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Abstract

The high pressure created by the stretching or compression of the rocks on the earth causes the earth’s crust to break and faults occur. These
faults are found in many parts of the world and are actively seen in Tirkiye. In this study, space and satellite techniques and geodetic results
of the Sofalaca-Sehitkamil Gaziantep earthquake that occurred on the Eastern Anatolian Fault Zone on 06.02.2023 in Tiirkiye were evaluated.
Stations recording GNSS observations at 1Hz sampling interval of the network of Continuously Operating Reference Stations, Tiirkiye (CORS-TR)
were used, homogeneously distributed in and around the epicenter where the earthquake occurred. In order to examine the characteristics of the
surface movements occurring at the time of the earthquake, the Kinematic-PPP technique and the 1 second RINEX data in the RTKLIB software
were evaluated with both real-time and post-process solution approaches. With both solution approaches, displacement amounts and velocities,
of the surface waveforms occurring at the time of the earthquake were calculated at all stations. In addition, the co-seismic displacements of the
selected 23 stations after the earthquake were calculated and the changes on the surface of the earthquake were interpreted. At GNSS Stations,
the maximum velocities during the earthquake were calculated in the range of 1.6-23.3cm/s for the north component, 0.5-13.5cm/s for the east
component, and 1.9-24.6cm/s for the up component. The post-earthquake co-seismic displacements at stations were determined as 0.1-37.1 cm

for the north component, 0.1-22.7cm for the east component and 0.1-20.0cm for the up component.
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Introduction

The shapes formed by the waters and land covering the
earth are formed in different geological times from the past
to the present. It is a rich country in terms of geology and
geomorphology, as there is land belonging to all geological time
periods in the formation of Tiirkiye. Although there are lands that
were formed in the 1st and 2nd geological times in the country,
their current appearance was formed in the last geological
time period. In this context, Tiirkiye shows a young formation
characteristic in tectonic sense. Therefore, there are many active
faults in and around Tiirkiye. In this case, this region has become
one of the active working areas of the world for the studies of
scientists who carry out tectonic and seismic researches in the
field of earthquakes. Tiirkiye is surrounded by the Eurasian Plate
in the north, the African Plate in the south and the Arabian Plate
in the southeast, and has the Anatolian Plate in its center [1-3].

The Anatolian Plate is moving westward about 21mm/year due to
the surrounding tectonic plates [4,5]. In the north of the country,
there is the North Anatolian Fault Zone (NAFZ), one of the most
active faults in the world, with a right-lateral strike-slip fault type
that forms the border of the Eurasian and Anatolian Plates [6,7].
On the other hand, there is the East Anatolian Phase Zone (EAFZ),
which is the encounter area between the Arabian and Anatolian
Plates and has left-lateral strike-slip fault type [2,8,9]. The EAFZ
is one of the most important neotectonic faults, approximately
600km long, consisting of more than one fault segment, starting
from Karliova in the northeast of Tirkiye and in the southwest
direction between the Gulf of Iskenderun [10,11]. Some segments
on this fault zone are shown as active faults [11,12]. Geodetic
studies are suggested to examine the dynamic behavior of active
faults on the fault zone [13].
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In Nowadays, GNSS technology and different positioning
algorithms are used in order to monitor the surface waveforms
before, during and after the earthquake and to determine the
co-seismic displacements [14-20]. High-precision 3D position
information from GNSS data plays an important role in detecting
dynamicbehavior on the fault [21].In addition to GNSS seismology,
many scientific studies have been carried out by integrating
GNSS sensors in areas such as structural health monitoring for
the detection of damage to buildings during earthquakes, early
warning systems for the pre-detection of natural disasters such
as earthquakes or tsunamis [22-30]. As a result of the northward
movement of the Arabian Plate in the southeast of the East
Anatolian Fault and the westward movement of the Anatolian
Plate in the northwest, the studies carried out on this fault at
different times are approximately 9+1mm/year [31], 5-8mm/
year [32,33], 10mm/year [4,34], 13mm/year [35], 11+3mm/year
and 8mm/year [36], slip rates were calculated. Considering the
earthquakes that occurred in paleo-seismology and instrumental
periods in the segments on the EAFZ, it was revealed that there are
seismic gaps in the Goélbasi-Tirkoglu and Bingdl-Palu segments
[32,37]. However, in the geodetic study conducted in this region,
using GNSS data sets, the slip rate on the EAFZ was approximately
10 mm/year in the north of the Gdlbasi-Tiirkoglu segment, while
it decreased to approximately 4.5mm/year in the South [13].
In addition, the seismic gaps specified on the EAFZ in previous
studies were expressed as Palu-Sincik and Celikhan-Tiirkoglu
segments in this study, and it was concluded that earthquakes
with a magnitude of Mw:7.4 and Mw:7.7 could occur, respectively
[13]. With this study carried out in the region, it is revealed that
a seismic activity may occur and the potential for loss of life and
property is high. A proof of this is the Mw:6.8 magnitude Sivrice
(Elazig) earthquake that occurred on January 24, 2020. With this
earthquake, attention was drawn to the potential of active seismic
movements in the region [38].

In this study, real-time detection of the seismic waveform and
co-seismic displacements of the Mw: 7.7 magnitude Sofalaca-
Sehitkamil Gaziantep earthquake, which occurred on February
6, 2023, was made with the GNSS observation data recorded at
the base GNSS stations connected to in the network of CORS-
TR close to the region. The real-time Precise Point Positioning
(RT-PPP) solution approach of displacements and velocities at
the time of the earthquake was evaluated with reference to the
PP-PPP approach. Displacements and velocities were calculated
with an accuracy of about 1 cm vertically, at millimeter level
horizontally, and the results were consistent with each other.
In addition, the characteristics of the surface movements of the
region were interpreted by calculating the post-earthquake co-
seismic displacements.

Materials and Method

6 February 2023
(Mw:7.7) earthquake

sofalaca-sehitkamil gaziantep

On February 6, 2023, on the Eastern Anatolian Fault Zone, at
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04:17, Turkiye Time (TRT), a very large earthquake with epicenter
centered in Sofalaca-Sehitkamil-Gaziantep and instrumentally
calculated by Kandilli Observatory and Earthquake Research Institute
(KRDAE) as moment magnitude Mw:7.7 and local magnitude ML:7.4
occurred. The magnitude and location of the earthquake are shown
in Figure 1 by different centers. According to the epicenter where
the earthquake occurred, it is understood that it occurred within the
borders of Gaziantep province. Although the depth of focus of the
earthquake varies between 5 and 10 km for different centers, it is
seen thatit is a shallow earthquake [39]. Due to the shallowness and
severity of the earthquake, it was felt strongly in Kahramanmaras,
Gaziantep, Diyarbakir, Sanlurfa, Kilis, Adana, Malatya, Osmaniye,
Adiyaman, Hatay and surrounding provinces within the borders
of Eastern Anatolia, Southeastern Anatolia, Central Anatolia and
Mediterranean Regions. According to the preliminary reports in
the post-earthquake region, when the deformations caused by
the earthquake on the land surface are examined, the fault type in
many regions is expressed as left-lateral strike-slip. According to the
results of the field studies between February 10 and February 16
by AFAD Earthquake Department, it was stated that the earthquake
was effective in an area of approximately 108 thousand 812 square
kilometers, together with 11 provinces and the surrounding
provinces. In addition, in two consecutive earthquakes, the Sofalaca-
Sehitkamil Gaziantep earthquake records were more effective
in Hatay and Kahramanmaras, considering the field studies and
the evaluations of the people of the region. Although a 290km
long fracture occurred in the region in terms of surface faulting,
displacements of up to 6.5 meters were observed [40].

In urban areas, as a result of the loss of shear strength and
hardness of the ground due to sudden displacements in case of
shaking or stress during an earthquake, liquefaction in the ground
and settlements and side-lyings have occurred in the buildings.
In addition, the deformations caused by the surface faulting that
continues under the structures have also caused the collapse or
damage of the structures [40]. As of 20 March 2023, itwas determined
that 255 thousand buildings were destroyed or damaged in the
region, it was stated that more than 50 thousand lives were lost
and more than 107 thousand citizens were injured. Thus, the date
of 06 February 2023, when two consecutive earthquakes occurred,
was recorded as the most destructive earthquake in the history of
Tiirkiye.

GNSS observations and evaluation

GNSS stations belonging to the network of CORS-TR were
selected for real-time monitoring of the seismic surface waveform
that occurred in the Sofalaca-Sehitkamil Gaziantep (Mw:7.7)
earthquake, and to determine the co-seismic displacements
and velocities by examining the earth crust movements. These
stations are located close to the epicenter of the earthquake and
homogeneously distributed on the fault surface, approximately
30km to 375km from the earthquake epicenter, in Figure 2, point
locations are shown. In order to see which type of faulting, in
which direction the tectonic plates move, and the 3-dimensional
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vector distribution of the distance from the center, 34 stations
were selected in the selection of the stations to surround the
fault surface. Observation data sets of selected stations in RINEX
(Receiver Independent Exchange) format, dated 06.02.2023 with
1s interval, were obtained from the website of the CORS-TR System
jointly operated by the General Directorate of Land Registry and
Cadastre and the General Directorate of Mapping. Considering
the GNSS data sets of the stations, GNSS observation data of the
day of the earthquake did not record at ADY1, HAT2, MAR1, ONIY
and MARD stations. In addition, after the evaluation of GNSS
measurements, GNSS observations of SURF, KLS1, EKZ1, CYL2 and
VIR2 station points were formed data interruption at 04.17 TRT
(UTC 01.17) when the earthquake occurred. GNSS observation
data of KAP1 station is also not available. For these reasons, the
GNSS dataset of 11 stations was not evaluated. In the observations
of GNSS stations with a sampling interval of 1 second, Galileo and
BeiDou satellite observations were recorded as well as GPS and
GLONASS satellite observations due to the characteristics of some
receiver/antenna. However, in this study, solutions are based on
GPS and GLONASS satellite observations to ensure integrity. Since
GNSS datasets are in 1-hour sessions for each station, they are
combined for 24 hours. GNSS observations of each station were
evaluated with the kinematic-PPP technique in the rtkpost module
of the open source code RTKLIB software. The surface waveforms
of the 3-dimensional position component of each station were
examined as 300 epochs (5 minutes) before the earthquake,

during and 300 epochs (5 minutes) after the earthquake. In
addition, co-seismic displacements, velocities and statistical
evaluations of the stations as a result of the 3-dimensional surface
movements that occurred during the earthquake were made. In
order to instantly evaluate the 3D displacements and velocities
of the GNSS stations at the time of the earthquake in real time,
solutions were made with the Kinematic-PPP technique by using
the Real-Time satellite orbit and clock information produced by
the National Center for Space Studies (CNES) analysis center.
In order to verify the results, the final satellite orbit and clock
information produced by the German Earth Sciences Research
Center (GFZ) were compared together. With the kinematic-PPP
solution, 3D position components were obtained in each 24-hour
epoch (1 second) of the stations. For the evaluation of the 24-hour
solutions obtained, the situation that the earthquake occurred at
01:17:32 according to the UTC time zone and lasted for about 80
seconds was taken as the moment of the earthquake (01:17:32-
01:18:52),and the interval 0f 01:12:32-01:23:52 with 300 seconds
before the earthquake and 300 seconds after the earthquake
was determined. In order to evaluate the velocity of the GNSS
stations at the time of the earthquake, the coordinate differences
between two consecutive epochs at the time of the earthquake
were obtained. In addition, both horizontal and 3-dimensional
vector-based displacement changes were calculated by taking the
average coordinate differences of 300 epochs before and after the
earthquake of the GNSS stations in the specified time period.
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Figure 1: Location map, magnitude and depth of focus of the Sofalaca-Sehitkamil-Gaziantep earthquake given by different centers.
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Figure 2: Map of the location of the network of CORS-TR close to the earthquake epicenter.
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Figure 3: Displacement and velocity time series of the north, east and up components according to the RT-PPP evaluation results
for the Sofalaca-Sehitkamil Gaziantep earthquake of the ADN2 GNSS station.

32(2): 556335. DOI:10.19080/IJESNR.2023.32.556335

How to cite this article: Baris K. Investigation of Seismic Waveform and Co-seismic Displacements Based on GNSS Observations at CORS-TR Stations of
Sofalaca-$ehitkamil Gaziantep (Mw:7.7) Earthquake on February 6, 2023 by Kinematic-Precise Point Positioning Technique. Int J Environ Sci Nat Res. 2023;



http://dx.doi.org/10.19080/IJESNR.2023.32.556335

International Journal of Environmental Sciences & Natural Resources

In this section, rapid evaluation of GNSS observations
recorded at CORS-TR GNSS stations during the Sofalaca-
Sehitkamil earthquake was made under real-time conditions.
Surface waveforms, maximum displacements and velocities of
all stations were determined. However, only the displacement
and velocity time series of ADN2, ANTE and TUF1 stations are
shown as examples in the article. The statistical results of the co-
seismic displacement amounts, velocities and surface waveforms
of all points according to the Final solutions are given in Table
1 & 2 in detail. In Figure 3, the time series of the displacements
and velocities of the north, east and up components of the ADN2
station obtained in the RTKLIB software using real-time CNES
satellite orbit and clock corrections in the specified time period
before, during and after the earthquake are given. A similar
situation is illustrated in Figure 4 using Final satellite orbit and
clock correction products produced by the GFZ center to test the
accuracy of the results.

The maximum velocity values obtained from both real-time
and post-prosess results for the ADN2 station were obtained
as 23.3cm/s for the north component, 9.6cm/s for the east
component and 6.0cm/s for the up component.

The maximum displacement range occurring in the surface
waveform of the ADN2 station at the time of the earthquake is

70.3 [68.6] cm for the north component, 33.0 [32.6] cm for the
east component, and 14.3 [14.1] cm for the up component in
both solutions. The displacements occurring in the displacement
time series show the offset amount of the seismic movements
occurring at the time of the earthquake at the location of the GNSS
station. However, post-earthquake co-seismic displacements of
the ADN2 station are -3.33 [-3.7] cm for the north component,
-4.6 [-3.2] cm for the east component, and 1.7 [0.1] cm for the up
component. With the calculation of the co-seismic displacements,
it was observed that the point of ADN2 was located on the
Anatolian Plate relative to the earthquake center as alocation, and
the horizontal movement of the point took place in the southwest
direction. This has led us to interpret that the fault that occurred
after the earthquake is left-lateral strike slip. It turns out that
there is a heave at this location relative to the displacement in the
up component of the ADN2 station.

The displacement and velocity time series of the North, East
and Up components of the RT-PPP and PP-PPP solutions of ANTE
station, which is one of the stations close to the epicenter of the
earthquake, are given in Figure 5 & 6, respectively. In both real-
time and post-process solutions of this station, the displacement
during the earthquake is 24.5 [24.5] cm for the north component,
37.2 [35.9] cm for the east component, and 14.8 [15.3] cm for the
up component.
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Figure 4: Displacement and velocity time series of north, east and up components according to PP-PPP evaluation results for the
Sofalaca-Sehitkamil Gaziantep earthquake of ADN2 GNSS station.

In addition, the maximum velocities at the time of the
earthquake are 10.3 [10.2] cm/s in the north, 12.0 [11.6] cm/s
in the east and 6.1 [5.8] cm/s in the up component. According to
the co-seismic displacement results after the earthquake, itis 27.5
[26.5] cm in the north, 22.7 [24.6] cm in the east, and 1.3 [2.2] cm
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for the up component. These results show that the ANTE point
is located on the Arabian Plate relative to the top of the center
and its horizontal movement is towards the northeast. Thus, the
interpretation of the movement of the earthquake that occurred
on the East Anatolian Fault Zone in the Northeast-Southwest
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direction and that it is a left-lateral strike slip was emphasized
again. In addition, it is seen that the amount of displacement after
the earthquake is greater for the horizontal component than the
ADN2 station, depending on the distance from the center of the
ANTE station. A post-earthquake heave occurred in the upper
component of this station. However, this interpretation can only
be made according to the point location. It will be possible to

determine the elevation changes before and after the earthquake
by using technologies such as High Resolution Passive (Optical)
systems or Active (Radar) systems of the collapses or heaves
occurring on the surface of the fault and its vicinity for the analysis
on a regional basis. The RT-PPP and PP-PPP results of the MLY1
GNSS station, which we took as the last example and which is close
to the epicenter, are given in Figure 7 & 8, respectively.

b

&
g

ANTE GNSS Station
250
z ——RT-PPP ——RT-PPP
£ g 125
£% £ . "
Sk z T
2o 3
3 o
a
250
Time (s) Time (s)
500 250
£ RT-PPP RT-PPP
E 250 2125
i i
-
733 &
28 o 0
&g g

5250 2125

a

-500 - 250
Time (s) Time (s)

500 r - 250 . .
£ ——RT-PPP ——RT-PPP
£ 250 1 T 125
i i

a8 £
et L WIS ot e S Hl
g 3 I
s 2
3 .
2 B
a

100 200 300 400 500

Time (s)

600 700 800

900

Figure 5: Displacement and velocity time series of the north, east and up components according to the RT-PPP evaluation results
for the Sofalaca-Sehitkamil Gaziantep earthquake of the ANTE GNSS station.
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The maximum surface displacement of the two solution
methods at the time of the earthquake is 89.8 [86.9] cm in the
north component, 29.9 [29.5] cm in the east component, and
16.2 [16.3] cm in the up component. The maximum displacement
at the time of the earthquake is 23.3 [23.3] cm/s, 13.4 [13.3]
cm/s and 7.4 [7.6] cm/s for the north, east and up components,
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respectively. When all GNSS stations were examined, it was
determined that the maximum slip rate and maximum velocity
for the north component occurred in this station. In addition,
post-earthquake co-seismic displacement results are -37.1 [-37.1]
cm, -15.7 [14.4] cm and 3.3 [1.9] cm for the north, east and Up
components, respectively. According to the co-seismic results, a
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similar interpretation of the ADN2 station can be made here as
well. The slip direction is southwest, and maximum co-seismic
displacements were observed in the north and Up components
relative to all stations. In addition, this is a proof that the GNSS
points in the regions close to the center are more affected by the
earthquake intensity. It has been observed that the results of the
maximum displacement, velocity and co-seismic displacement
at the time of the earthquake at the 3 station points taken as an
example, in the solutions made using real-time satellite orbit and
clock correction information, have similar results compared to the
solutions obtained using precise satellite orbitand clock correction
products. Horizontal displacements of 34 CORS-TR stations taken

in this study after the Sofalaca-Sehitkamil-Gaziantep earthquake
are given in Figure 9. Since 11 stations where GNSS observations
were not recorded before and during the earthquake were not
included in the solution, the displacements of 23 stations are
shown in Figure 9. As can be seen in the figure, the slip rate is
higher at locations close to the epicenter of the earthquake, and
the amount of strike is smaller at far stations due to the decrease
in the intensity of the earthquake with the extension of the
distance. In addition, the EAFZ moves in the southwest direction
of the stations on the Anatolian plate, while movements in the
northeast or east direction have occurred on the Arabian Plate.
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The results of the 23 stations shown in Figure 9 are given in
Table 1 in detail. The results written in square brackets in Table 1
represent the values obtained from the PP-PPP technique. Looking
at the literature, the relative positioning method in Kinematic
mode can be used as a comparison criterion for precise evaluation
of the results, one rover and the other base. However, in many
studies, it has been emphasized that this method limits its use due
to the displacement changes that the fixed point is exposed to in
large earthquakes. In addition, it is seen once again that the use
of the relative positioning method is not appropriate because the
intensity of the earthquake that occurred in this study is very large

and its effectis feltin a wide region. However, in many studies in the
literature such as GNSS-seismology, Structural Health Monitoring,
Early Warning Systems and Rapid Hazard Assessment, it has been
proven that PPP-based solutions are made with a single GNSS
receiver with cm accuracy after the convergence time of integer
phase ambiguity. In this context, in order to test the accuracy of
the RT-PPP results of the north, east and Up components of all
stations of the maximum displacements and velocities occurring
at the time of the earthquake, a comparison was made with
reference to the PP-PPP technique. The comparison results are
given in Table 2 in detail.

Table 1: Maximum displacement, maximum velocity and co-seismic displacements at CORS-TR stations in an earthquake.

NORTH EAST Up
ID
M. Disp. M. Vel. Co-s. Disp. M. Disp. M. Vel. Co-s. Disp. M. Disp. M. Vel. Co-s. Dis.
(cm) (cm/s) (cm) (cm) (cm/s) (cm) (cm) (cm/s) (cm)

ADN2 70.3[68.6] 23.3[23.3] -3.3[-3.7] 33.0[32.6] 9.6[9.6] -4.6[-3.2] 14.3[14.1] 6.0[6.0] 1.7[0.1]
AKSR 10.7[10.5] 4.8[4.8] -1.7[-2.0] 9.8[9.5] 5.9[6.3] -1.6[-0.4] 8.4[8.1] 3.0[2.7] 2.4[1.2]
ANTE 24.5[24.5] 10.3[10.2] 27.5[26.5] 37.2[35.9] 12.0[11.6] 22.7[24.6] 14.8[15.3] 6.1[5.8] 1.3[2.2]
BOG1 21.8[21.6] 4.1[4.1] -0.6[-0.9] 21.7[21.5] 3.9[3.9] -2.2[-1.5] 7.1[7.0] 2.4[2.2] 1.7[0.6]
FEEK 13.4[13.2] 4.2[4.3] -3.2[-3.7] 16.0[14.9] 3.7[3.5] -6.8[-5.9] 21.6[21.0] 6.0[5.9] 0.3[-0.7]
GEM1 | 20.8[20.5] 6.5[6.5] -1.5[-1.7] 39.5[39.9] 9.5[9.7] -3.2[-1.8] 5.0[5.0] 2.2[2.2] -1.6[-3.7]
HALP 16.4[16.4] 2.9[2.7] -0.3[-1.0] 5.5[5.6] 1.7[1.8] -1.6[-0.4] 7.7[8.5] 2.9[2.9] -1.7[-3.4]
KAY1 40.6[40.7] 11.5[11.6] -1.6[-1.7] 28.6[29.2] 6.2[6.3] -3.7[-2.7] 7.0[7.7] 2.8[3.1] 2.0[0.4]
MLY1 89.8[86.9] 23.3[23.3] -37.1[-37.1] 29.9[29.5] 13.4[13.3] -15.7[-14.4] 16.2[16.3] 7.4[7.6] 3.3[1.9]
MRSI 25.3[25.3] 7.5[7.5] -0.8[-1.1] 13.5[13.3] 4.6[4.4] -4.3[-2.3] 12.8[13.8] 4.5[4.5] 2.8[-0.3]
NEV1 19.2[19.1] 5.4[5.3] -0.8[-1.3] 9.0[8.6] 3.6[3.5] 0.1[0.3] 10.8[11.3] 3.3[3.5] -1.8[-2.2]
POZA 17.5[17.0] 3.8[3.8] -1.6[-1.6] 6.8[7.2] 1.8[1.8] -3.3[-2.5] 12.4[11.0] 3.7[3.7] -2.6[-0.3]
SILF 16.3[15.6] 2.8[2.7] -0.1[-0.6] 8.5[9.1] 2.1[2.1] -4.3[-1.6] 9.7[9.0] 2.4[2.2] 1.8[-2.1]
TUF1 33.0[32.7] 9.3[9.2] -5.8[-6.3] 28.5[28.4] 6.8[6.9] -3.7[-2.6] 10.4[8.3] 2.5[2.4] 4.7[4.0]
AKLE 32.4[32.0] 12.0[12.2] -1.2[-2.2] 24.6[24.5] 7.5[7.6] 6.7[7.7] 9.7[10.8] 4.7[4.0] -1.5[-3.6]
DIY1 1.6[1.4] 1.6[1.1] 2.3[1.9] 1.1[1.0] 0.5[0.4] -0.1[-0.7] 4.6[3.1] 3.1[1.9] -3.0[-2.7]
ERGN 63.9[63.7] 18.5[18.4] 0.3[-2.9] 24.4[23.1] 7.2[7.1] -1.4[6.3] 17.9[17.4] 9.5[8.2] 18.1[18.8]
MERS 18.9[17.3] 3.0[2.9] -2.1[-2.9] 9.5[9.5] 2.5[2.4] -1.4[-0.6] 8.8[7.6] 1.9[1.7] -5.8[-6.2]
NSYI 8.4[9.1] 4.2[3.9] -1.4[-1.2] 8.3[8.0] 2.8[2.6] 1.8[1.5] 11.8[10.8] 6.2[6.3] 3.8[4.5]
ELAZ 60.3[60.4] 19.2[19.2] -3.3[-3.6] 33.3[33.1] 6.4[6.4] -2.1[-1.4] 16.5[15.6] 7.4[7.3] -0.5[-2.8]
SIvl 36.8[38.1] 14.6[14.5] -1.5[-1.8] 19.3[19.2] 11.9[12.0] 6.5[7.3] 24.7[25.3] 6.2[7.7] -2.9[-4.4]
GURU | 20.5[20.7] 10.6[10.6] -8.4[-9.4] 28.7[28.6] 8.5[7.8] 2.3[3.4] 24.6[23.8] 24.6[24.0] 20.0[24.6]
NIGD 6.5[7.1] 3.8[3.9] -0.7[-1.3] 9.7[9.8] 3.8[3.7] -2.9[-2.9] 12.2[11.3] 3.6[3.4] -0.1[-0.5]
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Table 2: RMSE values of the displacements and velocities of the seismic surface waveform of the earthquake at CORS-TR stations.

NORTH EAST UP
Station ID
RMSE (mm) MAX (mm) RMSE (mm) MAX (mm) RMSE (mm) MAX (mm)

ADN2 7 19.4 6.7 14.5 6.9 18.2
ADN2 (Velocity) 0.7 1.9 0.6 2 1 3.4
AKSR 4.4 11.6 4.8 10.4 7.3 19.6
AKSR (Velocity) 1 3.1 1 3.4 1.7 4.9
ANTE 5.7 14.6 6.1 16.5 19.8 41.3
ANTE (Velocity) 1.3 3.6 1.3 4.1 2.1 11.4
BOG1 3.9 10.2 4.8 11.1 7 19.5
BOG1 (Velocity) 1 3.1 1 4 1.7 4.4
FEEK 49 17.2 5.2 11.9 11.2 30
FEEK (Velocity) 1.2 4.3 1.2 3.8 2 6.3
GEM1 4.6 11.3 4.6 11.3 7.5 221
GEM1 (Velocity) 1 2.9 1.1 3.5 1.8 5.4
HALP 4.4 11.6 5 12.2 7.3 20.7
HALP (Velocity) 1.1 3.8 1.1 3.3 1.8 5.9
KAY1 45 11.2 49 12.4 7.4 20.4
KAY1 (Velocity) 1 3 1.1 3.7 1.7 5.1
MLY1 4.6 10.6 4.7 13.3 7.1 221
MLY1 (Velocity) 1.1 3.8 1.1 3.7 1.7 4.9
MRSI 4.1 9 6.2 13.5 7.7 21.9
MRSI (Velocity) 1 3.5 1 4.1 1.7 4.9
NEV1 4.1 10.7 7.8 15.9 8.7 25.7
NEV1 (Velocity) 1 2.9 1 3 1.7 5.4
POZA 4.1 9.8 7.3 20.7 12.9 29.9
POZA (Velocity) 1.2 4.2 1 3.5 1.8 5.5
SILF 4 9.3 49 10.5 7.5 20.1

SILF (Velocity) 1 3.2 1 3.5 1.8 5
TUF1 7.1 19.5 6.9 14.3 7 19.6
TUF1 (Velocity) 0.7 2.1 0.5 1.8 1 3.1
AKLE 5.2 13.2 8.4 20.1 8.9 29.1

AKLE (Velocity) 1.6 2.3 1.6 8.6 2.3 9
DIY1 4.7 14.4 4.8 11.3 7.9 25
DIY1 (Velocity) 0.9 4.4 0.6 1.8 3 10.4
ERGN 7.7 18.2 24.1 44 25.3 81.3
ERGN (Velocity) 2.6 13.5 4 18.7 9.4 54.7
MERS 49 10.3 4.5 10.2 7.1 18.3
MERS (Velocity) 0.9 2.3 0.9 3.3 1.5 3.9
NSYI 6.1 21.3 7.1 16.8 14.9 38
NSYI (Velocity) 1.9 6.3 2.7 9 5.1 15.5
ELAZ 3.9 9.1 5.4 12.8 6.7 20.5
ELAZ (Velocity) 1 2.8 1.1 3.4 1.6 4.8
GURU 49 12.5 53 14.5 11.8 34.4
GURU (Velocity) 1.2 3 1.2 6.5 1.9 7.6
SIvV1 41 10.3 43 12.4 6.9 23
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SIV1 (Velocity) 1.1 4.1 1.1 44 1.6 5
NIGD 43 10 44 13.1 7.1 19.8
NIGD (Velocity) 1 3.3 1 3.6 1.7 5.4

According to Table 2, successful results were obtained under
cm for the horizontal component and approximately 1cm for the
up component. Thus, instant evaluations can be made to monitor,
detect and analyze dynamic surface movements that occur during
an earthquake. This is important to evaluate the characteristics of
the Earth’s crust and engineering structures (High-Rise Building,
Hospital, Shopping Center, Bridge, Stadium, Viaduct, Tower, etc.)
to dynamic movements that occur during an earthquake in real
time. In Table 1, the maximum displacement, maximum velocity
and co-seismic displacements at the time of the earthquake are

given in then north, east and up components. The values in this
table are shown in Figure 10-12 for the maximum displacement,
maximum velocity, and co-seismic displacements for the north,
east, and up components, respectively. Maximum displacement,
maximum velocity and co-seismic displacements occurring in the
northern component of CORS-TR stations show slight differences
at the millimeter level for both real-time solutions and post-
process solutions. A similar situation is given for the eastern
component as seen in Figure 11.

I

&

; “ -//\ CORS-TR Stations
30°N - e e - v¢ Epicenter |
A KAY1 ﬁ
NEV1 L
oo 763 KN
F1 ERGN
38°N
o Ko NIGD e DIV s
b KAP1 o
= :
- HALP p‘oAZA AN
’ 6} A =1 MARD
,,,, % - SR ViR ‘ Q
37°N o h A oNiY NSV
o DN2 e
I CLY2
@ MRSI . AYIE
RS M oo
s||_Fm " Alepoc mm
o o HAT2 it
36°N 150 km 2 %2
il . HERE, Gamin, A0, USGS]
34°E 36°E 38°E 40°E
Longitude
Figure 9: Horizontal slip rates caused by the Sofalaca-Sehitkamil Gaziantep (Mw:7.7) earthquake.

100 North Component , ,

g ‘ " [mRealTime l
ET 80 EFinal ‘
gz II “ \
X8 a T
=

Q 20 {

a8, ll““llllllll “llllll“ll__ [ | II““!

=% T T T T : =

H 20 =:ea||-Tlme
EE ina
2G5
£>
E] Erof
Sl ull 1 1 |

s A o 0N omoon N e M oon e e U sm u

— 407 T T T T

3 B Real-Time
0L IH [Final L
E¥
9 o -
3 E 0wy —— e e e A | I L e B .D —
o 8
o 3-

2

> N \ A A N A < A A S \Y A D
o #\cﬁ P‘\«« & ?ea* & ‘(\N’ SO o & ?01} o f P*»?« o 45,\\ o o' e\ﬂ o |

Figure 10: Maximum displacement, maximum velocity and co-seismic displacements caused by the north component of CORS-TR

stations of the Sofalaca-Sehitkamil Gaziantep (Mw:7.7) earthquake.

How to cite this article: Baris K. Investigation of Seismic Waveform and Co-seismic Displacements Based on GNSS Observations at CORS-TR Stations of
Sofalaca-$ehitkamil Gaziantep (Mw:7.7) Earthquake on February 6, 2023 by Kinematic-Precise Point Positioning Technique. Int J Environ Sci Nat Res. 2023;
32(2): 556335. DOI:10.19080/IJESNR.2023.32.556335


http://dx.doi.org/10.19080/IJESNR.2023.32.556335

International Journal of Environmental Sciences & Natural Resources

S
&

"
8

Maximum
Displacement (cm)
s 8

o

@

E?st Componept
I

Maximum
3

@
g

Velocity (cm/sn)
h 7 I
[
|
—
—
]
]
—
=
—
—
—
]
]
=
=
—
—
%
—
-

»
3
T

3
T

L oA
S 3
1

Co-seismic
Displacment (cm)

&
8

I
M Real-Time

[Final

- .D_-'D_ﬁ

ADN2 AKSR ANTE BOG1 FEEK GEM1 HALP  KAY1 MLY1 MRSl  NEV1

POZA  SILF  TUF1 AKLE DIY1 ERGN MERS NSYI ELAZ SIVi  GURU  NIGD

Figure 11: Maximum displacement, maximum velocity and co-seismic displacements caused by the east component of CORS-TR
stations of the Sofalaca-Sehitkamil Gaziantep (Mw:7.7) earthquake.

UpC

=30 T

L 25 - IEMReal-Time

Maximum

& 20 — [E0IReal-Time:
Final

T

Maximum
Velocity (;
T

o o

@
&

I Real-Time
20 —[JFinal

ic

Co-seism
°

Displacment (cm)
T

10 L l L

=
| | 1 | L | 1 |

OV 0B ot 8

N N\
W W 0 @ ot o e g o (@ ST (P

Figure 12: Maximum displacement, maximum velocity and co-seismic displacements caused by the up component of CORS-TR
stations of the Sofalaca-S$ehitkamil Gaziantep (Mw:7.7) earthquake.

Although the maximum displacement and maximum
velocities in the eastern component of CORS-TR stations are
slightly different in millimeters for both real-time solutions and
post-process solutions, there are centimeter-level differences in
co-seismic displacements at some stations. A similar situation for
the up component is given in Figure 12.

As can be seen in Figure 12, the results of the maximum
displacement and velocity values of the up component are

2023; 32(2): 556335. DOI:10.19080/IJESNR.2023.32.556335

consistent with each other at the millimeter level in both
real-time and post-process solutions. However, there were
centimeter-level differences in the co-seismic displacements of
the upper component at some stations.

In Table 2, the RMSE values of the displacements and
velocities at the time of the earthquake of 23 CORS-TR stations
are given. The RMSE values of the displacement and velocity
components of the north, east and up components of the stations
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are shown in Figure 13. It is clear from the figure that the
northern component of the stations is more accurate than the
other components. Considering the GNSS observations, it can be
interpreted that the GPS and GLONASS satellite constellations are

determined with different sensitivity in their orbital direction and
components perpendicular to the orbital direction, and that the
satellite systems are in the north-west direction, and the northern
components of the stations give more precise results.
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Figure 13: RMSE values of the displacement and velocity of the Sofalaca-Sehitkamil Gaziantep (Mw:7.7) earthquake at CORS-TR
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Conclusion

In this study, seismic surface movements, maximum
displacements and velocities, co-seismic displacements, which
occurred after the Sofalaca-Sehitkamil Gaziantep earthquake,
were geodesically evaluated in RTKLIB software by taking 34
of GNSS station data sets homogeneously distributed over the
earthquake center from CORS-TR GNSS stations. The Kinematic-
PPP results performed with the RTKLIB software were calculated
as 23.3cm/secs at the MLY1 station with the highest speed in the
north component at the time of the earthquake, about 13.4cm/s
at the MLY1 station with the highest speed in the east component,
and approximately 7.4cm/s at the ELAZ and MLY1 stations in the
up component. According to the results of the post-earthquake co-
seismic displacement, itis -37.1cm at the MLY1 station at the most
in the northern component, 22.68cm at the ANTE station in the
eastern component, and 4.7cm at the highest TUF1 station in the
up component. According to the post-earthquake geodetic results,
it was observed that most of the CORS-TR GNSS station points in
the western block of the fault surface, namely the Anatolian plate,
were displaced in the southwest direction on a vector basis in
the horizontal component. A similar situation is that most of the
GNSS stations remaining in the eastern block of the fault surface,
namely the Arabian Plate, have been displaced in the north or
northeast direction. This situation made the interpretation that

the earthquake generally has left-slip strike fault type at the
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surface. In addition, when looking at the locations of the stations,
it can be said that there are heaves at some points and collapses at
others. Most of the GNSS station data sets taken while evaluating
the GNSS data sets include GPS and GLONASS observations.
In many studies in the literature, it has been observed that the
position accuracy increases in processes made with Multi-GNSS
observations. However, it is clear that the renewal of 168 GNSS
stations in the CORS-TR system located in Ttirkiye and the Turkish
Republic of Northern Cyprus (TRNC) with a GNSS receiver/
antenna that makes observations on GPS, GLONASS, BeiDou and
Galileo satellite systems on a global scale will be evaluated with
more geodetic accuracy in regional earthquakes. In Tiirkiye, an
average of 10 to 20 satellite observations can be made from BeiDou
and Galileo satellite systems. Galileo satellite systems should be
included for all GNSS stations in order for the GPS, GLONASS and
BeiDou satellite systems to be for military purposes in the global
sense and to prevent the CORS-TR system from being affected due
to the problems arising from international strategic conflicts in
the future. In addition to the technological developments that
Tiirkiye has made in many fields, the development of a regional
satellite system with the partnership of the Turkish Space
Research Institute and related institutions and its integration into
the CORS-TR System will create a new trend in many application
areas in the geodetic sense.
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