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Use of GIS for determining mountain local obstacles of routes in 
low mountains 

*N. Korohoda (Taras Shevchenko National University of Kyiv, Ukraine), O. Kovtoniuk (Taras 
Shevchenko National University of Kyiv, Ukraine), T. Kupach (Taras Shevchenko National University 
of Kyiv, Ukraine), N. Pohorilchuk (Taras Shevchenko National University of Kyiv, Ukraine) 

SUMMARY 

Routes of field student professional-oriented practice were developed to the territory of the Privododilni 
Gorgany and Svydovets ridges (Ukrainian Carpathians). Length, duration, presence of mountain local 
obstacles (MLO) cause different difficulty levels of these routes passage. The researching goal is to 
identify MLO and determine the difficulty level of the routes. The most successful way to obtain 
information about the mountain local obstacles is a profiling and morphometric analysis of the routes. 
We used to cartometric and morphometric analysis of this study standard tools of ArcGIS modules. It 
allowed to select mountain local obstacles, which corresponds to the difficulty category 1a, on 4 of the 
6 analyzed graphs of routes longitudinal profiles. Identified MLO will allow to include these routes in 
the network of categorical routes of sports tourism in the region. 
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Introduction 
 
For more than 25 years, students of the Faculty of Geography Taras Shevchenko National University 
of Kyiv have been undergoing professionally-oriented practice at the Yasinia base, located in the Rakhiv 
district of the Zakarpattia region. During this time, professors have developed and described a number 
of educational routes. Students can get acquainted with the peculiarities of the geological structure and 
relief, landscapes, current exogenous processes of the Chorna Tysa valley and the surrounding ridges 
of the Pryvododilni Gorgany and Svydovets when passing these routes (Rakhiv district, 2015). These 
routes are different in length, duration and level of difficulty of some parts. Morphometric indicators of 
a relief are important at definition of the last characteristic. GIS tools are optimal for determining them. 
The researching goal is to determine the difficulty level of the routes based on their longitudinal profiles 
morphometric parameters. Specific tasks were development of an algorithm for route profiling, 
cartometric and morphometric analysis based on the Digital Elevation Model (DEM) of the research 
area using standard tools of ArcGIS modules; (2) cartometric and morphometric analysis of the 
constructed profiles, in particular, determination of the length of tracks, amplitudes of the heights, 
curvature, slope of the terrain; (3) assessment of the obtained data in accordance with the method of 
determining the difficulty category of mountain routes (Methods, 2012). 
 
Materials and Methods 
 
The basis for morpho- and cartometric calculations and profiling in this researching is a Digital 
Elevation Model - SRTM 1 Arc-Second (30m) (NASA), vector geodata on the components of the 
landscapes of the study area (OpenStreetMap DATA) and route tracks (. shp files) on the territory of 
Rakhiv district of Zakarpattia region. DEM is a mathematical interpretation of terrain based on a 
discrete set of starting points that contain positional information and data on the absolute height of the 
Earth's surface, which reproduces the real surface of the terrain with a certain accuracy. DEM is the 
applied basis for interpolation and construction of raster terrain surfaces, slope angles and curvature 
(.img files). Morpho- and cartometric analysis and profiling of the territory is carried out on the 
constructed raster surfaces. We used to solve tasks of this study standard tools of ArcGIS modules, in 
particular, ArcGIS Spatial Analyst, ArcGIS 3D Analyst, Raster Interpolation ArcGIS 3D Analyst Tools. 
Sports tourist hiking in the "low mountains" (altitudes up to 2500 m), according to the conditions of 
their passage are divided into 1,2,3 difficulty degrees and I, II, III difficulty categories. An important 
condition for determining the difficulty degree or category of mountain tourist sports routes in the "low 
mountains", in addition to their length and duration is the presence of mountain local obstacles (MLO). 
MLO include areas of mountainous terrain, characterized by difficult conditions for their passage. These 
can be snowy, scree, rocky, grassy with rocky outcrops slopes of varying length and steepness. In the 
"low mountains" MLO are classified into difficulty categories (DC) of their passage. Criteria for 
determining the difficulty category are: 1) the type of the most difficult sections of the rout, 2) technique 
and conditions of movement, 3) the total time to overcome, the length of the determining section, the 
height difference between key points, 4) the necessary special equipment. Currently, the requirements 
for three DC: 1a, 1b, 2a, have been approved (Methods, 2012). Relief indicators, namely: the slope 
surface type and its steepness, height differences during ascent and descent, determine the DC of MLO 
(Table 1). 
 
In our opinion, morphological profiling is the most successful way to obtain information about the 
difference in height, steepness and length of different sections of the route, as a linear object (Bortnyk 
et al., 2020). We deciphered the space images, clarified, during the passage of routes, applied to the 
Digital Elevation Model, using the tools "Interpolate Line" and "Profile Graph" of the ArcGIS 3D 
Analyst module and constructed route profiles (Figure 1). The interpolation and profiling tools of this 
ArcGIS module are available for working with various raster surfaces, in particular, TIN and terrain. 
Profiles are constructed along the 3D route line obtained by interpolating the route track, and visualize 
the variability of the values of the variable Z at each point of the 3D line (the tool "Interpolate Line"). 
This process visualizes all obstacles along the route (rugged of the terrain, curvature, steepness, slope 
angles, etc.). Graphical visualization of linear 3D objects is possible using the "Profile Graph" tools. 
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Table 1 The determination of the mountain local obstacles difficulty category at the "low mountains" 
according to the slope characteristics (for the Methods ... 2014) 
 

Difficulty 
category MLO 

The type of the most difficult sections of the route Height 
differences, 

m 
1a Simple scree, snow and rocky slopes with a steepness less than 30º, 

possible separate sections (10-15 m) with a steepness of up to 40º, 
steep grassy slopes with possible rocky sections; usually the 
presence of approach trails. 

500-600 

1b Short simple rocky, snowy and scree slopes of medium steepness 
(from 20º to 45º). Separate sections with a slope of about 45º and a 
length of up to 30 m, possible ice areas on the slopes. 

600-800 

2a Rocky, snowy and icy slopes of medium steepness (from 20º to 45º) 
are possible snow (about 45º to 80 m) or rocky (up to 50º, up to 80 
m) slopes. 

600-800 

 

 
Figure 1 Profiles of the rugged terrain and slopes steepness of route No. 5 (based on digital 
interpretation of terrain based on DEM - SRTM 1 Arc-Second (30m)) (NASA)) 
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Results 
 
For this research, we chose circular and linear routes that radially diverge from the base "Yasinia" 
(Figure 2). There is a one-day exit for each of the routes. 
 

 
 
Figure 2 Routes scheme for the professionally-oriented practice 
 
We selected sections with a 20º - 30º slope, which corresponds to the difficulty category 1a, on 4 of the 
6 analyzed graphs of routes longitudinal profiles. During field research, we determined the surface type 
of these slopes. Thus, there is a section of a grassy slope, sometimes with scree in the upper part of the 
ridge on route 1 (to the Chorna Klyva Mountain); on route 3 (across Kotel Ridge to Vorozhetske lake) 
we included  to such areas the eastern grassy slope of Kotel Ridge and the grassy eastern slope of 
Vorozhetskyy corrie (with rocks in the upper part and scree in the lower part); on route 4 (to the 
Bratkivs’ka Mountain) we identified areas of the grassy slope with the steepness more than 20º from 
the mountain pasture Levkivets’ to the top of Bratkivs’ka Mountain; on routes 5 (to the Tataruka 
Mountain and Apshynetske Lake) we recorded steepness (> 20º) on grassy slopes, with separate rocky 
and scree areas from mountain pasture Ripta and of the western spur of Apshynetskyy corrie. Altitude 
differences on these routes are average 500-600 m. The obtained results allow to consider the marked 
sections of slopes as potential MLO. 
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In general, the total length of educational routes, calculated on the basis of (Methods, 2012) is 75 km 
and their duration corresponds to 3 difficulty degree. Therefore, despite the presence of difficult to pass 
areas, this system of one-day routes is non-categorized. However, according to (Instructions, 2014) the 
passage of non-category routes is the basis for admission to participate in categorical tourist sports 
hikes. 
 
Categorical routes have been developed for the territory of the Svydovets ridges with certified MLO 
included in the list (Passes in the Carpathians, 2014). Accordingly, the potential MLOs described in this 
paper can serve as a basis for expanding the network of categorical sports tourist routes in this region. 
 
Discussion 
 
The presented results are an example of practical application of morphometric relief analysis using GIS 
methods. The analysis of the obtained indicators allows to assess the difficulty level of educational 
routes and their suitability for use in sports tourism. The obtained data can be used both as a basis for 
designing new routes and for improving existing ones. 
 
Conclusions 
 
In this paper, we have identified morphometric indicators that are important for the analysis of the 
complexity of the routes of sports hiking. The algorithm of morphometric analysis and profiling of the 
routes of the studied area for the selection of MLO was tested on the example of 6 routes of 
professionally-oriented practice. The obtained results were analyzed in accordance to requirements for 
determining the difficulty category of mountain tourist sports hikes. 
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