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Abstract. The region of west Bulgaria and especially southwest Bulgaria is geodynamically active region due to the 
large number of active faults. The observation of geodynamic processes using GNSS measurements in the area has 
been going on for more than 26 years involving 38 stations. This article shows the latest results of the monitoring 
of modern crustal movements in the area. Presently, 26 points are measured, 10 of them newly added. GNSS data 
obtained from periodic campaign measurements between 1997 and 2023 are processed and analyzed to obtain the 
result of points movements geodynamic network and deformation accumulation. As a result of many years of peri-
odic measurements, much more accurate and reliable results for point velocities are obtained. The velocity rates are 
between 1–2 mm/y in the north and 3–4 mm/y in the southernmost part of the area. The new results clearly confirm 
this as well as the extensive movement of southwestern Bulgaria to the south. The results obtained from the addition 
of 10 new points and the expansion of the network provide better and more detailed information and can be used for 
detailed geodynamic and geological research of the active tectonics in the area.
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Introduction and evaluation of previous 
results

The west Bulgaria, and especially southwestern 
Bulgaria (Fig. 1) is a region with a significant ge-
ological hazard determined by active geodynamic 
processes. The presence of a large number of ac-
tive fault structures is established. Occurring geody-
namic processes of endogenous and exogenous ori-
gin (Ivanov et al., 2022) motivate a high geological 
hazard and can be very dangerous. They can have a 
destructive effect on buildings and other engineer-

ing facilities and cause great economic, social and 
other damages. The geodetic methods play a very 
important role in the study of active geodynamic 
processes of the Earth’s crust. There are various 
geodetic methods for studying them. GNSS tech-
nology is especially important because it provides 
quantitative estimates and is of very high accuracy. 
The observation of geodynamic processes using 
GNSS measurements in the area has been going 
on for more than 26 years. GNSS measurements 
of points from a geodynamic network built in the 
distant 1996–1997 were used to study the modern 
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movements of the earth’s crust (Kotzev et al., 2001, 
2006; Danchev, Ivanov 2021). The network consist-
ing of 38 points covers the area of west Bulgaria, 
with accent on southwestern Bulgaria. The network 
allows to study the main tectonic structures in the 
area. The locations of the points are chosen to pro-
vide high-precision GNSS measurements, and after 

processing these measurements to obtain the coor-
dinates and velocities of the points.

After the construction of the geodynamic net-
work, the first measurements were carried out in 
1997 and the next – in 2000. The firstly obtained 
results showed velocities from 1–2 mm to 3–4 mm 
(Kotzev et al., 2001, 2006), but with high uncer-

Fig. 1. Horizontal velocities relative to Eurasia with main faults, shown as black slim lines. The observed stations in 2023 measure-
ments are shown in red and yellow (newly added stations are shown in yellow).



335

tainty. In the next years until 2019, the network was 
partially measured by conducting small GPS cam-
paigns for partial network measurements to assess 
crustal movements in the area. During the period 
2020–2023, the network was fully measured in two 
full campaigns, and new points were added. This 
gives a great advantage for obtaining more accurate 
and reliable results for point movement (Dimitrov, 
Nakov, 2020, 2021, 2022).

Results from 2023 campaign. Discussion
In the summer of 2023rd, we measured the next ep-
och of the 26 network points, 10 of them are newly 
added (Fig. 1). All 38 grid points now have at least 
four measurement epochs over a 26-year period. The 
number of measurements is up to six. The grid was 
extended by adding 10 new points: MEPO, SARN, 
GOST, DRGL, VALK, ILIN, RUPI, SEMO, PADE 
and KOPR (Fig. 1). The newly measured stations are 
located in the southern part of the network. Some of 
them were additionally added in aim to improve the 
reliability and accuracy of the results in this locality. 
SOFI is an IGS station working from 1997. PLA1 
is working as continue operating reference station 
from 2012. Тhe measurements performed are for a 
period of at least 24 hours, logging interval of 30 
seconds, elevation mask of 10 degree. After the end 
of the measurement campaign, the data were pro-
cessed with the GAMIT-GLOBK software (Herring 
et al., 2015, 2018). The horizontal velocities shown 
on Figure 1 are relative to Eurasia.

The new results obtained for the velocities 
of these points generally confirm the previous 
results, but with much better accuracy and reli-
ability due to the longer period between meas-
urements. All point velocities errors are now less 
than 0.1 mm/year. All velocities directions of the 
entire network are southbound. Their rates are 
between 1–4 mm/year, being the highest in the 
southernmost part of the area.

The previously obtained results in 2022 for sta-
tion VARB filled a gap in the entire network. This 
result was complemented and confirmed in 2023 by 
the results of closely located station BERK. They 
are a base and provided a significant input for the 
interpretation of the entire network and the regional 
geodynamics. The results for station VARB and 
BREK, located in the northwest part of the region 
confirm and clearly show, that the deformation in 
this locality occurs at much lower rates than the re-
maining part of the network. The velocities in all 
stations tend to increase from north (point VARB), 
passing through an intermediate locality (between 
Sofia and Kyustendil-Pazardhik), clearly increas-
ing in the southernmost part of the country (around 
Gotse Delchev). The contrasting results between 

VARB and DOB1/SATO (in the southernmost part) 
differing at almost 3 mm/y defines the scale of ex-
tension across Western Bulgaria. Probably this re-
sult is also significant for the central part of easterly 
located central Bulgaria.

The rates of the station points to the Sofia 
area (graben) being the main locality of increas-
ing extension, southern of the Balkan Range. The 
area between the southern slopes of Stara Plan-
ina Mtn. and the northern slopes of Rila Mtn. is 
distinguished as a geodynamic area with diffuse 
movements in a general southern direction. This 
confirms the existence of an intermediate zone 
of relatively lower deformation from the north, 
around the Rila-Rhodope Mountains. The newly 
obtained rates for stations MEPO, SARN, GOST, 
DRGL, VALK, ILIN, RUPI, SEMO, PADE and 
KOPR closely coincide to neighboring previously 
measured stations and confirm the higher rate of 
deformation in southwestern Bulgaria, close to the 
border with Greece.

Conclusions
The achievement of long-term monitoring in the 
area provides very accurate data on the rate of 
deformation, being in the ranges 2–4  mm/y. The 
newly acquired data complement previously results 
from the GNSS network. All points have at least 4 
measurements, reaching up to 6. This is a base for 
very precise interpretations. They confirm that the 
general tendency of movement of the stations in the 
region of West Bulgaria is in the south direction 
with respect to stable Eurasia. In a general way, the 
velocities tend to increase from north to south. The 
new results provide much better accuracy, reliabil-
ity and local details. The obtained results show that 
the measurements may confirm previous results in 
area with missing data, but provide also new more 
accurate data at a local level. In a general way the 
results show that changes of velocities occur on the 
boundary of established faults and point to the exist-
ence of new tectonically active structures.

The results prove the necessity of continuous 
long-term observations, significantly increasing the 
accuracy at regional and local scale. As a next step, 
the measurements should be focused on local nets 
around established and suggested active structures 
in aim to proof and characterize the  deformation at 
a local level.
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