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SUMMARY

This article presents the development of algorithms for creating a three-dimensional terrain model of
the Korolivski Beskydy National Nature Park using QGIS 3.40. The Copernicus GLO-30 digital
elevation model (DEM) with a spatial resolution of 30 meters was created within the park boundaries,
reprojected to UTM zone 34N, and visualized in 3D using the Qgis2threejs plugin. The resulting 3D
model, combined with aggregated statistical data, provides an objective, visual, and quantitative basis
for park management and conservation efforts. The application of geoinformation technologies for
terrain modeling and analysis has broad practical significance for landscape change monitoring,
recreational planning, geobotanical research, and biodiversity conservation within the park’s
ecosystems.
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Introduction

The Carpathian region, particularly the territory of the Korolivski Beskydy National Nature Park, is
characterized by a complex mountainous terrain. This topography creates a mosaic of altitudinal zones,
soil types, and microclimates, which directly influence the biodiversity and resilience of local
ecosystems. Accurate mapping of landforms in such a heterogeneous landscape is a task of particular
importance. One of the fundamental tools for this type of analysis is the digital elevation model
(DEM)—a digital representation of the Earth's surface, excluding vegetation and man-made structures
(U.S. Geological Survey, 2025). DEM analysis within geographic information systems enables the
resolution of a wide range of applied tasks, including topographic mapping, watershed delineation, and
the calculation of slope gradient and aspect (U.S. Geological Survey, 2025). The object of this study is
the Korolivski Beskydy National Nature Park—a newly established (2020) national park located in the
southwestern part of the Lviv region. The park plays an important role in nature conservation,
recreation, and scientific research, providing protection for the unique beech—fir primeval forests of the
Upper Dniester area and maintaining ecological balance in the headwaters of the Dniester River basin
(Korolivski Beskydy National Nature Park, 2020).

Given the fragmented structure of the Korolivski Beskydy National Nature Park, which consists of
separate, geographically disconnected areas, the object of this study extends beyond the park itself to a
wider, encompassing region (Figure 1). This approach allows for a comprehensive analysis of the terrain
by accounting for the surrounding landscape, avoiding "edge effects" in calculations, and providing a
more complete picture of the geomorphological processes across the entire territory.
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Figure 1. Study area on a Google Terrain maps in QGIS.
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Method and Theory

The modern development of GIS technologies and the emergence of high-resolution open geospatial
data provide new opportunities for detailed terrain analysis in the Carpathian region. In this study, the
global Copernicus GLO-30 digital elevation model (DEM) with a 30-meter resolution was used,
offering access to up-to-date elevation data from freely available information resources (European
Space Agency, n.d.). The open-source QGIS platform supports the full data processing cycle—from
downloading and clipping data to the boundaries of the study area, to reprojection and 3D visualization
of the terrain using the Qgis2threejs plugin (Qgis2threejs Plugin Developers, 2024; QGIS Development
Team, 2025; Vikhot et al., 2022). The aim of this study is to develop an algorithm for constructing a
digital 3D terrain model based on QGIS technologies to support conservation planning and monitoring
in mountainous protected areas.

Objectives:
1. To prepare and process the digital elevation model “COPERNICUS/DEM/GLO30”.
2. To determine the elevation range and analyze area distribution across hypsometric zones.
3. To construct a 3D visualization for illustrative representation of the park's terrain.
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Results

A detailed three-dimensional terrain model of the Korolivski Beskydy National Nature Park was
created, and numerical elevation data were obtained, which hold practical value for park management.
Algorithms were developed for using the “COPERNICUS/DEM/GLO30” digital elevation model with
a spatial resolution of 30 meters, along with the shapefile of the park’s boundaries. The original DEM
and park boundary data were imported into QGIS 3.40, where the satellite imagery was clipped using
the polygon mask and reprojected into UTM Zone 34N to ensure accurate 3D visualization.

After clipping the raster, a basic statistical assessment of elevations was performed using the Raster
Layer Statistics tool. As a result, elevation data for the park were obtained (Table 1). The elevation
within the park ranges from 347 m to 970 m, with a total range of 624 m. The mean elevation is 564 m,
and the standard deviation is 91 m, indicating moderate vertical variation across the territory.

Table 1. Area of hypsometric zones within the Korolivski Beskydy National Nature Park,
calculated based on the digital elevation model (DEM).

Elevation Band (m) Value Pixel count Area(ha) Area (%)

340-390 365 10251 922.59 2.6
390-440 415 24996 2249.64 6.3
440-490 465 46952 4225.68 11.9
490-540 515 77530 6977.7 19.6
540-590 565 87963 7916.67 22.2
590-640 615 69460 6251.4 17.6
640-690 665 43765 3938.85 11.1
690-740 715 22270 2004.3 5.6
740-790 765 8322 748.98 2.1
790-840 815 2548 229.32 0.6
840-890 865 964 86.76 0.2
890-940 915 415 37.35 0.1
940-990 965 104 9.36 0.0

To visually represent the elevation distribution, the Raster Layer Histogram module was applied with
a 50-meter interval. The resulting histogram revealed that the largest portion of the park's area lies
between approximately 500 and 650 meters above sea level, while elevations exceeding 800 meters
account for only a small part of the territory (Figure 2).
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Figure 2. Histogram of area distribution by hypsometric zones within the Korolivski Beskydy
National Nature Park, using a 50-meter interval.
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Slope distribution was calculated with the help of Slope QGIS plugin. The slope field was then
reclassified into four ranges, which provides an interpreted picture of slope stability and potential land
use limitations (Figure 3).

Figure’ 3.5
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The map shows gentle (0-5°), moderate (5—15°), steep (15-30°),
and very steep (>30°) slope classes. Generated in QGIS.

Based on the area summary, moderate slopes of 5-15° dominate (=54%). A significant portion consists
of steep slopes of 15-30° (=29.8%), while gentle slopes of 0-5° (=15.5%) mainly correspond to valley
bottoms and leveled terraces. Very steep slopes >30° (=0.6%) are concentrated locally along cliffs and
gully banks (Table 2). This structure is consistent with the results of the hypsometric analysis and

emphasizes the need to differentiate conservation and recreational regimes.

Table 2. Area of the studied territory (Korolivski Beskydy National Nature Park region) by slope

classes.
Slope class (°) Category | Pixel count | Area (km?) | Share (%)

0-5 Gentle 60680 54,6 15,52
5-15 Moderate 211264 190,1 54,04
15-30 Steep 116413 104,8 29,79

>30 Very Steep 2563 2,3 0,65
Total (with data) 390920 351.,8 59,15
NoData 269949 — 40,85

Total pixels 660869 — 100,00

Using the Qgis2threejs plugin (Qgis2threejs Plugin Developers, 2024), a digital elevation model of the
Korolivski Beskydy National Nature Park was visualized for interactive 3D viewing in web browsers
(Figure 4). This plugin also allows exporting the 3D model in gl TF format for further use in 3D printing
or editing within software that supports three-dimensional graphics.
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Figure 4. Three-dimensional terrain model of the Korolivski Beskydy National Nature Park.

Based on the analysis of elevation data and area distribution by hypsometric zones, a detailed spatial
model of the terrain within the Korolivski Beskydy National Nature Park was created. This information
provides a foundation for identifying areas with increased erosion risk and regions suitable for forest
restoration. Additionally, it serves as a cartographic base for ongoing monitoring of terrain changes and
for planning conservation measures within the park.

Conclusions

An effective workflow for using QGIS tools to build a digital 3D terrain model of the Korolivski
Beskydy National Nature Park has been developed. The analysis of the area's elevation and slope
gradient distribution makes it possible to identify zones with potential conservation priorities and
provides a basis for ongoing landscape monitoring. In particular, it was found that the park's territory is
dominated by moderate slopes of 5-15° (=54%), while very steep slopes over 30° are concentrated
locally along cliffs. The obtained information on the terrain and slope distribution can serve as a
practical tool to support management decisions in the field of nature protection and sustainable use of
the park's resources.
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