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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).
KEYWORDS: Earthquake, point movement, GNSS, IGS data, Bernese5.2.
Global Navigation Satellite System has been proven to be
an effective tool for monitoring the natural hazard as the
earthquakes, by extracting the dynamic parameters
accompanied by the earthquake, analyzing the seismic
wave, and detecting the displacements of the points on the
ground surface as a result of earthquake shaking.[9].
First step, getting data from the International GNSS
Service ( IGS) which provides, the highest-quality GNSS
data, Earth observation and research; positioning,
navigation, timing products, and services in support of the
terrestrial reference frame(ITRF).then the second step to
processing these data by Bernese 5.2 GNSS processing
software to obtain results within accuracy reach to
millimeters.
The IGS stations [3], cover a closed network
surrounding the epicenter of the Aegean earthquake (Kara
Ada island), consisted of an inner network contains four
stations:
(ANKR-DYNG-MERS-NICO),
which
surrounded by an external network eight stations (ISTABUCU-BSHM-MAT1-ORDI-ISBA-ARUC).Figure(1).

1. INTRODUCTION
Many earthquakes with moderate magnitude have
occurred in many areas in the world The common
procedures to extract the dynamic responses are mainly
dependent on monitoring the change of the point or some
other points in a time interval.[3]
Turkey is one of the countries has suffered from some of
the worst earthquake, caused killing a lot of people and
loss of much property. Turkey has a history of destructive
seismic activity, and the recent days, the earthquakes are
repeated each short time, so it is important to study the
ground surface motion and the station's displacement as a
result of shaking the earthquake.
The main objective of this paper is to study the effects
of the Aegean sea,(Turkey) earthquake at 21/7/2017 in
Turkey, and getting the station displacements on the
earth's crust.depened on the time domain, that is mean we
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.
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Figure 1: The earthquake stations network with
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.

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 IGS
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)

Figure 2: The GNSS system

Figure 3: Get location by GNSS system

Tabel 1: The chosen Network Baselines Stations

3. THE AEGEAN EARTHQUAKE
The 2017 Aegean Sea earthquake was a magnitude 6.6 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 Gökova. 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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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

Table 4: Baselines Data after the earthquake

Figure 5: Flow Chart of work methodology
4.1. The Data of three different days of the Aegean
Earthquake
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).

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 station1 and station2 for the
baseline number 1, Similarly, we computed dY=Y1-Y2
and dZ=Z1-Z2. Tabel (2).
Table 2: Baselines Data before the earthquake

Figure 6: dX bar chart of the baseline

Figure 7: dY bar chart of the same baseline

79

consideration that: ∆dx1 = ∆dx2-∆dx1 (m), and ∆dx3 =
∆dx2-∆dx3 (m), This mean that we took ∆dx2 as a
reference value of our calculations, likewise, ∆dY2 and
∆dZ2 was taken as a reference of the equations to get
values of ∆dY1, ∆dY3, ∆dZ1and ∆dZ3.
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
dX1,dY1and 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.

Figure 9:The diagram of ∆dX1on 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 ∆dX1= -0.005m (5mm), which ∆dX1=(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 (MERSNICO) 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 ∆dX1=+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 ∆dX1= 0.001m, that shows the increase in the length of baseline
on the day of the earthquake from the day before it by
1mm. 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
1cm 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.

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 ∆dx, ∆dy, ∆dz, 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 ∆dx, ∆dY, and ∆dZ of the all
baselines network in meter.

Figure 10: The Diagram of ∆dX3 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 ∆dx3 = +.0.00177 m, about
2mm that means The Earth's crust returns gradually to its

In table (5), shows the values of the network baselines
displacements of ∆dX, ∆dY, and ∆dZ, taking into
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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 ∆dx 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.

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
∆dZ3 were very big, like stations of ORID the value equal
9cm, which may indicate another earthquake in its area
will happen soon.

Figure 13: The Diagram of ∆dZ1 on the day of the
earthquake

Figure 11: The Diagram of ∆dY1 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.

Figure 14: The Diagram of ∆dZ3 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).

Figure 12: The Diagram of ∆dY3 a week after the
earthquake

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

the graph in figure (12), explains that the changes in
∆dYof 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. I.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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range of 5mm to 2cm. But the baseline (MIKl-MAT1) has
a more increased value of 7cm, that means the baseline
greatly affected the earthquake because of their statins
locations and topography.

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

Figure 16: The graph of ∆dh3 a week after the
earthquake

Table 8: The station's heights difference values on 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 (MIKLMAT1) 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.

To evaluate the changes happened on the height
displacements we calculated the values of ∆dh1and
∆dh3,Where, as with X, Y and Z, ∆dh1=dh2-dh1 in
meter, and ∆dh3= dh2-dh3 in meter. The dh2 values are
taken as a reference to calculate both of ∆dh1 and ∆dh3.

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.

Figure 15: The graph of ∆dh1 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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Table 9: dX for the network baselines on day of
earthquake

Table 12: ∆dY1 and ∆dY3 of the network baselines

Table 10: dY and dZ for the network baselines

Table 13: ∆dZ1 and ∆dZ3 of the network baselines

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).

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 ∆dX3 has no change in its length,
the baseline 2 have no change in ∆dX1vaue but in ∆dX3
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 ∆dX1values of baselines numbers 9
(MAT1-DYNG) and baseline10 (MAT1-MIKL), where
the value of ∆dX1 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.

Table 11: ∆dX1 and ∆dX3 of the network baselines
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For the graph of ∆dX1 and ∆dX3, 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 ∆dY1and ∆dY3, we noticed that in ∆dY1
values of the baselines number1,2,3,4,6, 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 ∆dY3
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 ∆dZ, the ∆dZ1 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 ∆dZ3 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.

Figure 17: Diagram of all values of ∆dX1 of all
baselines on the day of the earthquake.

Figure 18: Diagram of all values of ∆dX3 of all
baselines after the earthquake.

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.

Figure 19: Diagram of all values of ∆dY1 of all
baselines.

Figure 20: Diagram of all values of ∆dY3 of all
baselines after the earthquake.

Figure 21: Diagram of all values of ∆dZ1 of all
baselines.
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