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SUMMARY 

Landslides are life-threatening events that can have a great impact on population and 
infrastructure especially in the mountain areas. The Carpathian region is characterized by active 
development and special conditions for the formation of landslide processes. The analysis of 
spatio-temporal patterns of mass movement processes within the Carpathian region confirms 
the multifactorial nature of their formation, but the priority of each factor depends on the certain 
circumstances with different combinations of lithological and stratigraphic conditions. tectonic 
processes, geomorphological structure, and hydrogeological situation. This work presents the 
results of an integrated approach of landslide hazards assessment in the rural area in the 
Ukrainian Carpathians. An efficient technique including geological, geomorphological 
geophysical surveying for the monitoring of landslide processes and their local predicting for 
model sites in the Ukrainian Carpathians has been proposed. Socio-cultural effects on the 
perception of risk have been investigated to develop more efficient and robust mitigation 
systems. It was studied the awareness level and expectations of the public about the state 
programs of landslide prevention and mitigation. 
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Introduction 
 
Landslides are life-threatening events that can have a great impact on population and infrastructure 
especially in the mountain areas (Kaliukh et al., 2019, 2020; Trofymchuk et al., 2019). The Carpathian 
region is characterized by active development and special conditions for the formation of water-gravity 
processes. The general analysis of spatio-temporal patterns of water-gravity and gravitational processes 
within the Carpathian region confirms the multifactorial nature of their formation, but the priority of 
each factor comes to the fore, as well as their interdependence under certain circumstances with different 
combinations of lithological and stratigraphic conditions, tectonic processes, geomorphological 
structure, hydrogeological situation, etc. Carrying out detailed research to study the current regime, 
static and dynamic conditions of formation of water-gravity phenomena within the Transcarpathian 
region made it possible to determine the correlations between different factors of landslides and analyze 
their weight values under the action of these processes in different structural-facial zones. More than 
200 modern and ancient stabilized landslides have been mapped and studied within the landfill, most of 
which are territorially connected with the respective stratons. 
 
Main causes of the landslide formation 
 
Zones of development of hazardous geological processes are confined to formation complexes that have 
a complex spatial - temporal structure with the corresponding physical and mechanical properties of 
rock complexes and cause different effects of structural and destructive processes (Ivanik et al., 2011, 
2017, 2019a). Characteristic is the presence of two structural layers, the occurrence of hazardous 
geological processes is subject to this structure and certainly depends on the velocity and nature of 
denudation processes within the territory. The largest number of landslides is confined to the flysch 
rocks of the Chernogolov suite (K2-P2ch), especially its lower layer (P1-2ch1), which according to the rocks 
of the Yalovychora suite. Landslides are also characteristic of the thickness of the green and variegated 
flysch (P1-2 zf) of the Porkulets cover (the Velyka Pina river basin) (Ivanik et al., 2019b). The analysis 
also revealed that a significant part of the landslides in the study area are confined to the Oligocene 
formations, represented by sediments of the Dusin, Turik and Malovyzhen suites. The predominant 
development of landslide processes in the above stratigraphic units is due to the formation structure of 
geological bodies, namely the predominance of layers of argillite and siltstone masses, which under 
conditions of significant saturation and structural destructive processes are the basis for the formation 
of structural landslides and their dynamics. This process is explained by the rapid removal of flysch 
destruction products by the mechanism of suffusion removal of fine-grained rocks. 
A striking example of the subparallel relationship of geomorphological lineaments and a system of 
deformations is the area in the village. Golubyne is below the bridge on the left bank of the Pinya River, 
where a series of subparallel faults is observed in the Guchalo stream. The consequence of landslides is 
damage to houses, outbuildings and roads in the village (Fig. 1).  
Most landslides were intensified in March 2001, but annual monitoring of the landslide slope records 
significant changes in its morphology, including the formation of new separation cracks and an increase 
in the amplitude of existing ones (over 30 cm per year). Morphologically, landslides are the complex; 
they are characterized by indistinct main crowns, which have a cascading character. Landslides are 
observed on the slopes of 30 to 35°. In the upper part of the slope in the locations of houses and roads 
there are elongated ledges in relief. 
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Figure 1 Landslide area in Golubyne village, Transcarpathian region, Ukraine. 
 
Study area 
 
The study area is located within the Lysychev subzone of the Porkulets structural-facial zone. The Pinya 
River and the Guchalo Stream which has an orthogonal position to the river are cut by Upper Cretaceous-
Paleogene undissected flysch-like deposits of the Chernogolov Formation, covered by alluvial-deluvial 
Quaternary formations. The valley of the Guchalo stream is characterized by a symmetrical structure 
and good outcrop due to the considerable depth of the stream, reaching 10 m. The channel is composed 
of a thickness of two-, three-component flysch with different types of dislocations. Thus, in particular, 
in numerous areas there are zones of intensive fragmentation of rock complexes, characterized by an 
inhomogeneous structure, with the presence of numerous fractures of different kinematic type. 
Within the study area, several destructive zones are observed, which have both a clearly expressed 
subparallel position relative to the Pinya river and a transverse orientation, but the latter are of 
subordinate importance. Within the Guchalo stream, destructive zones are periodically repeated along 
the water flow. 
Destructive zones also have a clear expression in the relief in the form of ledges within the slope surface, 
which are parallel to the river flow and have a north-western extension. These ledges are characterized 
by sloping platforms with an angle of inclination of up to 7-10 m, a width of almost 7 m, and sharp 
forms up to 8-10 m high. 
These studies confirm that the presence of a destructive zone, characterized by tectonicity of flysch 
strata and the presence of weakly cemented sediments, under conditions of excessive moisture is a 
leading factor in the formation and activation of landslides. In intact strata, this process does not cause 
dangerous phenomena, but within the described area, in areas of development of destructive zones, 
where rock strata by their mechanical properties are comparable to weakly cemented Quaternary 
sediments, there is leaching of fine-grained fraction of flysch layer disturbs the dynamic equilibrium 
within the slope. Its stability is lost, there is subsidence within the entire zone and as a consequence 
there is a process of displacement. 
These findings are confirmed by geophysical surveys conducted at the top of the landslide slope (Fig. 2). 
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Results  
 
The electrical resistivity method is one of the most used geophysical methods in shallow investigation. 
2D Electrical resistivity Tomography technique, based on the measurement of the electrical resistivity 
values and their spatial distribution in the subsoil, has been applied to landslides in order to investigate 
both the lithostratigraphic sequences and the geometry of landslide body (lateral extension and 
thickness). Resistivity changes due to varying moisture conditions, as well as differences between 
geological units have been recognized from 2D-sections. This technique provides useful data to be used 
during the pre-event and post-event phases, thanks to its capability of giving information both on the 
lithostratigraphic sequences and the geometry of the landslide body (lateral extension and thickness), 
identifying the sliding surfaces between the slide material and the underlying bedrock, and individuating 
high water content areas. Indeed, during the pre-event phase, it is very important to gather information 
both on the geological setting of the potentially unstable area and the presence of water tables that could 
trigger off the phenomenon. After the event, it is important to know the geometry of the landslide body 
and estimate the volume of the slide material, in order to plan the mitigation activities and interventions 
(stabilization structures, etc). (Perrone et al., 2014; Whiteley et al., 2019). 
Zones of weakly cemented sediments, under conditions of excessive moisture are characterized by low 
resistivity values (<66 Ωm), while the stable rocks show high resistivity. 
 

 
Figure 2 Electrical resistivity tomography profile of landslide area in Golubyne village, 
Transcarpathian region, Ukraine. 
 
Full-fledged questionnaire of a close-ended type was rewritten for conducting a quantitative survey in 
the Carpathian region. The total of 115 interviews were held in five landslide-prone areas of the region, 
including Abranka, Holubyne, Zadilske, Mukachevo and Polyana areas (Fig. 3). 
 

 
Figure 3. Points of interviews and their correlation with the areas of high probability of landslides 
hazards (Carpathians region). 
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According to these researches it was proved that there is necessary to regulate and inform citizens about 
the landslides hazard and, at the same time, increase the level of trust/reputation of the control agencies 
and of state response to the problems of citizens. 
 
Conclusions 
 
This work presents the results of an integrated approach of landslide hazards assessment in the rural area 
in the Ukrainian Carpathians. An efficient technique including geological, geomorphological 
geophysical surveying for the monitoring of landslide processes and their local predicting for model 
sites in the Ukrainian Carpathians has been proposed. Socio-cultural effects on the perception of risk 
have been investigated to develop more efficient and robust mitigation systems. It was studied the 
awareness level and expectations of the public about the state programs of landslide prevention and 
mitigation.  
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