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INTRODUCTION

At the turn of the 21 century, the era of exclusively
military space is over, and today a significant part of
spacecraft is working for the benefit of socio-econom-
ic development of society. Information from spacecraft
is particularly useful to support environmental, social,
and economic issues. Satellite information, as a source
of data for geographic information technologies, allows
overcoming the problem of subjectivity or the so-called
“anthropogenic factor”. The “anthropogenic factor” is
manifested in the limited ability of people to visit and
describe all parts of the Earth’s surface and describe
them qualitatively. In addition, regarding the pace of
development of statistical analysis methods, the ana-
lytical product improves every year as a result of pro-
cessing information from spacecraft and processed us-
ing geographic information systems and technologies.
Such a product includes classified images of the Earth’s
surface.

The availability of reliable initial data on the
current state of landscapes, features and trends of their
changes depending on social conditions is a necessary
condition for economical and balanced nature manage-
ment. To justify effective conservation measures, it is
important to know the dynamics and pace of changes
that have occurred in the use of landscapes and what
they have caused, how profoundly modern landscapes
have changed compared to their natural state and why,
what are the regional features of landscape use. The
basis for solving these problems is the analysis of spa-
tial differences in land use at the level of rural and urban
areas.

The consequences of intensive land use, which
has recently become a global problem, are manifest-
ed in deforestation, increasing arable land, ploughing,
depletion of water and land resources to provide the
world’s growing population with natural resources, en-
ergy, and food. Irrational use of nature causes disrup-
tion of ecosystems, leads to considerable loss of biodi-
versity, and disrupts the resilience of geosystems, their
ability to self-regulate. In addition, changes in land use
cause an impact on regional climatic conditions due to
changes in water and energy balances, disruption of the
hydrological cycle. In addition to pollution of natural
components, there are also habitats of species.

Modern types of land use dictate the needs of
developing scientific bases, methods of territorial or-
ganisation of land tenure, strengthening the protection
of land resources and soil cover, in view of entrepre-
neurial potential of rural or urban areas. Analysis and
assessment of anthropogenic transformation of geosys-
tems is an integral part of the measures of systemic
rational land management and sound environmental
policy. Deterioration of natural ecosystems is associat-
ed with increasing anthropisation of the environment
and the natural environment.
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The purpose of this study was to geographically
separate the rural areas of Ukraine and further analyse
their land cover. To achieve this purpose, it was neces-
sary to perform the following tasks: 1) to analyse mod-
ern methodological approaches to the classification
of land cover; 2) to analyse the land cover of Ukraine
(forested areas, cultivated lands, pastures and hayfields,
surface waters) with the separation of rural areas; 3) to
analyse the land cover at the level of regions of Ukraine
with the separation of rural areas.

LITERATURE REVIEW

One of the manifestations of human activity is signifi-
cant changes in land cover (increase in built-up areas,
areas under agriculture, decrease in forest area, etc.).
These changes have become one of today’s global chal-
lenges, as these changes are in most cases unplanned
and manifest themselves in the form of ecosystem
degradation, drinking water shortages, etc., and in turn
have a negative impact on food security around the
world. Many scientists from different countries of the
world were engaged in the scientific analysis of chang-
es in the earth’s cover. Information on the state and
change of the Earth’s cover is currently in demand in
many areas of human activity, especially in rural/urban
and regional planning (Hashem & Balakrishnan, 2015;
Liou et al,, 2017; Lyzhnyk & Svidzinskaya, 2014), moni-
toring the condition of the environment and assessing
the anthropogenic impact on it (Mutanga et al.,, 2014;
Nguyen et al., 2016; Nguyen & Liou, 2019b), forecasting
and monitoring the consequences of disasters caused
by natural and anthropogenic factors (Maxwell et al,
2018; Talukdar et al.,, 2020), satellite crop monitoring
and assessment of the soil condition and its type (Braun
& Hochschild, 2017; Chen et al.,, 2019; Lyzhnyk & Svidz-
inskaya, 2014), etc. The reasons for the widespread im-
plementation of land monitoring in various spheres of
human activity are primarily due to the development
of remote sensing hardware in the form of such space-
craft as Landsat, SPOT, Sentinel, IRS, ASTER, MODIS. In
addition, a powerful stimulus for the development of
this area is the implementation of statistical methods
in classification of the Earth’s surface in the form of ma-
chine learning algorithms (Maxwell et al., 2018; Mutanga
et al., 2014). Methods of machine learning are divided
into two branches: controlled (with a teacher) and
uncontrolled (without a teacher) (Halder et al, 2011,
Talukdar et al, 2020). Methods of controlled classifi-
cation include machine learning based on reference
vectors (SVM) (Wu et al., 2019), random forest (RF) (Xu
et al,, 2019), spectral angle mapping (SAM), fuzzy adap-
tive mapping with resonance theory (Fuzzy ARTMAP),
Mahalanobis distance (MD), radial basis function RBF),
decision tree (DT), multilayer perception (MLP), naive
Bayesian classifier (MLC) and fuzzy logic, while unsu-
pervised classification methods include cluster affinity
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propagation algorithm (AP), fuzzy C-means algorithms,
K-means algorithm , ISODATA (iterative self-organising
data), etc (Chen et al., 2019; Halder et al., 2011).

The use of the above methodological apparatus
in the study and analysis of the earth’s land cover was
carried out by scientific teams from many scientific cen-
tres around the world, the main achievements of which
will be presented in the future. M.Z. Hoque et al. (2022)
assessed the dynamics of LULC change and associated
ecosystem service values (ESVs) of coastal Bangladesh
during 1999-2019 by analysing historical Landsat LULC
images and economic valuation techniques, respectively.
Findings revealed a high prevalence of rural settle-
ment-based Tree Outside Forest (TOF) land sprawl over
agricultural land. As a result, the analysis revealed an
increase in built-up, forest, water bodies, and saltpan/
aquaculture areas and a decrease in agricultural and
bare land areas. A suite of annual land cover and land
cover change products has been released by a team of
American scientists for the United States. An independently
collected land cover reference sample dataset was pro-
duced by analysts interpreting Landsat data, high-res-
olution aerial photographs, and other ancillary data to
assess the accuracy of these products (Stehman et al,,
2021). Such studies have enabled other teams to im-
prove the accuracy of national classification models and,
in general, to have more confidence in satellite imagery.
An important study in the development of GIS technolo-
gies in the direction of predicting future changes in the
earth’s cover was done by a team of Brazilian scientists
who analysed the future changes in land use and land
cover of the advancement of agriculture in the native
vegetation areas of the Cerrado/Atlantic forest ecotone
in the Prata River basin in 2033, 2050, 2080, and 2100.
The modelled future scenarios of LULC indicated the
advancement of crop agriculture and decreases in wet-
lands (banhado), savannahs, riparian forests, seasonal
semideciduous forests and wet grasslands (da Cunha
etal,2021).

C.M.Viana et al. (2019) intended to apply a long-
term LULC analysis in a rural region based on a Landsat
time series of 21 years (1995 to 2015). The team select-
ed training samples from the open LULC source data
and applied the K-means clustering technique to refine
the range of spectral signatures for each LULC class.
The results revealed that the proposed method was ef-
ficient in classifying a long-term satellite time-series
with the accuracy of 76%, providing insights into the
main LULC changes that occurred over the years under
investigation. The verification of the classification of
the earth’s cover showed the low accuracy. Therefore,
Chinese scientists S. Xu et al. (2019) tried to increase it
by combining two models based on images with high
spatial resolution. As a result, the combination of SVM
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and RF classifiers using the C5.0 algorithm is a quick
and effective way to improve rural cover classification
(Talukdar & Pal, 2018; Talukdar et al.,, 2020).

MATERIALS AND METHODS

Research area. Ukraine is an independent, democratic
country located in Eastern Europe, in the southwestern
part of the Eastern European Plain. The area of Ukraine
is 603,548 km?. As of January 1, 2021, the population
was 41,588,354 people, according to the State Statis-
tics Service. The largest country in terms of area, the
territory of which lies entirely in Europe. The territory of
Ukraine lies between 44" and 52" N and 22" and 40" E.
The distance between the extreme northern and south-
ern points is 893 km, and between the extreme western
and eastern - 1,316 km. Ukraine is a unitary state, which
includes 27 regions: 24 oblasts, 1 autonomous repub-
lic (AR Crimea) and 2 cities with special status: Kyiv
and Sevastopol. These territorial units differ on three
grounds: 1) by geographical features they are divided
into regions (Crimea, oblasts, districts, cities-regions
Kyiv and Sevastopol) and settlements (cities, towns, vil-
lages); 2) by their status — on: administrative-territorial
units (oblasts, districts), self-governing territorial units -
territorial communities (urban, settlement, rural); 3) by
place in the system of administrative-territorial organ-
isation of Ukraine - to territorial units of primary level
(urban, settlement and rural territorial communities),
middle level (districts) and higher level (Autonomous
Republic of Crimea, oblasts, cities of Kyivand Sevastopol)
(Constitution of Ukraine, 1996; State Statistics Service
of Ukraine).

Another territorial and administrative division in
Ukraine is the territorial community - residents united
by permanent residence within a village, town, city,
which are independent administrative-territorial units,
or voluntary association of residents of several villages,
towns, cities, which have a single administrative centre
(according to the Law of Ukraine “On Local Self-Govern-
ment”). According to Article 140 of the Constitution of
Ukraine, a territorial community is defined as residents
of a village, settlement, city, or a voluntary association
of residents of several villages into a rural community
(Constitution of Ukraine, 1996). As of 2021, there are
1,469 communities in Ukraine formed by uniting vil-
lages, settlements, and cities. Territorial community, the
administrative centre of which is the city, is an urban
territorial community, the centre of which is defined as
an urban-type settlement - settlement, the centre of
which is determined by the village - rural. For the sake
of this study, urban areas will include the territories of
urban territorial communities, while rural areas will in-
clude the territories of rural and settlement territorial
communities (Fig. 1).
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ESAWorldCover’s global product was created based
on the developments of GlobCover and CCI Land Cover
from the European Space Agency (Table 1). The algorithm
used to create the ESA WorldCover product was based on
the analysis of the dynamic annual map of multispectral
images Sentinel-2, and radar data with synthetic aper-
ture (SAR) of the C-band spacecraft Sentinel-1 (Arino et
al., 2008; Buchhorn et al, 2020; Camp-Valls et al, 2011).
The WorldCover product prototype was statistically tested

using an independent test data set. The verification was in
line with the recommendations for the CEOS (Earth Ob-
servation Satellite Committee) verification (Phase 3). The
results of the inspection showed that the overall accuracy
of the WorldCover product is 74.4+0.1% for 2020. In terms
of soil types, wood cover and snowy/ice, classes of agricul-
tural land, water bodies and bare/sparse vegetation were
highly accurate, while classes of shrubs, grasses and moss-
es/lichens were mapped with less accuracy.

Table 1. Characteristics of earth cover classes according to the methodology
of the European Space Agency ESA WorldCover 2020

Code Name Feature

This class of land cover includes any geographical area in which there are forested areas with
a cover of at least 10%. Areas planted with trees, such as protective forest belts, parks, and orchards,
are included in this class

10 Forested areas

This class includes any geographical area dominated by natural shrubs with a cover of 10% or more.
Shrubs are defined as woody perennials with stable and woody stems and without any defined main
stem less than 5 m tall

20 Shrubs

This class includes any area dominated by natural herbaceous plants (plants without a stable stem
or shoots above the ground and without a clear solid structure) meadows, prairies, steppes, savannas,
pastures with a coverage of 10% or more, regardless of the type of human and/or animal activity

Meadows, hayfields,

30
pastures

40 Cultivated lands

Land cover covered with cultivated annual crops.

Greenhouses are considered built up

50 Built-up land

Land cover, which houses, roads, railways, and other anthropogenic objects. Houses include both
residential and industrial buildings. Asphalt and concrete roads are included in this class

60 Rarefied vegetation

Land cover with open ground, sand, or stones, never has more than 10%
of vegetation cover at any time of the year

70 Snow and ice This class includes any geographical area that is permanently covered by snow or glaciers
Permanent This class includes any geographical area covered by water bodies for most of the year:
80 reServoirs lakes, reservoirs, and rivers. There can be both fresh and salt water. In some cases,
water can freeze for part of the year, but not less than 9 months per calendar year
. . o
90 Grassy wetlands Land cover dominated by natural grassy vegetation (10% or more cover),

which is constantly or regularly flooded with fresh or salt water

95 Mangrove thickets

Taxonomically diverse, salt-resistant trees and other plant species thrive
in tidal protected tropical coastal areas, islands, and estuaries

100 Moss and lichen

Land covered with lichens and/or mosses. Lichens are complex organisms formed because

of a symbiotic association of fungi and algae

Source: Arino et al., 2008

RESULTS AND DISCUSSION

The product of the classification of the Earth’s cover of
our planet is the observed physical cover of the Earth,
divided into classes based on a certain method. Today
we can distinguish two main methods of monitoring the
state and dynamics of changes in land cover: field sur-
veys and analysis of remote sensing. The first method
is exceptionally reliable but requires large investments
for scaling (coverage of territories at the regional,
national, and global levels). The basis for the second
method is the processing of information from remote
Earth sensing using ground, aviation, or space survey.
The method of remote sensing analysis has several
features: 1) global scale; 2) a deep time series of ob-
servations allows tracking changes over time (Landsat
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products have been available since 1972); 3) enables
operational monitoring of any geographical area; 4) low
quality compared to field surveys.

In this work, we used the results of the ESAWorld-
Cover product to analyse the state and structure of the
earth’s cover in Ukraine. The results of such an analysis
prove the high reliability of the coincidence of official
data and the results obtained (Table 2). Thus, the total
area of the country obtained as a result of processing
the ESA WorldCover product differs by 0.6% from the
official data. A similar analysis conducted at the oblast
level also shows a prominent level of coincidence in all
oblasts except Mykolaiv (-2.4%), Kherson (-6.3%) and the
ARC (-5.5%). Such significant deviations require more
in-depth study.
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Table 2. Land cover of Ukraine according to the results of processing the product ESA WorldCover, thousand hectares

Type of Official

and cove Forested Cultivated | Built-up | Rarefied |Permanent| Grassy Square e
areas Shrubs | Meadows lands land vegetation | reservoirs | wetlands In total (R:th :l‘jm Deviation

Admin. unit 2012)
Vinnytsia 593 0.0 234 1736 25 11 29 11 2,640 2,651 -0.4
Volyn 840 0.1 438 659 11 13 15 38 2,015 2,014 0.0
Dnipropetrovsk 365 0.1 400 2,171 60 33 127 34 3,191 3,191 0.0
Donetsk 377 0.0 453 1,671 72 29 29 19 2,650 2,652 -0.1
Zhytomyr 1,338 0.0 560 981 19 33 14 38 2,984 2,983 0.0
Zakarpattia 871 0.2 240 141 15 4 4 1 1,276 1,278 -0.1
Zaporizhzhia 143 0.0 269 2,060 41 15 159 32 2,718 2,718 0.0
Ivano-Frankivsk 747 0.0 271 346 14 7 8 1 1,393 1,390 0.2
Kyiv 894 0.0 341 1,318 38 31 118 72 2,813 2,813 0.0
Kirovohrad 282 0.0 194 1,874 18 12 65 12 2,458 2,459 0.0
Luhansk 505 0.0 703 1,353 36 38 11 22 2,669 2,668 0.0
Lviv 903 0.0 519 708 27 8 11 6 2,182 2,183 0.0
Mykolaiv 140 0.1 301 1,838 37 12 48 26 2,402 2,460 -2.4
Odesa 290 0.1 441 2,236 62 29 169 109 3,335 3,331 0.1
Poltava 451 0.0 340 1,861 23 16 104 77 2,872 2,875 -0.1
Rivne 870 0.2 400 618 16 25 10 66 2,005 2,005 0.0
Sumy 672 0.0 375 1,285 15 10 13 15 2,384 2,383 0.0
Ternopil 295 0.0 135 922 14 7 8 3 1,383 1,382 0.1
Kharkiv 601 0.0 420 1,998 35 23 38 28 3,143 3,142 0.1
Kherson 105 0.0 319 1,850 34 39 217 100 2,666 2,846 -6.3
Khmelnytskyi 437 0.0 227 1,338 17 10 24 11 2,063 2,065 -0.1
Cherkasy 492 0.0 142 1,284 20 12 112 33 2,094 2,090 0.2
Chernivtsi 333 0.0 123 325 12 5 11 1 809 810 0.0
Chernihiv 1,034 0.0 545 1,487 13 16 23 70 3,189 3,187 0.1
ARC 300 0.0 777 1,201 64 48 39 47 2,477 2,620 -5.5
Ukraine 13,977 14 9,194 33,272 767 493 1,414 872 59,991 60,355 -0.6

Analysis of the land cover of Ukraine shows that
over half of the country’s surface (33,272 thousand hect-
ares) is cultivated land (Fig. 3), i.e., land that is subject
to tillage operations. At the same time, according to the
official data of the State Statistics Service of Ukraine
(SSSU), the area of cultivated land is 27,046.2 thousand
hectares (Pyvovar & Pyvoar, 2021),i.e., the difference is
23%. This discrepancy is primarily due to the method
of collecting information from agricultural enterprises

and rural households of the SSSU. But cultivated land
cannot be called agricultural, as part of the agricultural
land belongs to the class of meadows and hayfields.
23.3% of the territory of Ukraine is forested areas, while
according to official data of the SSSU this figure is
17.7%.The difference of 6% or 3,621 thousand hectares
is because the forested areas according to ESA World-
Cover include both forests and areas planted with trees
(protective forest belts, parks, and orchards).
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Figure 3. The structure of the land cover of Ukraine according to the product ESA WorldCover, 2020

Rural areas are a multifunctional socio-spatial
entity that functions as a synergistic unity of human,
natural and economic potentials with their inherent
characteristics: open natural space prevails over build-
ings, traditional rural way of life and primary process-
ing of resources into goods or services to meet their
own needs and ensure development (Pyvovar & Pyvo-
var, 2021). To divide rural and urban areas, we used the

classification of territorial communities of Ukraine into
urban, settlement and rural. At the same time, urban
and rural communities are the basis of rural areas, and
urban communities, respectively, urban areas. As a re-
sult of combining ESA WorldCover land cover data and
landfills of territorial communities of Ukraine, we struc-
tured the territories of oblasts into rural and urban ar-
eas (Figure 4).
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Figure 4. The structure of the territories of Ukraine at the regional level according to the product ESA WorldCover, 2020

According to Figure 4, 32% of the surface of
Ukraine can be attributed to urban, respectively 68% - to
rural. The largest share of rural territories is represented

Scientific Horizons, 2022, Vol. 25, No. 5

in such oblasts as Mykolaiv (86%), Dnipropetrovsk (83%)
and Zakarpattia (83%). The oblasts with the highest pro-
portion of urban areas are Lviv (65%), Donetsk (59%) and




Luhansk (50%). Geographical features and location of
oblasts are not factors that affect the distribution struc-
ture of rural and urban areas.

Forested areas are parts of the land cover where
the share of tree cover is not less than 10%. Such areas
include forests, protective forest belts, agricultural or-
chards, forest parks. According to ESA WorldCover data,

Skydan et al.

23.3% of Ukraine’s territory is covered by forested areas.
According to official data from the SSSU, the same fig-
ure is 17.7% (Fig. 5) (Shubravska & Prokopenko, 2016).
The difference of 6% or 3621 thousand hectares are
forest belts, orchards, parks, and other forested areas.
Forests in Ukraine are concentrated in Polissia and the
Ukrainian Carpathians (Fig. 6).

 Agricultural
land; 69%

Other; 4%

Figure 5. The structure of the land cover of Ukraine according to the official data from the SSSU

Source: (Shubravska & Prokopenko, 2016)
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Figure 6. Structure and distribution of forested areas of Ukraine
at the regional level according to the product ESA WorldCover, 2020

The most forested areas are Zakarpattia (68%),
Ivano-Frankivsk (54 %) and Zhytomyr (45 %) oblasts, while
the least forested are Kherson (4%), Zaporizhzhia (5%)
and Mykolaiv (6%) oblasts. In general, 71% of forested
areas are rural and 29% are urban. The oblasts with the
largest share of forested areas in rural areas are Zakarpat-
tia (86%), Mykolaiv (83%), Kirovohrad oblast (80%), and
the smallest - Ternopil (43%), Luhansk (40%), Lviv (39%).

15% of the territory of Ukraine is covered with
meadows, hayfields, and pastures - a class of land cover,
which includes areas with vegetation of 10% or more,
regardless of the type of human and/or animal activity.
Meadows - a plot of soil in conditions of sufficient or
excessive moisture, covered with perennial herbaceous
plants, mainly cereals and sedges. It is usually used as

pasture for livestock and as hayfields. All meadows are
characterised by the presence of grass and turf. Hay-
fields (hayfields) are also called agricultural lands, the
vegetation of which is constantly used for hay produc-
tion. This is one of the main types of fodder base for
livestock in the post-vegetation period and in general
during stall keeping. Pastures - land covered with veg-
etation used by animals (livestock, poultry) as forage.
66% of the territories of this class fall on rural areas,
respectively on urban areas - 34%. This class of territo-
ries is a vital part of the functioning and restoration of
territorial ecosystems. Most of them are concentrated
in Luhansk (26%), Lviv (24%) and Volyn (22%) oblasts,
while the least in Cherkasy (7%), Kirovohrad (8%) and
Vinnytsia (9%) oblasts (Fig. 7).
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Figure 7. Structure and distribution of the territories of Ukraine under meadows,
hayfields and pastures at the regional level according to the ESA WorldCover product, 2020

Cultivated land - land that is systematically cul-
tivated and used for growing crops. However, according
to the ESA WorldCover methodology, indoor land (green-
houses, hotbeds, and insulated nurseries) does not fall
into this category. Given the small share of closed land
(greenhouses), cultivated land can be compared with the
level of ploughing. In total, 55% of Ukraine’s territory is
cultivated, while according to the Food and Agriculture
Organisation (FAQ), the level of ploughing in Ukraine is
53.9%. For comparison, in Poland this figure is 36.5%, in

Volyn i32,7) Rivne (30,8)
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] Urban territories
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Germany 34.1%, in the United States - 17.5% (Nguyen &
Liou, 2019a). According to ESA WorldCover, 70% of rural
areas are cultivated and 30% in urban areas. The leaders
among the oblasts with the largest share of cultivated
lands are Zaporizhzhia (76%), Kirovohrad (76 %), Mykolaiv
(77%).Therewith, in rural areas, ploughing is 80%,81% and
87%, respectively (Figure 8).Respectively, the lowest share
of cultivated lands was in Rivne (31%), Ivano-Frankivsk
(25%) and Zakarpattia (11%) oblasts with the correspond-
ing level of ploughing of rural areas 72%,49% and 70%.

Figure 8. Structure and distribution of territories of Ukraine under cultivated lands
at the regional level according to the ESA WorldCover product, 2020

Permanent reservoirs are parts of the land cover
with inland waters that are permanently or temporar-
ily (not less than 9 months during the year) and have
the form of various water bodies (streams, reservoirs).
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According to the analysis of ESA WorldCover data in
Ukraine, about 2.3% of the territories are under open
water, of which 71% are in rural territories and 29% in
urban territories. The leading oblasts in terms of surface




water supply were Cherkasy (5%), Zaporizhzhia (6%)
and Kherson (8%) with the respective shares of 64%, 63%
and 82% in rural areas (Fig. 8). In turn, the oblasts with the
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smallest share of open water areas are Zhytomyr (0.5%),
Luhansk (0.4%) and Zakarpattia (0.3%) oblasts with the re-
spective shares of rural areas at 77%, 33% and 46 % (Fig.9).
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Figure 9. Structure and distribution of territories of Ukraine under open waters
at the regional level according to the product ESA WorldCover, 2020

The use of the product ESA WorldCover, 2020
for the analysis of land cover classes of Ukraine has
shown high recognition results at two types of levels:
national and regional, rural, and urban. However, some
minor discrepancies were noted, namely the fact that
some recognition results, especially for small plots (less
than 1 hectare), do not correspond to real data. Further-
more, some fallow lands were incorrectly classified as
wetlands. Some of the forested areas in certain areas
have been classified as swamps or meadows, which we
believe is due to fluctuations in humidity. The class of
human infrastructure facilities (settlements, industrial
facilities) is still difficult to classify. Also, high heteroge-
neity,a combination of small artificial (buildings, roads)
and semi-natural objects (homesteads, lawns, waste-
lands) in many cases is not classified correctly.

In recent years, several scientific papers have ap-
peared on the analysis and use of terrestrial classifica-
tion products (Lyalko et al., 2006; Lyzhnyk & Svidzinskaya,
2014). A significant amount of European research focuses
on the analysis of coverage, which is the basis for land
management in the European Union. The publications
focus on the issues of land cover classification algorithms
and data verification methods (Zibtsev et al., 2015). Sim-
ilar works were carried out for the territory of Ukraine
to improve the quality and accuracy of data. Based on
the use of this data, several new data processing meth-
ods using machine leaning methods have been created
(Kusul et al., 2015). At the same time, the question of
further application of classification data for the devel-
opment of regional policy based on the concept of sus-
tainable development is still open.

CONCLUSIONS
The classification of land cover based on satellite imagery
is vital in decision-making in business and in regional and
national governance. Businesses receive up-to-date infor-
mation on the state of the natural object - the object of
production, while state and regional authorities can use
this information for strategic development planning, de-
velopment of support programs, etc. In general, 68% of
Ukraine’s territory is rural, with 64% of forested areas, 70%
of cultivated lands, 71% of open water areas and 66% of
meadows, pastures, and hayfields. The analysis shows that
Ukraine is characterised by a high degree of land develop-
ment. Thus, in 2020, 55.5% of their total area was cultivat-
ed. A characteristic feature of Ukraine’s land structure is a
significant share of land (15.3%) under meadows, hayfields,
and pastures, which play a significant role in restoration
and preservation of groups and are an essential element
in the functioning of regional ecosystems. Forested areas
by their purpose and location can perform several import-
ant functions, the most important being water protection,
preservation, sanitation, recreation, and meeting the needs
of society in wood. The level of afforestation in Ukraine is
23.3%,with 17.7% of the territory being forests and the oth-
er 6% being protective forest belts, orchards, and arbore-
tums. At the same time, the level of afforestation in Ukraine
is one of the lowest among the EU countries, where it is
38%. In Ukraine, the share of surface waters covering the
geographical area is 2.4% and the distribution of these wa-
ters between oblasts is uneven. Thus, the leading oblasts in
terms of surface water supply in 2020 were Cherkasy (5%),
Zaporizhzhia (6%) and Kherson (8%). In the same period,
the lowest level of surface water supply was found in Zhy-
tomyr (0.5%), Luhansk (0.4%) and Zakarpattia (0.3%) oblasts.
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AHarni3 cinbcbKMX TepnTopin YKpaiHu Ha ocHoBi NnpoayKTy ESA WorldCover 2020

Oner BacunboBuu CknpaH, MNetpo Bikroposuu MNusosap,
Maeno MetpoBuu TononbHMLUbKKUI, TeTaHa TuMypiBHa MpucskHa

Nonicbkui HaLiOHANbHWIA YHIBEPCUTET
10002, 6-p Crapwui, 7, M. XKutomup, YkpaiHa

AHotauig. Ha cborogHi I'C TexHonorii npoHMKaTb B pi3Hi chepu couianbHO-eKOHOMIYHOro 6yTTa NtoacTea. B wiv
cTaTTi Ha ocHoBi 'C TexHonoriit 6yno NpoaHanizoBaHO OCHOBHI KNaCK 3eMHOr0 MOKPMBY YKPaiHM 3 NojanblwmMm
nornMbneHMM BUBYEHHAM B pO3pi3i 0bnactel Ta CinbCbKMX i MiCbKMX TepUTOPpii. BianosigHO A0 pe3ynbTaTiB LbOro
[oCnipKeHHs Ha ocHoBi faHmx ESA WorldCover, 32 % TepuTtopiit YkpaiHM MOXHA BiAHECTU SO MiCbKMX, BIANOBIAHO
68 % — 0o cinbCbknX. B 3aranom, nposeneHui aHanis 4EMOHCTPYE WO YKpaiHa XapakTepu3syeTbCsl BUCOKUM CTYMEHEM
OCBOEHHS 3eMenbHOro GoHAy, Tak Ha 3eMni, aKi nigaasanuncb kynstueauii y 2020 poui npunagano 55,5 % voro naowwi.
Cinbcbki Teputopii Ha 70 % cknaparoTbCs 3 KYNbTUBOBAHMX, MicbKi TepuTopii —30 %. Jlinepamu cepep, obnacreii i3
HaMbiNbLIO YaCTKOK KyNbTUBOBAHWX Yriab € 3anopisbka (76 %), KipoBorpaacbka (76 %), Mukonaiscbka (77 %) npu
LibOMY Ha CiNbCbKMX TepUTOpPiaxX po3opeHb cTaHoBKTL 80 %, 81 % Ta 87 % BianoBiAHO. XapaKTepHOH p1CO0 CTPYKTYpU
3eMesb YKpaiHu € CyTTeEBA YacTka 3emenb (15,3 %) nig nykamu, CIHOXATSMM Ta NAaCOBULLAMMU, LLLO BUKOHYHOTb BAXK/IMBY
poJib SIK y NPOLLECi BiAHOBNEHHS Ta 30epeXXeHHs rypTiB Tak i K BaXIMBUI eneMeHT DYHKLIOHYBaHHS perioHanbHUX
ekocucteM. 66 % TepuTOpIl LbOro Kacy NpMnNagac Ha CinbCbKi TepuTopii, BiANOBIAHO Ha MicbKi — 34 %. HaibinbLlue ix
30cepemxeHo y JlyraHcbkiv (26 %), JbBiBCbKi (24 %) Ta BonuHcbkii (22 %) obnactax. PiBeHb 3anicHeHocTi Teputopii
YKpaiHu ctaHoBuTb 23,3 %, npuuomy 17,7 % Teputopiii ue nicu, a iHWwi 6 % — 3aXMCcHi nicocMyru, GpyKToBi caam Ta
feHpponapku. Ha cinbcbki TepuTopii npunagae 64 % 3anicHeHux Teputopii. [lo Hanbinbw 3anicHeHUX TepuTopin
BiAHOCATbCS 3akapnaTcbka (68 %), IBaHo-MpaHkiBcbka (54 %) Ta XXutomupcbka (45 %), TOAi SiIK HAMMEHLL 3aiCHeHi
XepcoHcbKa (4 %), 3anopi3bka (5 %) Ta Mukonaiscbka (6 %). B 3aranom 71 % 3anicHeHUX TepuTOpii NpuMnagace Ha
CinbCbKi TepuTOpii Ta BignoBigHO 29% — Ha MicbKi. B YkpaiHi yacTka noBepxXHEBUX BOA, LLLO NMOKPMBaLOTb reorpadiyHy
TepUTOPIto CTaHOBUTb 2.4 %, 3 akmnx 71 % npunapae Ha CinbCbKi TepUTOPIi, BiANoBiAHO 29 % - Ha Micbki. ObnacTamu-
nifgepamu no 3abesneyeHHI0 NoBepxHeBMMK Bogamu bynu Yepkacbka (5 %), 3anopisbka (6 %) Ta XepcoHcbka (8 %) 3
BiANOBIAHMMM YACTKAMMU, LLLO NPUNALAKTb Ha CiNbCbKi TepuTopii 64 %,63 % Ta 82 % (Puc. 8.). B cBoto uepry no obnacrein
i3 HAMMEHLLOI YaCTKOK TEPUTOPIK NiA BIAKPUTUMUK BodaMuU BigHOCATbCS Xutomupcebka (0.5 %), JlyraHceka (0.4 %)
Ta 3akapnatcbka (0.3 %) obnacTi 3 BifANOBIAHMMM YACTKaMMK, LLLO NPUNAAAI0Tb HA CinbCbKi TepuTopii 77 %, 33 % Ta 46 %

KntouoBi cnoBa: cinbCbka MicueBicTb, [1C-TexHONorii, 3eMHWUI NOKPUB, KYNbTUBOBAHI 3eMJIi, 3aniCHeHi TepuTopii
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