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Abstract
The territory of Bulgaria has a high degree of landslide hazard with possible economic losses, social and
environmental consequences. The Landslides are widespread throughout the country’s territory. They form the most
serious part of the geological hazard in Bulgaria.
The main factors for landslide activity (rainfall, impact of surface and ground water, abrasion (sea erosion), erosion
and earthquakes) around different regions in Bulgaria using the GIS data analysis are presented in this study.
The purpose of the study is to provide an analysis for the assessment, forecasting and prevention of natural and
anthropogenic risks and disasters and for inclusion in European networks and projects for the development of Earth
sciences. Work is underway on structuring the database, collecting information on dangerous geological processes in
the country and introducing them into the GIS environment.
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INTRODUCTION
The territory of Bulgaria has a high degree of landslide hazard with possible economic losses, social and environmental
consequences. The landslides are widespread throughout the country’s territory. They form the most serious part of the
geological hazard. All known landslide types of internationally accepted classification of Varnes (1978) are represented
there. Mapping the landslides is one of the main activities in the overall spectrum of geological hazards and the main
step towards landslide risk assessments in Bulgaria.
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The present analysis is composed of available data for landslides, which are registered in the National Program for
Prevention and Mitigation of Landslides in Bulgaria (2014) and in the Elaboration of Analysis, Evaluation and Mapping
of Geological Risk (2017). The projects are supported by the Ministry of Regional Development and Public Works in
Bulgaria (http://gis.mrrb.government.bg/KGR/).
The purpose of the study is to provide an analysis for the assessment, forecasting and prevention of natural and
anthropogenic risks and disasters and for inclusion in European networks and projects for the development of Earth
sciences. Work is underway on structuring the database, collecting information on dangerous geological processes in
the country and introducing them into the GIS environment.

METHODOLOGY AND RESULTS
Main factors determining the dynamics of landslides
There are many endogenous and exogenous factors exerting impact on the process of landslide origin and activation.
The influence of earthquakes, neotectonic movements, river and sea erosion (abrasion), surface and ground water level
fluctuations, precipitation and technogenic activity is strongly expressed (Kamenov, Iliev, 1963; Konstantinov et al.,
1992; Iliev-Broutchev, ed., 1994; Berov et al., 2002; Lakov et al., 2002; Bruchev et al., 2007; Dobrev et al., 2013;
Stoynev, 2018; Atanasova, Nikolov, 2019, Ivanov et al., 2019).
The complex geological structure and intensive tectonics determine the activation of erosion-abrasion processes in the
coastal zones and the triggering of landslides of various types and mechanisms, which occur in sloping terrains – river
valley slopes, sea shores, hilly lands, peripheries of the plateaux, foothills and mountain slopes. Most of the settlements,
villa areas and resorts in highly urbanized areas are located on slopes with active or potential landslides.
Important conditions for the development of erosion, abrasion and landslide processes on the slopes are: specific
diversity of rocks and soils, inclination of the layers, the presence of clay layers, weak layers, tectonic disturbed areas,
the presence of groundwater. The physico-mechanical properties of the various lithological types – grain size
distribution, density, natural water content, consistency, peak and residual shear strength, have a leading role in the
formation of slope resistance. The groundwater regime – a way of feeding and drainage, depth, amplitude of seasonal
fluctuations in the groundwater levels, have a multifaceted impact on landslide activity.
The slopes are influenced by natural and man-made factors, which contribute with varying degrees to the landslide
occurrence. Natural factors are associated with the undercutting of the foot of the slopes caused by the erosive action of
rivers, ravines and their tributaries and sea abrasion. There is a close relation between the areas with active erosion and
abrasion and the occurrence of gravitational processes – landslides, rockfalls, and slope creeping.
According to their depth range, contemporary activity and possibilities for prevention or reduction of their unfavorable
influence, landslides can be divided into three groups – shallows with cyclic activity; deep, conditionally stabilized;
deep, with periodic activation of individual parts of them. The most numerous are the landslides from the first group.
Their depth range is up to 6-8 m and they have areas up to 2-3 dka. They are developed everywhere and are triggered
under the impact of precipitation, erosion, abrasion and man-made activity. They cause relatively little damage and the
consequences are easily solved.
The second group includes landslides that occurred in the past. Their dimensions are large – depths up to 30-40 m, and
areas over 10 dka. They are currently in a state of temporary stabilization. Large landslides of this type are distributed
along the Danube and Northern Black Sea coasts, in the central Fore-Balkans, Western and Eastern Balkan Mts., and
the Rhodopes Mts. The danger they pose is potential, but it can occur in extreme situations – after strong earthquakes,
storms, or intense erosion.
Most dangerous are the landslides from the third group. These are large, complex landslides with depths of the main
slipping surface of up to 50-60 m and more, and areas of tens of decares. The slopes on which they are manifested are in
a state close to the limit equilibrium. Just a small impact of some destabilizing factor is enough to trigger the landslide
process, such as abrasion, erosion, prolonged precipitation or snowmelt, seismic and man-made activity. Deep
landslides move (creep) at a slow, relatively constant speed along the deepest sliding surface, and shallower local
modern activations occur in their range. The consequences in these cases are the most severe, and countermeasures are
difficult, expensive and not always successful. Serious problems are created by the landslides of this group in the region
of the Danube River bank between the village of Slivata and Orsoya, the village of G. Tsibar, the towns of Oryahovo,
Svishtov, Tutrakan, the coastal strip along the northern Black Sea coast between the resorts St. St. Constantine and
Helena, Golden Sands and Albena, the areas at the town of Balchik, the Maritsa-Iztok Basin, along the valleys of the
rivers Iskar, Struma, Mesta, Arda, Vacha, Kamchia.
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Criteria reflecting some basic regularities in the occurrence of landslides, the acting factors and their
consequences
The assessment of the geological hazards caused by gravitational phenomena (as rockfalls, mudslides and especially
landslides) is always given a special place in Bulgaria as well as in the World practice. For this reason, the analysing of
the regularities and factors that play a key role in determining the landslide hazard is also taken into account
(Konstantinov et al., 2003; Ivanov et al., 2017a,b).

Frequency of occurrence of large landslides
This criterion reflects landslide activity in relatively homogeneous engineering geological conditions. Depending on the
cyclicity when reaching the active stage in the triggering of the landslide process in a given area, three groups of
terrains are separated, respectively with:
•

High frequency – 1 landslide for a period of 10 years;

•

Average frequency – 1 landslide for a period of 30 years;

•

Low frequency – 1 landslide for a period of 100 years.

Landslide velocity
The danger of landslides increases as a function of the rate of deformation and displacement during the active stage of
the process. According to this criterion, the landslide dynamics are assessed at 3 levels:
•

High degree – speed >10 m/а;

•

Moderate degree – speed 1-10 m/а;

•

Low degree – speed <1 m/а.

Influence of destabilizing factors
The complex impact of the more important factors is reflected. It is graded in 3 levels:
•

High degree – combines active erosion or abrasion with speed > 1 m/a, seismicity I > VIII degree (MSK-64),
intensive technogenic activity (opencast mining, water saturation, etc.), large amplitudes in the water level of
open reservoirs or rivers.

•

Medium degree – erosion or abrasion of the banks with a speed of 0.1-1 m/a, seismicity I = VII-VIII degrees,
prolonged precipitation, etc.

•

Low degree – weak erosion, seismicity I <VII degree, separate excavations or embankments.

Consequences of landslide processes
The caused direct and indirect damage, as well as the potential losses from the active landslides are divided into 3
groups:
•

Severe consequences – destroyed groups of buildings, large facilities and communications, discontinued
extraction of minerals, disruption of transport links;

•

Medium consequences – destroyed single buildings, deformed facilities, temporary suspension of mines or
enterprises;

•

Weak consequences – potential threat to settlements, industrial enterprises, periodic deformations on roads and
railways, cracks in buildings, etc.

Landslide hazard assessment
The assessment of the landslide hazard is in accordance with the criteria set out in the National Program for Prevention
and Limitation of Landslides on the territory of the Republic of Bulgaria, erosion and abrasion along the Danube and
Black Sea coast 2015-2020 (2014) and in the Elaboration of Analysis, Evaluation and Mapping of Geological Risk
(2017) supported by the Ministry of Regional Development and Public Works in Bulgaria
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(http://gis.mrrb.government.bg/KGR/). The main indicator is the condition of landslides (S), which is determined by the
equation:

S = S1 + S2 (1)
where S1 is a parameter depending on the degree of activity according to Table 1, S2 is according to the area of the
landslide according to Table 2. An example (in QGIS) of the final assessment of the landslide hazard used in the current
mapping is shown in Table 3, Fig. 1 and Fig. 2. The location and parameters of the landslides during the mapping are
according to data provided from the Geoprotection organizations – Varna, Pleven and Pernik.
Table 1. Landslides by degree of activity
Definition by degree of activity, S1

scores

Active, with periodic activity

4

Potentially landslide-prone terrain (dormant)

3

Stabilized

1

Table 2. Scope of landslide processes (according to Ordinance 12 and the Methodology for prioritization of landslides)
Types of landslides by area, S2

scores

Area over 20 000 m2 (class I)

4

Area from 10 000 to 20 000 m2 (class II)

3

Area from 1000 to 10 000 m2 (class III)

2

Area less than 1000 m2 (class IV)

1

Table 3. Landslide hazard characteristics
Total Points, S=S1+S2

Degree of Hazard

Class of Hazard

2

very low

1

3-4

low

2

5

moderate

3

6-7

high

4

8

very high

5
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Figure 1. Landslide hazard of Bulgaria by S2

Figure 2. Attribute table with information of landslides (QGIS)

General characteristics of the terrains with different degree of landslide hazard
We separate the regions of landslide hazard into 3 categories (high, moderate and low degree of hazard) based on an
analysis of the overall impact of the existing geological-tectonic, geomorphological, engineering-geological and
hydrogeological conditions on the territory of the country (Frangov et al., 1996). The impact of various destabilizing
factors and the retrospective analysis of landslide activity over a long period of time are the basis of forecast zoning
according to the degree of hazard of activation of large landslides (Fig. 3).
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Figure 3. Regioning of the territory of Bulgaria according to the degree of the landslide hazard (according Frangov et
al., 1996). 1 – high degree; 2 – moderate degree; 3 – low degree (a – landslides with a volume of up to 10 million m3;
b – a volume higher than 10 million m3)
The country’s territory is highly threatened by large landslides. Such is the shoreline of the Danube River between the
town of Dunavtsi and the Iskar River (Iliev-Broutchev, ed., 1994; Frangov et al., 1996; Dobrev et al., 2014;
Tcherkezova, 2019). In this zone, the landslides are developed here in the Pliocene clayey deposits within the Lom
depression. They are characterized by large volumes – over 15 mln m3. Activation stage is chatacteristic with a long
preparation period, during which a formation of a prism of active pressure is observed years before the active stage. In
the area around Tutrakan, the Danube River bank is built of Neogene clays with a predominance of the calcareous
component. Here the landslides are shallower. The depths vary in the range between 10 and 25 m. Key factors here are
groundwaters and man-made water saturation (Frangov, 1990). The loess and the Neogene sediments take part in the
landslide processes on the Danube river bank.
Along the Black Sea coastal area, the sections Balchik-Kavarna, Golden Sands-Kranevo, Ravda, and Sarafovo have a
high degree of hazard (Varbanov et al., 1997; Frangov et al., 1998; Berov et al., 2013; Atanasova-Zlatareva et al., 2019;
Chapanov et al., 2019; Nankin, Ivanov, 2019). Mainly Neogene sediments with different lithological structure are
involved in landslide processes. Main destabilizing factors are abrasion and groundwater level fluctuations. Along the
Northern Black Sea coast, seismic impacts from near and far foci (Shabla, Vrancea) also have an impact on activation.
The landslides near the villages of Sarafovo and Ravda (northward from Burgas) have relatively shallow slip surfaces
(about 15 m); along the Northern Black Sea coast they are more complex and have a storey layout – a deep sliding
surface and 1-2 shallower slip surfaces, with activations occur mainly in the upper levels.
Another dangerous landslide area is situated in the Rhodopes Mts., mostly in the valley of the Cherna River (IlievBroutchev, ed., 1994). On its steep slopes, made of eluvial-deluvial materials, sudden landsliding phenomena can occur,
with high speed and difficult predictability in the absence of visible marks during the preparatory stage.
In the Iskar Gorge (northward from Sofia City), whose steep slopes are composed of Paleozoic metamorphic rocks
covered with a thick layer of eluvial-deluvial materials, landslides are also difficult to predict and can have severe
economic consequences.
Large landslides affect the areas with intensive coal mining exploitation (Maritsa-Iztok, Pernik, Oranovo, Brezhani).
They have a man-made origin and arise both on the sides of the open pit mines (Maritsa-Iztok, Pernik, Brezhani,
Nedelishte) and as a result of collapse over mine galleries (Pernik, Oranovo, Brezhani). The landslides involved mainly
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Neogene (Maritza-Iztok, Simitli valley) and Paleogene sediments (Brezhani and Pernik valley). Suitable conditions also
exist in the Simitli valley (Dobrev, 1997; Dobrev, Boykova, 1998), where the danger of large landslides is due to the
high seismic activity and the presence of active faults, linear erosion and changes in groundwater levels.
Areas of moderate hazard are as follows: the peripheral parts of the Sofia valley, the southern part of the Pernik valley,
the region of Bobovdol, the valley of the Mesta river, parts of the Central and Eastern Rhodopes, the Black Sea coast
between Galata Cape and Emine Cape, the valley of the river Dvoinitsa in the Eastern Balkans, the volcanic complex in
the Rhodopes Mts., the areas around Veliko Tarnovo, Alexander Stamboliyski Dam and near the town of Svishtov. The
geological formations that make up these terrains are mainly of Paleogene age: such are the areas along the valley of the
Dvoinitsa River, the volcanogenic complex in the Rhodopes, the Mesta Graben, the Pernik and Bobovdol areas. The
rocks in the peripheral parts of the Sofia valley, the coast around Galata, around Dospat, the southern part of the Mesta
graben are of Neogene age. There is also a moderate degree of landslide hazard in the marl deposits of Cretaceous age –
around the Alexander Stamboliyski Dam, Veliko Tarnovo region and near Svishtov. The main destabilizing factors here
are earthquakes (Svishtov landslide, landslides in the regions of Veliko Tarnovo, Strazhitsa, Oryahovo and Gorni
Tsibar), groundwater, erosion and abrasion.
The areas with a low degree of hazard from large landslides include mainly the peripheral parts of the plateau in
Northeastern Bulgaria (Shumen, Madara, Provadia, Frangya, Batova River valley, etc.) and the marly slopes in the
Fore-Balkan and the Paleogene and Mesozoic flysch formations in the Central and Eastern Balkan Mts. The latter are a
favorable environment for the occurrence of landslides with volumes up to 1 mln m3. Conditions for the occurrence or
activation of larger landslides exist in the Central Rhodopes. The block landslides along the Northern Black Sea coast –
Rusalka (Taukliman), Yailata and others are also slightly dangerous.
In the rest parts of the map there are also conditions for manifestations of landslides – in many of them there are
shallow landslides. However, under certain new terrain conditions, the occurrence of single large landslides is not
excluded.

CONCLUSION
The current analysis is composed of available data on registered landslides in Bulgaria. Maintaining GIS-based
information and a landslide database is an important activity that can be used for zoning by landslide hazard and risk in
the country. Landslide hazard zoning will be subject to periodic updating and improvement in the future after
supplementing the register of landslides, taking into account the conditions, factors, impacts, consequences, results of
monitoring measurements, the effects of landslide countermeasures etc. These activities are expensive, but worth doing,
given the huge losses caused by landslides. The analysis and mapping of the landslide hazard is part of the assessment
of the general geological hazard and risk for the territory of Bulgaria.
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