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SUMMARY 

 
 

Geomorphological region Polonyna Borzhava (GRPB) is important from the point of view of 

environmental protection. Forestry and tourism-recreational nature management are actively 

developing and the construction of a large-scale wind farm project with 34 wind power plants (WPPs) 

with a total capacity of 120 MW is planned here. The mentioned anthropogenic activity contributes to 

the intensification of negative geomorphological processes and threatens the preservation of the existing 

sections of the Emerald network, which are of pan-European significance. The article, using GIS 

modelling methods, presents the results of the assessment of probable risks of the manifestation of 

adverse geomorphological processes within the slope geosystems of the GRPB. Based on the digital 

relief model created by us for the geomorphological region of Polonyna Borzhava, morphometric maps 

of slope steepness and exposure were compiled. A comprehensive analysis of these morphometric 

indicators made it possible to identify groups of slopes with varying degrees of risk of unfavourable 

geomorphological processes, provided that the integrity of the soil and vegetation cover is violated. The 

level of protection of slopes by nature reserved objects has been revealed. In order to establish 

environmental management and prevent the development of adverse processes within the framework 

of the GRBP, it was proposed to create a nature reserve institution here, introduce approaches in the 

forestry industry, limit the movement of tourist transport, and prevent the implementation of large-scale 

energy and recreational tourism projects. 
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Introduction 

 

Geomorphological region Polonyna Borzhava (GRPB) is important from the point of view of 

environmental protection. Forestry and tourism-recreational nature management are actively 

developing and the construction of a large-scale wind farm project with 34 wind power plants (WPPs) 

with a total capacity of 120 MW is planned here (Derevska et al., 2019). The mentioned anthropogenic 

activity contributes to the intensification of negative geomorphological processes, threatens the 

preservation of the existing sections of the Emerald network, which are of pan-European significance. 

Currently, there is no nature reserve institution here, the functions of which is to establish a nature 

protection management system in the region. The purpose of our research is to assess the risks of 

adverse geomorphological processes within the slope GRPB geosystems by using GIS modelling 

methods. Identified geosystems with the highest degree of such risk would require constant monitoring 

and protection from anthropogenic interference. 

 

Data and Method 

 

Based on the research of scientists (Gerenchuk, 1981; Kravchuk, 2008), the boundaries of the 

geomorphological region of Polonyna Borzhava were established. A digital model of the relief has been 

created and its morphometric analysis has been carried out based on SRTM data (N48E023) using QGIS 

software. The following maps have been compiled: “The steepness of the slopes of Polonyna Borzhava 

geomorphological area”, “The exposure of the slopes of Polonyna Borzhava geomorphological area. 

Corresponding fractions of slopes by groups of their steepness and exposures have been calculated. 

Based on the study of the dependence patterns of slope processes on their steepness and exposure 

(Kosyk, & Kravchuk, 2010; Svitlichnyi, & Chornyi, 2007), we have carried out a spatial analysis of the 

GRPB territory with the identification of groups of slopes based on different levels of potential risk of 

adverse geomorphological processes. The group of slopes with a very high risk includes slopes with a 

steepness of more than 12° (12–17°, 17–25°, more than 25°) of southern and western exposures; in the 

high-risk group - slopes with a steepness of more than 12° northern and eastern exposures; in the group 

with medium risk - slopes from 3° to 12° (3-5°, 5-8°, 8-12°) of southern and western exposures, and 

low risk - slopes from 3° to 12° of northern and eastern exposures. Sloping sections with a steepness of 

up to 3°, corresponding to flat crests of ridges or floodplain surfaces, are singled out as a separate group 

and were not evaluated in the present study. The indicated groups and subgroups of slopes are presented 

in the GIS model “The risk of geomorphological processes manifestation on the slopes of Polonyna 

Borzhava and the state of slopes protection by nature protected objects”, the areas and the corresponding 

parts of the hydraulic fracturing of the indicated groups and subgroups of slopes are calculated. 

 

Analysis and Interpretations 

 

The geomorphological region of Polonyna Borzhava is a part of Polonyna Ridge and stretches from the 

northwest to the southeast at the confluence of the Vycha and Rika rivers. The maximum heights are 

concentrated in the north-western part of Polonyna Borzhava ridge (the mountain of Velykiy Verkh, 

1598 m), as well as in the southwestern branch with the highest peak of Stiy mountain (1681.5 m). 

Forests occupy about 73% of the territory here, and mountain polonynas (meadows), covered by grass, 

blueberry and lingonberry bushes constitute almost 5%. The area is characterized by a high density of 

horizontal dissection of numerous tributaries of the Rika, Vycha and Borzhava and is one of the most 

dangerous avalanche regions of the Ukrainian Carpathians, where avalanche geo complexes are clearly 

expressed on the slopes of northern exposures within the southwestern sector (the area of Stiy mountain 

(1,682 m), Plai mountain). On average, about 20 avalanches descend here during the avalanche period; 

the most avalanche-active area, according to the conducted research, is the northern and north-western 

slopes between Velykiy Verkh and Stiy (Tykhanovych, & Bilaniuk, 2013). 

 

Its morphometric characteristics are closely related to the geological, geomorphological and tectonic 

features of the studied territory. The analysis of the cartographic model shows that sloping areas with a 

steepness of up to 3° occupy here 6.46% of the entire territory. They correspond to the flat crests of 

ridges, which are characterized primarily by denudation processes, as well as the surfaces of river 
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valleys, which are characterized by a certain number of fluvial processes. Slightly falling slopes with 

an inclination of 3-5° are located mainly at altitudes below 700 m above sea level and occupy 6.43% of 

the GRPB. With intensive economic use, processes of planar erosion are common here. Gentle slopes 

with a steepness of 5-8° (13.53% of the GRPB) are located below 800 m above sea level. Here, 

processes of both planar washout and linear erosion can develop. Rapidly falling (8-12°) slopes are 

found throughout the territory (21.00% of the GRPB). They create favourable conditions for the 

development of intense erosion processes, especially in places with damaged vegetation. Steep (12-17°) 

and very steep (17° and more) slopes occupy 52.58% of the GRPB. They are located in the highest part 

of the geomorphological region along the ridges of the main ridge. Here, in addition to intense erosive 

action, both planar and linear, gravitational processes are clearly visible (Table 1, Figure 1а). 

 

Table 1 Distribution of the territory of the geomorphological region of Polonyna Borzhava according 

to the steepness of slopes 

Characteristics 
Steepness of slopes, o 

0-1 1-3 3-5 5-8 8-12 12-17 17-25 >25 

The share of slopes, % 1,78 4,68 6,43 13,53 21,00 23,57 23,31 5,70 

 

 
a 

 
b 

Figure 1 Morphometric characteristics of the geomorphological region of Polonyna Borzhava 

 

As for the exposure of the slopes within the geomorphological region of Borzhava basin, the slopes of 

southern (9.48%, 11.36%, 11.13%) and western (15.85%) exposures dominate here, especially on the 

southwestern macro slope of the mountain range (Table 2, Figure 1b). They are characterized by 

processes of intensification of planar washing by meltwater in the spring period. The slopes of northern 

and eastern exposures prevail in the north-eastern part of the geomorphological district. 

 

Table 2 Distribution of the geomorphological region of Polonyna Borzhava mountain territory 

according to slope exposure 

Characteristics 

Exposition of slopes 

North 
North-

East 
East 

South-

East 
South 

South-

West 
West 

North-

West 

The share of slopes, % 12,20 12,02 14,78 11,13 9,48 11,36 15,85 13,18 

 

The construction and analysis of the cartographic model “The risk of manifestation of 

geomorphological processes on the slopes of Polonyna Borzhava and the state of protection of the slopes 

by nature protected objects” indicates that the group of slopes with the highest risk of manifestation and 

development of adverse geomorphological processes is spread mainly on the southwestern macro slope 

of the mountain range at altitudes of more than 800 m above sea level, and occupies 25.24% of the 
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studied GM (Figure 2, Table 3). A significant share of slopes (27.57%) belongs to the group with a 

potentially high risk of process manifestation. Slopes, where this risk is medium or low, occupy about 

40% of the territory. This includes its lowest parts in the east and northeast, as well as the valley of the 

Kushnytsia River. 

 

 
Figure 2 The risk of manifestation of geomorphological processes on the slopes of Polonyna 

Borzhava and the state of protection of the slopes by nature protected objects 

 

Table 3 Distribution of the GRPB territory according to the risk of manifestation of prone 

geomorphological processes 
Exposition of 

slopes 
South 

South-

West 

South-

East 
West 

Sum 
North 

North-

West 

North-

East 
South 

Sum 

PRAGP * Very high level High level 

  The share of slopes, % 

S
te

ep
n

es

s 
o

f 

sl
o

p
es

, 
o
 

>25 0,82 0,42 0,67 0,60 2,51 1,21 0,54 0,62 1,04 3,41 

17-25 3,06 2,32 2,80 2,66 10,84 4,03 2,42 2,61 3,40 12,47 

12-17 3,25 3,10 2,67 2,87 11,89 3,69 2,56 2,55 2,88 11,69 

Sum 7,13 5,84 6,14 6,14 25,24 8,94 5,52 5,79 7,32 27,57 

PRAGP * Middle level Sum Low level Sum 

S
te

ep
n

es

s 
o

f 

sl
o

p
es

, 
o
 

8-12 2,74 2,98 2,43 2,53 10,69 3,25 2,38 2,20 2,49 10,32 

5-8 1,73 1,83 1,59 1,54 6,69 2,28 1,66 1,55 1,66 7,14 

3-5 0,80 0,81 0,77 0,70 3,07 1,10 0,72 0,73 0,80 3,35 

Sum 5,27 5,62 4,79 4,77 20,45 6,63 4,76 4,47 4,95 20,81 

* Potential risk of adverse geomorphological processes 

 

Conclusions 

 

Analysis of the morphometric cartographic models created by us showed that within the 

geomorphological region of the Polonyna Borzhava, abruptly falling, steep, very steep slopes prevail 

(52.58%). Regarding the exposure of the slopes, the slopes of the southern (9.48%, 11.36%, 11.13%) 

and western (15.85%) exposures dominate here (especially in the southwestern macro slope of the 

mountain range) (Fig. 1b and Table 2). The highest degree of risk of manifestation of slope processes 
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is typical for slopes located on the southwestern macro slope of Borzhava mountain range at altitudes 

of more than 800 m above sea level, occupying 25.24% of the geomorphological area. Some of them 

fall within the boundaries of nature reserves, protected natural boundaries and objects of nature, where 

anthropogenic activity is limited due to the action of the protected regime. In general, the rate of 

conservation of GRPB is about 8%. However, many slopes (about 45%), which we have identified as 

very high and at a high risk of adverse geomorphological processes, remain unprotected. The existing 

nature protection objects, located mainly in the north-western part of the GRPB, are considered to be 

the basis for the creation of a nature reserve institution, one of functions of which is to conduct 

monitoring studies, establish environmental management in the region, in particular, the introduction 

of close to nature approaches to economy management, regulation and restriction of the movement of 

tourist transport (for example, the development of a single route where morphometric features of the 

relief will be taken into account). In order to prevent the development of unfavourable 

geomorphological processes and their intensification in the established groups of slopes, it is necessary 

to prohibit the use of clear-cuttings, timber skidding, the movement of forestry and tourist transport, 

and abandon the implementation of industrial projects (in particular, the construction of wind turbines 

on polonynas). 
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