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Abstract 
The purpose of this study is to provide new means for analysis and assessment of current geo processes in the active 
landslide located in “Fish-Fish” residential area, northern Black Sea coast of Bulgaria in order to mitigate the risks of 
natural and anthropogenic origin. In recent decades, starting in 2002, the study region has been subject of several 
calamity events such as landslides, earth masses collapse, etc. To this end, it is essential to prepare risk management 
plans using information of high quality and regularly monitor the most vulnerable areas in this zone in advance. In this 
paper presented is the developed local geodatabase for the investigated site consisting of several layers all of them 
related to the modelling of the processes such as erosion, sea abrasion, etc.. This modelling is based on large variety of 
sources - terrain investigations, remotely sensed data from satellites and unmanned aerial systems (UAS).  

INTRODUCTION 

The activation of soil erosion and sea erosion processes in the coastal zones is caused by the complex geological 
structure and intensive tectonics. They are the main cause for activating landslides of various types and due to different 
mechanisms, which occur in sloping terrains of the seashores. The said processes found at the coastal zone are due to 
specific diversity of rocks and soils, inclination of the layers, the presence of clay layers, weak layers, tectonic disturbed 
areas, presence of groundwater (Berov, 2020). The landslide occurrences on the sea slopes are influenced by natural and 
manmade factors, which contribute with varying degrees to their development and abrupt activations. As factor of 
natural origin associated with landslides the undercutting of the foot of the slopes caused by the erosive action of rivers 
and their tributaries by forming ravines as well as the sea abrasion should be stated. The active soil erosion and sea 
erosion are closely related with the size areas and the occurrence of gravitational processes – landslides, rockfalls, and 
slope creeping. Because the aim of this research is to have regional focus data reflecting geology, land cover/land use, 
seismicity were considered as key elements for the landslides occurrence and their temporal development.  

In this research, the studying of the surface deformation processes is based on multitemporal DInSAR processing of 
satellite SAR data in order to detect and produce the magnitude of a slow moving landslide in the area of residential 
area (RA) “Fish-Fish” complemented by additional data all of them aggregated into a local geodatabase. The outcome 
of the SAR data processing is elaboration of an information product in form of inventory maps regarding the temporal 
development of the said landslide. Due to terrain peculiarities of the investigated area, in this case steep slopes with 
inclination more than 30 degrees which makes geodetic measurements impossible, the remote sensing approach is the 
only manner to obtain new data and thus to update this product. For the investigated area this approach is providing data 
from satellite SAR instruments and optical data from UAS. It is having disadvantages of being highly dependent from 
the weather conditions and needing more human endeavor to produce reliable data. Regarding the satellite data it needs 
mentioning that only acquisitions from descending orbits of ESA’s Sentinel-1 mission were used in order to avoid 
geometrical distortions and shadow effect. It is to note that the information reflecting the surface motions is produced 
from an interferogram using the registered backscattered radar signal from two consecutive acquisitions. In order to 
increase the quality of the information from the SAR data preliminary selection of the source data products is an 
essential step since the smaller the perpendicular baseline that connects position of the satellite during the registration 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

253

mailto:hristo@stil.bas.bg


 

 

the better interferogram that reveals the surface motions is obtained. (Ferretti. 2007) The said quality also depends on 
temporal decorrelation caused by the vegetation found in the studied zone and the accuracy of the digital elevation 
model (DEM) used during the interferometric processing.  

REGION - LANDSLIDES IN THE “FISH-FISH” RESIDENTIAL AREA 

In the zone of “Fish-fish” residential area distinguished have been three landslides– one potential, one active and one 
stabilized. Following official publications of the competent local authorities active landslide processes were first 
registered in year 2000 and as cause for this activation pointed out was a water mains accident. (Geozastita Ltd., 2020) 
Up to year 2010 the affected area to further increased to 5600 m2 in size. Afterwards it is difficult to establish the exact 
size of the area since the presence of high and dense vegetation at the flanks of the landslide and further earth masses 
collapses. An estimate by experts affirm that currently its area is about 57000 m2 i.e. 10 times increase. According to 
the stated source, this landslide activated twice in the last 6 years destroying houses and other objects of the 
infrastructure. For this site the main reason for the activations is the rise of the underground water level caused by 
different sources – torrential rains, fast snow melting, human activities. All said underline the importance of satellite-
borne SAR data to produce reliable information for the regular monitoring of the ground deformations and possible 
earth masses subsidence accidents at this site.  

The main reason to investigate this specific area is the active landslide located at the eastern end of RA “Fish-Fish” on 
streets “3rd” and “4th” in the said zone registered as landslide Fish-Fish - East. It has developed towards the sea above 
the edge of a slope, which is 65-75 m high and is 50°- 60° steep. The occurrence of the landslide in the RA “Fish-Fish” 
was officially documented in 2000-2002 after its first activation. The landslide processes were initiated by an accident 
caused by water supply mains in a private property. After that, those processes continued on the terrain along the edge 
of the slope towards the sea. In April 2010 it was documented that the upper limit reached heights of 8.50-9.00 m. The 
landslide has frontally extended with a length in the direction of movement of about 40-50 m, a width of 120-150 m and 
an area of about 5600 m2. During the months September-October 2010, the slope reached and passed to the north-east 
on "2nd" street.  

In the period 2010-2014, the landslide processes severely affected the mentioned zone of the RA and the slope of the 
Fish-Fish East landslide. After that period, it started growing eastward and up the slope within the potential Western 
Karamanlii landslide. At the end of the year, 2015 between 50% and 75% of its area is already in the Western 
Karamanlii landslide. In February of 2015 on part of terrain increase of the size of cracks were established in the area of 
“1st” Street and on the road connecting the Albena resort with the town of Balchik and started investigations. This 
confirmed that the landslide is active, with a characteristic scarp with a displacement of 20-50 cm. In September-
October same year the scarp reached and moved towards the northeast of "2nd” street. 

DATA AND METHOD 

All details provided in the previous section clearly demonstrate the need for continuous monitoring of the landslide 
processes in this particular area. This monitoring is essential, but in order to develop better understanding of those 
processes obvious is the need of additional data that complement the modelling at local scale. This supplementary data 
consists of historical and modern information with concerning geology, seismology, climate, vegetation cover, soils, 
geodesy, etc. produced by terrain investigations and recently by unmanned aerial systems (UAS). Their integration with 
data obtained by remote sensing of this area provided at regular basis, defined by the revisiting time of the satellites, 
certainly leads to provision of new, reliable information for the studied zone. Since more of the mentioned data was in 
digital form, they presented as raster or vector thematic images and this way they seamlessly used in GIS software. 
After their introduction into the GIS forming a local data cube (Giuliani, 2019) realized as spatial geodatabase. This 
manner the modelling of the ground deformations occurring on the slopes along the investigated area results in more 
trustworthy output products such as maps, tables, WebGIS-ready data, etc. It needs to be underlined that key element of 
this information is provided by two sources – the first one being the geodynamic networks for GNSS measurements and 
remotely sensed SAR data. The former is providing high accuracy data reflecting the ground motions, but for few 
GNSS points only while the latter is delivering frequent time update (every twelve days) for the whole investigated 
area, but with coarser spatial resolution.  

In order to produce results from GNSS measurements new method for monitoring the deformations of the landslide 
processes using GNSS technology has been used. It uses data from two types of GNSS networks – ones referent stations 
located on geologically stable terrain and other consisting of measurement GNSS points located in the landslide body. 
Data for the stable points located in non-deformable zones in the region are provided by the stations from the 
continuously operating reference stations (CORS) – the Permanent National GNSS Network maintained and pre-
processed by NIGGG-BAS (see Figure 1 a). The GNSS points were used to obtain accurate surface motions from yearly 
campaigns (see Figure 1 b) and sampling of raster data from SAR processing.  
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Figure 1 Maps of CORS stations used (right) and the created geodynamic network of GNSS measurement points (left) 

(the red rectangle on the left map shows the location of the map on the right).  

The remotely sensed SAR data are from the ESA’s radar instrument onboard Sentinel-1 mission. The data products 
used for further processing are in single look complex (SLC) format, which preserves the phase signal, were 
downloaded from public data archive (e.g. https://scihub.copernicus.eu/dhus/#/home). The thematic processing of those 
products by well-known and reliable procedure of DInSAR method was made. (Ferretti, 2007) Regardless of the fact 
that the method is straightforward there are some peculiarities that needs to be taken into account: orbit direction which 
minimizes the geometric effects of the radar data acquisition; the external digital elevation model (DEM) that needs to 
match the spatial resolution of SAR data as close as possible; avoid the temporal decorrelation caused by changes at the 
areas covered by vegetation. One important aspect before beginning processing is the selection of the data products pair 
that shall deliver reliable results concerning the surface motions. The so-called perpendicular baseline (the normal to the 
position of the satellite at moment of data acquisitions) should be use as small as possible. 

 
Figure 2 Map of displacements occurred in the period 20June2019_23Nov2020. 

A sample displacements map for the studied area produced from DInSAR processing is provides on the figure 2. where 
the pixels that can’t be considered reliable, because of low coherence, are removed and this is the reason at some parts 
the raster background to be seen. For this specific map it should be noted that even though the period between 
acquisitions is more than one year the results are satisfactory for the zone of the studied object showing that the overall 
movements are subsidence and are in the interval –0.03 m in its northern part to –0.07 m in the most impacted areas.  

An important element for this local geodatabase is the local DEM since it used in DInSAR processing to improve the 
spatial resolution of the final displacement maps as well as it could be used as additional raster layer in modelling the 
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further landslide development. We used DEM produced by means of orthophoto method from optical imagery. As seen 
on Figure 2 b) some of the slopes of the researched landslide zone are extremely steep (reaching 30⁰ in some parts) this 
making terrain investigation impossible. This information about slope inclination in the researched zone is of 
importance since the key factors for landslide triggering are the rains and snow melting, which raises the level of 
underground waters and thus decreasing the stability of the earth masses on them.  

   
Figure 3 Local DEM (left, scale 1:5000) and horizontals extracted from it (right, scale 1:2500).  

In order to complement the local geodatabase some additional layers were also included such as coastal zone from the 
recent version of product developed by the European Environment Agency. (Coastal Zones 2018) The availability of 
this layer (see left map on figure 4) enables better understanding of the impact from technogenic load in the investigated 
area and the landslides activations since from the nomenclature information concerning land cover/land use provided. 
Of importance is the land use class dense urban fabric (bright red) that corresponds to build up residential areas where 
the impact on human lives is tangible. The right map on the same figure 4 portrays the lithological setting, which is 
crucial for understanding of the erosion and sea abrasion processes. Despite of the coarse spatial resolution of this map 
(pixel size of 200 m) it provides clear evidence on the landslides formation since limestones, marls and gravels mainly 
represented there.  

  
Figure 4 Maps of land cover/land use (left, scale 1:25 000) and lithology (right, scale 1:250 000) 

As the purpose of this study is to provide better picture of current geo processes in the active landslide located in Fish-
Fish residential area the integration of more layers in the described geodatabase is essential. 

This is why this geodatabase is not considers as a complete one, but rather as work in progress since this part of the 
Black Sea coast will be researched more in the next years. In this paragraph shortly will be mentioned more possible 
sources for improving the information that could be provided by the geodatabase. In it new in-situ and remotely sensed 
data produced by variety of instruments can be easily integrated based on their spatial properties. For example it was 
not mentioned that included in it are already data from different optical sensors that deliver data from different part of 
electromagnetic spectrum with spatial resolution less than 20 x 20m. Such data are from MSI instrument onboard the 
ESA’s Sentinel-2 constellation or historical imagery from AVNIR-2 or very high-resolution data from commercial 
sensors (e.g. Pleiades satellite constellation) or from UAS. Having this kind of data change detection of the surface 
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caused by the landslide movements are also detectable and especially in the periods of vegetation grow when data from 
SAR instruments does not provide reliable information. Other source for more raster data could be from updated 
geological and hydrogeological inventories or vector data from modeling of the susceptibility of the surrounding 
landscape to landslides. Meteorological data (rains and snow cover) also play central role in activation of the 
investigated landslide by changing the level of underground waters. Since the earthquakes are seen as factor for 
landslide activation in the whole area of the Black Sea coast data for possibility for their occurrence could also form a 
layer in the geodatabase. With a view to estimate the impact on the population of further activation of this landslide 
besides all mentioned layers data for the population density is required which is one more layer in this geodatabase. 

CONCLUSIONS 

In this paper justified was the need and provided were examples of the elaborated local GIS geodatabase for the zone of 
a landslide located in the residential area “Fish-Fish” focused at better modeling of the past and ongoing geodynamic 
processes. Provided were the currently included in it raster and vector layers that will improve the mentioned task. It 
needs to be underlined that all data and information originate from validated freely available data sources and is 
processes with free and open source software tools. The primary data source are used to detect the surface motions 
caused the landslide activations are the SAR data and data from GNSS measurements. Besides all data sources 
described considered also are all other sources that could lead to better modelling of the past and possibly future ground 
deformations in the area. The implemented approach to create this local geodatabase in GIS environment provides the 
possibility to integrate new geospatial data as well. It needs to be underlined that the developed information source 
could be used not only the purposes that were mentioned in this paper, but also for other ones not stated here.  
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