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ABSTRACT

Nowadays, detecting the response level of ground shaking and studying its effect on the measurements of the surface
motion are considered very important, because of the spread of natural disasters, such as earthquakes, volcanoes, and
tsunamis. Such disasters lead to changes in the Earth's crust and hence movements of some points. Therefore, studying
these movements has great benefits, such as the ability to predict the occurrence of an earthquake, which helps to
control and minimize human and economic damages. It is possible to evaluate accurately the magnitude of point
displacements and to find the factors affecting these displacements. In this research work, we explain the seismic
monitoring techniques using the global navigation satellite system (GNSS), which considered a powerful tool for
monitoring the ground points displacements, Bernese GNSS Software 5.2[4], was used to obtain high-precision of the
results of the IGS stations data and their displacements, with the application on the network stations in the study area of
Turkey,(Aegean sea earthquake).
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Global Navigation Satellite System has been proven to be

1. INTRODUCTION an effective tool for monitoring the natural hazard as the
Many earthquakes with moderate magnitude have earthquakes, by extracting the dynamic parameters
occurred in many areas in the world The common accompanied by the earthquake, analyzing the seismic
procedures to extract the dynamic responses are mainly — wave, and detecting the displacements of the points on the
dependent on monitoring the change of the point or some  ground surface as a result of earthquake shaking.[9].
other points in a time interval.[3] First step, getting data from the International GNSS
Turkey is one of the countries has suffered from some of  Service ( IGS) which provides, the highest-quality GNSS
the worst earthquake, caused killing a lot of people and data, Earth observation and research; positioning,
loss of much property. Turkey has a history of destructive  navigation, timing products, and services in support of the
seismic activity, and the recent days, the earthquakes are  terrestrial reference frame(ITRF).then the second step to
repeated each short time, so it is important to study the  processing these data by Bernese 5.2 GNSS processing
ground surface motion and the station's displacement as a  software to obtain results within accuracy reach to
result of shaking the earthquake. millimeters.

The main objective of this paper is to study the effects The IGS stations [3], cover a closed network
of the Aegean sea,(Turkey) earthquake at 21/7/2017 in  surrounding the epicenter of the Aegean earthquake (Kara
Turkey, and getting the station displacements on the Ada_l island), consisted of an inner network contains f(_)ur
earth's crust.depened on the time domain, that is mean we ~ Stations: (ANKR-DYNG-MERS-NICO), which
monitoring the response of earth in the three different
days, on the day of the earthquake, a week before shaking
and a week after shaking.

surrounded by an external network eight stations (ISTA-
BUCU-BSHM-MAT1-ORDI-ISBA-ARUC).Figure(1).
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Figure 1: The earthquake stations network with

DOI: 10.21608/pser.2020.35662.1051 epicenter KARA ADA. (Google Earth).
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2. GNSS SYSTEM FOR THE
EARTHQUAKES

Global Navigation Satellite Systems (GNSS) )[1], such as
Global Positioning Systems (GPS) consist of several
satellites orbiting high above the Earth in near-circular
orbits Figure (2). A receiver can determine its location
within a few minutes by measuring the time it takes a
signal to travel to it from each satellite, utilizing the right
equipment and accurate data processing; centimeter-level
positioning can be achieved [2].

GNSS can be used to determine the magnitude of large
earthquakes.  This is achieved by measuring the
displacement of the ground caused by the earthquake
itself and monitoring stations close to the fault. For the
largest earthquakes, such displacements can be huge: as
large as several meters, and permanent displacements of a
few millimeters can be identified thousands of kilometers
away using GNSS. Figure(3).

The networks of GNSS monitoring stations can be used
to estimate the amount of stress on a fault and hence be
used to estimate seismic hazard, so GNSS can measure
displacement in three dimensions, but only at specific
points on the ground where the receivers are located.
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Figure 3: Get location by GNSS system

3. THE AEGEAN EARTHQUAKE

The 2017 Aegean Sea earthquake was a magnitude 6.7 on
the Richter scale. with is considered very strong and
caused a strong tsunami which had a maximum height of
1.9 m. It occurred on 21 July 2017, about 10 km (6.2 mi)
south-southeast of Bodrum, Turkey, at depth of about 10
km.[6].

The earthquake's epicenter was located just southwest of
the small island of Kara Ada on the northern side of the
Gulf of Gokova. The gulf is a result of extensional
tectonics related to the ongoing subduction of the African
Plate beneath the Aegean Sea Plate.Figure(4)
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Figure 4: Map of KARAADA island, the epicenter of
the earthquake.

4. METHODOLOGY OF GETTING
POINTS POSITIONS USING GNSS
DATA

The proposed methodology is to make a network of 1GS
stations surrounding the Aegean earthquake epicenter, the
baselines linked to each other deployed within the borders
of Turkey and abroad, table(1), then monitor shaking
effects of these stations and the Earth's crust movements
in all directions X, Y, Z, and obtain all possible
information can help us to make a tool of early prediction
of earthquakes and reduce many of the risks and victims.
The time-domain starts with the day of the Aegean
earthquake that occurred at 21/7/2017, then one week
before the earthquake at 14/7/2017, and finally on the day
of one week after the earthquake at 28/7/2017.

After getting all the required data from IGS service, the
second step, making the processing of all data in each
monitoring time separately, by using Bernese 5.2 GNSS
software. [8].

The following flow chart, Figure (5), explains all steps
from collecting data to process data with two main
operations first, the pre-processing stage, and the
processing stage.

The output after Bernese processing appears in the
ADDNEQ file, which contains the solution of each
selected station of our network, such as the estimated
station's coordinates and velocities, RMS error, and
several observations and parameters for 24 hours to each
point. And all steps of the previous operation repeated for
the other two campaigns with different day. Figure (5)

Tabel 1: The chosen Network Baselines Stations

stationl station2
DYNG NICO
DYNG MERS
MERS NICO
NICO ANKR
DYNG ANKR
DYNG ISTA
DYNG ORID
DYNG MIKL
MAT1 DYNG
MAT1 MIKL
NICO ISBA
BSHM NICO
ANKR ARUC
ISBA ARUC
DYNG BSHM




Choose The Paints Stations Network

Covering The Epicenter Area

I

Determing the best baselines link between each two stations and

Surrpunding the eplcenter point
]

Get the 1G5 stations data on the earthquake date

And on the time after and before the earthquake

(Raw data- orbit data- a priori coordinates and velocities of stations)

L

Using the Bernese GNSS Software 5.2

4
The Pre-processing Stage

]
\ the processing Stage

i v
1. PreparePole
) Information|PRE].
1. 085 [observation files) L
. . 2. Generale Orbit Files
1. Ovbit filesin ORB folder, L
~ 3. Generate Orbit Files [TAB
3. CRD (apriorricoordinate), |
4. VEL{appriorr velodity). ) .
4 C standard orbit
5. A8 [abbreviation table). : i;“t;m:':m:m;e
6. PLD(tectonicplate e
ign) format,
campaign). N
o - 6. the processing stage with
1. ALT{atmospheric tide]. receiver Code-based
8. DCBfie. S -
synchronization

%, 516G |errorin station)

10, lonosphere carrection file.
10N

11 BLO [ocean tide).

B

. Parameters estimation

the final solution of the
Combine narmal

. ADDMEG? filles

Figure 5: Flow Chart of work methodology

4.1. The Data of three different days of the Aegean

Earthquake

After getting the final result file (ADDNEQ file) from
Bernese GNSS software version 5.2, we get all the
estimated coordinates X, Y and Z for date 14/7/2017 of
Aegean earthquake, and computed dX=X1-X2, which X1,
X2 the coordinates of stationl and station2 for the
baseline number 1, Similarly, we computed dY=Y1-Y2

and dZ=71-72. Tabel (2).

Table 2: Baselines Data before the earthquake

Aegean Sea-Earthqauke -Turky the day before 14-7

stationl  station2 il X2 dX2 (m)
DYNG NICO 459522008403 4359415.53318 235804.55085
DYNG MERS 4595220.08403 no data no data
MERS NICO no data 435041553318 no data
NICO ANKR 4350415.53318 4121948.46664 237467.06654
DYNG ANKR 4595220.08403 4121948.46664 47327161739
DYNG ISTA 4595220.08403 4208830.11909 386389.96494
DYNG QORID 4595220.08403 4498451.54271 96768.54132
DYNG MIKL 459522008403 3698553.77461 806666.30042
MAT1 DYNG 4641951.25943 4595220.08403 4673117540
MAT1 MIKL 464195125043 3698553.77461 043397.48482
NICO 1SBA 4350415.53318 3808364.65438 551050.87880
BSHM NICO 439595124856 4359415.53318 3653571538
ANKR ARUC 4121948.46664 3500416.72025 62153174639
15BA ARUC 3808364.65438 350041672025 307947.93413
DYNG BSHM 4595220.08403 4395951.24856 199268.83547
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It is Noticeable that there is no available data for
MERS station for day 14/7/2017 because there was no
raw data on this date at the IGS site, it was maybe due to
the maintenance work of the station or change of the
receiver which makes the station to stop working.

Likewise, the rest of the data was calculated in the two
other dates. Tables (3,4).

Table 3: Table of Baselines Data on the day of the

earthquake
Day 21-7-2017
X1 X2 dX1 (m)
4595219.96307 4359415.40638 235804.55669
459521996307 423914920328 356070.75979
4239149.20328 4359415.40638 120266.20310
4359415.40638 4121948.348384 237467.05754
4595219.96307 4121948.34884 473271.61423
4555219.96307 4208829.99653 386389.56614
4595219.96307 4498451.42195 96768.54112
4595219.96307 3698553.65981 896666.30326
4641951.14757 459521996307 46731.18450
4641951.14757 3698553.65981 943397 48776
4359415.40638 3808364.53802 551050.86836
4395951.13511 4359415.40638 36535.72873
4121948.348284 3500416.60685 621531.74195%
3808364.53802 3500416.60685 307947.93117
4595219.96307 4395951.13511 199268.82796

Table 4: Baselines Data after the earthquake

After 28-7-2017

X1 X2 dX3 (m)
4595220.01173 4359415.46265 235804.543508
4595220.01173 4239149.26264 356070.74309
4239149.26264 4359415.46265 120266.20001
4359415.46265 4121948.39849 237467.06416
4595220.01173 4121948.39849 473271.61324
4595220.01173 4208830.05050 386389.96123
4595220.01173 4498451.50160 96768.51013
4595220.01173 3698553.70386 896666.30787
4641951.20065 4595220.01173 46731.18892
4641951.20065 3698553.70386 943397.49679
4359415.46265 3808364.58276 551050.87989
4395951.18193 4359415.46265 36535.71928
4121948.39849 3500416.65806 621531.74043
3808364.58276 3500416.65806 307947.92470
4595220.01173 4395951.18193 199268.82980

Like these data in the tables, we computed dY and dZ in
the three different days of an Aegean earthquake. Take
the first baseline (DYNG-NICO) is an example to
compare between results of dX,dY, and dZ in meter on
the three different days as a bar chart. Fig (6,7,8).
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Figure 6: dX bar chart of the baseline
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Figure 7: dY bar chart of the same baseline
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consideration that: Adx1 = Adx2-Adx1 (m), and Adx3 =
Adx2-Adx3 (m), This mean that we took Adx2 as a
reference value of our calculations, likewise, AdY2 and
AdZ2 was taken as a reference of the equations to get
values of AdY1, AdY3, AdZland AdZ3.

Figure 8: Diagram of dZ bar chart of the same
baseline

The values of dX2,dY2, and dZ2are represent the data a
week before the earthquake at 14/7/2017, while the
dXl,dYland dZ1 on the day of the earthquake at
21/7/2017, and dX3,3and dZ3 are the data of one week
after the earthquake at 28/7/2017.

From the previous bar charts, we noticed that that dX2
is lower than dX1. dX1 increases, and then decreases to
reach value dX3 which seems to go to the normal statue
after an earthquake finished. Figure(6).

Figure(7) shows that dY increased at the day before the
earthquake then decreased by small value on dY1, then
increased again after the earthquake is over. Maybe this
happened when the earthquake forces were still affecting
the earth surface due to the nature of the earth in this
region or maybe another earthquake will occur soon.

In figure (8), it is noticed that dZ increased on the day
of the earthquake than before it, and then decreased again
as begin. But we found that the magnitude of values
increased from 1mm to 1cm in the three coordinates of
point stations, it may be because of the nature of the
ground in these stations regions.

4.2. Compute The Values of The Baselines
Length’s displacements

It is very important to compute the baseline
displacement value between all the network points
stations Adx, Ady, Adz, to tell us the amount of expansion
or contraction values happened on these baselines, so it
can be a monitoring tool of the movement of the point on
the surface of the earth's crust. Table(5)

Tabel 5: Shows all Adx, AdY, and AdZ of the all
baselines network in meter.

Baselines Mttm Mn iftm Mn \tn B0
taselinel L0 (1} (i3 L0013 Lt 400t
haselinel o date (ie} i ot mdia o data
haseline3 o data (]1e} i ot mdi o data
taselined 1000 (10} 0068 0000 Q150 4005
baseling {13 100 It 400 Q8 400t
baselined Rl [10:7} (il 400 et 40880
baseline 400 w03ty A oatsil 404 406
haseling 100886 1015 s L0t 53 Eili}
haselings 200810 ] Bl 00058 20048 4019
baselinel0 L0084 4015 20m 00054 Q54 4012
haselinel o0 408 Bliv§ L0612 0% 1075
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haselinel3 (1) 103 flii:! L0t s w0t3
haselineld {13 [10:7) 0065 00062 Qs 40185
haselinel a0t [10:7) Ll L0t 00075 00063t

In table (5), shows the values of the network baselines
displacements of AdX, AdY, and AdZ, taking into
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Figure 9:The diagram of AdX1on the day of the
Earthquake

From the diagram, Figure(9). we noticed that the length
of the first baseline (DYNG-NICO) increased by 5mm
which AdX1=-0.005m (5mm), which AdX1=(dX2-dX1)
m and this is referred to the effect of the earthquake on
these two stations which is considered one of the nearest
stations from the epicenter of the earthquake. The two
baselines number 2and 3 (DYNG-MERS) and (MERS-
NICO) we could not draw their changes, because there
was no raw data of MERS station on 14/7/2017. the
baseline number 4 (NICO-ANKR) decreases its length by
9mm where AdX1=+0.009 m. we noticed that the
earthquake shaking affected these two stations because of
their closeness from the earthquake center. The baseline
number 5 (DYNG-ANKR) also decreased its length by 3
mm on the day of one week before the earthquake, this
could be an indication of the accumulation of the forces of
this earthquake to occur on its close time. With such a
study, the prediction of earthquakes will be easier,
keeping the daily monitoring of earth crust movements
help us to have an early warning system.

The baseline number 6 (DYNG-ISTA) has AdXI= -
0.001m, that shows the increase in the length of baseline
on the day of the earthquake from the day before it by
Imm. The length of baselines number 8 reduced about
6mm, and baselines 9and 10 have increased their lengths
of 2mmto 9mm, but we noticed that baseline 11 has a
contraction of 1cm and number 12 have an expansion of
lcm as the two stations near from the epicenter of the
earthquake, and the final baselines 13,14 and 15 all have
length reduction about 2mm to 7mm.
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Figure 10: The Diagram of AdX3 a week after the
earthquake

This graph, Figure (10), illustrates the changes of values
dx after a week of the earthquake shaking, the first
baseline decreased, which Adx3 = +.0.00177 m, about
2mm that means The Earth's crust returns gradually to its



normal case. There is no change in baselines numbers 2
and 3 as no available data for MERS station. The
baselines 4,5 and 6 the Adx with a positive signal that
means the lengths were less than its previous value before
the earthquake of about 2 to 4 mm. This means the Earth's
crust begins to be relatively stable again. Even though we
noticed that the baseline number 7 (DYNG-ORID)
changed very clearly, up to 3 cm, the reason for that high
displacement value probably as a result of the proximity
of the two stations to the epicenter of the earthquake or
because of the mountain topography of Macedonia, which
included the ORID station and exposed consecutively
with earthquakes. Like these displacements, it may be
indicated that an earthquake will be coming soon or the
aftershocks sequence. The other baselines displacements
have values ranging from 1mm and 5mm except baseline
numbers 9 and 10 equal 1cm.
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Figure 11: The Diagram of AdY1 on the day of the
earthquake

The graph in figure (11), shows that the baselines
numbers 1,4,6, and 14 were subjected to a decrease in
their lengths between each two stations in a range of 1mm
to 4mm.

On the other hand, the rest of the baselines were
exposed to an increase in the length between each of them
in a range of 1mm to 1cm as a maximum value.
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Figure 12: The Diagram of AdY3 a week after the
earthquake

the graph in figure (12), explains that the changes in
AdYof baselines number 7,8,10,13and 15 reached to
values 1 cm to 1.5 cm. because some of their stations are
near the epicenter like (DYNG, ANKR, ISTA), but we
noticed also that the far stations (MIKL, ORID, NICO,
ARUC, and BSHM), linked between the same baselines
7,8,10,13,15. So, this displacement value may be a result
of the nature of the rocky ground and the frequency rate
of natural disasters in these areas. l.e.it makes the storage
of earthquakes forces inside the earth not finished yet and
the surface stability will be delayed.

In Figure (13) we noticed that values range in most of
baselines from 3mm to 8mm at stations NICO, DYNG,
ISTA which considered closer to the earthquake center.it
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may be a sign of station movements before earthquake
shaking as a result of gathering the forces of an
earthquake underground surface and then an earthquake
will occur after a certain time. The Baselines numbers
10,11 and 12 have values of 1cm, it may be dependent on
the soil nature of their regions which helped to make
bigger movements of their points.

In Figure (14), most points have small displacements
ranged between 6mm and 7mm, so it was easy to reach to
their stability case. For some other stations, the values of
AdZ3 were very big, like stations of ORID the value equal
9cm, which may indicate another earthquake in its area
will happen soon.
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Figure 13: The Diagram of AdZ1 on the day of the
earthquake
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Figure 14: The Diagram of AdZ3 on a week after the
earthquake

5. THE HEIGHTS DISPLACEMENT OF
THE BASELINES POINTS

From the output file of Bernese GNSS processing, we
extracted also the heights values of each station of our
Aegean network, and calculated the height difference
between every two stations of the baselines. the following
tables explain the values of stations heights difference in
the three different dates from the earthquake. Tables
(6,7,8).

Table 6: The station's height difference values on a
week before the earthquake

14/7/2017

stationl station2 hi(m) h2(m) dh2 week before anearthquke
DYNG NIcO 510.60444 190.05154 320.55290
DYNG MERS 510.60444 no data no data
MERS NICO no data 190.05154 no data
NICO ANKR 976.03127 190.05154 785.97973
DYNG ANKR 976.03127 510.60444 465.42683
DYNG ISTA 510.60444 147.27504 363.32940
DYNG ORID 773.04057 510.60444 26243613
DYNG MIKL 510.60444 93.93712 416.66732
MAT1 DYNG 534.55785 510.60444 23.95341
MAT1 MIKL 534.55785 93.93712 440.62073
NICO ISBA 190.05154 72.38347 117.66807
BSHM NIcO 225.08876 190.05154 35.03722
ANKR ARUC 1222.16714 976.03127 246.13587
ISBA ARUC 1222.16714 72.38347 1149.78367
DYNG BSHM 510.60444 225.08876 285.51568




Table 7: The station's heights difference values on the

day of the earthquake
21/7/2017
stationl station2 hi(m) h2(m)  dhl the day of earthquke
DYNG NICO 510.48986 189.92874 320.56112
DYNG MERS 510.48986 38.48829 472.00157
MERS NICO 189.92874 38.3816 151.54714
NICO ANKR 975.93072 189.92874 786.00198
DYNG ANKR 975.93072 510.48986 465.44086
DYNG ISTA 510.48986 147.16701 363.32285
DYNG ORID 772.93157 510.48986 262.44171
DYNG MIKL 510.48986 93.85211 416.63775
MAT1 DYNG 534.4531 510.48986 23.96324
MAT1 MIKL 534.54922 93.85211 440.69711
NICO ISBA 189.92874 72.28833 117.64041
BSHM NICO 22498775 189.92874 35.05901
ANKR ARUC 1222.08394 975.93072 246.15322
ISBA ARUC 1222.08394 72.28833 1149.79561
DYNG BSHM 510.48986 224.98775 285.50211

Table 8: The station’s heights difference values on a
week after the earthquake

28/7/2017

stationl station2 hi(m) h2(m)  dh3 week after of earthquke
DYNG Nico 510.49534 189.95338 320.54196
DYNG MERS 510.49534 38.40763 472.08771
MERS Nico 189.95338 38.40763 151.54575
NICO ANKR 975.93607 189.95338 785.98269
DYNG ANKR 975.93607 510.49534 465.44073
DYNG ISTA 510.49534 147.17193 363.32341
DYNG ORID 773.01540 510.49534 262.52006
DYNG MIKL 510.49534 93.84612 416.64922
MAT1 DYNG 534.45982 510.49534 23.96448
MAT1 MIKL 534.45982 93.84612 440.61370
NICO ISBA 189.95338 72.30099 117.65239
BSHM NicO 225.00105 189.95338 35.04767
ANKR ARUC 1222.09551 975.93607 246.15944
ISBA ARUC 1222.09551 72.30099 1149.79452
DYNG BSHM 510.49534 225.00105 285.49429

To evaluate the changes happened on the height
displacements we calculated the values of Adhland
Adh3,Where, as with X, Y and Z, Adhl=dh2-dhl in
meter, and Adh3= dh2-dh3 in meter. The dh2 values are
taken as a reference to calculate both of Adhl and Adh3.
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Figure 15: The graph of Adhl on the day of an

earthquake

The graph in figure (15), shows the magnitude of
changes in the height displacement of the stations on the
day of an earthquake, the first baseline increased about
8mm. the next two baselines have no data available
because of MERS station has no raw data on this date,
then the baselines number 4, 5 height increased 2cm and
1cm. Similarly, most values increased or decreased in the
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range of 5mm to 2cm. But the baseline (MIKI-MAT1) has
a more increased value of 7cm, that means the baseline
greatly affected the earthquake because of their statins
locations and topography.
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Figure 16: The graph of Adh3 a week after the
earthquake

From this graph 16, we notice that the height of the first
baseline decreased about 1cm after its increase on the day
of the earthquake. In the next two baselines, the heights
displacements increased by 2 mm and 1cm, which means
that some stations return to its stability gradually from the
day of the earthquake until a week after it.

But the big height displacement happened on the
baseline of (ORDI-DYNG) which has an increased value
of 8 cm. Although it has a slight value on the day of
earthquake equal 5 mm, it may be a sign of another
earthquake near this area or these stations.

The baseline (MIKL-DYNG) has about a 2cm
decreased value, but on the day of an earthquake, it has a
displacement value of about 3 cm. we notice that the
biggest displacement value of the baseline (MIKL-
MAT1) on the day of the earthquake was 7 cm increased
value. But it changed after one week to reach a value of 7
mm as a decrease value, that change makes us believe that
the station returned to its normal case after finishing the
effect of earthquake forces.

6. THE AFTERSHOCK AEGEAN
EARTHQUAKE DISPLACEMENTS

To make the study of the movement of points of the
Earth's crust an important tool for predicting the
earthquakes, it is necessary to periodically monitor these
stations at consecutive and regular periods to achieve the
greatest accuracy of the results and help us in the future.

So the Aegean aftershocks were monitored three months
later at 27/10/2017, first we used the Bernese GNSS
software 5.2 to processing the raw data of our stations in
the same network get finally the estimated coordinates of
all points according to the free network solution. then we
get all data we needed in the three different days of
aftershock the day of earthquake 27/10/2017, a week
before the earthquake 20/10/2017, and after two weeks
from shocking on 10/11/2017, because there was not any
available raw data on the date of a week after an
earthquake. The same previous scenario will be repeated
in the calculation of aftershock displacements.



Table 9: dX for the network baselines on dai of

STATIONS1  STATIONS2 X1(m) X(m) dX1{m)
NICO DYNG 4359415.50618  4595220.05789 235804.55171
DYNG MERS 4595220,05789  4239149.30559 356070.75230
MERS NICO 4239149.30559  4359415.50618 120266.20059
NICO ANKR 4359415.50618  4121948.44327 237467.06291
DYNG ANKR 4595220.05789  4121948.44327 473271.61462
DYNG ISTA 4595220.05789  4208830.09197 386389.96592
DYNG ORID 4595220.05789  4498451.52004 96768.53785
DYNG MIKL 4595220.05789  3698553.75646 896666.30143
MAT1 DYNG 4641951.23944  4595220.05789 46731.18155
MAT1 MIKL 4641951.23944  3698553.75646 943397.48298
NICO ISBA 4359415.50618  3808364.63131 551050.87487
BSHM NICO 4395951.22298  4359415.50618 36535.71680
ANKR ARUC 4121948.44327  3500416.70471 62153173856
ISBA ARUC 3808364.63131  3500416.70471 307947.92660
DYNG BSHM 4595220.05789  4395951.22298 199268.83491

Table 12: AdY1 and AdY3 of the network baselines

stationl  station2  dvam)  dva(m) dBm)  Advis{dy2dyt)m  dY<{dy2-dy3)m
NICO DYNG §34683.04689 83468304892 834683,04458 -0,00203 0,00231
DYNG MERS 84753384553 84753385078 847533.85001 -0,00525 -0.00448
MERS NICO 1285079864 1285080186 1285080543 -0,00322 -0.00679
NICO ANKR 2192934304 22192935007 21929.34541 -0.00703 -0.00237
DYNG ANKR 61275370385  612753,69885 612753,69917 0,00500 0.00468
DYNG ISTA 295416,36473  295416.36630 295416,36593 -0.00157 -0.00120
DYNG ORID 311669213 33116692556 331166,92366 0.00167 000357
DYNG MIKL 26924204721 269242,05010 269242.04964 -0,00283 -0.00237
MATL DYNG 64638026107 64638025874 64638025828 0,00233 000279
MATL MIKL 91562230834 91562230884 915622.30792 -0.00050 0.00042
NICO 15BA 86031299648 860312.99165 860312,99630 0,00483 0.00018
BSHM NICO 206590.00852 20659000522 206590.01201 0,00330 -0.00349
ANKR ARUC 13824487632 73824487944 7382487473 -0.00312 000159
15BA ARUC 343997.46320  343997.46228 343997.46698 0,00092 -0.00378
DYNG BSHM 1041273,05541  1041273.05414 104127305659 000127 -0.00118

Table 10: dY and dZ for the network baselines

Yi{m) Vm| dYl(m) lm| im) dzl{m)
17411720007 2033434.16125 83468304892 3650777.99348 3912625.93267 26184793919
2039434.16125 1836968.01203 BAT533.85078 3912625.93267 377887715882 13374877385
1886968.01203 874117.1017 1285080186 377887715882 3650777.993 128099.16534
874117.0017 265218785010 22192935007 3650777.993 4069023.85355 418245.86007
2039434.16125 2652187.86010 612753.69885 391262593267 406902385355 156397.92088
2039434.16125 133485052755 295416.36630 391262593267 417126736788 25864143521
2039434.16125 1708267.23569 331166.52556 391262593267 4173591985 260966.05196
39434.16125 208676.21135 26924205010 3912625.93267 4539769,615 214368219
139305390051 2033434.16125 B46380.25874 4133281059 391262593267 1200655.1259
139305390051 2308676.21135 915622.30884 4133281059 4639769.615 506488.55627
874117.20017 371343020182 86031299165 3650777993 3485693.68 16508431343
3080707.21539 W4117.21017 20659000522 3433498.25 3650777.993 ANHIEN
2652187.86010 3390432.73954 38244 87944 4069023.85355 4103027.64111 34003.78756
313443020182 3390432.73954 34399746208 3485693.68 410302764111 61733396106
2033434.16125 3080707.21539 3912625.93267 343349825

The same table for dX,dY, and dZ for the other two
different times of the earthquake have been calculated
also. then we calculated the values of the baselines
displacements to know the movement of both of the joint
stations in the baseline in the three chosen times,
determine whether there has been an expansion or
contraction of its original length due to the impact of the
earthquake.Tables (9,10,11,12,13).

Table 11: AdX1 and AdX3 of the network baselines

stationl station2  die(m) im0 Adkiedd)m Ad=0-00)m
NICO DYNG 235804,55385 23580455171 23580455784 0.00214 -0,00399
DYNG MERS 356070.75204  356070,75230 35607075848 -0.00026 -0,00644
MERS NICO 12026619819 120266.20059 120266.20064 -0,00240 -0.00245
NICO ANKR 23746106012 237467,06291 23746705820 -0.00219 0.00192
DYNG ANKR 471161397 47327160462 47327161604 -0,00065 -0.00207
DYNG ISTA 386389.96631  386389.96592 38638997091 0,00039 -0,00460
DYNG ORID 9676893870 9676853785 9676853855 0,00085 0,00015
DYNG MIKL 896666,30607  896666.30143 896666.30537 0.00464 0,00070
MATL DYNG 4673102890  4673L18155 4673117817 -0.15265 -0.14927
MATL MIKL 943307,33497  943397.48298 943397.48354 -0.14801 -0.14857
NICO 158A 55105087344 55105087487 551050.87167 -0.00143 0.00177
BSHM NICO 36535.72353  36535.71680 3653572104 0,00673 0,00249
ANKR ARUC 62153173878 62153173856 62153174383 0,00022 -0,00505
158A ARUC 307947.92546  307947.92660 307947.93036 -0.00114 -0,00490
DYNG BSHM 19926883032 199268.83491 199268.83680 -0,00459 -0,00648
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Table 13: AdZ1 and AdZ3 of the network baselines

stationl  stafion2  dnm)  dzt(m) dB3m)  Ad{dR2dlm  AdZ3={dr2423)m
Nico DYNG 26184794291 26184793919 261847.94298 0,00372 -0,00007
DYNG MERS 13374878006 13374877385 133748.77974 0.00681 0,00082
MERS NICO 128099.16225  128099.16534 128099.16324 -0.00309 -0.00099
Nico ANKR 41824586414 418245,86007 418245.86252 0.00407 0.00162
DYNG ANKR 15639792123 15639792088 156397.91954 0.00035 000169
DYNG ISTA 2586414319 25864143521 25864143105 -0.00325 0.00091
DYNG ORID 260966,04824  260966,05196 26096605097 -0.00372 -0.00273
DYNG MIKL T2TM3.67894 72714368219 T27143.67910 -0.00325 -0.00017
MATL DYNG 20655.25003 22065512592 22065512024 012411 012m
MATL MIKL 506488.42891 50648855627 506488.55687 -0.12736 -0.1279%
Nico 1SBA 16508431234 16508431343 16508430983 -0.00109 000251
BSHM NIcO A27960576  217279.74312 2AN19.73911 -0.137% -0.13395
ANKR ARUC 3400391870 34003,78756 34003.78383 0.13114 013487
1SBA ARUC 61733408518 61733396106 617333.95618 013412 0.13900
DYNG BSHM 47912754867 479127.68291 479127.68269 -0.13424 -0.13402

These results are represented in graphic relationships to
show the extent of the change in the movement of
network stations, Figures (17,18,19,20,21 and 22).

From figures (17) and (18), we note the following; the
baseline number 1 decreased 2mm in its length on the day
of the aftershock at 27/10/20 in the X direction, but at
10/11/2017, after two weeks from the earthquake, we
found that the value of AdX3 has no change in its length,
the baseline 2 have no change in AdX1vaue but in AdX3
increased about 4mm. The baselines numbers 3,4 and 5
have a displacement values about 2mm to 3mm. there
isn't any change in length of baseline numbers 7 and 8,
then a little change in baseline 11 and 14. We notice a
great jump in AdXlvalues of baselines numbers 9
(MAT1-DYNG) and baselinel0 (MAT1-MIKL), where
the value of AdX1 equals about 15 cm and 14 cm,
respectively. This indicates that these stations are the
most affected by the earthquake shaking. Because of the
Earth's surface still preserved the impact of the
earthquake’s internal forces, so this indicates the
possibility of an earthquake near these two lines in this
region.
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Figure 17: Diagram of all values of AdX1 of all
baselines on the day of the earthquake.
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Figure 18: Diagram of all values of AdX3 of all
baselines after the earthquake.
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Figure 19: Diagram of all values of AdY1 of all
baselines.
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Figure 20: Diagram of all values of AdY3 of all
baselines after the earthquake.
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Figure 21: Diagram of all values of AdZ1 of all
baselines.
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Figure 22: Diagram of all values of AdZ3 of all
baselines.
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For the graph of AdX1 and AdX3, figures (17,18), we
found that most values in a range of 1mm to 6 mm as a
maximum as an increase or decrease values, but two
baselines number 9 and 10 have large displacement values
equal about 15 centimeters, as their stations are close to
the epicenter of the earthquake, so most affected.

For graphs of AdYland AdY3, we noticed that in AdY1
values of the baselines numberl,2,3,4,6, 8,10, and 13
increased about 2mm to 7mm, and the rest of the other
lengths decreased in a range of 1mm to 5mm. At AdY3
figure (20), we noticed that values after two weeks from
the earthquake were closed together from 1mm to 6 mm
as maximum.

For values of AdZ, the AdZ1 in the graph of Figure (21),
we found that the change range from 1mm to 6 mm as a
maximum. A number of baselines increased more like
baseline numbers 9,10, 12,13,14, and 15 they have
displacement values about 12 to13 cm, which means they
have the most effects of the earthquake and led to big
station motions, after two weeks from the earthquake we
found the values of AdZ3 have ranged between 1mm to
2mm, but the baselines numbers 9,10,12,13,14 and15
increased much and to reached of 12cm to 14cm.

7. CONCLUSION

This paper studies the use of the GNSS system for the
detection of the displacement values of all network points
surrounding the earthquake area (Aegean earthquake 2017
in turkey) and also the station displacements of the same
Aegean network under the earthquake aftershock that was
after three months from the Aegean earthquake. Then an
evaluation of the displacements of all network baselines
was made for three consecutive days, on the day before
the earthquake, on the day of the earthquake, and the day
after. The objective is to assess how the earthquake
affects the ground station's movements and to find out the
specific factors causing the changes in the magnitude of
these displacements. The study also evaluates the station's
height displacements caused by the earthquake. The more
elements that are studied under the effect of the
earthquake shaking, the more we can know the response
of the ground surface and the movement of points in a
better and more accurate way.
Seismic monitoring was made using the global navigation
satellite system (GNSS) which is considered an effective
tool for natural hazard monitoring. Bernese 5.2 GNSS
Software was used to obtain high-precision results of the
IGS station data. This technique may be used as a tool to
predict the occurrence of earthquakes in the areas which
are known to be subjected to frequent earthquakes. It was
also found that by increasing the monitoring periods,
more accurate results may be obtained which helps in
preventing considerable human and economic losses.
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