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SUMMARY

Geoinformation technologies provide broad opportunities for the analysis of geographic
information, are used in the environmental monitoring system. The purpose of the study is to
analyze the spatiotemporal changes in vegetation types in the vicinity of the village of Kyiliv,
Voronkiv territorial community, Boryspil district, Kyiv region using GIS technologies, and to
determine the impact of these changes on soils. The conducted studies show a correlation
between changes in vegetation cover and the corresponding transformation of soils. The
results obtained can be used in environmental management of the territory, environmental
monitoring.
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Introduction

Geoinformation technologies are widely used in environmental monitoring systems, which involves
systematic observation, analysis and forecasting of the state of the environment. Environmental
monitoring is aimed at detecting changes in natural systems, in particular in soil cover, landscape
structure, etc. (Cabinet of Ministers of Ukraine Resolution No 684 on certain issues of the functioning
of the state envirometal monitoring system and its subsystems). The use of GIS technologies in such
studies allows us to identify spatial patterns, analyze long-term trends and assess the impact of human
activity on environmental components.

Data from the state environmental monitoring system are important for achieving the goals of
sustainable development, in particular for preserving the natural, cultural and historical heritage and
restoring the natural and cultural landscapes of each region. An important task for the organisation and
functioning of the state environmental monitoring system is to improve the quality of environmental
education and train specialists who have integrated knowledge in the natural sciences and the ability
to use environmental monitoring data in practice using geoinformation technologies.

Soil monitoring in Ukraine is a component of monitoring all environmental components (Resolution
of the Cabinet of Ministers of Ukraine No 848 2024). There is a need to create a soil monitoring data
bank, coordinate the work of individual soil monitoring entities among themselves, and develop
scientifically based recommendations for soil use and conservation (Pidkova et al., 2022). The
formation of a unified database and the implementation of an integrated approach would allow not
only to track individual indicators but also to predict environmental crises and develop effective
management solutions to preserve natural ecosystems. The use of geoinformation technologies will
significantly increase the efficiency of such actions and the speed of information analysis.

Method and Theory

The study is based on the analysis of cartographic materials, remote sensing data, and field soil
studies. The source materials were multi-temporal maps (Schubert map of 1868 (Schubert Map), etc.),
remote sensing data (acrospace materials (German aerial reconnaissance 1940s), satellite images of
1972 (USGS Satellite Images) and 2021 (Google Earth)), and the results of our own field soil studies.
The cartographic method and geoinformation analysis of spatial data were used to work with multi-
temporal maps and satellite images. The field soil studies consisted of selecting a location and
establishing a soil transect, describing and interpreting it. Comparative geographical, factor-genetic,
profile, morphological methods of soil research, as well as the method of key plots were used. GIS
technologies were used to identify changes in the natural components of the landscape, which helped
to trace changes in vegetation cover over time and the corresponding transformations of soils.

Results

The use of GIS technologies provides ample opportunities to track spatiotemporal changes in both
individual environmental components and landscapes as a whole. Analysis of cartographic materials
and remote sensing data of a certain territory in a chronological sequence helps to recreate the history
of the development of the territory, trace the changes that have occurred to natural components within
its boundaries, analyse the trends and directions of these changes, and predict likely future
development (or directions). In total, such information is important for environmental monitoring,
significantly complements its information database, speeds up the process of obtaining information,
makes it possible to work with a large amount of information and build new knowledge on its basis,
and make effective management decisions.

Soil is a unique natural component, its composition, properties, and characteristics reflect the
combined effect of a complex of both modern soil formation factors and those that existed in the past.
It is well known that soil is a mirror, a coded history of the landscape and its current state, containing
information about changes that have occurred to the landscape as a whole or its individual
components. Accordingly, based on the analysis of changes in individual natural components, it is
possible to obtain information and trace the transformation of soils/land cover of a particular area.
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The research area is located within the village of Kyiliv, Voronkiv territorial community, Boryspil
district, Kyiv region. Using spatial analysis of GIS data, we traced the change in the vegetation cover
of the study area (Fig. 1). Schubert map (1868) shows the territory as open, with little vegetation (Fig.
1, a), the forest boundaries are not visualized. Aerial photography materials (1940s) also do not show
any significant forest areas, sparse forests are common (Fig. 1, b). That is, until the 1950s, there was
no continuous forest in the study area. Afforestation, in particular, planting of the territory with pine
trees (the soil cover was mainly sandy soils) began in the 1950s. Satellite imagery (1972) shows a
young pine forest (Fig. 1, c), which at that time was no more than 20 years old, which corresponds to
the period of afforestation. Modern data (2021) demonstrate a mature pine forest, complete
afforestation of the territory (Fig. 1, d).

Figure 1 Changes in vegetation cover in the vicinity of the village of Kyyliv, Voronkiv territorial
community: a — absence of forest vegetation (Schubert map, 1868); b — absence of significant forest
areas (German aerial reconnaissance, 1940s,); ¢ — young pine plantations (initial stage of
afforestation) (satellite data, 1972); d — formed forest area (modern satellite data, 2021); white circle
— the place of establishing a soil transect.

Changes in vegetation cover and the formation of a forest plant association should be reflected in
changes in the soils of the study area. The soil cover of Voronkiv territorial community is shown in
Fig. 2, the map is based on data from source (Soil Map of Ukraine). The visual adaptation and
correlation from the Ukrainian soil cover map to the community map was performed in the graphic
editor Paint.NET.

The soil cover of Kyiliv village is mainly represented by soddy soils in combination with low-humus
sands and meadow chernozems. According to cartographic materials up to the middle of the last
century and according to literary sources, sandy soils and meadow chernozems were widespread in
the study area. It is likely that it was on sandy soils that pine was planted as a tree species widely used
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for afforestation of sands. Pine is a fast-growing tree species, and a pine forest can form in just a few
decades.

SOIL COVER MAP-SCHEME OF THE VORONKIVSKA TERRITORIAL HROMADA
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Figure 2 Soil cover map of Voronkiv territorial
community, made by the authors based on data
from source (Soil Map of Ukraine).
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The change of grassland vegetation to forest vegetation and the formation of a sustainable forest cover
should be reflected in the transformation of soils, changes in their morphological structure and
characteristics. Within the modern pine forest (Fig. 3) a soil transect was established (Fig. 4), its
profile and morphological description was carried out, and soil samples were taken for laboratory and
analytical studies.

The development of forest vegetation (pine) in place of grassland vegetation has a significant impact
on soils. First of all, the amount of biomass entering the soil, its chemical composition, species
composition of microorganisms and other groups of soil biota, soil fungi, algae change, elementary
soil processes undergo changes, primarily humus-accumulative ones, an eluvial-illuvial type of
distribution of substances in the profile appears, etc. Water, temperature, thermal and other soil
regimes also change. In total, secondary succession (of anthropogenic origin) manifests itself not only
in vegetation changes but also leads to soil transformations.

As a result of field study, the soil with two humus horizons was diagnosed (Fig. 4). The first humus
(humus-eluvial) horizon — at a depth of 1-10 cm — is grey, sandy, with a weakly expressed lumpy
structure, compacted, with small plant roots (0-1 cm — forest litter, composed of fresh and semi-
decomposed organic residues, among which fallen pine needles, bark particles and single cones are
clearly visible); the second humus horizon — at a depth of 45-60 cm — is light grey, sandy, compacted,
with single plant roots. Only on the basis of the field study it is impossible to state unequivocally that
the latter is the humus horizon of «buried» sandy soils (sod soils in combination with low-humus
sands) that were planted with pine trees, or rather the second humus horizon of sod-podzolic soils that
are formed under pine forests. Soil samples from each genetic horizon were collected to confirm or
refute this opinion, and it is planned to conduct laboratory and analytical studies of them in the near
future. However, even on the basis of the field studies, the transformation of soils under pine
plantations is confirmed, which can be interpolated to the soil cover of the entire massif of planted
pine forest.

Conclusions

The spatial analysis of multi-temporal cartographic materials and satellite images of the village of
Klyiliv, Voronkiv territorial community, revealed the change in vegetation cover in the vicinity of the
village over a 150-year period. The secondary succession caused by afforestation (the 50s of the
twentieth century) resulted in the transformation of soils, and led to the development of soils
according to the podzolic soil formation type. Soils under the pine forest are formed on the original
sandy soils that were afforested, change their structure and properties, and gradually involve their
thickness in modern soil formation processes.
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Figure 3 Modern ieet ithin th Stu area
(Photo by Taranovych O.).
Figure 4 Profile of the established soil transect

(50.146097186, 30.90658133)
(Photo by Taranovych O.)

The current state of the soils in the study area indicates the stability of the pine forest as an ecosystem.
Anthropogenic ecosystem change has important environmental consequences that need to be taken
into account in further environmental assessments and planning of land use types and environmental
protection measures.

The use of geoinformation technologies made it possible to track spatiotemporal changes in
vegetation cover, establish correlations between changes in vegetation types and soil transformation,
and outline possible trends in the further development of natural complexes in the territory.

The results obtained are important for understanding the long-term effects of anthropogenic impact on
landscapes and their individual components, and can be used to predict further changes in the region
and to conduct environmental monitoring.
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