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The study focuses on the modelling and mapping of wind resources within the Rata River basin,
located on the territories of Poland and Ukraine, a left tributary of the Western Bug (Vistula basin).
The analysis used spatial data from the Global Wind Atlas and daily wind speed and direction records
from the Rava-Ruska meteorological station for 2024. Within a GIS environment, spatial modelling of
wind speed at heights of 50 and 100 meters above ground level was performed, a series of thematic
maps was generated, and zones with the highest wind potential were identified. It was established that
throughout the year, winds with speeds of 2—6 m/s (12-25 days per month) prevail within the study
area, with maximum values occurring in December, November, and January, and minimum values in
July and August. The diurnal wind speed pattern is characterized by a decrease from 05:00 to 12:00
and a gradual increase in the afternoon. The prevailing wind directions are west and southwest.
Spatial analysis of the obtained data revealed that areas with increased wind speeds (2-9 m/s) are
concentrated in the central and southeastern parts of the basin. The results can be applied in planning
environmental monitoring, wind energy infrastructure, and assessing the region's renewable energy
potential.

Keywords: geoinformation modelling; mapping; wind potential; seasonal wind dynamics; Rata River
basin; Global Wind Atlas.

Corresponding Author: nazar.vano@Inu.edu.ua

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



Geo EAGE

Terrace
Conference

Introduction

Wind resources are an essential component of the climate system, determining the intensity of
atmospheric circulation, influencing hydrological processes, and shaping the meteorological
conditions of a territory (Mortensen et al., 2023). In the context of global climate change and the
growing demand for renewable energy sources, the study of wind regimes acquires particular
significance (Bourque et al., 2024). Assessing wind flow resource potential at local and regional
levels is essential for optimising spatial planning, forecasting meteorological risks, and advancing
wind energy development (Lee, 2025).

The Rata River basin within the Lviv region is characterised by a complex relief and diverse land use,
which causes spatial heterogeneity of wind speed and directions even at local scales. To improve the
accuracy of wind potential assessment under such conditions, modern studies recommend combining
high-resolution model data, such as the Global Wind Atlas, with meteorological station records and
additional wind speed measurements to validate the results (Brixen, 2024; Lee, 2025). Previous
regional analyses in Ukraine confirm the presence of promising wind zones. However, these have
been conducted at the national or large regional scale, which does not account for local orographic
and landscape effects crucial for the spatial planning of wind power plants (Greenpeace, 2024;
Ukrainian Wind Energy Association, 2021).

This study aims to comprehensively assess the seasonal and spatial variability of wind speed within
the Rata River basin and determine its resource potential. Daily meteorological observations for 2024
and spatial models from the Global Wind Atlas at heights of 50 and 100 meters were analysed to
achieve this objective. The results refine the wind regime patterns in the territory and establish a basis
for further applied calculations in the fields of renewable energy and environmental quality
monitoring.

Methods

The assessment of the spatial distribution of wind potential within the Rata River basin was carried
out using data from the Global Wind Atlas (version 4.0) on the mean multi-year wind speed at heights
of 50 m and 100 m above ground level (Global Wind Atlas, Technical University of Denmark &
World Bank, n.d.). To process the obtained raster data on the mean annual wind speed (m/s), the
licensed ArcGIS Pro 3.5 software environment was used.

The classification of land suitability for wind turbine placement based on average wind speed is
widely applied in international practice, particularly in the recommendations of the NREL (National
Renewable Energy Laboratory, USA), which provide examples for site selection in different
countries, including detailed threshold values for wind speed and power density (Young & Vilhauer,
2003).

At the first stage of the study, the obtained data were classified according to the NREL scale, which
defines seven classes of wind resources based on wind speed and power density at a height of 50 m.
For the 100 m height, threshold wind speed values were adjusted using the wind power law with a
wind shear coefficient of a = 0.143, corresponding to neutral atmospheric stability conditions (Lopez-
Villalobos et al., 2022). This made it possible to adapt the NREL classes to modern operating
conditions of industrial wind turbines with higher hub heights (Table 1).

To assess the suitability of areas for the construction of wind power plants, average wind speed data
were classified according to the NREL approach into two groups:
1. 50 m — suitability of areas for small and medium wind turbines, which can operate
efficiently starting from Class 3 and above.
2. 100 m — suitability of areas for industrial wind power plants, where key zones are considered
Class 4 and above.
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Table 1. Classification of Land Suitability for Wind Turbine Placement by Wind Speed at 50 m and
100 m Heights (according to NREL)

Wind speed (m/s) at Recommended Wind
Class height: Turbine Types Recommended Wind
50 m — small and | 100 m (=+10%) - Turbine Types
medium wind turbines | industrial wind turbines
1 (Poor) 0.0-5.6 0.0-6.2 Very low feasibility
. Limited use, possibly
2 (Marginal) 5.6 -64 6.2-7.0 small wind turbines
3 (Moderate) 6.4-7.0 7.0-7.7 Small/medium turbines
4 (Good) 7.0-7.5 7.7 -8.25 Medium-scale
5 (Excellent) 7.5-8.0 8.25-8.5 Industrial projects
6 (Excellent) 8.0-8.8 85-97 Industrial, large
Exceptionally
7 (Excellent) > 8.8 > 9.7 favourable sites

Results

The analysis of data from the Rava-Ruska meteorological station for 2024 showed that within the
study area, winds with speeds of 2—-6 m/s prevailed throughout the year, occurring on average 12-25
days per month. Maximum values were recorded in winter (December and January), while minimum
values were observed in July and August. The diurnal wind speed pattern is characterized by a
decrease from 05:00 to 12:00 and a gradual increase in the afternoon (Figure 1). The prevailing wind
directions are west and southwest (Weather Archive Rava-Ruska, 2024).
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Figure 1. Distribution of wind speed and directions based on data from the Rava-Ruska
meteorological station in 2024: 1) wind rose; 2) monthly frequency of wind speeds (according to
meteoblue, 2025).
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Spatial modelling of wind potential within the study area based on Global Wind Atlas data made it
possible to determine the mean multi-year wind speeds at different heights (Figure 2). At 50 m, values
changed from 2 to over 6.5 m/s, with the highest observed in the central and southeastern parts of the
basin. According to the NREL classification, these areas mainly belong to the “Marginal” class (5.6—
6.4 m/s), limiting their suitability for large wind power plants and making them suitable for small and
medium turbines or hybrid energy solutions. At 50 m, “Marginal” class zones form continuous areas
around the city of Zhovkva, particularly near the villages of Mokrotyn—Zibolky—Mohylyany—
Vykhopni; Ruda-Krekhivska—Volia-Vysotska; Lavrykov—Horodzhiv—Shkolyari—Derevnia; Sarnivka—
Batyatychi. This indicates the presence of potential sites for the deployment of small and medium
wind turbines within the Rata River basin.
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Figure 2. Spatial distribution of mean wind speed and wind resource classes at heights of 50 m and
100 m within the Rata River basin (based on Global Wind Atlas data).

At a height of 100 m, the average wind speed increases to 4.5-7.5 m/s. Most of the basin area belongs
to the “Marginal” class (6.2—7.0 m/s), which increases the feasibility of using modern wind turbines,
provided that detailed economic modelling is conducted. The most promising are the “Moderate”
class zones (7.0-7.7 m/s), which cover the southern and southeastern parts of the basin, particularly
the areas around the settlements of Nahirci, Zibolky, Smerekiv, and the western part of Zhovkva—
Stara Skvaryava, Nova Skvaryava, and Hlynsk. These sites correspond to the conditions suitable for
deploying wind power plants with small and medium turbines.

In areas classified as “Poor”, conducting additional exploratory surveys or field campaigns in
preparation for industrial wind energy development is economically impractical. Under such
conditions, the wind resource potential does not provide the required productivity for modern wind
turbines, significantly reducing investment project profitability. The only exceptions may be
experimental or educational-research installations, which are advisable for equipment testing, the
development of technical solutions, or the implementation of monitoring programs in the field of
renewable energy.

Results of the study confirmed that wind potential increases significantly with height. Areas classified
as “Marginal” at 50 m shift to the “Marginal” and “Moderate” categories at 100 m. This highlights the
importance of considering tower height when assessing the feasibility of wind farm construction. The
most suitable zones for wind energy development within the Rata River basin were identified in the
central and southeastern regions, where the mean annual wind speed at 100 m exceeds 7 m/s and
corresponds to the “Moderate” class according to the NREL classification.

Conclusions

The study of the spatial distribution of wind potential within the Rata River basin revealed a clear
dependence of territorial suitability on the installation height of wind turbines. At 50 m, most of the
area belongs to the “Poor” class (1,524.96 km?), making these territories economically unsuitable for
developing industrial wind farms. “Marginal” class zones occupy 284.3 km? and may be considered
for small- and medium-scale wind turbines, while the “Moderate” class has minimal coverage (0.11
km?).
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At 100 m, the situation changes: the “Poor” class area is reduced by nearly half—to 715.18 km?—
while the share of “Marginal” increases more than threefold, reaching 1,081.52 km?2. Thus, it forms a
basis for the techno-economically feasible construction of wind farms. At the same time, the
“Moderate” class area expands to 12.69 km?, indicating the emergence of isolated but strategically
important sites with high energy potential.

Therefore, increasing wind turbine height significantly improves the conditions for utilizing wind
resources. Areas of low suitability decrease, while the share of “Marginal” and “Moderate” territories
increases. The most promising zones for wind energy development are located in the central and
southeastern parts of the Rata River basin, where the mean annual wind speed at 100 m exceeds 7 m/s
and meets the conditions for medium-scale industrial wind farms.

Limiting factors (settlement density, forested areas, water bodies, protected territories, and transport
infrastructure) are considered in the baseline algorithms of the Global Wind Atlas only in a
generalized manner. Therefore, for further practical wind farm planning, a detailed analysis of these
factors at the local level is required to refine the boundaries of suitable areas and to evaluate their
technical feasibility.
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