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Abstract
The Bulgarian Black Sea coast is a region where a considerable part of the deep complex landslides in the country are
distributed. More than 200 landslides affect only urban areas, resorts and villa zones. Depending on the depth range,
geological and tectonical structure and the engineering geological properties of the geological units, the Bulgarian
Black Sea coast can be divided into three landslide areas: Northern, Middle and Southern zone. In this study, the Mora
and Vahrson method was applied to estimate the landslide susceptibility. This method is based on evaluation of various
local factors for slope instability which are estimated. The article incorporates contemporary rainfall data that have a
direct relationship on climate changes in recent years. The purpose of the study is to produce landslide susceptibility
maps of a landslide-prone area located at the Black Sea coast of Bulgaria using updated GIS-based data for the region.
Keywords: Landslide susceptibility, Landslide mapping, Black Sea coast, Bulgaria

INTRODUCTION
Landslides are the most common destructive geological processes in Bulgaria. Landslide activities along the Black Sea
coast cause concern in the whole society in the country with large material losses and human casualties.
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The Bulgarian Black Sea coast is a region where a considerable part of the deep complex landslides in the country are
distributed. More than 200 landslides affect only urban areas, resorts and villa zones (Frangov et al., 2011; Berov et al.,
2013; Dobrev et al., 2013; Ivanov et al., 2014; Ivanov et al., 2017). The main triggering factors are: rainfalls and
groundwater level fluctuation, abrasion, erosion and earthquakes (Frangov et al., 1998; Berov et al., 2002; Bruchev et
al., 2007; Ivanov et al., 2019).
In general, the Black Sea coast is one of the regions of the country where catastrophic landslides periodically occur.
Favorable conditions for this are the geological-tectonic structure, the geomorphological conditions, the engineeringgeological properties of the rocks and the soils (Varbanov et al. 1997, Lakov et al., 2002; Evlogiev, Evstatiev, 2016;
Evstatiev et al., 2017; Atanasova, Nikolov, 2019; Nankin, Ivanov, 2019).
The Bulgarian Black Sea coast can be divided into 3 parts based on the geological and tectonic structure - Northern,
platform, built of almost horizontally lying sedimentary rocks of Tertiary and Quaternary age; Middle – within the Stara
Planina structures, composed of differently inclined tectonic processed Upper Cretaceous and Tertiary sediments with
predominance of flysch facies; South – covering the structures of the Burgas synclinorium with a pronounced
predominance of the Upper Cretaceous sedimentary volcanogenic complex, cut in places by young plutonites with
imposed Tertiary depressions and small spots of Middle and Upper Miocene sediments. Under this geological fact,
more suitable conditions for landslides exist on the Northern part of the coast.
Geomorphologically, the terrain in the coastal part of the Varna Depression has a plateau-like character. In the section
North of Varna there are 2 plateaux - Frangya and Dobrudzha, separated by the valley of the Batova River. The altitude
of the edges decreases in a northerly direction. The eastern edge of the Frangya plateau is 200-250 m above sea level,
Dobrudzha – from about 200 m on the left bank of the Batova River to Balchik, 60-70 m in the area of Cape Kaliakra,
40 m near the village of Kamen Bryag and up to 11 m near the village of Krapets. The valley of the Batova River is cut
200-250 m into the Miocene sediments, has a flat bottom and relatively steep valley slopes.
Subhorizontal Tertiary and Quaternary deposits have been deposited on the Moesian platform, sinking to the northeast
at an inclination of up to 5 °. As a result of the general slope of the young sediments in the area around Varna, the lower
floors of the Miocene are revealed, represented by clayey-calcareous and sandy facies – clays, loose sandstones and
sandy limestones, which sink to the north and reveal the clayey-calcareous sediments at the surface. This has led to the
development of circus, delapsive landslides near Varna, complex landslides in the region of Balchik to typical block
landslides – in the area of the resort complex Rusalka. The almost continuous landslide strip north of Varna to Kavarna
has a length of about 30 km and a width of up to 2-3 km.
Landslides are distributed mainly in the Northern part of the coast between the towns of Varna and Kavarna. Most of
the landslides are complex and deep-seated. This part of the Bulgarian Black Sea coast has a high degree of landslide
hazard in economic loss, social and environmental consequences. Landslides are also spread in Cape Galata, around the
towns of Byala and Obzor, near Cape Emine, Ravda, Sarafovo, Chernomorets and Tsarevo villages. Most prone to
landslide processes are slopes in the areas of Varna and Balchik and parts of the Eastern Balkan Mts (mostly southern
slopes).
In this study, the Mora and Vahrson (1994) method was applied to estimate the landslide susceptibility along the
Bulgarian Black Sea coast, which is strongly affected by landslides. This method is based on evaluation of various local
factors for slope instability which are estimated. Some new data on rainfall and soil moisture distribution that have a
direct relationship on climate changes in recent years are incorporated. Landslide susceptibility maps of a landslideprone area located at the Black Sea coast of Bulgaria using updated GIS-based data for the region are produced in the
study.

MAPPING OF THE TERRAINS TO SUSCEPTIBILITY OF LANDSLIDES
Knowledge of landslide processes and their dynamics is important in engineering risk management and land use
planning. Their study can be associated with the slope movements of the past that could be reactivated. Landslide
susceptibility mapping methods are varied and numerous and often vary depending on the country, terrain, objectives
and finances available for the project. Susceptibility is the tendency and predisposition of geological space to generate
landslides. In mathematical form, landslide susceptibility is the probability of the spatial manifestation of a certain slope
prone to landslides, under a certain set of engineering geological conditions (Guzzetti et al., 2005). It is assumed that in
the future landslides will occur under the same conditions as in the past (Guzzetti et al., 1999) and the susceptibility
estimates made in this way can be used to predict the geographical location of future landslides. Landslide susceptibility
mapping does not predict "when" or "how often" landslides will occur or how large and destructive they will be
(Guzzetti et al., 2005). The study presents the results using GIS and the methodology given below of a research on
landslide susceptibility mapping along the Bulgarian Black Sea coast.
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METHODOLOGY
The Mora-Vahrson method (Mora, Vahrson, 1994) is a simple and effective procedure for zoning landslide-prone
regions. It has been used in various countries in Latin America such as Guatemala, Salvador, Nicaragua, Costa Rica
with good results, according to the published studies (Roman, Boraschi, 2018). Mora and Vahrson (1994) describe this
model as a system designed to allow the classification of landslide risks in seismically active tropical areas. In the
model are inputted five factors, which are divided into two groups: susceptibility by passive elements (slope, lithology,
soil moisture) and susceptibility by active elements (seismic intensity and intensity of rainfall). For each factor, an
influence index is defined. The relative level of threat (H) is obtained by multiplication and sums of the indices by using
the following equations:

H = (Sr * Sl * Sh) * (Ts + Tp) (1)
Where:
Sr – slope factor
Sl – lithology factor
Sh – soil humidity factor
Ts – seismicity triggering factor
Tp – precipitation triggering factor
An additional factor - Te – erosion/abrasion triggering factor, was proposed by Berov et al. (2016). This factor takes
into account the specific conditions along the Bulgarian Black Sea coast. In this way, the supplemented formula of
Mora and Vahrson acquires the form:

H = (Sr * Sl * Sh) * (Ts + Tp + Te) (2)
The following explanations are given in more detail regarding the abrasion and erosion factor (Те). The criteria are
specific for the Bulgarian shorline. The values of the factor are different respectively for sea-side strip and cliff. For the
accumulation zone the value of Te is 0. For rocky cliff, with abrasion and erosion processes Te=1. For soft soils cliff,
with abrasion and erosion processes Te=2.
This additional method allows to outline the areas of landslide susceptibility along the Bulgarian Black Sea coast both
according to the individual factors and to give an integral interpretation of all factors.

EXTREME MONTHLY PRECIPITATION AS AN ACTIVATION FACTOR
In the present article the precipitation data for the period 1931-2019 were taken under consideration with the accent on
the last 30 years.
The territorial distribution of landslides depends on specific geological-geomorphological and hydro-climatic
conditions, and could also be associated with anthropogenic activity that does not comply with the hydro-geological
conditions of the territory.
The climate influences the occurrence of landslides with precipitation, which can lead to a decrease in the stability of
the territory through surface runoff or an increase in the groundwater level. Due to the high frequency of extreme
weather events during the last decades the interest in the investigation of climate impact on the landslides formation
increased. The relationship precipitation – landslides was analysed in a number of publications (Crozier, 2010; Polemio,
Petrucci, 2010; Wasowski et al., 2010; Stoffel et al., 2014; Gariano et al., 2015).
The analysis of the precipitation for the investigated territory was made on the basis of monthly values for the period
1931-2019 measured at the meteorological stations Varna and Burgas which are representative for the north and the
south part of the Bulgarian Black Sea coast. We calculated the number of extreme wet and extreme dry months. As
extreme wet months we consider the months with precipitation totals greater than or equal to the 95-th percentile of the
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empirical distribution of data for the entire investigated period. Extreme dry are the months with precipitation less than
or equal to the 5-th percentile.
The results of the analysis of the extreme precipitation months show that for the period 1931-2019 in both investigated
stations the number of extreme dry months is higher than the number of extreme wet months (Table 1).
Table 1. Number of extreme precipitation months for the period 1931-2019
Investigated stations

Extreme wet

Extreme dry

Varna

51

68

Burgas

48

55

Despite the higher number of extreme dry months compared to the extreme wet months an increase in the number of
extreme wet months was observed during the last 30 years (1990-2019), (Fig. 1). This fact is better established for the
north part of the Black Seа coast (station Varna). The increase of extreme wet months is among the factors for initiation
of landslides.

Figure 1. Distribution of extreme dry and extreme wet months for various 30-years periods
In most of the cases monthly precipitation totals for the months with landslide occurrence vary between 70 and 110
mm. According to Polemio and Petrucci (2010) rainfall-induced landslides are related to the extreme rainfall in the
month before the events. A similar situation was found in the present study – often the landslides were observed in the
months following the months with extreme precipitation (Fig. 2). For the investigated stations 6-months cumulative
precipitation (for the month with landslides and 5 months prior to the event) is between 230 and 580 mm. Gariano et al.
(2015) show that during the period 1981-2010 landslides were triggered by the less cumulated event rainfall in
comparison to the period 1951-1980.

Figure 2. Monthly and cumulative precipitation at station Varna (a landslide was observed in December, 1995 and in
February, 2010)
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The landslide susceptibility map was compiled in GIS using up-to-date precipitation data based on monthly values for
the last 30 years (1990-2019).

MAPPING LANDSLIDE SUSCEPTIBILITY USING GIS
Maps have been compiled taking into account the above-mentioned factors that affect landslide susceptibility along the
Bulgarian Blach Sea coast and a set of layers has been created with the use of GIS techniques. Factors influencing the
activation of landslides on the Black Sea coast are unequally distributed. Their spatial location is determined by some
features of the geological development of the basin and the nature of the processes. In the Northern Black Sea coast
more landslide activations are observed in recent years (Fig. 3).

Endogenous factors
Earthquakes and slow tectonic movements are endogenous processes that have a direct impact on landslide activations.
The formation of high shores and slopes in the Northern part of our Black Sea coast is predetermined by the positive
slow vertical tectonic movements. Long rows of large and complex landslides are attached to these areas. Earthquakes
with seismic foci in the areas of the town of Shabla and Cape Kaliakra have a significant impact on landslides in Varna
and the Dobrudzha coast. The earthquake zone of Shabla, which is located in the Black Sea and it is parallel to the
shoreline is the most dangerous (Dimitrov et al., 2003). The strongest earthquake was registered on March 31, 1901
with a magnitude of 7.2. Deep-focus earthquakes in the Vrancea region of Romania also affect some of the landslides
on our northern Black Sea coast (Avramova-Tacheva et al., 1998; Dobrev et al., 2014).
Slow vertical tectonic movements are negative in the Southern coast of the country and the Burgas depression is slowly
sinking. The seismic impacts until now in the Southern part of the Bulgarian Black Sea coast are not very pronounced
and are rarely observed. The strong earthquakes coming from the territory of Turkey so far have not affected the local
landslide events in our Black Sea coast.

Exogenous factors
Abrasion, erosion, precipitation and fluctuations in groundwater levels are the main exogenous factors influencing
landslides. Abrasion directly affects landslides in areas devoid of wide beaches. Its spatial impact is along all the rest of
the Black Sea coast. Deep erosion has affected the steep slopes in the Eastern Stara Planina (around Cape Emine and to
the west) as well as the periphery of the Momin, Frangya and Dobrudzha plateaux.
The complex nature of landslides triggering factors makes it difficult to answer the question how climate change affects
landslides. However, the existing research works show that there is a high confidence that climate and changes in the
amount and intensity of precipitation will affect landslides in various regions (IPCC, 2012). Short-term and intense
precipitation causes mainly small and shallow landslides, while extensive and deep landslides are associated with
fluctuations in groundwater caused by the specifics of the precipitation regime and the amount of monthly and seasonal
precipitation (Crozier, 2010; Dijkstra, Dixon, 2010).

Data used and GIS mapping
Free data obtained from NASA, 30 m DEM, were used for the slope factor (Sr). The classification was made following
the approach given by Mora and Vahrson (1994).
Data from the Geological map of Bulgaria in scale M 1:10000 are used for the main lithological units. Approximate to
the original approach are the criteria used to determine the lithology factor (Sl). The geology of the sea area is very
complex. Mostly in the sector from Varna to Cape Emine and also in the Strandzha mountain. Geological units can be
classified into 3 groups.
Data published by Koleva and Peneva (1990) for 15 sites in Bulgaria are used to determine the soil humidity factor
(Sh). The range of precipitation time for the Black Sea region is mainly from 1 to 1.5 hours (for 24 hours). In the
southern part of Burgas district the values are less than 1 hour, namely Strandzha district.
The data for precipitation are taken also from the Meteorological yearbook and the Bulletins of National Institute of
Meteorology and Hydrology (Bulgaria). The data for the last decades are from the Statistical Yearbook of the National
Statistical Institute (Bulgaria) as well as from the specialized websites (i.e. https://www.stringmeteo.com/ and
http://www.tutiempo.net). The Bulgarian Black Sea coast and in particular its northern part (the region of Balchik and
Shabla) is one of the driest territories in Bulgaria. On the other side, in the investigated area (mainly the region of
Varna) the intense precipitation which exceeded the monthly climatic norm by 120-150% was observed.
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The data for seismicity are taken from Codes for design of buildings and facilities in earthquake regions (2007) which
are reported for a period of 1000 years. The seismicity triggering factor (Ts) varies along the Bulgarian Black Sea coast.
For Burgas region it is equal to 5 (Ts = 5), but in area of Shabla and Kaliakra towns will have value of 7 (Ts = 7).
The data for abrasion (sea erosion) are used from Shuiskij and Simeonova (1982) and erosion data (surface and linear)
are from the Map of the geological hazards in Bulgaria (Iliev-Bruchev (ed.) et al., 1994). For the erosion and abrasion
factor (Te) are accepted results following Berov et al. (2016).
All collected data are used to make the maps given in Fig. 4. The landslide susceptibility map was compiled with the
ArcMap program, tool Raster Calculator.

Figure 3. Landslides along North Black Sea coast – Balchik area: a) Ikantalaka view from Thracian Cliffs Golf &
Resort, b) Villa zonesFish-Fish, c) Momchilski rid (Photos taken by Plamen Ivanov, 2019)
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Figure 4. Maps of the Bulgarian Black Sea coast made by factors: Sr, Sl, Sh, Ts, Tp, Te and the compiled map of
landslide susceptibility (modified after Berov et al., 2016)
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CONCLUSION
The study presents an updated assessment of the landslide susceptibility along the Black Sea coast and its surroundings
in Bulgaria using GIS and the Mora and Vahrson method (1994). Special attention is paid to precipitation in the last 30
years, as during this period there is a proportional increase in landslide activity. The study gives an example of the
visual expression of the data for the different factors (Sr, Sl, Sh, Ts, Tp,Te) releated to slope stability along the
Bulgarian Black Sea coast in a GIS environment. This allows seeing and analyzing the results in a geospatial context.
The comparison of the susceptibility maps with that of the already manifested landslides – the inventory map of the
landslides, shows coincidences. However the areas where the occurrence of new landslides is possible are also depicted.
The created maps are basic tools for land-use planning. The obtained information can be useful and applied by the local
authorities in the process of decission making in order to develop preventive measures to reduce the damage caused by
landslides. It is suitable for engineers to pay attention to where and when the landslide problems can occur and to
reduce losses by means of appropriate mitigation procedures. The study also shows that using GIS to assess field
conditions and characteristics gives better results.
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