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Earthquakes are one of the most important environmental hazards, which have
usually been associated with the human and financial damages. In addition to its
effects on residential areas, earthquake causes displacements and changes in the
ground's surface. Iranian plate is located in the convergence zone of the Arabian
plate in the southwest and the Eurasian plate in the northeast; therefore, it is a
tectonically unstable area. The earth's deformation and the subsidence resulting
from the destructive earthquake occurrence have been as the most important natu-
ral hazards in this plate. Several methods are used to study the effects of natural
hazards on the land and settlements. Radar interference technique is one of the
practical methods in investigating and measuring the amount of displacement. In
recent years, many space sensors have been collecting data from the surface of the
earth, one of the most successful of which is the Sentinel project. Sentinel-1 is the
radar section of the Sentinel project, which captures images of the Earth's surface at
intervals of several days and is therefore suitable for monitoring surface changes
and estimating the amount of earth movement using the radar interferometry method.
In this article, the deformation related to the March 16, 2022 Kookhord-Bastak
earthquake (Mw6) in the Hormozgan province is measured. The results show 19 cm
of subsidence and 14 cm of uplift along the fault plane and around area during the
earthquake.
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ABSTRACT

1. Introduction

Earthquakes are natural phenomena that can
occur at any time on the ground surface [1-2]. Major
earthquakes are among the most devastating natural
disasters that often lead to massive fatalities and
destruction [3-7]. The technique of interferometry
(InSAR) is able to measure the deformation of the
ground surface during the earthquakes [8-10]).
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The InSAR images carry phase information with
measuring signal strength. Using phase information
and InSAR interferometry method, the images are
used in the fault and earthquake studies [11-13].
Radar interferometry method for precise landslide
control has become very common in the past decade
[14-15].
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The technique of interferometry (InSAR) was
first used by Gabriel et al. [16] using three images.
This technology makes it possible to detect very
small changes on a daily scale [17]. Insar remote
sensing technique is capable of working in all
weather conditions. With its extensive land cover
and high temporal and spatial resolution, it is one
of the most accurate and cost-effective remote
sensing techniques [16]. The simplest method in
this field is to use at least two images obtained
from InSAR sensors with artificial apertures in
the form of interferometer [18]. With regard to
the advances in InSAR interferometry technique,
several researches have been done in the field of
earthquake displacement detection and moni-
toring. Some researchers [e.g. 19-20] used
InSAR interferometry technique to investigate the
cause of the Bam earthquake and concluded that
the Bam earthquake was due to the activation of a
new fault other than the old Bam fault. Cigna et
al. [21] investigated the surface displacement in
the Morillia area of Mexico using InSAR inter-
ferometry techniques. By analyzing the data, they
concluded a displacement of 7-8 cm per year in
the direction parallel to the main fault. In 2013,
Kaneko et al. [22] measured the seismic deform-
ation in the central part of the Anatolian fault in
Turkey using InSAR interferometry techniques.
They concluded that this technique has valuable
potential in fault studies. Feng et al. [23] studied
the Gorkha-Nepal earthquake using satellite
imagery of RADARSAT, Sentinel 1 and ALOS-2.
They estimated the amount of ground movement
using the InSAR interferometry technique, a
maximum slip of 6 m at a depth of 13 km.
Mohammadhasani et al. [24] studied the sub-
sidence rate in western part of Kerman province
using interferometry of InSAR images of
sentinel-1 satellite data. They stated the ability of
snap software using sentinel-1 satellite data in
evaluation of subsidence.

Kandergula et al. [25] investigated the regional
surface deformation of the 2001 Bhoj earthquake
in Kachchh region in the West of India. In their
study, they measured the displacement using radar
interferometry, 15 ENVI ASAR images, 6 pairs of
ALOS PALSAR satellite images, and 117
images from SENTINEL 1A during three periods:

2003-2005, 2007-2009 and 2016-2020. The results
of the PSI method showed that the maximum
displacement during the years 2003 to 2005 was
equal to 22 mm. Using ALOS POLSAR satellite
data, the maximum displacement was equal to 1.2
cm during the years 2007 to 2009. Using the
SENTINEL 1A satellite data set, in the period
from 2016 to 2020, a maximum displacement of
16 mm per year has occurred in the western
region, 6 mm of uplift per year and 8 mm per year
in the main area of the eastern Koch. The results
showed that the acquired shape change rate is
correlated with the results of the spatial informa-
tion system and the results of this research are
reliable.

Syafriani et al. [26] investigated land surface
changes in which, by comparing satellite images
before and after the earthquake, they found that
parts of Padang city had a 40 mm drop in height,
and 0-20 mm of precipitation was seen along the
coast of Padang city.

In this research, the aim is to estimate the amount
of surface displacement caused by the March 16,
2022 Kookhord-Bastak earthquake (Mw6; Depth
10 km) using Sentinel-1 InSAR images and pro-
cessing them by InSAR interference method (see
the  location in Figure 1). Kookhord area with an
area of about 1600 square km is located in the
southeastern part of Bastak city, Hormozgan
province in southern Iran. The area is limited from
the north to Nakh mountains and the central part
of Bastak and Lavar mountains, from the south to
Din, Sefid mountains and the central part of
Bandar-e Lengeh city, from the west to Khulus
desert and Jinnah and from the east to Lamzan
village and Pedel.

2. Materials and methods

The research method in the present study is
an applied analytical descriptive. To conduct this
research, information about the epicenter and
location of the Kookhord-Bastak earthquake was
obtained from the sites of the IIEES, IRSC and
BHRC. Then, two Sentinel-1 radar images, one
related to before and another related to after the
earthquake, were prepared in the form of a research
project from the European Space Agency. The
image that is related to before the earthquake is
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Figure 1. The locations of the March 16, 2022 Kookhord-Bastak earthquake (Mw 6) and three aftershocks (Mw 3.5, 4, 4.1) with the
position of the processed Sentinel-1 radar image. Faults modified after Hessami et al. [27].

called the base image and the other one that is
related to the after the earthquake is called the
follower image. These images are both shot
descending.
The used images in this study were tried to have a
minimum baseline (distance between satellite
flight paths) (Table 1), because in the interferometry
technique, the ground's surface displacement
displayed better when the spatial base distance of
the data are shorter.

Interferometry processes and techniques
were performed by the snap software, the steps of
which are shown in Figure (2).

3. Radar Interference

According to Gabriel et al. [16], differential
radar interferometry can achieve an accuracy of

Figure 1. The characteristic of the processed Sentinel-1 radar image in the Kookhord-Bastak.

Figure 2. Flowchart of different steps of calculating the
displacement map of the ground surface using Sentinel-1
image.



JSEE / Vol. 23, No. 1, 20214

Fateme Kamalia, Mohammad Mohammadhasani, Mobin Bahrampur, and Ahmad Rashidi

~1 cm or even better, which means that this method
can be used to accurately measure geophysical
phenomena, earthquakes and volcanoes [17]. The
used images are obtained by special antennas
mounted on satellites or airplanes and show changes
in the earth's crust. Interference of images is obtained
by multiplying the first image (base image) in the
conjugate of the second image (follower image).
The interference phase of the product is multi-
component topographic mapping, shell displacement
signal, atmospheric component effect, orbital
component effect and noise, which can be seen in
Equation 1:

topo disp
atm orb nois

∂∅ = ∂∅ + ∂∅ +
∂∅ + ∂∅ + ∂∅

                                  (1)

According to the equation, the work process is
such that the effect of the orbit is reduced using
orbital parameters, the effect of the atmosphere in
arid areas is considered zero, the effect of the
topography of the earth was removed from the
image using DEM SRTM. By removing all these
effects, a mapping image is obtained, and each

Figure 3. Image of seismic interference mapping caused by the 2022 March 16 Kookhord- Bastak earthquake (Mw6).

cycle of this image represents the displacement of
the earth's crust. In the present study, in order to
calculate the amount of crustal displacement
during the March 16, 2022 Kookhord-Bastak
earthquake (Mw6), the processing results can be
seen in the following sections.

4. Results and Discussion

Two Sentinel-1 radar images were taken, one
before the Kookhord-Bastak earthquake and the
other after the earthquake, so that it can show the
effects of the earthquake on the ground surface as a
displacement phase. For this purpose, using the
base and follower images, interference image was
prepared. As can be seen in Figure (3), a series of
fringes have been created around the earthquake
site in the interference map. The amount of
movement in the direction of satellite view is
obtained by counting the number of fringes. Depend-
ing on the position of the observed color cycle,
the amount of displacement are also varies. If the
color cycle is yellow, orange, and purple, the off-
radar shift occurs, and if the color cycle is green,
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light blue and dark blue, the radar shift occurs.
Generally, as can be seen from the map overlap
image, the positive and negative fringes correspond
to the linear trace of the faults in the area. Particu-
larly, around the main epicenter of the earthquake
can be seen fringes according to the fault trend
(Figure 3).

4.1. Surface Displacement Map

After preparing the interference map from the
area by applying filtering, possible errors such as
speckle error and noise were removed from the
image. Since the phase information is a 2π scale
mapping interference, there is an ambiguous
problem in calculating the correct number of
phase cycles, which must be added to the phase
observations in order to obtain the distances.

This ambiguity solution is known as phase
ambiguity resolution. The process of retrieving
ambiguous and correct phase values from a two-
dimensional set of phase values in the range (-π, π)
is called two-dimensional phase recovery.

Finally, by performing the filter and resolving

Figure 4. The final map of the displacements resulted of the March 16, 2022 Kookhord-Bastak earthquake (Mw6).

the phase ambiguity, a displacement map caused
by the earthquake was prepared (Figure 4). As can
be seen, not only the displacement was occurred
around the earthquake epicenter, but also it has
affected the faults around the epicenter and has
caused changes in these areas.

According to the results, the maximum amount
of the displacement is 19 cm, which is observed
in the form of subsidence and in the red color on
the map (Figure 4). Also, the amount of uplift
after the earthquake is 14 cm shown in blue color
on the map (Figure 4). It is mostly in the north-
eastern part of the study area and corresponds
with the trend of the faults.

5. Conclusion

The use of the satellite remote sensing in the
Zagros mountain range can be a good way to
studying the land surface deformation of an
earthquake due to its extensive coverage and
timeliness (appropriate temporal resolution). In
this research, the displacements due to landslides
in Koukhard-Bastak area has been investigated



JSEE / Vol. 23, No. 1, 20216

Fateme Kamalia, Mohammad Mohammadhasani, Mobin Bahrampur, and Ahmad Rashidi

and determined with using radar interferometry
method.

Evaluation of the results from the radar inter-
ferometry method, which providing accurate
leveling, showed that the wide spatial coverage
technique and the desired time have a high spatial
accuracy for the detection of displacement vectors
in the area.

The amount of ground displacement resulted
of the earthquake in the Kookhord-Bastak area
has been investigated by processing the Sentinel 1
satellite images. The results show that due to the
presence of fault around the epicenter, the dis-
placement caused by the earthquake is not only
specific to that fault, but also affected the other
faults around the epicenter.

The displacements map shows that a 19 cm
displacement in the form of subsidence has been
achieved in the western and northern parts of the
area, while ~14 cm uplift is visible in the northeastern
part of the area.
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