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ANALYSIS OF THE CONSEQUENCES OF EARTHQUAKES
IN TURKEY 06.02.2023 USING RADAR INTERFEROMETRY

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Koneail 0-poM 2eos. Hayk, npogh. C.A. Buxxeoro)

Background. The article studies the consequences of a series of earthquakes that occurred on February 6, 2023 in Turkey,
which caused large-scale destruction and tens of thousands of victims, and became the deadliest in the world in the last 10 years. Re-
search on the effects of earthquakes is important and can be used in emergency management and disaster recovery, to improve building
standards, develop earthquake-resistant infrastructure, etc.

Methods. The study was performed using modern methods of remote sensing and geographic information systems. To quantify
the surface displacement, we used the method of synthetic aperture interferometry (INSAR) based on Sentinel-1 satellite images in the
SNAP application. To improve the accuracy of the results, the Goldstein filter was applied and the phase unwrapping was performed using
the external Snaphu software module. To compensate for data distortion, terrain correction was performed using the Doppler terrain
correction operator to make the geometric image as close to the real world as possible.

Results. The interferograms obtained before and after the earthquakes were analyzed. The results indicate significant surface
deformations, especially in the area of the East Anatolian fault, with a maximum subsidence of 110 cm and more pronounced fault lines.
The interferograms show that the earthquakes have caused significant changes in the fault structure, which may affect further seismic
activity in the region. Diagrams and maps showing the impact of earthquakes on the surface and crust in the southeastern part of Turkey
were constructed.

Conclusions. This study demonstrates the possibility of using INSAR technology to monitor the deformation of the earth’'s
surface caused by recent earthquakes. The data obtained can be used to assess damage, identify risk areas, and develop measures to

reduce seismic hazards.

Keywords: earthquake, Turkey, INSAR, Sentinel-1, deformation of the earth's surface, fault, seismic hazard.

Background

The consequences of an earthquake can be devastating,
leading to significant loss of life and material damage,
especially in cities. Observing damaged buildings is critical
for emergency management professionals as it helps them
quickly direct rescue teams to the right location (Menderes,
Erener, & Sarp, 2015).

The southeastern region of Turkey and northwestern
Syria is a seismic zone characterized by a classical model
of earthquake formation, where tectonic plates converge
along fault lines, pressure gradually increases and provokes
repeated tremors (Liu, 2023). Seismic activity in this area is
influenced by such large structures as the North Anatolian
fault (NAF), the East Anatolian fault (EAF) and the zone of
the Southeast Anatolian depression (SAF) (Fotiou, 2023).
Also, the susceptibility to the formation of earthquakes in this
region is confirmed by the location in the contact zone of the
Eurasian, African and Arabian plates (Seyitoglu et al., 2017).
The neotectonics of Southeast Turkey, northern Syria and
Irag have been widely studied, the causes of seismic
processes in the region are three main tectonic elements —
the North and East Anatolian fault zones, as well as the
Aegean-Cyprus arc that separates the Anatolian plate from
the Eurasian, Arabian and African plates (Gurbtiz, 2020).

According to the Turkey Department of Earthquakes
(AFAD), a series of earthquakes with the largest magnitudes
7.7 and 6.6 occurred in Turkey on February 6, 2023, about
29-33 km south of Kahramanmarash. These earthquakes
occurred almost simultaneously (with a time difference of
10 minutes) at shallow depths (8.6 and 6.2 m, respectively).
Seismic events have led to significant loss of life, destruction
of infrastructure and caused a humanitarian crisis (Jia et al.,
2023; Oduoye et al., 2023). The earthquake was the largest
earthquake in Turkey since the 1939 Erzincan earthquake,
indicating an increased risk throughout the region (Zhao
et al., 2023). The earthquake was recorded by a large
number of seismic stations, which gave a unique opportunity
to study its characteristics and estimates of the destruction
that occurred (Ding et al., 2023; Centre Sismologique Euro-
Méditerranéen (CSEM)).

Problem Statement. Despite the great potential of
remote sensing materials in the study of earthquakes at the
beginning of the development of science, their use is limited
mainly to structural-geological and geomorphological
studies. These methods do not effectively measure short-
term processes before and after seismic shocks.

Further development of remote sensing materials was
associated with geophysical research. Over the past few
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decades, scientists have developed the ability to measure
deformation on a centimeter scale by comparing satellite
images taken at intervals of several days to several years.
This ability has led to a significant increase in the percentage
of the Earth's surface on which deformations and the
frequency of such observations can be observed.

In the early 1990s, one powerful satellite method for
estimating surface displacement became widely used —
interferometric radar with a synthetic aperture (InSAR).
Specifically, synthetic aperture radar (SAR) technology was
used in the analysis of the aftermath of the 1999 Izmir
earthquake in Turkey. SAR technology combined with
interferometric coherence has been proposed to detect
damage in buildings following the 1999 earthquake
(Brunner, Lemoine, & Bruzzone, 2010). According to the
authors, this technology can provide detailed descriptions of
the consequences of the earthquake in Turkey in 2023,
helping to assess the consequences of the destruction.

The aim of the work is to study the methods of remote
sensing and geographic information systems of the
consequences of a series of earthquakes in Turkey, in
particular, to evaluate the existing methods of studying
surface displacements that can be applied to this territory, to
build diagrams and maps reflecting the impact of earthquakes
on the surface and the earth's crust in Turkey. The conclusion
of the work will be conclusions about the impact of
earthquakes in the study area and analysis of risks that may
be caused by tremors.

Analysis of recent researches and publications. The
article (Bianchini et al., 2018) describes that InSAR, or
synthesized aperture interferometric radar, is a technology
that uses phase differences of two or more SAR images to
measure the displacement of the Earth's surface to within
centimeters and even millimeters (Bianchini et al., 2018).
This method involves using complex satellite images of the
territory obtained from different orbital positions and/or at
different times to calculate the difference in distance to
targets on the ground. The SAR signal phase is widely used
to obtain information, and INSAR has been proven to be a
valuable tool for mapping surface deformation with
unprecedented spatial disparity (Bianchini et al., 2018).

The paper (Li et al., 2016) provides a comprehensive
overview of the Sentinel-1 satellite mission developed by the
European Space Agency (ESA), which revolutionized large-
scale InSAR analysis through the use of C-band SAR
images. Currently, the Sentinel-1 mission contains two
satellites (S1A and S1B) launched in 2014 and 2016,
respectively. These satellites serve as radar missions for
INSAR applications, continuously collecting data in tectonic
and volcanic areas around the world. In particular, the
mission's ability to revisit the same site every 6-12 days
meets the requirements of near-real-time global monitoring,
enabling researchers to track geological processes with
unprecedented frequency and accuracy.

The paper (Gaddes et al., 2018) notes that images from
the Sentinel-1 satellite are used for synthetic aperture
interferometric radar (INSAR) for almost real-time global
monitoring. This is important for retrospective analysis and
measurement of various phenomena, including earthquakes.

The time series analysis package of SAR interferometry
with open code, LICSBAS, integrates with the Sentinel-1
INSAR  automated processor (COMET-LICSAR) as
described in the papers (Ghorbani et al., 2022; Dewanto,
Setiawan, & Nusantara, 2020). These authors used
Sentinel-1 satellite images to measure soil subsidence,
climate change and other applications, including studying
earthquakes.
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A phase-deployment method was proposed in 2002 by
Chen, & Zebker (2002) for synthesized aperture radar (SAR)
interferograms. This method applies statistical segmentation
and generalized network models to estimate unambiguous
phase values from observed phase data, which are
presented in the range of - to m. This method is main one
for obtaining phase values from a two-dimensional phase
array and converting phase values to standard units. The
approach is to consider a larger interferogram as a mosaic
of smaller interferograms (tiles) that can be unfolded
sequentially. To solve the problem of combining tiles with a
deployed phase, the authors propose a tile deployment
scheme that extends the maximum posterior probability
estimation system adopted by SNAPHU. The scheme is
based on previously obtained models and develops a
method for assembling individual unfolded tiles into the most
probable full-size solution.

The work (Summerlin, 2022) describes the procedure for
summarizing and drawing conclusions based on the
technical part of the experiment to create InSar data. The
author suggests using the standard set of SnAP functions to
convert the results of the deployed phase into real data in
centimeters for subsequent export and layout using GIS.
The paper describes the use of Doppler correction when
working with the expanded phase and bringing the image
from the IW band format to geographical coordinates, taking
into account angular corrections.

The study (Barut, Trinder, & Rizos, 2016) aimed to apply
INSAR, GNSS and Coulomb stress modeling to post-seismic
deformation analysis after the earthquake in Izmit, Turkey,
held on 17 August 1999. The authors sought to understand
the long-term effects of the earthquake and its implications
for the earthquake cycle. The study described that
observations of INSAR and GNSS in the three months after
the earthquake, combined with simulations of Coulomb
stress change, may explain the expansion of the fault zone
as well as the deformation of the Northern NAF region. It
was also found that there was a strong correspondence
between INSAR and GNSS results for post-seismic study
steps, with differences of less than 2 mm and a standard
deviation of differences of less than 1 mm.

The territory of reserach. On the territory of Turkey
there are tectonic boundaries of large geotectonic blocks:
Eurasian, Arabian and Anatolian plates (fig. 1). The process
of accumulation of tectonic stresses and subsequent
movements along the tectonic boundaries, primarily the
East Anatolian fault caused the occurrence of earthquakes
on February 6, 2023. The East Anatolian fault zone is a plate
boundary extending 500 km between the Arabian and
Anatolian plates. The relative movement of the plates occurs
with a sliding speed in the range of 6 to 10 mm/year, which
creates a high risk of a new earthquake in eastern Turkey.
In the area of Gaziantep and Kahramanmarash, the
predicted peak ground accelerations for a probable
earthquake can be 0.2-0.4g (g — gravity acceleration
9.81 m/s?), which correspond to a very destructive
earthquake with an intensity of approximately 8—9 points.
This is also evidenced by the map of the distribution of
earthquake risks in the Middle East (fig. 2) (Korkmaz, 2009).

The East Anatolian fault, which is an intra-continental
transform fault, is located in the Eastern Mediterranean region.
Together with the right-sided North Anatolian fault, it contributes
to the movement of the Anatolian microplate to the west. The
fault is a complex left-sided landslide that separates the
microplate from the Arabian Plate (Dal Zilio, & Ampuero, 2023).



FEOJIOrIS. 2(105)/2024

~113 ~

Methods

InSAR is a method by which the phase difference of two
or more SAR images is used to calculate the difference in
range from two SAR antennas, which have slightly different
geometry of vision, to targets on the ground. As a result, we

I ilometers

Fig. 1. Active fault map of Turkey by Kaymakci (Engineering Sefémology, 201).4

get the value of the displacement of the surface for the given
period exactly to centimeters. INSAR results provide an
opportunity to evaluate deformations associated with faults,
cracks and subsidence.
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Red represents active faults with seismic potential, yellow represents faults with capability to have seismic potential,
blue represents faults with probability to have seismic potential. NAF — the North Anatolian right-lateral strike-slip fault zone.
EAF — the East Anatolian left-lateral strike-slip fault zone
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Fig. 2. The distribution of earthquake risks In Turkey (Korkmaz, 2009)

Radar, an abbreviation for radio detection and range
determination, involves the transmission and reception of
microwave electromagnetic radiation with frequencies in the
range of approximately 108-1011 Hz and corresponding
wavelengths of about 1-1000 mm (Rueger, 2012).

The research utilizes Sentinel-1 data obtained from the
Copernicus Open Access Hub, specifically focusing on the
interferometric wide (IW) mode with a spatial resolution of
5m by 20 m and polarized in VV+VH. This mode is the
primary overland acquisition mode for Sentinel-1, covering
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a range of 250 km. The references provide valuable insights
into the capabilities and applications of Sentinel-1 data
(Né&gler et al., 2015).

The Sentinel-1 satellite provides radar images in two
directions: ascending and descending. These images differ
in geometry and final characteristics, including the direction
of the Doppler shift. In ascending mode, the Doppler shift is
positive, indicating an increase in the frequency of the radar
signal as the satellite approaches the target and a decrease
as it moves away from it. Conversely, in the downshift mode,
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the Doppler shift is negative, the radar signal frequency
decreases as the satellite approaches the target and
increases as it moves away (Moiseev et al., 2020; Karbou
et al., 2021; Fan et al., 2023).

A Doppler shift is a change in frequency or wavelength
relative to an observer that is moving relative to a wave
source. In the context of INSAR imaging, Doppler terrain
correction is necessary to account for geometric parameters
of the InSAR system, including baseline length and slope,
and to correct for atmospheric signal associated with terrain.
Range Doppler Terrain Correction implements a Doppler
terrain correction method for geocoding SAR images from
two-dimensional raster radar geometry. It uses available
information about the orbit state vector in metadata, radar
time annotations, tilt-to-ground conversion parameters
together with reference DTM data to obtain accurate
geolocation information (Wang et al., 2023).

The use of terrain correction in InSAR imaging is
particularly important because it corrects geometric
distortions caused by topographic variations that can
significantly affect the accuracy of the final image. Given the
terrain and atmospheric effects, Doppler relief correction

ensures that the InSAR image accurately reflects the
features of the observation surface, which leads to more
reliable results in applications such as topographic mapping,
monitoring of soil deformation, and detection of changes in
the environment (Wang et al., 2023).

The S-1 uses three predefined subbands in IW mode
(IW1, IW2 and IW3), reaching a coverage of 250 km in the
transverse direction. To do this, it uses advanced SAR
scanning terrain observation technology (TOPSAR). This
allows for electronic beam control in both the rangefinder and
azimuthal directions, ensuring the same image quality over
the entire range and avoiding jagged images (Yague-Martinez
et al., 2016). TOPSAR is designed to replace ScanSAR
mode and provide an almost uniform signal-to-noise ratio
(SNR) and distributed target ambiguity ratio (DTAR)
(Yague-Martinez et al., 2016). The IW TOPSAR mode
provides highly accurate and nearly uniform responses
when images are co-recorded, eliminating flaws that
reduce the azimuth antenna emission pattern seen by the
ground target. In addition, the IW mode supports single and
double polarization operation, covering a range of incidence
angles from 31 to 46 degrees (Ouaadi et al., 2021).

Table 1

Characteristics of satellite data Sentinel-1 (Prats-lraola et al., 2015)

Parameter Interferometric Wide-swath mode (IW)
Polarization Dual (HH+HV, VV+VH)
Access (angles of incidence) 31°—46°
Azimuth mismatch <20 m
Ground Range Mismatch <5m
Azimuth and range view Single
Strip >250 km
Maximum NESZ -22dB
Radiometric stability 0.5 dB(30)
Radiometric accuracy 1 dB (30)
Phase Error 5°

After loading Sentinel-1 data into the SNAP application,
a number of steps must be taken to create an interferogram.
These actions are represented by the following program
tools: Apply Orbit File, Back-Geocoding, Enhanced Spectral
Diversity, Interferogram, and TOPSAR-Deburst.

Apply Orbit File — Auxiliary orbit data contains
information about the position of the satellite when
receiving SAR data. They are automatically loaded for
Sentinel-1 SNAP products and added to their metadata
using the Apply Orbit File statement.

Back Geocoding — The reverse geocoding tool S-1 jointly
registers two separated products based on the orbit
information added in the previous step and information from
the digital altitude model (DEM) that SNAP loads.

Enchanted Spectral Diversity is a method proposed to solve
the problem of azimuthal displacement caused by
misalignment of Sentinel-1A/B data in the process of monitoring
large-scale deformations. This method uses spectral diversity
for the overlap region between TOPS data packets and
involves two stages of joint data registration: initial joint
registration based on geometry and subsequent joint
registration using ESD. The main goal of ESD is to achieve a
co-registration accuracy of about 0.001 pixels to limit the
azimuthal shift to several degrees (Wang, Xu, & Fialko, 2017).

The interferogram is formed by cross-multiplying
(formula 1-4) the reference image by the complex
conjugation of the secondary image. The amplitude of both
images is multiplied and the phase represents the phase
difference between the two images. The interferometric
phase of each pixel of the SAR image will depend only on
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the difference in paths from each of the two SARs to the
disparity cell under observation.
(1)

@ = Qpem T Prat T Pdisp T Patm T Pnoise

4 By
Par = —4 = ;R_tag 5 2)
=2t 5n 29
®pEM = R, sin® (3)
4
Paisp = d- Tﬂ (4)

Accordingly, the calculated interferogram takes into
account the flat earth phase ¢ flat (curvature of the earth),
topographic phase ¢ DEM (topographic surface of the earth),
atmospheric conditions @ atm (change in humidity, temperature
and pressure between the two gains) and other noise @ noise
(change in scatterers, different viewing angle and volume
scattering), and finally possible surface deformation ¢ disp,
which occurred between the two preparations (Vranki¢, Grgi¢,
& Basi¢, 2022). TOPSAR-Deburst is a function for merging
individual IW image strips into one.

The interferometric phase most often contains noise and
distortion from temporal and geometric decorrelation, bulk
scattering and other processing errors. Phase information in
the de-correlated regions cannot be recovered, but the
quality of the bands present on the interferogram can be
improved by applying specialized phase filters such as the
Goldstein filter to improve the signal-to-noise ratio.

H(fe fy) = S{U2(fe K * 2(F 1), (5)
where fx and fy respectively represent the spatial
frequencies in the range and azimuth a is the filter
parameter, Z(fx, fy) represents the Fourier spectrum of each
filtering window, and S{-} is the smoothing operator that is
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usually achieved with a low-pass filter. Spots are defined as
small windows of an interferogram with overlap to maintain
continuity at the boundaries. The a parameter, taking the
value in the range [0, 1], indicates the desired level of
efficiency of the filtering operation. For a= 0, we have
H(fx, fy) = Z(fx, fy), which means no filtering (Feng et al., 2016).
In order to relate the interferometric phase to the
topographic relief on the interferogram, the phase difference
between adjacent pixels is integrated, allowing the actual
relief changes to be measured (Matano, 2019). The phase
deployment required for this process is typically performed
using external software such as SNAPHU, which uses a
network flow algorithm to find the most likely expanded
values. In addition, the interferometric phase is derived on the
basis of first-order MNCs using adaptive window size, and the
interferogram is pre-processed by filtration to eliminate strong
noise that can cause serious errors (Sun et al., 2020).
Two-dimensional phase unfolding is the process of
recovering unambiguous phase data from a two-
dimensional array of phase values known only modulo 2pi
rad. SNAPHU is an implementation of the statistical cost
algorithm and network flow for phase deployment
proposed by Chen and Zebker (2002). This algorithm sets

the phase deployment as a maximum posterior probability
(MAP) estimation problem, the purpose of which is to
calculate the most probable deployed solution from the
observed input data. Since the statistics that relate the
input data to the solution depend on the measured
quantity, SNAPHU contains three built-in statistical
models: for topography data, deformation data, and
smooth general data (Chen et al., 2018).

An important step in determining the amount of soil
deformation is to quantify the results of the expanded phase
as a total displacement. The expanded phase represents the
cumulative phase difference between SAR images and
needs to be converted to an offset value for further analysis.
To do this, the pixel equation is used, which takes into
account the delta phase and the wavelength of the sensor,
to calculate the total displacement in meters.

Results

This research will analyze and study the territory (fig. 3)
of southeastern Turkey, the area through which the East
Anatolian Fault passes — a large fault zone that forms a
transform-type tectonic boundary between the Anatolian
Plate and the northward-moving Arabian Plate.
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Fig. 3. Seismic events in Turkey 02/06/2023 (according to AFAD data)

In this research, we used data containing intensity and
phase information, covering a width of 250 km in the
interferometric wideband (IW) mode with a spatial resolution
of 5 m by 20 m and polarized in VV+VH. The pre-earthquake
datasets were acquired on January 17, 2023 and January 29,
2023, a week before the earthquake, and the post-
earthquake dataset was acquired on February 10, 2023,
4 days after the earthquake (table 2).

Work with snapshots is done in the SNAP application. In
order to obtain accurate results, in the process of processing
radar interferometry data, two interferograms were obtained
(fig. 4), which contain information on the deformation of the
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Earth's surface. However, these interferograms must be
corrected at the output, since they may contain errors caused
by atmospheric noise, as well as random measurements.
They were then corrected using the Goldstein filtration
method. This stage will create the final version of the
interferogram in the range from -r to 7 (fig. 4). Further actions will
be related to the phase sweep and obtaining the numerical
values of the surface displacement in real units of measurement.
The phase is deployed using an external Snaphu software
module. The expanded phase offset data is presented in its
own units of measure, so to interpret them in meters, it is
necessary to quantify the results of the expanded phase as a
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total offset. To do this, the pixel equation was used, which takes
into account the delta phase and the wavelength of the sensor,
to calculate the total displacement in meters. The result is two
images showing the displacement of the surface before and
after the earthquake.

The measurement methods used showed displacement
as a result of seismic shock and numerous secondary
shocks after it. Displacements are located in the area of the
East Anatolian fault, which has deep linear faults (fig. 5).

Table 2

Characteristics of the images

Date Type Polarization mode Band Time difference
January 17, 2023 SLC VV + VH C
12 days
January 29, 2023 SLC VV + VH C
February 10, 2023 SLC VV + VH C 12 days

East from the main epicenter of the earthquake
expressed subsidence of the surface up to +50 cm. Fault
break lines are visible on the resulting interferograms and
cover a significant spatial range along the fault. The results
of the study indicate the impact of the earthquake on the
structure of the fault and can be used for further analysis of

Deformation of the research area from 17.01 to 29.01

Fig. 4. Interferogram constructed from data from 17.01 to 29.01 (a), from 29.01 to 10.02 (b)

Fig. 5. Interferogram after Goldstein filtration from data from 17.01 to 29.01 (a) and from 29.01 to 10.02 (b)

R
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its behavior. If we compare the displacement of the surface
before the earthquake and after (fig. 6), we can see that the
displacements before the earthquake are insignificant, with
an amplitude of 30 cm, with minor subsidence up to 7 cm.
After the earthquake, the amplitude of subsidence is up to
110 cm, and the fault line becomes clearly expressed.

Deformation of the research area from 29.01 to 10.02
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Fig. 6. Displacement of the surface of the territory during the time from 17.01 to 29.01 (a) and from 29.01 to 10.02 (b)

Discussion and conclusions

The research included a detailed study of the
consequences of a series of earthquakes in Turkey using
modern remote sensing methods and geographic
information systems. To obtain accurate data on surface
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displacement as a result of seismic events, Sentinel-1
satellite data processed in SNAP software was used and
interferograms were created. To improve the accuracy of the
results, a Goldstein filter was applied and the phase was
deployed using an external Snaphu software module.
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The results of the study showed that the greatest surface
displacements were found in the area of the East Anatolian
fault, with a maximum surface subsidence of up to 110 cm.
In addition, it was found that earthquakes caused significant
changes in the structure of the fault, which may affect further
seismic activity in the region.

The results obtained are important for further analysis of
fault behavior and assessment of risks associated with
seismic activity in the region. Also, the application of INSAR
technology has provided important information about the
consequences of earthquakes in Turkey and can be a useful
tool for monitoring seismic activity and assessing risks in
other regions of the world.

Thus, this study confirms the importance of using
modern technologies to monitor and study the effects of
seismic activity, as well as to develop effective strategies for
risk reduction and disaster mitigation.

Authors' contribution: Vitalii Zatserkovnyi — conceptualization,
methodology, editing; Irina Tsiupa — creating models, data
validation, writing (revision and editing); Hryhorii Ostapenko —
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'KniBcbKkui HauioHanbHWIA yHiBepcuTeT iMeHi Tapaca LLlesyeHka, Kuis, YkpaiHa
2yniBepcuTeT Yp6iHo Kapno Bo, Yp6iHo, ITtanis
SBoNMHCLKUIM HaLioHanbHUM YHiBepcuTeT iMeHi Jleci Ykpainku, Nyubk, YkpaiHa

AHATI3 HACNIAKIB 3EMNETPYCIB Y TYPEYYMHI 06.02.2023 3A AAHUMW PALIONOKALINHOI IHTEP®EPOMETPII

B ¢ Ty n. focnidxeHo Hacnioku cepii 3emnempycie, wjo eidbynuce 6 mromozo 2023 poky e TypeyyuHi ma cnpuyuHUIU MacwmabHi pyliHyeaHHs1
U decsimKu mucsiy xepme, a mako)x cmasnu Halbinbw cMepmoHOCHUMU y ceimi 3a ocmaHrHi 10 pokis. [JocnidxeHHsi Hacnidkie 3emnempycie Maromob
saksiuee 3Ha4eHHs i MOXXymb eukopucmoesyeamucsi y cghepi ynpaeniHHsi Had3eu4aliHuMu cumyayisiMu ma eiGHoes1IeHHi nicsisi nPupPoOHUX Kamacm-
pogh, a makox dns noninweHHs1 6ydisenbHuUx cmaHoapmie, po3pobku iHghpacmpykmypu 6inbw cmitikoi do 3emnempycie mowo.

Me Toawn. JocnidxeHHs1 s8uKOHaHO 3a ONMOMO20K0 Cy4YacHUX Mmemodie ducmaHyiliHo2o 30HAyeaHHs1 ma 2eoiHghopmayiliHux cucmem. [ns Ki-
NbKicHOI OYiHKU 3MiujeHHs1 nosepxHi sukopucmaHo Mmemod iHmepgepomempii i3 cunme3oeaHoro anepmyporo (INSAR) Ha ocHo8i KOCMiYHUX 3HiMKie
cynymHuka Sentinel-1 y 3acmocyHky SNAP. [ins nideuuwjeHHs1 mo4Hocmi pe3ynbmamie 3acmocoeyeaecs ¢inbmp NonbO0wmeliHa ma 8UKOHaHO Po-
320pmaHHs ¢ha3u 3a 0NMOMO2010 308HIWHLO20 MPo2pamHo20 Modys Snaphu. [ins komneHcauyii cnromeopeHb daHux 30ilicHeHO KOpeKyito Micyeeo-
cmi 3a donomozoto onepamopa Doppler Terrain Correction, ujo6 2ceomempuy4He 306paxkeHHs1 6y10 MaKkcuMasbHO HabruXeHuUM 00 peasibHo20.

Pe3ynbTaTtu. [poaHanizoeaHo iHmepgepozpamu, ompumaHi 0o ma nicns 3emnempycie. Pesynsmamu ceid4amsb npo 3Ha4yHi deghopmauii
nosepxHi, ocobsueo 8 palioHi CxioHoaHamoilickko20 po3sIoMy, 3 MaKcuMasibHUM npocidaHHsM 110 cM ma 6Ginbw eupaXxeHUMU JiHISIMU PO3/10My.
3a daHumu iHmepghepozpam mMoxxHa docnidumu, w0 3emaempycu CPUYUHUIU 3Ha4YHi 3MiIHU y cmpyKmypi po3sioMy, W0 Mo)xe erluHymu Ha noda-
nbwy celicMiYHy akmueHicmb y pezioHi. BukoHaHo nobydosy cxeM ma kapm, wjo 8ido6paxkarome ensue 3emsiempycie Ha Mo8epPxHO ma 3eMHy Kopy
8 niedeHHo-cxidHili yacmuHi TypeyyuHu.

BucHoBEkKW. [JocnidxeHHs1 deMOHCMpye MOXIU8ocmi eukopucmaHHsi mexHonoezii INSAR dns moHimopuHay deghopmayili 3eMHOT Mo8ePXHi,
crnpuYyuHeHUX Heujo0asHiMu 3emnempycamu. Ompumani daHi MOXXymb 6ymu eukopucmati Ons1 oyiHku pyliHyeaHb, 8U3Ha4€HHS1 30H PU3UKYy ma po-
3po6ku 3axodie uj000 3HUXKEHHS1 celicMiYHOi Hebe3neKu.

KnwuyoBi cnoBa: 3emnempyc, TypeudyuHa, INSAR, Sentinel-1, degpopmauisi 3eMHOI noeepxHi, po3siom, celicMiyHa Hebe3rneka.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo ny6nikauito pesynbTartis.
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