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SUMMARY 

The goal of the study was morphological analysis based on the profiling method. The ArcGIS was used 
to determine the morphological characteristics and morphometric indicators in assessing the quality of 
pistes. Such indicators were used to analyze the pistes of Ukrainian Carpathians resorts. The results of 
the analysis showed that the pistes have similar morphometric indicators, despite their belonging to 
different categories of complexity. The constructed graphs of the longitudinal and transverse profiles 
show that most of the slopes have “problem” areas associated with the presence of “dead zones” and 
segments with a reverse slope. The proposed algorithm and the results obtained can become the basis 
for planning new pistes or re-equipping existing ones. 
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Introduction 
 
The popularity of ski resorts is determined by a number of factors, among which the most important 
are the natural and technical characteristics of the ski slopes. The number of pistes and their difficulty 
level directly depend on the features of the mountain slopes relief. The study of slopes is based on 
methods of morphological analysis. Morphological analysis is used to determine the morphological 
structure of the earth’s surface, qualitative and quantitative assessment of the elements, forms and 
types of relief (Horishnyy, 2012), therefore it is convenient to carry out it using GIS tools. 
 
The goal of this research is to study the morphology of the ski resorts pistes in the Ukrainian 
Carpathians region using GIS. The specific objectives are: (1) to develop an algorithm for 
morphological profiling of pistes; (2) determine the list of morphological characteristics and 
morphometric indicators of the studied ski pistes, according to the results of the profiles analysis; (3) 
on the basis of the data obtained, conduct an assessment of the pistes in accordance with the safety 
requirements for ski slopes (On approval... 2011). 
 
Materials and Methods 
 
For this study, we have created spatial databases based on the OpenStreetMap cartographic web 
services.  We used a single working toolkit of the universal full-featured GIS ArcGIS for all 
procedures: processing spatial data, creating digital elevation models, construction of profiles.  
Assessing the of ski pistes relief by metric parameters and determining the level of their complexity 
are presented in the works (Bayrak 2008, Hera 2012, On approval ... 2011). 
 
We consider ski pistes as linear objects. This determines the set of possible morphometric indicators 
and morphological characteristics, and, accordingly, the methods for their obtaining. In our opinion, 
important morphological information are the value of elevations, length, steepness, and the uniformity 
of the slope of the track, the presence of "dead zones", sections with a reverse slope, sections for slow 
down. The most convenient way to obtain such information is morphological profiling.  
 
In this work, we explored 24 pistes of varying complexity at 7 ski resorts of the Ukrainian 
Carpathians. The lines of the tracks were decoded from satellite images, which made it possible to 
clarify their configuration and location on the slope. Longitudinal profiles were laid along the lines of 
the pistes. Additionally, for each route, depending on its length, 2-4 transverse profiles were 
constructed, the analysis of which gives an idea of the horizontal curvature of the slope where the 
route is laid (Fig. 1). The profile lines were transferred to a digital elevation model and curves were 
constructed using the “ProfileGraph” tool of the 3D Analyst module (Fig. 2). This numerical-graphic 
approach, which includes comparisons of profiles of various pistes, makes it possible to strengthen the 
objectivity of conclusions. 
 
Results 
 
To this study, such ski resorts of the Ukrainian Carpathians were selected: Bukovel’ (Gorgany), 
Drahobrat (Svydovets’), Myhove (Bukovyns’ki Karpaty), Pylypets’ (Borzhava), Volosyanka, 
Slavs’ke, Tysovets’ (Skolivs’ki Beskydy). These resorts differ among themselves in the number of 
pistes and in altitude. For analysis, pistes of different difficulty categories were selected oriented to 
different levels of skier training. 
 
Analyzing the graphs of the pistes longitudinal profiles, it can be noted that the vast majority of them 
are convex or flat. This configuration requires speed control for skiers, especially in the lower part of 
slopes. Only some of the pistes have a general concave shape of the longitudinal profile which is 
optimal (pistes #14 Bukovel’, #2 (Vysokyy Verkh) Slavs’ke (see Fig. 2, f), Volosyanka pistes). 
 
Some pistes have bends in the longitudinal profile, due to which “dead zones” are formed, that limit 
the visibility of the track and can cause collisions between skiers.  
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Figure 1 The location of the lines of the longitudinal and transverse profiles of the pistes of the 
Slavs’ke ski resort. 
a - longitudinal profile of the piste #1 (m. Trostyan); b - longitudinal profile of the piste #2 (m. 
Trostyan); c - longitudinal profile of the piste #3 (m. Trostyan); d - longitudinal profile of the piste 
(m. Menchil); e - blongitudinal profile of the piste #2 (m. Pohar); f - longitudinal profile of the piste 
#2 (m. Vysokyy Verkh). 
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Figure 2 Graphs of longitudinal and transverse profiles of slopes of the Slavs’ke ski resort. 
 
and the piste on the slope of Menchil in Slavs’ke (Fig. 2, d).Some pistes (the piste # 12 Bukovel’, the 
piste on the slope of Velyka Blyznytsya in Drahobrat, a short piste in Pylypets’) have horizontal 
sections or sections with a reverse slope, which makes skiing difficult and requires the experience of 
skiers. To overcome such areas, skiers have to control the speed set. Transverse profile graphs also 
vary in configuration. A significant part of the analyzed profiles has a convex shape or a significant 
slope, which negatively affects their popularity. Such pistes complicate the maneuvering of skiers and 
their braking. Examples are most of the Bukovel’, Drahobrat, Slavs’ke pistes (Fig. 2, a, b, c, d, e). 
Some of the pistes are characterized by concave transverse profiles (Volosyanka, piste # 2 on the 
slope of Vysokyy Verkh in Slavs’ke (see Fig. 2, f), this on the one hand protects from the wind, but 
on the other hand limits the width of the ski area, due to which is an undesirable accumulation of 
skiers. Optimal pistes are those with transverse profiles without bend: they are presented on the slopes 
of the resorts Pylypets’, Tysovets’, Myhove.   
 
A comparative analysis of morphometric indicators obtained for the studied pistes gave the next 
results:  
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1. The average slope is 9,5°. The maximum value of slope steepness in the obtained series is 13° (the 
piste 1R of Bukovel’ and the piste # 2 of Slavs’ke). The minimum slope value is 3° for the primary 
level piste in Pylypets’. 
2. The length of the pistes varies from 1 to 4 km. The average length of the piste is 2.0 km, but most 
routes are shorter than 1.8 km. 
3. The elevation difference is from 50 to 550 m. The average value is 315 m.  
 
It should be noted that despite the clearly formulated requirements for the classification of pistes by 
complexity (On approval ... 2011), the analyzed pistes with similar characteristics belong to different 
categories at the different resorts. 
 
Discussion 
 
Consequently, the ski pistes of the Ukrainian Carpathians do not differ in a special variety of 
morphometric characteristics.  Accordingly, they are suitable for beginner skiers. The absence of 
extreme slopes and lengths of pistes characterize Ukrainian Carpathians resorts. Most mid-level and 
entry-level tourists choose these pistes. At the same time, the shortage of difficult routes in the 
Ukrainian Carpathians in a certain way limits the potential of our ski resorts in meetings the needs of 
a more professional user. This negatively affects their ability to compete with well-known European 
ski resorts. 
 
The presented results are an example of the practical application of GIS tools in morphological 
analysis of the relief. The indicators obtained during this analysis allow us to assess the quality of 
slopes and determine the degree of their suitability for use as pistes. The obtained data can be used as 
a basis for designing both new pistes and for improving existing ones. 
 
Conclusions 
 
The work identified morphological characteristics and morphometric indicators that are important for 
the analysis of the quality of ski slopes. An algorithm for conducting morphological profiling of pistes 
is developed. We used GIS tools to construct profiles of 24 pistes of the Ukrainian Carpathians ski 
resorts. As a result of the work, the features of the piste profiles are determined and examples of 
optimal profiles are given. The obtained results are analyzed in the context of existing requirements 
for the arrangement of pistes. 
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