in agreement with the focal depth of the recent earthquake.
Hence, it is possible for the quake not to be accompanied by
surface faulting. In several zones, landslides were triggered
by the 2017 earthquake, including Meleh-kabood and north
Dalaho landslides (see Figs. 11 and 12).

Considering that there are several landslide zones (e.g.,
Meleh-Kabood landslide) near the study area caused by the
2017 earthquake, As shown in Fig. 13, 2018 Sarpol-e Zahab
earthquake triggered another ground movement in the study
area where most of Sarpol-e Zahab buildings are moved.

The displacement map shows vertical movement where
negative values present ground subsidence and positive
values present heave. As seen as in the unwrapped phase of
the Sarpol-e Zahab region, the city suffered heave (uplift)
up to 18 mm and subsidence up to -8 mm after the 2018
earthquake. Sarpol-e Zahab city was suffering ground
subsidence before the 2018 earthquake. 2018 Sarpol-e
Zahab earthquake reversed the ground movement from
subsidence to heave (see Fig. 14). For tracking the surface
deformation before the 2018 ecarthquake, first, the

unwrapped phase from 9™ October 2018 to 2" November
2018 is modeled which shows that the area was suffering
from land subsidence and then the unwrapped phase from
2" November 2018 to 26" November 2018 is modeled
which show that the 2018 earthquake has reversed the land
movement for the time frame.

In this study, suitable parameters and filters for creating
interferogram and APS estimation are selected
experimentally. Two factors are considered to check the
suitability and accuracy of selected parameters and filter,
including temporal coherence and phase residual. Phase
residual should be small if parameters are chosen correctly
(see Fig. 15(a)). On the other hand, selected parameters and
filters are suitable if temporal coherence is close to 1 (see
Fig. 15(b)). Phase residual is the phase minus estimated
APS and other estimated parameters. Both factors can be
used as a tool for recognizing the accuracy of the results,
including interferogram and displacement map. It should be
considered that different parameters are experimentally
selected, and with the least values for phase residuals and
the most values close to one for temporal coherence, the
final parameters are selected for this study. In the temporal
coherence map, values of 1 present that there is no error in
the estimation of the unwrapped phase where the values less
than 1 show that error is present in the estimated unwrapped
phase.



Ground surface changes detection using interferometric synthetic aperture radar 285

45“5?'0"E 45'50I'30"E 45"5?'0"E 45°51I'30"E 45°5’f"0"E 45’52;30"E 45‘5?’0"E 45“53I'30"E

z z
g N 4
B o |
{ y Q
glw E S
el B ©
z s z
° °
&7 r
3 3
z z
8 8
87 B
b 3
£ £
o =}
s 3
z z
2 3
&7 &
3 3
£ o i =
° by g
&1 .l“# B
Y Tl - ) EN
® S A . &
z ' g [ o z
5 Ty A LT g
2 [T Ky T8 B &
3 . P
displacement [l 3 -4
z - z
2 [ 70 HMs-s g
3 1-2 SRTM 3
z High : 747 z
5| o 00040008 0.016 0.024 = 5
3 - | §
§ s wesssssmmw ) Decimal Degrees | [, g

T T T T T T T T
45°50'0"E 45°50'30"E 45°51'0"E 45°51'30"E 45°52'0"E 45°52'30"E 45°53'0"E 45°53'30"E

Fig. 9 Displacement map of the 2018 Sarpol-e Zahab earthquake with Digital Elevation Map in millimeters

Scismotectonic [ @
Map of Ezgaleh
Earthquake

rovin

4 F R
CMT )\Iu-1. %

3 @gﬁh—xw

“Llandslide

— Qusteraary Fauit
A Thrust or Revers Fault

Fig. 10 The domain of the West Kermanshah-Ezgaleh
earthquake presented in the seismotectonic map
of the area. Epicenter from IIEES

4. Conclusions

Downward and upward movement of the ground’s
surface caused by an earthquake is called land subsidence

and uplift, respectively. Both land subsidence and land Vs i

uplift as ground deformation on a large scale are
identifiable with InSAR technology, which can be used for
geophysics, geohazards, and geology applications. For ubran ' ’
subsidence and infrastructure monitoring, InSAR is a useful Fig. 11 Several landslide zones triggered by the 2017
tool for researchers, private and public agencies, wherein carthquake
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Fig. 12 Monitoring of the land movement in the study area
due to the 2017 earthquake (Meleh-Kabood mass
movement)

this study movement of damaged buildings and infra-
structures by the 2017 Sarpol-e Zahab earthquake, due to
the 2018 earthquake were investigated. In the study area, a
devastating earthquake in 2017 with a magnitude of 6.3
Richter triggered several landslides and rockfalls which
were studied. In this research, the use of the SAR data of
Sentinel 1A SLC in a case study belonging to 25" November

45°50°'30"E 45"5]'0"E 45"51['30"E

2018 Ms 6.3 Sarpol-e Zahab earthquake, Kermanshah
province of Iran. For displacement modeling caused by this
disaster, InNSAR technology is used.

Regarding previously-one researches, the SAR implies a
capable method for monitoring the surface deformations,
usually caused by seismic, tectonic, and volcanic activity,
slope failure, ice and rock glacier motion, and subsidence
induced by groundwater pumping, hydrocarbon extraction,
mining, and natural compaction. In comparison with point-
wise evaluative techniques such as GPS and leveling, the
main superiority of SAR lies in two-dimensional spatial
coverage. This is a while; decorrelation can be mentioned as
a problem of SAR interferometry. Changing the scatterer
characteristics causes temporal decorrelation. Results of
InSAR shows that almost all area of the Sarpol-e Zahab
ground, particularly the forest region on the steep slopes has
been moved within a range of -7 mm to +18 mm. The
results of this research are useful for the private and public
sectors such as Sarpol-e Zahab municipality for the
identification of damaged buildings and infrastructures that
are moved by the 2018 Sarpol-e Zahab earthquake. This
information would be vital where possible broken water and
gas stations could be recognized, and further investigation
by the responsible sectors would be of interest. Results
show that the 2018 earthquake has reversed land subsidence
in urban areas caused by the 2017 earthquake, and those
urban areas are suffering land uplift afterward.
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(b)

Fig. 14 (a) The unwrapped phase of the region before the 2018 Sarpol-e Zahab earthquake (top image, from 9th October
2018 to 2nd November 2018); (b) The unwrapped period of the area after the 2018 Sarpol-e Zahab earthquake
(down the image, from 2nd November 2018 to 26th November 2018)
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