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SUMMARY 

The paper is devoted to methods of recreation resources modelling and assessment with 
Geographic Information Systems (GIS). The geospatial analysis is used for Khortytsia 
National Reserve territory zoning. GIS environment allows combination of volunteer spatial 
data (Open Street map, wikiloc.com), remote sensing data, represent it visually and prepare 
for decisions making. The paper explains the map creation process for the location of 
recreation resources (beaches, shrubs, forest, grasslands, rocks, river landscapes, historical 
and cultural points of interest in the Khortytsia National Reserve). The geospatial analysis 
allows distinguishing four functional zones: natural or semi-natural landscapes, tourist 
infrastructure, historical heritage, leisure. The information obtained in this study is one step 
towards landscape planning and territory use optimization. The algorithm proposed can help 
Khortytsia National Reserve staff manage the reserve territory. 
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Introduction 
Nowadays the spatial assessment of natural protected areas ecosystem services potential has deserved 
higher attention. On the one hand, it is interrelated with the existing approach to ecosystem 
sustainability. On the other hand, sustainable resource management strategies for protected areas 
require a comprehensive assessment of their ecosystem services values (Schägner et al., 2018). 
Availability of natural resources (forests, riverbanks, grasslands etc.) may be one of several 
environmental factors that influence individuals’ physical activity behaviors (Roux et al., 2007). That 
is why natural protected areas provide multiple ecosystem services for city dwellers, including 
opportunities for recreation and tourism (Berglihn & Gómez-Baggethun, 2021). Tourist resources has 
defined by Ukrainian geographers as (Lyubitseva et al, 2007): objects of nature, history, culture, 
current events, phenomena that can be used in the process of creating and implementing of a tourist 
product, being a motivational basis for its choice. These resources are spread unevenly over territory. 
The management assessment and mapping of tourist and recreation resources should be provide using 
geographic information systems (GIS). Colleagues from USA (Roux et al., 2007) used GIS to quantify 
the density (per area and per population) of physical activity resources. Another example is mapping 
of the recreational value per visit across European nature areas (Schägner et al., 2018).   
 
Method and Theory 
Geospatial analysis in our work consists of gathering, display, and manipulation of map data, satellite 
imagery data and volunteered geographic information as they are applied to geographic model of 
particular protected area. The main goal of geospatial analysis is cataloging natural and cultural 
features spatial data as resource for recreation and tourism in the area. Geospatial analysis helps to 
distinguish relevant from irrelevant data and apply it to territory modeling.  Flow chart of the steps 
made in this research for deriving results of geospatial analysis is given below (figure 1).  

 
Figure 1 Methodological flow (designed by authors)     
 
Examples 
Khortytsia is the largest island on the Dnieper River in Ukraine. It is located near Zaporizhzhia city, 
below the Dnipro Hydroelectric Power Plant. The island is considered by scientists as a unique natural 
and historical complex. In 2007, at the initiative of Ukrainian politics Mykola Tomenko, action 
“Seven Wonders of Ukraine” started. By results of expert evaluations and voting of 77000 people, 
Khortytsia Island was included into this list (Rastvorova, 2020). The last Dnipro threshold was 
situated at the northern edge of the island. Nowadays all thresholds are hidden below the reservoir 
water level. Khortytsia Island stretches 12.5 km from the northwest to the southeast. It has an average 
width of 2.5 km, and covers an area of about 3,000 hectares. Khortytsya Island presents almost all 
types of landscapes of Ukraine. The north and west coasts make up the outcrops of Precambrian 
granites. There are largest number of relict species of plants that have survived grows here. The 
western and eastern coasts of the island are indented with numerous beams, on the slopes of which 
steppes have been preserved. The highest part of the island in the north is covered with artificial 
deciduous and pin forest plantations.  The central part of the island (about 1000 hectares) is covered 
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with fallows that appear instead of agricultural land withdrawn from use. The southern part of the 
island represents the lake-marsh complexes and floodplain forests.   
In order to preserve the memorable places associated with the history of the Zaporozhian Cossacks 
and the natural environment of the island of Khortytsia, in 1965 the State Historical and Cultural 
Reserve was created here.  It was granted the status of the National Reserve "Khortytsya" in 1993.  
Dozens of archaeological sites have been discovered on the island. Many of them are museified and 
accessible to tourists. A number of new tourist sites have also been created.  The most attractive is the 
historical and cultural complex "Zaporozhian Sich". It is a generalized, detailed reconstruction of the 
Cossack fortifications, built in the northwestern part of the island. Together with the museum of the 
history of the Zaporozhian Cossacks, it forms a single complex, which is visited by more than 1 
million   tourists per year. The island also has a large number of tourist and recreational facilities. 
It consists of ancient buildings reconstructions (wooden walls, gates, towers, churches). The purpose 
of recreational facilities is to create the best conditions for receiving tourists and to provide cultural 
recreation for visitors. 
First of all, geospatial analysis of the Khortytsia Island consists of domain conceptual modelling 
(figure 2). It shows the results of data and publications compilation and assessment. The model was 
developed by combining the outputs created by all groups of tourists and recreants. All territory 
features, recreation resources deemed important were included in the diagram as well as potential 
resources consumers.  

 
Figure 2 Domain conceptual model (designed by authors)  
 
Next step was natural and historical recreation resources stocktaking. The widespread amount of 
spatial data has been used.  Data analyses were performed in the following sequence.  
1. Natural resources volume and monitoring were assessed by using remote sensing data. We used 
high spatial resolution PlanetScope images (3 m/pixel). The images already have had radiometric and 
geometric corrections with telemetry and best available ephemeris data (Frazier & Hemingway, 
2021). Then we calculated NDVI using QGIS software. We used the raster calculator to subtract 
values of the Red band from the Near-infrared (NIR) band, then divided it by the sum of the Red and 
NIR bands. The raster calculator tool of QGIS software was used to calculate change (2016-2019) 
between two NDVI indices (figure 3). 
Green color in the picture shows the natural vegetation successions on the abandoned agricultural 
lands in the middle of the island.   
2. At that moment we tried to encompass forms of tourist and recreational activity. There were as 
following: physical exercises (regular jogging, countryside hikes, hill-walking, and cycling); natural 
and social history interest; ecological tourism, beach leisure, boating (more than 50 m of a shore). 
Each of these types of activity has its own particular impact on the environment (Goodbody & Smith, 
2002). Also, these activities were connected to the areas with particular points of interest. It was 
possible to download all necessary spatial data from OpenStreetMap by using QGIS software. The 
feature data (locations of tourist attractions in the area) was parsed from OpenStreetMap. After visual 
interpretation of OpenStreetMap data we used the QuickOSM plug-in for downloading feature data 
(hydrography, roads, forest, houses and structures, etc.). Also, we used wikiloc.com portal as a source 
of visitors tracks data. We downloaded pedestrian and cyclist routes all over the territory of the 
Reserve in *.gpx format.   
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Figure 3 Difference image for NDVI for 2016-2019 according to Planet Scope imagery (designed by 
authors)     
 
3. All the data were collected in one project for further spatial data synthesis. It means Khortytsia 
Island territory zoning according to the similarity of tourist attractions. We used Voronoi diagrams 
algorithm (also known as a Voronoi tessellations, decompositions or partitions), named after Georgy 
Voronoi, a mathematician born in Ukraine in 1868. Using of this algorithm allowed creating 
neighborhood area of each point (Voronoi cell). The corresponding Voronoi cell consists of all the 
locations closer to it than to any of the other points. Fortunately, the areas with similar recreation 
resources were situated compactly. The north-western part of the island had a lot of beaches. On the 
other hand, historical and cultural points of interest appeared at the north-eastern side. The natural 
landscapes (grassland, forest, river landscapes) were situated on the southern part of the island. 
Recreation and tourist infrastructure (café, transport facilities etc.) was situated in between of other 
resources.     
Another option of visual analysis is the attendance map (figure 4).   

 
Figure 4 Khortytsia Island heat map of tourist attractiveness (designed by D. Liashenko)  
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The map shows transparent heat map layer superimposed in front of OpenStreetMap standard view.  It 
helps to compare the tourist attractions and territory attractiveness (spatial distribution of visitors 
according to GPS tracks from a web platform (Wikiloc)). All the map data collected by volunteers on 
the OpenStreetMap and Wikiloc platforms. There are appropriate sources of data for studying 
visitors’ behavior in national parks.  
 
Conclusions 
The paper presents results of QGIS software use for Khortytsia National Reserve recreational 
resources assessment. GIS software allows combining in the mutual information environment 
different spatial data sources (maps, satellite imagery data, volunteer geographic information etc.).   
The island territory zoning, worked out with geospatial analysis, allows to propose the approaches to 
Khortytsia National Reserve management and tourist infrastructure development. Potential tourists 
who would find themselves in the same area must share similar needs and wants because of resources 
similarity. The zoning map can help businesses to take similar marketing actions towards each zone. 
These activities conduce the development of different tourist infrastructure facilities in the different 
zones.  It helps to lower the costs of recreation for, visitors, business and other stakeholders. The use 
of volunteered spatial data allows seeing up to date picture of recreation and tourist activities. The 
data collected can be used for visitors needs satisfaction and sustainable development of a natural and 
historical reserve territory.   
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