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 In this study, the linear behaviors in the North, East and Up directions of 30 CORS-TR 
stations in the Central Anatolian Region were obtained by the trend component analysis 
which is the time series component. The time series of the stations between 2017-2020 
years were calculated in the Eurasia-fixed frame with the GAMIT/GLOBK software. As a 
result of the analysis, the average horizontal velocity of the stations in the east of the 
Central Anatolian Region is 17.59 mm/year in the northwest direction, and the average 
horizontal velocity of the stations in the west is 18.66 mm/year in the southwest 
direction. This movement shows the movement of the Anatolian plate in the southwest 
direction in terms of direction and velocity and is in agreement with other research 
results. In the linear changes in the up coordinates of the stations, the greatest linear 
change was detected at the KNY1 (-48.22 mm/year) station. It is thought that this change 
at station KNY1 is due to the decrease in groundwater level in this region (Konya Closed 
Basin). In addition, in the standard deviation (m0) values of the time series that obtained 
as a result of the analysis, linear changes were approximately the same for the north and 
east directions, and about 2-3 times larger for the up values compared to the north or 
east directions. 

 
 
 

1. INTRODUCTION 
 
As one of the most tectonically active regions of 

the world, Turkey is located in an active earthquake 
zone. It is quite possible to encounter fault zones in 
engineering studies. Two of the most important 
(active) faults in Turkey are the North Anatolian and 
East Anatolian Fault Zones. The North Anatolian 
Fault (NAF), which extends from Karlıova in eastern 
Turkey to Saros Bay in the North Aegean Sea, is one 
of the longest active strike-slip faults in the world 
with a length of approximately 1500 km (Yavaşoğlu 
et al., 2011). 

As it is known, due to the fact that Turkey is 
located at the intersection of the Arabian, Anatolian 
and Eurasian tectonic plates, annual changes (plate 
velocity) occur due to the movement of these plates 
in cm order at point locations. For this reason, it is 
important to determine the point location 
information accurately, continuously, quickly and 
economically with reliable methods and to present it 
to the relevant users who do both commercial and 
scientific studies in location-based studies.  

Today, Global Navigation Satellite Systems 
(GNSS) are widely used to determine point locations. 
In particular, it has a wide range of uses such as 
tectonic movements, land subsidence, engineering 
services, scientific studies, aviation industry, 
navigation, vehicle tracking systems, military areas, 
and therefore has a large number of users (Uzel et al., 
2013; Oktar and Erdoğan, 2018; Mutlu and Kahveci, 
2019; Gezgin et al., 2020; Yalvaç, 2020; Orhan, 2021). 

There are also many error sources that GNSS 
systems with reliable location services are exposed 
to. These are satellite-related such as satellite clock 
error, satellite orbital errors; errors originating from 
the receiver such as receiver clock error, antenna 
phase center error, and atmospheric errors such as 
tropospheric effect, ionospheric effect, signal 
reflection effect. The effect of these error sources on 
the results can be neglected according to the 
sensitivity of the work being done. However, in 
applications where precision is required such as 
geodetic studies, tectonic studies, continental 
deformations, it is important to create a 
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mathematical model of these errors to eliminate the 
error sources (Mutlu and Kahveci, 2019). 

In this study, the behaviors of 30 Continously 
Operating Reference Stations-Turkey (TUSAGA-
Aktif/CORS-TR) stations in the Central Anatolia 
Region were investigated with linear trend function. 
The coordinates of the stations were produced from 
the daily time series obtained between years of 
2017-2020. The coordinates of the stations are the 
time series obtained daily between 2017 and 2020 
for the Eurasia fixed-frame. The velocity values and 
directions of the region were estimated in the 
Eurasia fixed-frame by liner trend component of the 
time series analysis.  

 
2. CENTRAL ANATOLIA EARTHQUAKE ZONE 

 
Kırşehir, which is located in the great arc of 

Kızılırmak in Central Anatolia and consists of 
metamorphic and platonic rocks, seems to have been 
divided into blocks from many parts by faults. The 
parts between the blocks were filled with Neogene 
sediments. These regions formed by faults are the 
main earthquake belts of Central Anatolia and 1938 
Kırşehir earthquake occurred in this region. In this 
earthquake, 160 people lost their lives and 4066 
buildings were destroyed or severely damaged. In 
addition to that 50 people died in the 1951 Kurşunlu 
(Çankırı) earthquake (Özdoğan, 1993).  

Also, in the north of Ankara, faults in the 
northeast-southwest direction form parallel fracture 
zones in the direction of Kızılcahamam-Güdül-Ayaş 
and Çamlıdere-Beypazarı. This shows that in the 
earthquakes in Central Anatolia, in addition to the 
“North Anatolian Earthquake Zone”, the independent 
earthquake centers also have significant effects. 
Because the 1944 Beypazarı and 1956 Eskişehir 
earthquakes are the results of an independent 
earthquake center. Another fault zone in Central 
Anatolia is located in the west of Tuz Gölü. Fractures 
running parallel to each other formed a belt. 
However, earthquakes causing massive damage 
were not detected either in Konya and its 
surroundings or in other settlements in this area 
(Özdoğan, 1993). 

 
3. TIME SERIES ANALYSIS 

 
Time series analysis provides useful 

information about the behavior of systems based on 
response or effect size. The sequential realization of 
the observed data over time is very important in 
terms of monitoring and analyzing the development 
of the data (Ostini, 2012). 

In general, the X(ti) time series of measurements 
made at GNSS stations at times ti (i=1,2,3,…,N) can be 
divided into three components, excluding artificial or 
co-seismic and seismic-induced deviations. These 
components are given in equation (1). 

 
𝑋(𝑡𝑖) = 𝑌(𝑡𝑖)𝑡𝑟𝑒𝑛𝑑 + 𝑌(𝑡𝑖)𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑐 + 𝑌(𝑡𝑖)𝑠𝑡𝑜𝑐ℎ𝑎𝑠𝑡𝑖𝑐                             (1) 

 

In time series analysis, firstly the time axis of the 
series is plotted, unusual measurements (e.g. gross 
errors) in the series are eliminated and a general 
interpretation of the series can be made (Oktar, 
2015). 

 
3.1 Trend Component 

 
Trend is the development or progress of a time 

series in a certain direction in the long run. The 
direction and intensity of the trend do not always 
remain constant. The trend can be linear or 
curvilinear (Equation 2). 

 
𝑌(𝑡𝑖) = 𝑎 + 𝑏𝑡⏟  

(1)𝑇𝑟𝑒𝑛𝑑 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡

                  (2) 

 
Here, “a” constant and “b” are the parameters 

that show the amount and direction of linear change 
with time. For GNSS stations, the increasing or 
decreasing linear changes (velocities) of the GNSS 
stations are determined with the “b” parameter. 
Considering the linear function given in Equation 2 
for the estimation of the parameters in the time 
series Y(ti). 

 

𝑌(𝑡𝑖) = 𝑎 + 𝑏𝑡                   (3) 

 

           = 𝑨𝒙 + 𝒗(𝒕𝒊)                                 (𝟒) 
 

𝑨𝑻 = [
𝟏 𝟏 𝟏,… . , 𝑵
𝒕𝟏 𝒕𝟐 𝒕𝟑, … . , 𝒕𝑵

] , 𝑿𝑻 = [𝒂 𝒃]                                (5) 

 
According to the least squares method, 

parameters “a”, “b” and their standard deviations ma 
and mb are estimated. Test size values are calculated 
for each parameter. 
 
𝑡𝑎 =

𝑎

𝑚𝑎
 ;  𝑡𝑏 =

𝑏

𝑚𝑏
                                  (6) 

 
The predicted 1-α confidence level for the test 

sizes and the tf,1-α/2 confidence limit of the t 
distribution depending on the f degree of freedom 
are compared. 

 
|ta|; |tb| < tf,1-α/2                    (7) 

 
If the situation is as seen in the equation given 

in 7, the parameters are insignificant, 
 

|ta|; |tb| ≥ tf,1-α/2                   (8) 

 
If the values above test size, parameters are 

significant at the estimated confidence level. If the 
parameters are statistically significant, it is decided 
that there is a trend component in the series. 

In the process of determining the trend 
component in the time series, it is not possible to 
determine the existence of linear change and to 
accurately detect some periodic movements due to 
the long period of time for a full periodic movement 
to occur. For this reason, it is very important that the 
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measurements are made as long as necessary to 
reflect the changes in the monitored system, data or 
the existence of the trend must be interpreted 
correctly. 

 
4. STUDY FINDINGS AND DISCUSSION 

 
In this study, the linear behaviors of 30 

TUSAGA-Aktif/CORS-TR stations in the Central 
Anatolia Region covering the years of 2017-2020 
were investigated with the trend component 
function, which is the time series component. To this 
end; N (North), E (East) and U (Up) components of 
daily coordinate times series of the stations; AKD1, 
AKHR, AKSR, ANK2, ANRK, BEYS, BOG1, CANK, CIHA, 
CMLD, ESKS, GEME, GURU, HALP, KAMN, KAP1, 
KAYS, KIS1, KKAL, KLUU, KNY1, NAHA, NEV1, NIGD, 
SARV, SIH1, SIVS, SSE1, YOZ1 and YUN1 were used. 

With the linear functions applied to the obtained 
time series, the linear changes (velocity values) of 
the stations in the determined time interval were 
calculated, and the linear behavior and functions of 
the stations were defined in the Eurasia Fixed 
system. General information about the IGS stations 
(14 sites) used in the processing is given in Table 1. 
GNSS data were evaluated with GAMIT/GLOBK 
software, an open-source software package 
developed by Massachusetts Institute of Technology 
(MIT) (Url-1). In the processing, for orbit 
information, Precise final orbits by the International 
Global Navigation Satellite Systems (GNSS) Service 
(IGS), for earth rotation parameters USNO_bull_b, for 
radiation and pressure effects 9-parameter Berne 
model was used. LC (L3), that is the ionosphere-free 
linear combination of the L1 and L2 carrier waves, 
and the FES2004 Ocean Tide Loading (OTL) grid was 
used. Time series of stations were obtained using 

RINEX data that acquired from the web interface 
given in Url-2. 
 
Table 1. IGS stations used in the processing 
 

Station City/ Country Station City / Country 

ANKR Ankara/ 
Turkey 

MATE Matera/ Italy 

BAKU Baku/ 
Azerbaijan 

NICO Nicosia/ South 
Cyprus 

BUCU Bucharest/ 
Romania 

RAMO MitzpeRamon/ 
Israel 

CRAO Simeiz/ 
Ukraine 

SOFI Sofia/ Bulgaria 

GLSV Kiev/ 
Ukraine 

TEHN Tehran/ Iran 

GRAZ Graz/Austria TELA Tel Aviv/ Israel 

ISTA İstanbul/ 
Turkey 

TUBI Gebze/ Turkey 

 
4.1 The Field Study and Data 
 

In this study, daily coordinate data of the 30 
GNSS stations such as AKD1, AKHR, AKSR, ANK2, 
ANRK, BEYS, BOG1, CANK, CIHA, CMLD, ESKS, GEME, 
GURU, HALP, KAMN, KAP1, KAYS, KIS1, KKAL, KLUU, 
KNY1, NAHA, NEV1, NIGD, SARV, SIH1, SIVS, SSE1, 
YOZ1 and YUN1 were used in the analysis that 
located in the Central Anatolia Region. Location 
information of the stations are given in Figure 1 and 
Table 2. The GNSS data used in the study are the daily 
coordinate values between 01.01.2017 and 
31.12.2020, and the data information of the stations 
are given in Table 3. In the evaluations and analyzes, 
there were data deficiencies and gaps between years 
in the daily coordinate data of GNSS stations between 
01.01.2017-31.12.2020 due to reasons such as 
antenna defect, computer malfunction, etc. 

 

 
 
Figure 1. GNSS stations locations 
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Table 2. GNSS stations general information 

 
Short 
Name 

City/ Town Latitude 
(Decimal 
Degree) 

Longitude 
(Decimal 
Degree) 

Short 
Name 

City/ Town Latitude 
(Decimal 
Degree) 

Longitude 
(Decimal 
Degree) 

AKD1 Yozgat/Akdağmadeni 39.6605 35.8711 KAP1 Konya/Karapınar 37.7144 33.5283 
AKHR Konya/Akşehir 38.3693 31.4297 KAYS Kayseri/Melikgazi 38.7137 35.5031 
AKSR Aksaray/Merkez 38.3704 33.9982 KIS1 Kırşehir/Merkez 39.1434 34.1631 
ANK2 Ankara/Çankaya 39.8428 32.7754 KKAL Kırıkkale/Merkez 39.8433 33.5179 
ANRK Ankara/Çankaya 39.8560 32.8462 KLUU Konya/Kulu 39.0791 33.0654 
BEYS Konya/Beyşehir 37.6773 31.7466 KNY1 Konya/Meram 37.8594 32.4764 
BOG1 Yozgat/Boğazlıyan 39.1933 35.2471 NAHA Ankara/Nallıhan 40.1733 31.3321 
CANK Çankırı/Merkez 40.6086 33.6104 NEV1 Nevşehir/Merkez 38.6315 34.7108 
CIHA Konya/Cihanbeyli 38.6504 32.9224 NIGD Niğde/Merkez 37.9588 34.6794 
CMLD Ankara/Çamlıdere 40.4910 32.4745 SARV Karaman/Sarıveliler 36.6967 32.6173 
DIV1 Sivas/Divriği 39.3718 38.1194 SIH1 Eskişehir/Sivrihisar 39.4465 31.5363 
ESKS Eskişehir/Turgutlar 39.7457 30.4636 SIVS Sivas/Merkez 39.7437 37.0025 
GEME Sivas/Gemerek 39.1851 36.0809 SSE1 Sivas/Suşehri 40.1691 38.1050 
GURU Sivas/Gürün 38.7174 37.3079 YOZ1 Yozgat/Merkez 39.8314 34.8447 
HALP Konya/Halkapınar 37.4451 34.1834 YUN1 Konya/Yunak 38.8162 31.7317 
KAMN Karaman/Merkez 37.1932 33.2203     

 

Data numbers and missing data percentages of 
these stations are given in Table 3. Data percentages 
of other stations are certain except AKD1, ANRK, 
BOG1, CANK, CMLD, KAP1, KAYS, KIS1, SARV, SIH1, 

SIVS, YOZ1 and YUN1. In addition, since KIS1 and 
ANK2 stations are newly established, their data is 
used for 1 year, AKD1 station for 2 years, BOG1, 
NEV1 and SSE1 for 3 years.  

 
Table 3. GNSS stations data and percentages 

 
Station 
Name 

Beginning Finish Number 
of Data 

Missing 
Data(%) 

Station 
Name 

Beginning Finish Number 
of Data 

Missing 
Data(%) 

AKD1 01.01.2019 31.12.2020 620 0.8 KAP1 19.06.2017 31.12.2020 1268 0.9 
AKHR 01.01.2017 31.12.2020 1460 0 KAYS 01.01.2017 31.12.2020 1436 1 
AKSR 01.01.2017 31.12.2020 1455 0 KIS1 12.02.2020 31.12.2020 323 0.9 
ANK2 01.01.2020 31.12.2020 365 0 KKAL 01.01.2017 31.12.2020 1460 0 
ANRK 01.01.2017 31.12.2020 1435 1 KLUU 01.01.2017 31.12.2020 1460 0 
BEYS 01.01.2017 31.12.2020 1460 0 KNY1 01.01.2017 31.12.2020 1460 0 
BOG1 01.01.2018 31.12.2020 1095 0.7 NAHA 01.01.2017 31.12.2020 1460 0 
CANK 01.01.2017 31.12.2020 1431 0.9 NEV1 01.01.2018 31.12.2020 1095 0 
CIHA 01.01.2017 31.12.2020 1460 0 NIGD 01.01.2017 31.12.2020 1460 0 
CMLD 01.01.2017 31.12.2020 1411 1 SARV 01.01.2017 31.12.2020 1263 0.9 
ESKS 01.01.2017 31.12.2020 1460 0 SIH1 01.01.2017 25.06.2020 1047 0.7 
GEME 01.01.2017 31.12.2020 1460 0 SIVS 01.01.2017 31.12.2020 1169 0.8 
GURU 01.01.2017 31.12.2020 1460 0 SSE1 01.01.2018 31.12.2020 1095 0 
HALP 01.01.2017 31.12.2020 1460 0 YOZ1 01.01.2017 31.12.2020 1405 1 
KAMN 01.01.2017 31.12.2020 1460 0 YUN1 01.01.2017 31.12.2020 1397 1 

4.2  GNSS Stations Time Series 
 
For the time series analysis, BASK, SIVS, YAZ1, 

CANK, ANRK, CALM, AKD1 and YUN1 stations were 
considered as two data groups, and SARV and SIH1 
stations as three data groups due to the large data 
gaps in some of the stations. The time interval of time 
series data obtained by taking Eurasia plate as 
constant is given in Table 3. 

In this study, raw coordinate time series were 
created by subtracting the first coordinate value 

from all coordinates in order to see the change of raw 
coordinates relative to the beginning. 

In Figure 2, 3 and 4, it is clearly seen that the 
time series of KAP1 North (increase), East (decrease) 
and Up (decrease) raw coordinates contain a linear 
movement, and in addition, a one (1) year periodic 
movement is seen in the time series of the northing 
coordinates. Times series of the remaining stations 
are not given in this study due to the large number of 
data and figures. 
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Figure 2. KAP1 North coordinate component linear 
model 
 

 
 
Figure 3. KAP1 East coordinate component linear 
model 
 

 
 
Figure 4. KAP1 Up coordinate component linear 
model 
 

The linear trend component analysis of the time 
series was performed by calculating the “a” and “b” 
parameters and standard deviations given in 
Equation 3.2 according to the least squares method. 
The calculated test sizes were compared with the 
α=0.05 significance level and the tf,1-α/2 confidence 
limit of the t distribution depending on the f degree 
of freedom, and statistically significant linear 

movements were detected in the time series of all 
GNSS stations. Obtained results and functions are 
given in Table 4. 

When Table 4 is examined, it is seen that 
CANK_1, CIHA, ANRK_1, ANKR, SERV_2, CALM_1, 
CALM_2, BEYS, YUN1_1, YUN1_2, SIH1_1, SIH1_2, 
SIH1_3, AKHR, NAHA, ESKS, BUCU and ANK2 stations 
have linear movements in the south direction, while 
the other stations have linear movements in the 
north direction. 

The eastward movements were detected in 
stations; BASK_1, BASK_2, GURU, SIVS_1, SIVS_2, 
GEME, KAYS, YOZ1_1, YOZ1_2, NIGD, HALP, AKSR, 
CANK_1, CANK_2, KKAL, KAMN, KLUU, CIHA, 
ANRK_1, ANRK_2, ANKR, SARV1, SARV_2, SARV_3, 
CALM_1, CALM_2, BEYS, YUN1_1, YUN_2, SIH1_1, 
SIH1_2, AKHR, NAHA, ESKS, BOR1, KAP1, BOG1, 
NIV1, AKD1_1, AKD1_2, ANK2, KIS1 and westward 
movements were detected at SIH1_3 and BUCU 
stations. The largest linear movement in the west 
direction (23.29 mm/year) was detected at ANKR 
station, and the smallest linear movement (0.36 
mm/year) was detected at BUCU station.  

In addition, the largest annual linear movement 
in the north direction of 15.51 mm was observed at 
BASK_1 station, and the smallest annual linear 
movement in the south direction of 0.06 mm was 
observed at ANRK_1 station. Considering the linear 
movements in the time series of the Up coordinates 
of the stations; (Table 4) BASK_1, BASK_2, SIVS_1, 
SIVS_2, GEME, KAYS, YOZ1_1, YOZ1_2, NIGD, HALP, 
KKAL, KLUU, ANRK_1, ANRK_2, SARV_2, SARV_3, 
CALM_1, CALM_2, BEYS, YUN1_1, YUNH1_2, KSSI, 
BUCU, SSE1, AKD1_2 and ANK2 linear movements in 
the direction were observed in the positive direction, 
it was seen that the up values of the stations listed 
above are increased. 

The highest linear motion was calculated at the 
SARV_3 station with a value of 29.75 mm/year and 
the lowest linear motion was calculated at the 
YOZ1_2 station with a value of 0.10 mm/year. Linear 
movements in up coordinates of GURU, AKSR, 
CANK_1, CANK_2, KAMN, CIHA, ANKR, SARV_1, 
KNY1, SIH1_3, AKHR, KAP1, BOG1, NIV1, and AKD1_1 
stations are in (-) negative direction. In the up time 
series, the largest linear movement was detected at 
KNY1 station with a value of -48.22 mm/year and the 
smallest linear movement was determined at station 
NEV1 with a value of -0.15 mm/year. In addition, a 
change of approximately -22.41 mm/year is 
observed at KAP1 station (Table 4). It is thought that 
the KNY1 and KAP1 stations are located in the areas 
where the groundwater level decreases in the Konya 
Closed Basin, and the negative (-) change in these 
stations is related with the decrease in the water 
level. Many studies have been carried out on the 
decrease in groundwater level in this region. See for 
detailed information; Üstün et al. 2007; Üstün et al. 
2015; Özdemir, 2014; Orhan et al. 2020; Orhan 2021.
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Table 4. Linear models and annual rates of GNSS stations (Eurasian-fixed frame) 

 
Station 

Name 

y(ti ) =a+bt NORTH 

Linear Model 

Speed = 

365*b 

(mm/year) 

y(ti )=a+bt EAST Linear 

Model 

Speed = 

365*b 

(mm/year) 

Resultant Speed 

(mm/year) 

y(ti)=a+bt  

Up Linear Model 

Speed = 

365*b 

(mm/year) 

BASK_1 y(ti )= 1.341+0.0425t 15.51 y(ti )= -2.5443-0.0133t -4.84 16.25 Northwest y(ti)= -5.1855+0.0193t 7.04 

BASK_2 y(ti )=0.0217+0.0419t 15.29 y(ti )= -1.7058-0.0126t -4.61 15.97 Northwest y(ti)= 8.6337+0.0138t 5.02 

GURU y(ti )= 0.7210+0.0252t 9.19 y(ti )= -0.1948-0.0438t -15.99 18.44 Northwest y(ti)= 1.6579-0.0006t -0.22 

SIVS_1 y(ti )= 0.3337+0.0194t 7.08 y(ti )= -0.3377-0.0439t -16.01 17.50 Northwest y(ti)= -3.1008+0.0163t 5.97 

SIVS_2 y(ti )= -2.1542+0.0236t 8.63 y(ti)= -4.4541-0.0497t -18.13 20.08 Northwest y(ti)= -21.3763+0.0042t 1.52 

GEME y(ti )= -7.7208+0.0247t 9.01 y(ti)= -2.3107-0.0418t -15.25 17.71 Northwest y(ti)= -0.9210+0.0033t 1.22 

KAYS y(ti )= -0.1221+0.0181t 6.61 y(ti)= 0.0131-0.0442t -16.14 17.44 Northwest y(ti)= 3.6273+0.0003t 0.11 

YOZ1_1 y(ti )= 0.8331+0.0103t 3.75 y(ti)= 3.2804-0.0480t -17.53 17.92 Northwest y(ti)= -5.2383+0.0119t 4.35 

YOZ1_2 y(ti )= 3.2809+0.0130t 4.76 y(ti)= -0.3345-0.0511t -18.64 19.24 Northwest y(ti)= -6.5517+0.0003t 0.10 

NIGD y(ti )= -0.0879+0.0146t 5.31 y(ti)= -1.6882-0.0408t -14.89 15.81 Northwest y(ti)= -23.8459+0.0016t 0.59 

HALP y(ti )= 1.1983+0.0151t 5.53 y(ti)= -0.8474-0.0387t -13.41 14.50 Northwest y(ti)= -6.7455+0.0028t 1.04 

AKSR y(ti )= -1.3001+0.0085t 3.10 y(ti)= 2.8935-0.0516t -18.82 19.07 Northwest y(ti)= -14.5906-0.0205t -7.48 

CANK_1 y(ti )= 1.9777-0.0017t -0.63 y(ti)= -2.5724-0.0482t -17.59 17.60 Southwest y(ti)= -0.8255-0.0009t -0.33 

CANK_2 y(ti )= -1.8853+0.0180t 6.56 y(ti)= -1.0364-0.0439t -16.01 17.31 Northwest y(ti)= 5.6662-0.0141t -5.15 

KKAL y(ti )= -0.4284+0.0038t 1.39 y(ti)= 1.5088-0.0578t -21.11 21.16 Northwest y(ti)= -12.8039+0.0030t 1.08 

KAMN y(ti )= -1.4761+0.0119t 4.36 y(ti)= 0.1776-0.0336t -12.28 13.03 Northwest y(ti)= -19.9852-0.0137t -5.00 

KLUU y(ti )= -1.1815+0.0074t 2.70 y(ti)= -1.3936-0.0522t -19.04 19.23 Northwest y(ti)= -0.5096+0.0032t 1.19 

CIHA y(ti )= 0.9653-0.0012t -0.45 y(ti)= 1.4483-0.0563t -20.55 20.55 Southwest y(ti)= 1.0117-0.0079t -2.89 

ANRK_1 y(ti )= 2.0997-0.0002t -0.06 y(ti)= 0.4200-0.0621t -22.66 22.66 Southwest y(ti)= -5.7743+0.0111t 4.06 

ANRK_2 y(ti )= -0.7142+0.0006t 0.23 y(ti)= 0.5205-0.0565t -20.64 20.64 Northwest y(ti)= -4.8296+0.0135t 4.93 

ANKR y(ti )= -0.1372-0.0023t -0.82 y(ti)= -2.1792-0.0638t -23.29 23.31 Southwest y(ti)= -13.43-0.0124t -4.54 

SARV_1 y(ti )= 1.8299+0.0077t 2.81 y(ti)=-1.4094-0.0421t -15.36 15.61 Northwest y(ti)= -12.3092-0.0047t -1.72 

SARV_2 y(ti )= 4.1808-0.0233t -8.49 y(ti)= -6.1333-0.0213t -7.76 11.50 Southwest y(ti)= -12.0975+0.0706t 25.76 

SARV_3 y(ti )= 4.5048+0.0149t 5.45 y(ti)= -0.2086-0.0600t -21.90 22.57 Northwest y(ti)= 7.528+0.0815t 29.75 

KNY1 y(ti )= 5.7047+0.0217t 7.93 y(ti)= -5.6043-0.0505t -18.42 20.06 Northwest y(ti)= -42.4959-0.1321t -48.22 

CALM_1 y(ti )= 1.6803-0.0046t -1.66 y(ti)= 1.4626-0.0540t -19.71 19.78 Southwest y(ti)= -3.4678+0.0065t 2.38 

CALM_2 y(ti )= 0.5128-0.0043t -1.58 y(ti)= 1.3307-0.0524t -19.14 19.21 Southwest y(ti)= -4.3832+0.0011t 0.39 

BEYS y(ti )= 0.4754-0.0076t -2.77 y(ti)= -0.4252-0.0436t -15.92 16.15 Southwest y(ti)= -9.6745+0.0047t 1.70 

YUN1_1 y(ti )= -0.7425-0.0068t -2.48 y(ti)= 1.006-0.0575t -20.99 21.13 Southwest y(ti)= 0.1629+0.0139t 5.08 

YUN1_2 y(ti )= -0.3143-0.0084t -3.07 y(ti)= 5.7488-0.0545t -19.89 20.13 Southwest y(ti)= 3.9402+0.0155t 5.65 

SIH1_1 y(ti )= -0.9776-0.0085t -3.10 y(ti)= 0.1050-0.0603t -22.01 22.23 Southwest y(ti)= 1.5454+0.0105t 3.83 

SIH1_2 y(ti )= 0.6935-0.0193t -7.06 y(ti)= 0.6006-0.0602t -21.98 23.08 Southwest y(ti)= -2.7725+0.0125t 4.57 

SIH1_3 y(ti )= 2.1295-0.0230t -8.40 y(ti)= 1.6909-0.0569t 0.81 8.44 Southeast y(ti)= -1.4834-0.0171t -6.26 

AKHR y(ti )= 12.1708-0.0121t -4.42 y(ti)= -5.1438-0.0575t -20.97 21.43 Southwest y(ti)= 4.2996-0.0096t -3.49 

NAHA y(ti )= 2.3182-0.0069t -2.52 y(ti)= -0.3622-0.0592t -21.61 21.76 Southwest y(ti)= -1.085+0.0068t 2.50 

ESKS y(ti )= 0.0218-0.0090t -3.28 y(ti)= 2.7517-0.0586t -21.23 21.48 Southwest y(ti)= -2.5633+0.0053t 1.85 

BUCU y(ti )= -0.1475-0.0030t -1.11 y(ti)= -0.3426+0.0010t 0.36 1.17 Southeast y(ti)= -1.6873+0.0059t 2.17 

KAP1 y(ti )= -0.1501+0.0071t 2.60 y(ti)= 1.481-0.0513t -18.74 18.92 Northwest y(ti)= 0.5663-0.0614t -22.41 

SSE1 y(ti )= 0.6549+0.0164t 5.98 y(ti)= 0.3114-0.0289t -10.54 12.12 Northwest y(ti)= -2.0701+0.0046t 1.67 

BOG1 y(ti )= -1.6183+0.0161 5.88 y(ti)= 4.8055-0.0530t -19.34 20.21 Northwest y(ti)= -6.6115-0.0096t -3.51 

NIV1 y(ti )= 2.7078+0.0187t 6.84 y(ti)= 2.2719-0.0471t -17.21 18.52 Northwest y(ti)= 2.5191-0.0004t -0.15 

AKD1_1 y(ti )= -3.6114+0.0371t 13.53 y(ti)= -4.554-0.0439t -16.01 20.96 Northwest y(ti)= -21.0493-0.0254t -9.28 

AKD1_2 y(ti )= 3.1354+0.0192t 7.01 y(ti)= 9.3971-0.0552t -20.16 21.35 Northwest y(ti)= -2.2247+0.0043t 1.56 

ANK2 y(ti )= 2.1425-0.0012t -0.44 y(ti)= 0.5857-0.0664t -24.25 24.26 Southwest y(ti)= -0.8576+0.0148t 5.41 

KIS1 y(ti )= -2.1063+0.0155t 5.64 y(ti)= -1.9041-0.0548t -20.01 20.79 Northwest y(ti)= 3.4692+0.0183t 6.69 

In Table 4, the average horizontal movement 
(resultant velocity) was found to be 18.24 mm/year 
in the northwest direction and 18.66 mm/year in the 
southwest direction. When the results obtained for 

the horizontal component from this study compared 
with other studies that given in Figure 5, such as, the 
velocity value of 20 mm/year in the southwest 
direction obtained from Cingöz et al. (2013), and 



Turkish Journal of Geosciences, Vol; 2, Issue; 2, pp. 21-29, 2021. 

27 
TURKGEO 

value of 21.72 mm/year obtained by Gülal et al. 2013 
and the velocity of 20.52 mm/year by Güçlü 2021, 
around Kırıkkale, it is seen that the velocity values 
obtained from this study is in agreement with these 
studies. 

In addition, it has been shown that the Anatolian 
Plate has a westward linear movement with a 
velocity of 13-27 mm/year (Şentürk, 2019) and the 
North Anatolian Fault Zone has a westward 
movement of approximately 25 mm/year relative to 
the Eurasian Plate (Aktuğ, 2006). In the study 
conducted by Tiryakioğlu (2012), it was determined 
that the velocities parallel to the fault was 
approximately 22 mm/year at the points in 
Southwest Anatolia and the north of the Fethiye-
Burdur Fault Zone. 

 

 
 

Figure 5. Point velocities (Eurasia fixed) (Cingöz et 
al., 2013) 

 
It has also been determined that the results 

obtained from this study in the vertical component 
are in agreement with the vertical velocity values 
given in Figure 6. 

 

 
 

Figure 6. Point velocities (vertical) (Özdemir et al., 
2011) 

 
Additionally, the standard deviation values (m0) 

of the linear changes in the time series were also 
calculated. The m0 values calculated for each station 
as a result of the adjustment in the north, east and Up 
directions, are given in Figure 7, 8 and 9. As it is seen 
(Figure 7, 8, 9), for the north direction of the stations, 
the m0 values are in the range of approximately 1-4 
mm, excluding SARV_1 (m0=4.89mm), and KAP1 
(m0=4.25mm) stations, for the east direction, 
SARV_3 (m0=4.72 mm) station. It is seen that the m0 

values are in the range of 0.8-3.5 mm except for the 
up direction, the biggest standard deviation is KNY1 
(m0=18.01 mm) station and the other stations m0 
values are in the range of 3-13 mm. Due to the 
insufficient number of data (data gap), the m0 values 
of the SARV station, which were examined in three 
parts, were found to be higher than the other 
stations. 

While the obtained m0 values are approximately 
same for the north and east directions, it can be 
stated that the Up values are approximately 2-3 
times greater than the north or east directions. As it 
is known, the fact that the sensitivity of the up 
component determined by GNSS is 2-3 times worse 
than the horizontal position sensitivity is also seen in 
the results obtained here. 

 

 
 

Figure 7. North direction linear variations standard 
deviations (m0) 

 

 
 

Figure 8. East direction linear variations standard 
deviations (m0) 

 

 
 

Figure 9. Up direction linear variations standard 
deviations (m0) 
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5. RESULTS 
 

Since Turkey is located at the intersection of 
Arabian, Anatolian and Eurasian tectonic plates, 
annual changes occur in point positions at the rank 
of cm due to the movement of these plates. For this 
reason, obtaining, evaluating, analyzing (time series 
analysis) and calculating the velocity values of GNSS 
stations at certain time intervals (daily, monthly, 
etc.) are important in terms of determining the 
position accuracy of the GNSS sites and ensuring 
their continuity.  

In this study; The linear behaviors in the North, 
East and Up directions of 30 CORS-TR GNSS stations 
located in the Central Anatolian Region were 
obtained with the trend component analysis, which 
is the time series analysis component. The time 
series of the stations between the years of 2017 - 
2020 were calculated with the GAMIT/GLOBK 
software, taking Eurasia plate as constant. 

In the result of the analysis, it is obtained that 
the BASK_1, BASK_2, GURU, SIVS_1, SIVS_2, GEME, 
KAYS, YOZ1_1, YOZ1_2, NIGD, HALP, AKSR, CANK_2, 
KKAL, KAMN, KLUU, ANRK_2, SARV_1, SARV_3, 
KNY1, KAP1, SSE1, BOG1, NIV1, AKD1_1, AKD1_2 and 
KIS1 stations have an average horizontal velocity of 
17.59 mm/year in the northwest direction and 
CANK_1, CIHA, ANRK_1, ANKR, SARV_2, CALM_1, 
CALM_2, BEYS, YUN1_1, YUN_2, SIH1_1, SIH1_2, 
AKHRSI , ESKS, BUCU and ANK2 stations have an 
average horizontal velocity of 18.66 mm/year in the 
southwest direction. This shows the movement of 
the Anatolian plate in the southwest direction in 
terms of movement direction and velocity value and 
is consistent with other research results. 

In the linear changes in the Up coordinates of 
the stations, the largest linear movement in the (+) 
positive direction was determined at the SARV_3 
station with 29.75 mm/year values, and the largest 
linear movement in the negative (-) direction was 
determined at the KNY1 station with the values of -
48.22 mm/year. Also, 22.41 mm/year change was 
observed in the Up coordinate in negative direction 
at the KAP1 station. It is thought that the negative (-
) change in these station is occurred due to the 
decrease in the groundwater level in this region 
(Konya Closed Basin).  

In addition, standard deviation values (m0) 
were calculated as a result of the analysis of the 
linear changes of time series, and due to the high 
number of data loss, the m0 values of the SARV 
station, which were examined in three separate 
parts, were found to be large than the other stations. 
While the obtained m0 values are approximately the 
same for the north and east directions, it can be 
stated that the Up values are approximately 2-3 
times larger than the north or east directions. As it is 
known, the sensitivity of the Up values determined 
by GNSS is 2-3 times worse than the horizontal 
position sensitivity, is also seen in the results 
obtained from this study. 
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