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ABSTRACT
Many earthquakes with moderate magnitude have occurred in many areas of the world. The common procedures to
extract the dynamic responses mainly depend on monitoring the change of the points in a time interval. This method
could not be used to fully extract all dynamic parameters accompanied by the earthquake. To overcome these defects,
and to analyze the seismic wave of those earthquakes, the GNSS precise point positioning (PPP) can be an effective
tool for getting the values of the displacement of the point more accurate up to millimeters. In this paper, we apply the
PPP technique to evaluate the station's displacement components and the station's heights in three different periods from
the earthquake, Canadian Spatial Reference System Precise Point Positioning (CSRS-PPP) is used here [1]. Bernese
GNSS 5.2 software is used as a reference to evaluate the PPP results [2]. Finally, it was found that PPP is an important
tool for obtaining a high accuracy of our needed observations.
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It seems clear that PPP constitutes a major step forward
in the development of high accuracy positioning, so this
paper involved a study of using the PPP technique to
reach a high accuracy of the station's network
displacements according to the earthquake shaking, we
extract the values of the movements of the points in
three dimensional X, Y, Z are extracted. The data used
here are a network data from the IGS (International GPS
Service) [3].

1. INTRODUCTION
PPP is a positioning technique that removes or models
GNSS system errors to provide a high level of position
accuracy from a single receiver, A PPP solution depends
on GNSS satellite clock and orbit corrections, once the
corrections are calculated, they are delivered to the endusers via satellite.
These corrections are used by the receive resulting in
decimeter-level, or better positioning with no base
station required.PPP delivers accuracy up to 3
centimeters. A typical PPP solution requires time to
converge to decimeter accuracy to resolve any local
biases such as the atmospheric conditions, multipath
environment, and satellite geometry. The actual
accuracy achieved and the convergence time required
depends on the quality of the corrections and how they
are applied in the receiver but the main error sources for
PPP which affect its accuracy are the ionospheric delay,
the satellite orbit, and clock corrections, the
tropospheric delay, and carrier-phase ambiguities.

2. PROCESS OF THE AEGEAN
EARTHQUAKES DATA USING
BERNESE 5.2 SOFTWARE
On 21 July 2017, a strong earthquake of magnitude of
6.6 occurred in the Aegean Sea, Turkey. The earthquake
strike about 10 km (6.2 mi) south southeast of Bodrum,
Turkey, at depth of 7.0 km. The earthquake's epicenter
was located just southwest of the small island of Kara
Ada, on the northern side of the Gulf of Gökova,[6].
Which is a small Turkish island at the entrance of the
harbor of Bodrum at the Aegean Sea? This earthquake
is the focus of the current paper, Figure (1).
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Figure 1:The epicenter of the Aegean earthquake
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Time-domain analysis is used here as an effective tool
for earthquake prediction. The processing is made on
three different times, to be able to extract as accurate
data as possible, The analyzed time are; the first day of
an earthquake that occurs 21/7/2017, the second time in
one week before at 14/7/2017, third time is one week
after the earthquake 28/7/2017.All needed data from
IGS service, such as the GPS week, day of the week, day
of the year, orbit data (Orbit file), Raw data for all points
(Rinex file), the station's coordinates, Atmosphere file,
and the ionosphere file
PPP requires a global network of GNSS reference
stations to estimate precise satellite orbit and clock
parameters in real-time, these parameters are
transmitted to users, who can compute their position
with an accuracy of 0.1 m using code and carrier
observations. the main disadvantage of PPP takes a long
time to converge to this accuracy, about 30-45 minutes.
By Bernese GNSS software program version 5.2, our
collected data of the Aegean network stations have been
processed for each day we want to monitor the
earthquake separately, and extract the required results in
the ADDNEQ file that contains the outputs, tables(1,2)

Table 3: X coordinate for the baselines network on
the day of the earthquake.

Table 4: X coordinate for the baselines network on a
week before the earthquake.

Table 1: Part of the output Addneq file showing the
station coordinates and RMS error values.

Table5: X coordinates for the baselines network on a
week after the earthquake.
Likewise, both Y and Z coordinates are tabulated for
each monitored date of the earthquake. It is noticeable
that there is no available data for MERS station for day
14/7/2017 because there was no raw data for that date in
the IGS service, it may be due to the maintenance work
of the station or a change of the receiver. Figures (2, 3,
and 4) are examples of the changes of baseline stations
X coordinates component’s for one baseline (DYNGNICO) on different three times of the Aegean
earthquake.

Table 2: Example of Stations Coordinates in two
types of coordinates system X, Y, Z, and U, N, V.
After we get the estimated coordinates for each station
and the error value in each one we can know the station's
displacements in all directions X, Y, Z by subtracting
the a priori coordinate from the estimated coordinates
for each point on the three different dates. Tables (3, 4,
and 5).

Figure 2: The dX values of baseline (DYNG-NICO)
Figure (2) shows that dX2 on a week before the
earthquake is lower than dx1 on the day of the
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earthquake with about 5 mm, dx1value increased, and
then decreased on the week after the earthquake with
about 7mm this indicates that the ground surface will go
to the normal statue.

From the Table 6, we noticed that there is no data for
baseline numbers 2 and 3. Because there was not any
available raw data of MERS station on the date of
14/7/2017on the day before one week from the
earthquake. It maybe happened because of any
maintenance work or change the receiver which takes
many days that the station stops working.
Baseline number1 (DYNG-NICO), it is noticed that its
length of the first baseline increased by 5mm, whereby
∆dX1= -0.005 (5mm), and ∆dX1=(dX2-dX1) m. On the
day after a week, ∆dX3is decreased 1 mm only. It may
be an indication that the effect of shaking that happened
on the day of the earthquake was more than normal and
that the stations started to go to their stability after one
week from the earthquake shaking.

Figure 3: The dY values of baseline (DYNG-NICO)
In figure (3), we found that dY2 increased on the day
before the earthquake about 3mm, then on the day after
one week from shaking dY3 increased about 1cm than
the day of the earthquake, it may happen because the
forces of the earthquake were still affecting the earth
surface due to the nature of the earth in this region, or
maybe another earthquake will occur soon.

In Y direction we found that ∆dY1 decreased 2 mm, but
after a week the length increased 9 mm. It means that
the stations were still affected by the earthquake forces
under the ground surface. And it may be a sign of
occurring an earthquake as soon on that region. As each
of both stations are close to the epicenter of the
earthquake and the Aegean sea. In Z direction, it is
found the value of ∆dZ1= -0.008m, So the baseline
length has increased 8 mm, but on the day after a week
from the earthquake, the value ∆dZ3 = 0.-0007 m, which
means that the length increased also only 1mm.

Figure 4: The dZ values of baseline (DYNG-NICO)

The resulted displacements are arranged in tables 7and
8, for the day of the earthquake and the day after one
week from the earthquake.

We found in figure (4) that dZ increased on the day of
the earthquake more than before and after the
earthquake's shock ended, we noticed that dZ decreased
again and began to reach stability.

Table7: Estimated Displacements on the day of the
earthquake.

3. THE DISPLACEMENTS
COMPONENTS OF THE NETWORK
BASELINES LENGTH’S
In this step, we calculated the displacements values for
all network baselines which are joint between two
stations,(Table 6). dX2, dY2, dZ2 are taken as a
reference to get other values, it means ∆dX1=(dX2dX1)m, ∆dX3=(dX2-dX3)m and so on the other values
of ∆dY1,∆dY3,∆dZ1,∆dZ3.according to the result sign
(+ or-)we can know if this baseline increased its length
or decreased, so we can know the movements of both
baseline end.

In table 7, it is noticed that many baselines have
displacement value reached to 1 cm, like (NICOANKR), (NICO-ISBA) and (BSHM-NICO), Because of
NICO station is considered the nearest stations to the
epicenter. So it is affected greatly. The station ISBA in
the baseline (NICO-ISBA), is one of the most distant
stations in the network from the epicenter. But maybe its
topography and the nature of its ground surface make it
vulnerable to the earthquake shaking. Or maybe its
surface keeps the earthquake forces for a longer period.
All of the above reasons may be led to big displacement
values. Also, the baseline (NICO- BSHM) has big
displacements values in all directions; the reason for that
is both stations are closed to the epicenter, and their
geographical location makes their baselines near the sea
coast. So it is has affected clearly. The rest of the
network baselines have also varying values of
displacements, starting from 1 mm to 9 mm, which

Table1 : Meter Values of ∆dx, ∆dY, & ∆dZ of
Baselines Network
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depends on the distances between stations or baselines
and the epicenter of the earthquake.

each station sends. A mail with a PPP file for each point
was then received. Finally, stations with PPP
coordinates with high accuracy on three different times
are obtained, on the day of the earthquake on 21/7/2107,
on a week before the earthquake at 14/7/2017, and a
week after the earthquake at 28/7/2017.

Table8: Estimated Displacements on the day after a
week of the earthquake.

Table 9: PPP Coordinates of the Network Baselines
on the day of the Aegean Earthquake.

The displacement values on the day after the week of the
earthquake are shown in table 8, it is noticed that some
baselines have normal movement values ranged from 1
mm to 2 mm but there are big values as well. An
example of these baselines is the baseline (DYNGANKR), which has values of 4 mm to 9 mm, this is
maybe due to the very close distance between stations
and the epicenter. Baselines (DYNG-ORID) and
(DYNG-MIKL) have values of 9mm, 1cm, and 1cmand
1mm,1cm,1cm respectively. Because stations are close
to the epicenter. The displacement values are evidence
of any change in the Earth's crust. These changes may
be attributed to the surface layer of the earth's crust is
weak in this region, which leads to a large movement of
these stations. On the other hand, it may indicate an
early warning of any natural disaster close to this area
such as an earthquake or a volcano. But to ensure that it
requires daily monitoring of the Earth's crust in such
areas to facilitate earthquake prediction. other values are
between 3mmto 9mm as a maximum

Table 10: PPP of Y Coordinates of the Network
Baselines on the day of the Aegean Earthquake

Table 11: PPP of Z Coordinates of the Network
Baselines on the day of the Aegean Earthquake

4. STATIONS DISPLACEMENTS USING
THE PRECISE POINT POSITIONS
(PPP) TECHNIQUE
Precise Point Positioning (PPP) is a technique used to
determine the position of the receiver antenna without
communication with the reference station, using a single
global navigation satellite system (GNSS) receiver. PPP
uses carrier phase observations as the principal
observable for position determination which capable of
providing very high positioning accuracy. PPP needs
accurate satellite orbit and clock information to mitigate
orbit and clock errors. So the PPP solution depends on
GNSS satellite orbit and clock corrections. The
permanent services which execute calculations with PPP
technique are: Automatic Precise Positioning Service
(APPS), Canadian Spatial Reference System Precise
Point Positioning (CSRS-PPP), GNSS Analysis and
Positioning Software (GAPS) and magicPPP - Precise
Point Positioning Solution (magic GNSS). In this paper
we used the Canadian Spatial Reference System Precise
Point Positioning (CSRS-PPP) for determining station
coordinates, the static processing mode is used, the
datum is ITRF 14, and the RINEX observation file of

Likewise, the precise coordinates of all network stations
on the day of the earthquake are extracted on tables
(9,10,11). It was repeated in the other two days before
and after one week of the earthquake.
The sconed stage is computing the precise baseline
displacements of the network. On the three different
days from the earthquake as in tables 12,13,and14.
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Table 12: Calculations of ∆dX1ppp, & ∆dX3ppp
Values

Table14: Calculations of ∆dZ1ppp, & ∆dZ3ppp
Values

Table 12 explains the values of ∆dX1 on the day of the
earthquake which ∆dX1= (dX2-dX1) m. Taken value of
dX2 as reference. Likewise, computes the ∆dX3 values
of on a week after the earthquake, with ∆dX3= (dX2dX3) m. From the tabled values we noticed that on the
day of the earthquake the minimum value of length
change was 1mm and reached 6mm as the maximum
value. The stations near the epicenter of an earthquake
have a big movement regardless of the result signal
positive or negative, such as stations NICO, DYNG,
ISTA, ANKAR, and MAT1, where the change value
about 3mm to 6mm. But the other far stations had fewer
values about 1mm as stations BSHM, MIKL, and
ARUC.

The same previous scenario has been done on the rest
values of the displacements in Y and Z directions which
are evident from the previous tables 13 and14. The most
important note is that the closer the station to the
epicenter of the earthquake, the greater the change in the
Earth's crust, therefore the more points displacements
from their fixed location on the earth's crust, and vice
versa also the more the station moves away from the
epicenter of the earthquake, the less the change in the
Earth's crust, so the less the displacement of points.
Now, these results will be presented in a graphic
relationship in figures (5, 6, and 7). They show the
difference between point displacements for each
baseline of the network surrounding the epicenter of the
earthquake.

A week after an earthquake, it was noticed that the
values of ∆dX3ppp are clearly increased on all the
nearest baselines from the epicenter such as (DYNGNICO) had a value of 7mm, (DYNG –ANKR) =9mm,(
DYNG –MIKL) = 6mm, These changes mean that the
baseline with stations closer to the center suffering huge
displacement. Even if the baseline was connected
between two stations, one was far, but the other station
was very close to the center of the earthquake that
produced also a significant change in the location of the
point on the earth's crust. Thus, the station location is the
main factor that affects the magnitude of its
displacement when the earthquake occurs.

Figure 5: ∆dX1PPP Values for the Network
Baselines

Table13: Calculations of ∆dy1ppp, & ∆dy3ppp
Values

Figure 6: ∆dY1PPP Values for the Network
Baselines

Figure 7: ∆dZ1PPP Values for the Network
Baselines
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The precise displacement values are shown in the
previous curves. So the difference of station
displacement values according to the time domain have
been noticed.

Table17: Station's Heights Displacements using
Bernese solution

5. FIND THE HEIGHT CHANGE OF
STATIONS USING THE PRECISE
POSITION TECHNIQUE
Among the factors that have been monitored to know the
point displacement is dH. The calculation of the height
displacement of the network stations according to the
output file from Bernese 5.2 software. We should make
a reference data guide contains all parameters that are
affected when earthquakes occur. To serve our
community and protect it from the earthquake's danger
and create an effective earthquake prediction tool soon.

Table18: Calculation Values of ∆dh1PPPand ∆dh3
PPP

Table15: The Output of Stations Heights from
Bernese Processing Software

From tables 17and 18, we can see a comparison between
the station's height displacement values in the two
solutions, it is found the baseline number 1 has ∆dh1=
8mm as height difference in Bernese case and in PPP
equal 6 mm ∆dh1PPP. After one week from the
earthquake ∆dh3 =1cm equal the value of ∆dh3ppp= 1
cm. The day when an earthquake occurred the vertical
estimated displacements were about 1 to 2cm and also
after one week the values were within nearly the same
range.in PPP solution also there a lot of values have
about this value range. So it should be continuous
monitoring of points displacement to ensure the
correctness of these displacements for each point.
Taking into account all influencing factors such as the
point location, the geographical location and the
strength of the earthquake as well.

Table 16: PPP Stations height using the Canadian
Spatial Reference System (CSRS-PPP).

Tables 15 and 16 display the point’s height values in the
two solutions on the day of the earthquake. Then
calculate the difference heights between every two
stations of the baseline, which (dh = h1-h2). We will
repeat the same steps to find the height difference dh on
the other two days from the earthquake. The first day is
on 14/7/2017, before one week, and the day of
28/7/2017 after one week from the earthquake.

6. DETERMINE THE PRECISE
DISPLACEMENTS FOR THE
NETWORK STATIONS
The online service of The Canadian Geodetic Survey of
Natural Resources (CSRS-PPP) is used to get the precise
values. We have requested to get the results in the ITRF
datum at an epoch other than the epoch of GNSS data.
The solution is returned via an email at the address
provided on the submission page and downloaded
directly to a user. The CSRS-PPP outputs are the
solution report (.pdf) presenting the PPP results in a
combination of textual and graphical information,
summary file (.sum) which contains the parameters and
the results of the PPP processing, and A position file
(.pos) containing the positioning information for each
epoch processed. So each station of our network sends
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its name and its raw data and then have an email with its
precise position. As shown in tables 20 and 21.
Table 20: Part of the summary file (.sum) which
contains the parameters of the PPP processing

Table 23: Calculations of ∆dy1ppp, & ∆dy3ppp
Values

Table21: Part of the summary file contains the
results of the PPP processing.
Table 24: Calculations of ∆dZ1ppp, & ∆dZ3ppp
Values

We will present the precise displacements of the
network baselines in the directions X, Y, and Z(see
tables 22,23,24). Then compare these results with the
estimated displacements resulted by Bernese
processing, table (26).
Table 22: Calculations of ∆dX1ppp, & ∆dX3ppp
Values

Tables 23 and 24 show the computed displacement
values of ∆dY1ppp, ∆dY3ppp, ∆dZ1ppp, and ∆dZ3ppp.
They imply that the displacements in the Y direction
ranged from 1mm to 7mm and that in the Z direction the
values were from 2mm to 7mm, except for the two
values of the baselines DYNG-MIKL and MAT1-MIKL
that reached 1cm. Being the closest to the epicenter, the
DYNG station hit the biggest displacement value.

7. COMPARING THE BASELINES
COORDINATES DISPLACEMENTS
VALUES
The baseline displacements values are tabled in tables
25and26, to can extract any important notes and any
differences between both solutions.

From table 22, the baseline displacements in X direction
explain that the values on the day of the earthquake
ranged between 1mm to 6mm as a maximum value. For
the day after a week of the earthquake, the values of
∆dX3ppp clearly increased on all baselines near the
epicenter. Evidently, DYNG-NICO had a value of 7mm;
DYNG-ANKR = 9 mm; DYNG-MIKL = 6mm; and
DYNG- MAT1 =8mm.
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Table 25: Displacement Values of ∆dX, ∆dY, & ∆dZ
of all Network Baselines

Figure1 : Graph of the Difference Between ∆dX1 &
∆dX1 PPP

Table 26: Precise Displacement Values of ∆dXppp,
∆dYppp, & ∆dZppp of all Network Baselines
Figure13: Graph of the Difference Between ∆dY1 &
∆dY1 PPP
Tables 25 and 26 also show the difference between the
baseline displacements in the Y direction of the two
cases. On the day of the earthquake, the values of ∆dY
differed from ∆dYppp about 1mm to 3mm at the
baselines 1, 4, 5, 6, 7, 8, 9, 10, and 15. Baseline 11 had
1cm as the displacement value of ∆dY on the day of the
earthquake, but in ∆dYppp it was equal to 0.0002m.
This means that these two points had no detected
movement on the crust of the earth when the PPP
solution was used but, with the use of the Bernese
solution, the displacement value hit 1cm. that means that
Bernese have accurate and logical results, which It is
proportional to the earthquake shake and its impact on
the earth's crust.

When the absolute meter values of ∆dX1 and ∆dX1ppp
on the day of the earthquake are compared, it becomes
clear that the highest values are close to one another in
two cases. For example, the estimated displacement
value and the PPP value of baseline 1 are
correspondingly equal. It is noticed that the difference
between the estimated displacement values and the PPP
displacement values on the day of the earthquake ranges
from 3mm to 5mm.
As for the displacement values of ∆dX3 and ∆dX3ppp
on the day after a week of the earthquake, the difference
between the Bernese solution and the PPP solution at
most stations ranges from 2mm to 6mm. Yet, the
baseline MAT1-MIKL hits the displacement value of
1cm, but it is only 1mm in the PPP. On the other hand,
baseline DYNG-ORID records 3cm in the Bernese
solution while it is 3mm in the PPP solution. This
indicates that an evident change occurs in the
coordinates of these two solutions.

Figure14: Graph of the Difference Between ∆dZ1 &
∆dZ1PPP
The displacement values in the Z direction on the day of
the earthquake were ranged from 3mm to 1cm in the
Bernese solution, but their corresponding values in the
PPP solution were from 1mm to 6mm. Baseline BSHM–
NICO had the same displacement value in both
solutions, that is, 1cm. Being one of the closest stations
to the earthquake epicenter, station NICO had such an
effect on displacement. On the day after a week of the
earthquake, the values of the Bernese solution changed
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from 1mm to7mm. Yet, many baselines (e.g., ARUCANKR, ARUC-ISBA, & MIKL-DYNG) had
displacement values of 1cm. Baseline DYNG-RID had
9cm. However, in the PPP solution, these values
changed from 1mm to 8mm, except for the two baselines
MAT1-MIKL and DYNG-MIKL that had the
displacement value of 1cm.
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