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GIS-BASED LAND-USE/LAND COVER CHANGE ANALYSIS:
A CASE STUDY OF ZHYTOMYR REGION, UKRAINE

Today, the deep and wide implementation of geoinformation technologies in the many fields of human activity is due to the power-
ful development of three scientific and technical components: statistical, software, technical, and space technologies. In this article,
based on GIS technologies, an analysis of the state of land use and its changes in the territory of the Zhytomyr Region, as well as the
impact of Russian aggression against Ukraine on these processes, was carried out. The structure and the dynamics of the main classes
of the land cover of the region for the past 7 years were analyzed, the main causes and consequences of such trends were determined,
and the analysis of changes in the land cover was carried out. According to the results of this study, in 2022, 52 % of the territory of
the Zhytomyr Region was under forested areas, which consist of two categories: forests and other forested areas. The first category
remained unchanged during the studied period since the government system of protection and reproduction of forest resources functions
effectively. While the second category significantly decreased due to the fact that firewood is the most available fuel resource for heating
buildings, so the population began to harvest wood in the form of felling and clearing old gardens, forested bushes and rivers (irrigation
canals), and forest strips. Agriculture of the Zhytomyr Region develops due to extensification. According to Google Dynamic World
data, in 2022, 34 % of the territory of the Zhytomyr Region is systematically used for growing agricultural crops. Over the past seven
years, there has been a significant increase in cultivated land by 27 %. In the structure of the land cover of the Zhytomyr Region, the
grass cover is 4.9 %, but it is gradually decreasing. A decrease was observed for all types of territorial communities until 2021 (10 %
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annually on average), while, in 2022, the decline slowed down significantly in rural and village territorial communities and stopped in
urban ones. This dynamic is connected with two factors: 1) part of the gardens of rural households were sown with grass due to the fact
that men were mobilized to the Armed Forces of Ukraine as a result of Russian aggression, and growing grass requires less human costs;
2) Russian aggression caused a shortage of certain food products, and their significant increase in price while keeping cattle provides
food for the rural household, so, in 2022, most of the offspring from cattle were not sold and left for further maintenance. In turn, the
increase in cattle requires more feed, an important component of which is grass.

Keywords: land-use, land cover change, rural area, urban area, GIS technologies.

INTRODUCTION

Land cover use (LCU) is a change in the way a cer-
tain area of land is used or the frequency of open-
ness (cultivation) of the soil, and land cover change
(LCC) characterizes a change in certain functional
characteristics of the land, such as a change in the
type of cenosis in the form of the transformation of
natural biocenoses into agrocenoses and vice versa.
The study of global environmental change and sus-
tainable development land cover use and land cover
change (LCU/LCC) research has attracted increas-
ing attention worldwide. In many countries of the
world, numerous groups of scientists deal with the is-
sues of the state of land use and its change in the con-
text of the development of rural and urban areas. The
analysis of the state and trends of land cover changes
is currently used in the following areas of human so-
cial and economic activity: agriculture (classification
and monitoring of the state of development of agri-
cultural crops, soil cover, the state of weediness, etc.);
environmental monitoring; analysis and monitoring
of the consequences of natural and anthropogenic
disasters, urban or rural development, etc.

However, the study of LCU/LCC trends through
the identification of land use changes using remote
sensing images is one of the important methods for
understanding and adapting the land resources of
both a small community and the country. Also, the
results of the LCU/LCC analysis are a prerequisite
for a deeper understanding of the LCU/LCC and
for helping regional and national policymakers to set
improvement goals in areas close to the country’s na-
tional and food security while respecting the areas of
sustainable development.

The question is: what are the distribution and
dynamics of land cover changes in the studied area
during 2016—2022 and how did Russian aggression
affect them?
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The goal of this research is a GIS-based land-use/
land cover change analysis in the Zhytomyr Region
during 2016—2022 and the impact of Russian aggres-
sion on these processes. To achieve the goal, the fol-
lowing steps must be performed: 1) GIS-based anal-
ysis of the distribution dynamics of land cover types
(forest, cultivated land, pastures and hayfields, sur-
face water bodies, built-up land) in the cross-section
of rural and urban areas; 2) GIS-based analysis of the
dynamics of land cover changes in the cross-section
of rural, settlement, and urban areas; 3) analysis of
the impact of Russian aggression on land use pro-
cesses in the Zhytomyr Region.

Since the first image of the Earth from space, which
was obtained (1946), the understanding of land cover
use and land cover change has evolved from simplic-
ity and abstraction to realism and complexity. If, at
the first stages of LCU/LCC research, it concerned
the study of the physical fact of change, today it is
about identifying the factors of global environmental
changes and the development of models for forecast-
ing its further progress. The first important result of
the study of the state of the land cover (1970th) was
the understanding that the processes occurring on
the surface of the earth in the form of LCU/LCC af-
fect the formation of the regional climate [32]. In the
future, there was a much wider set of results (state
of the ecosystem, the structure of soils and forests,
etc.) of the impact of the LCU/LCC process. But the
greatest concern among scientists is the impact on
biotic diversity both at the regional and global levels
[17], the dynamics of soil degradation processes [51],
and the state and forecasting of the ability of biologi-
cal systems to meet human needs [37, 55].

Within the framework of this study, the works of
Prakasam C., Javed A. and Khan I., Mark M., and
Kudakwashe M. are of greatest interest. Prakasam C.
studied the dynamics of LCU/LCC in Kodaikanal
Taluk, Tamil Nadu, over 40 years, as a result of which
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he found a significant increase in built-up and culti-
vated land while the area under forest and water bod-
ies decreased [36]. Javed A. and Khan I. examined
the change in land use processes from 2001 to 2010
as part of a study of the mining industry in India.
The researchers established the fact of a significant
decrease in forested areas, cultivated land, and open
water. At the same time, the area of built-up land,
wasteland, and uncultivated land increased, while
the main factor of such changes was due to anthro-
pogenic activity [23]. Mark M. and Kudakwashe M.
studied changes in land use processes in the Shur-
ugwi district of the Midlands Province of Zimbabwe
between 1992 and 2002 and found a significant in-
crease in cultivated area at the expense of a decrease
in forested areas. They explained such changes with
the “Land Reform and Resettlement Program”. Sig-
nificant areas of forests have been cut down for vari-
ous activities related to agriculture, the use of wood
for heating houses, material for building houses and
cattle pens, etc. [29]. Cegielska K. and others con-
ducted a similar study for Hungary and Poland for
the years 2000 and 2012. As a result, trends towards a
decrease in agricultural land and an increase in built-
up areas were revealed in Poland and were more in-
tensive than in Hungary [7]. Interesting results were
obtained by a group of Italian and Austrian scientists
who studied the dynamics of land cover changes in
the European Union from 2000 to 2018. In general,
there was a reduction in agricultural land due to the
intensification of agriculture, which resulted in an
increase in pastures, hayfields, and meadows and a
slight increase in the area of built-up land during this
period [42]. An in-depth analysis of the dynamics of
land cover change and its impact on the economic
and ecological system was carried out by a team of
scientists from Bangladesh. For the analysis, they
used images from a group of Landsat satellite devices
for the period from 1999 to 2019. As a result of the
conducted scientific research, the dynamics of the
decrease in the area of agricultural land due to the
increase in built-up areas, forests, reservoirs, and salt
marshes was revealed [43].

An important step in the development of the LCU/
LCC was made by a team of scientists from the USA,
who prepared a reference set of land cover data. As a
result, such studies have allowed many scientific teams

from different countries around the world to develop
reliable classification models and, in general, to gain
more confidence in satellite images [48]. A decisive
scientific study for the development of GIS technolo-
gies in the field of development of forecasts and sce-
narios of future changes in the land cover was made by
a team of scientists from Brazil, who developed sce-
narios of changes in the land use and land cover under
the influence of agricultural development in areas of
local vegetation for the territories of the Cerrado / At-
lantic Forest in the Prata River basin for 2033, 2050,
2080, and 2100. Developed scenarios of changes in the
structure of the land cover indicate the development
of agricultural production and the reduction of wet-
lands, savannas, coastal forests, seasonal forests, and
wet meadows [48]. Portuguese scientists conducted a
long-term analysis of land cover in rural areas based
on Landsat satellite images from 1995 to 2015. Based
on the selected training data, the team applied the
statistical method of clustering K-means spectral sig-
natures for each class of land cover and achieved an
accuracy of 76 %, while even such low accuracy in the
long term provided an understanding of the dynamics
of the main changes in the land cover [11].

It should be noted that similar studies were con-
ducted for the territory of Ukraine. Thus, the work
[24] under the leadership of Kussul N. M. (Insti-
tute of Space Research of the National Academy of
Sciences of Ukraine and the State Space Agency of
Ukraine, Kyiv) proposed a methodology for con-
structing retrospective maps of the land cover of large
areas based on satellite data with a spatial resolution
of 30 m using intelligent methods of processing time
series of Landsat data for 1990, 2000, and 2010. Also,
in the work of Yailymov B.Ya. [58], an automated in-
formation technology was developed for land cover
mapping based on satellite data fusion methods and
models. The new approach was presented by a team
of domestic scientists led by Skakun S., the essence
of which was to evaluate the effectiveness of using
multi-time satellite synthetic aperture radar (SAR)
to obtain images in the C-band and optical for the
classification of agricultural crops in Ukraine [46].

The improvement of LCU/LCC products (in-
creasing the resolution of maps) directly depends
on the resolution of satellite technologies, including
spectral radar sensors. The most requested land-use/
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land cover products are the National Aeronautics
and Space Administration (NASA) MCD12Q1 data-
set with a resolution of 500 m (2001—2018) [49], the
European Space Agency (ESA) Global Land Data-
set Service (CGLS) Land Cover 100 m (2015—2019)
[6], and GlobLand30 (2010) [8]. Despite the wide
demand for these products at the national and global
levels, they have one significant drawback — their
spatial resolution does not allow monitoring of small
areas that are important for monitoring and analysis
of local land use (gardens of rural households, forest
strips, meadows, swamps, etc.). One of the first to ad-
dress this shortcoming is the European Space Agency
(ESA) and the Copernicus program, which makes it
possible to obtain optical and radar data from Sen-
tinel satellites (with a resolution of 10—20 m), op-
erated since 2014 with open access. Thanks to ad-
vances in machine learning algorithms and cloud
computing platforms for Earth observation, such as
Google Earth Engine (GEE) [18] and open EO [44,
47], the Sentinel satellites have enabled large-scale
LCU maps with 10 m resolution [34]. And as a re-
sult, three global 10-meter LCU maps based on Sen-
tinel were published in 2021: Google Dynamic World
(DW) [34], ESA World Cover 2020 (WC) [59], and
Esri 2020 Land Cover (Esri) [23]. A common char-
acteristic of all three products is multi-temporal vi-
sion, while the significant difference is that WC and
Esri are updated once a year with a significant time
lag (up to 1 year), and DW provides land-use/land
cover maps promptly in almost real-time (with a time
lag of 7 days). Using the global ground truth dataset
with a minimum mapping unit of 250 m2, the team of
scientists from different countries found that Esri had
the highest overall accuracy (75 %) compared to DW
(72 %) and WC (65 %) [17].

It should be noted that the deep and wide imple-
mentation of geoinformation technologies in the
sphere of human activity is due to the powerful de-
velopment of three scientific and technical compo-
nents: statistical component, software, and technical
and space technologies.

Statistical component. The deepening of the devel-
opment of GIS technologies is directly related to the
implementation of statistical methods for the analysis
of large data sets (big data analysis) in the process of
analyzing geoinformation (geodata). The following

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2023. T. 29. No 4

methods play a particularly important role: machine
learning controlled (with a teacher), machine learn-
ing uncontrolled (without a teacher), machine learn-
ing based on reference vectors (SVM), random forest
(RF), spectral angle mapping (SAM), fuzzy adaptive
mapping with resonance theory (Fuzzy ARTMAP),
Mabhalanobis distance (MD), radial basis function
RBF), decision tree (DT), multilayer perception
(MLP), naive Bayesian classifier (MLC), and fuzzy
logic, while unsupervised classification methods in-
clude cluster affinity propagation algorithm (AP),
fuzzy C-means algorithms, K-means algorithm,
ISODATA (iterative self-organizing data), etc.

The software and technical component are the fun-
damental basis for the processing and interpretation
of geoinformation, which is created because of the
collection, processing, and publication of geographic
or spatial data using a computerized system. Systems
can include computers and networks, standards and
protocols for the use and exchange of data between
users within a number of different applications. Typi-
cal applications are land registration, hydrology, ca-
dastral surveys, land valuation, planning, or environ-
mental monitoring. Geodata comes in many differ-
ent forms, such as maps or images taken from the air
or space, i.e., remote sensing data. Geodata can be
stored in a database, which can have special exten-
sions for storing, processing, and manipulating spa-
tial data. Geoinformation is the result of data analy-
sis using a computer program called a “geographic
information system” or GIS. The environment in
which GIS works (machines, people, networks) is
called a “spatial information system” and is designed
and created to respond to the strategic needs of peo-
ple or organizations in spatial information [9].

Space technologies. Today, most countries are de-
veloping their own space programs to support man-
agement decision-making in the field of communica-
tions, industry, national security, and climate change
studies [14]. As a result of such activity, as of 2021,
there were 7.5 thousand active satellites in the Earth’s
orbit, which is 28 % more than in 2020 [29]. Such
active development and application of space tech-
nologies in all spheres of economic activity is one of
the important tools for achieving the goals of global
development due to the provision of operational and
high-quality information [35].
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MATERIALS AND METHODS

Study area. Zhytomyr Region is a region in the
north of Ukraine, within the Polissia Lowland, in
the south, within the Dnieper Highlands. Its ad-
ministrative center is the city of Zhytomyr. It con-
sists of 4 districts: Zhytomyr District, Berdychiv Dis-
trict, Korosten District, and Novograd-Volynskyi
District. It has 5 regional cities (Berdychiv, Zhyto-
myr, Korosten, Malyn, Novograd-Volynskyi), 7 dis-
trict cities (Andrushyvka, Baranivka, Korostyshiyv,
Ovruch, Olevsk, Radomyshl, Chudniv), 43 urban-
type settlements; 1619 rural settlements. The popu-
lation is 1,231,239 people. The area is 29,832 km?2.
As a result of the decentralization reform, 66 terri-
torial communities were created on the territory of
the region, of which 12 are urban, 22 are settlements,
and 32 are rural (Fig. 1). According to the Law of
Ukraine “On Local Self-Government”, a territorial
community joins residents united by permanent resi-
dence within a village, town, or city, which are inde-

pendent administrative-territorial units, or voluntary
associations of residents of several villages, towns,
and cities, which have a single administrative center
[2]. According to Article 140 of the Constitution of
Ukraine, a territorial community is the residents of
a village, settlement, city, or a voluntary association
of residents of several villages into a rural commu-
nity [10]. As of 2021, there are 1,469 communities
in Ukraine formed by uniting villages, settlements,
and cities. A territorial community, the administra-
tive center of which is the city, is an urban territo-
rial community, with the center in the settlement — a
settlement territorial community, and with the center
in the village — a rural territorial community.
Considering that Ukraine consists of 24 regions
and 1 autonomous republic (AR Crimea), we chose
the Zhytomyr Region for the following reasons: 1)
The Zhytomyr Region is unique as its land cover is
evenly distributed between forested and agricultural
territories, which makes it is possible to identify

Figure 1. Geographical position of Ukraine and its administrative-territorial division. Yellow line — state and regional (region)
borders of Ukraine (green line — the Zhytomyr Region); red line — district borders; grey line — territorial community (TC)
borders; blue color — rural TC; pink — urban TC; green — settlement TC

28 ISSN 1561-8889. Kocmiuna nayka i mexmnonoeia. 2023. T. 29. Ne 4



G1S-based land-use/land cover change analysis: A case study of Zhytomyr region, Ukraine

Region oblast a Forest d

Figure 2. Land cover classification of the Zhytomyr Region according to the methodology of the Google Dynamic World. More
detail color characteristics presented in Table 1

Table 1. Characteristics of land cover classes according to the methodology of the Google Dynamic World

LULC class Color | Examples

Water . Permanent and seasonal water bodies

Trees - Includes primary and secondary forests, as well as large-scale plantations
Grass - Natural grasslands, livestock pastures, and parks

Flooded vegetation - Mangroves and other inundated ecosystems

Crops Include row crops and paddy crops

Shrub & Scrub - Sparse to dense open vegetation consisting of shrubs

Built Area - Low- and high-density buildings, roads, and urban open space

Bare ground Deserts and exposed rock

Snow & Ice Permanent and seasonal snow cover
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trends in changes in agricultural and forest land use;
2) over the past 10 years, the structure of cultivated
areas has changed in the territory of Zhytomyr Re-
gion in the direction of southern crops, atypical for
these territories, therefore, the question of the influ-
ence of these cultures on the land cover of the region
becomes important; 3) this research was carried out
at the Polissia National University, which is located
in Zhytomyr, which gives an opportunity to contact
with experts in the business and scientific spheres.

Data sources. In this study, we used an automated
approach for high-resolution, near-real-time (NRT)
globally consistent land cover classification (LULC)
using deep learning on 10-m Sentinel-2 images de-
veloped by a team of data scientists from Google and
scientists from the National Geographic Society,
Boston University, World Resources Institute [5].
The datasets are generated on the GEE platform us-
ing the GOOGLE/DYNAMICWORLD/V1 product
with a resolution of 10 m and directly exported for
further processing in ArcGIS PRO and R for the pe-
riod 2016 to 2022 (Fig. 2). The Dynamic World V1
product provides an opportunity to obtain label in-
formation for nine classes (Table 1), which are water,
trees, grass, flooded vegetation, crops, shrub & scrub,
built area, bare ground, snow & ice.

Methodology. In this study, we used the Google
Earth Engine platform to download raster classified
images, then, in the ArcGIS PRO environment, the
raster images were transformed into vector objects,
based on which zonal statistics were calculated for
each land cover class at the level of three types of ter-
ritorial communities. The resulting array of data was
systematized and grouped in the software environ-
ment R.

RESULTS

The structure of the LULC in 2022 (Fig. 3) shows
that 52 % of the area of the Zhytomyr Region is co-
vered by forests, which are concentrated mainly in
the northern part of the region and in the central
part along the Teteriv River. At the same time, ag-
ricultural land is mainly concentrated in three loca-
tions: 1) the southern part of the region (Berdychiv
District); 2) a central belt with a width of 40—60 km;
3) in the north, the Ovrutsky ridge. A tenth of the
region’s area is occupied by shrub, scrub, and grass,

30

which were mainly concentrated along roads and wa-
ter bodies, the share of which is 0.63 %. The share
of built-up land is 3.7 %, which is evenly distributed
over the entire area of the region, with a significant
concentration in the cities of the region.

It should be noted that the structure of the land
cover based on the data obtained as a result of the
processing of satellite images and the data of official
statistics differ slightly (Table 2), i.e., with the help of
GIS technologies, it is impossible to distinguish all
lands of a certain class within the framework of offi-
cial statistics since satellites classify land plots exclu-
sively in a color spectrum, and official statistics are
based on the legal status of land parcels. Below, there
is a list of the main differences in the most important
land cover classes.

1) Agricultural lands. According to the Dynamic
World methodology, agricultural land is represented
by such types of land cover (cultivated land) and a
part of grass (not including natural herbaceous coe-
noses). In turn, according to the official method of
collecting statistical information in Ukraine, data on
agricultural land includes three categories: 1) arable
land, 2) fallow, and 3) perennial plantings, hayfields,
and pastures. As a result of comparing crops (land
cultivated during the year) from Dynamic World and
arable land from official statistics, we see a difference
of 3.8 %, which is explained by the fact that the statis-
tical office collects such information from only a part
of agricultural producers (agricultural enterprises
and rural households) and further extrapolates these
data to the entire region. The difference between
grass from Dynamic World and Fallow from official
statistics is explained by the fact that grass includes
all land on which grass grew, including pastures, hay-
fields, meadows, and land under grass near rivers,
forests, etc., while fallow in official statistics includes
only land plots under grass intended for agricultural
production (sale of hay, silage, use for fodder for farm
animals). Also, according to official statistics, peren-
nial plantings, hayfields, and pastures are included
in agricultural areas, while according to Dynamic
World, perennial plantings are classified as trees, and
hayfields and pastures are classified as grass.

2) Forested areas. According to the Dynamic World
methodology, any territory that includes primary and
secondary forests, as well as large-scale plantations,
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Crops
33.96 %

Trees

Others

Bare ground

Flooded vegetation 0.15%

0.06 %

Figure 3. Structure of LCLU Google Dynamic World of the Zhytomyr Region in

2022

Table 2. Comparison of the structure of land cover classes of the Zhytomyr Region in 2021

based on Google Dynamic World vs Official Ukraine statistics

Official statistics — 2021 [13]

Type Google Dynamic World — 2021
Crops (cultivated land) 33.9
Grass 4.93
Trees 52.14
Built Area 3.68
Shrub & Scrub 4.44
Bare ground 0.15
Flooded vegetation 0.06
Water 0.63
Total 100

Arable 37.7
Fallow 2.1
Perennial plantings, hayfields, and pastures 10.8
Forest 37.7
Built-up lands 3
Open lands 1.3
Wetlands 3.4
Open bodies of water 1.6
Others 2.4
Total 100

is defined as forested, while official statistics provide
territories registered in the State Agency of Forest
Resources of Ukraine. In other words, industrial gar-
dens, parks, temporarily forested territories as a re-
sult of the termination of agricultural activities, etc.,
are not taken into account, which, as a result, gives
the error of 14.4 %.

3) Built-up lands. The register of built-up lands is
maintained by the State Land Cadastre of Ukraine,
which includes lands: under one- and two-story
buildings; under three or more floors; industry; un-

der open pits, quarries, mines, and similar; used for
commercial purposes; public purpose; mixed-use;
used for transport and communication (under roads,
railways, airports and related structures, others);
used for technical infrastructure (for waste removal,
water supply and wastewater treatment, for the pro-
duction and distribution of electricity); used for rec-
reation and other open lands (green spaces for public
use, campsites and rest houses, occupied by current
construction and set aside for construction, under
hydrotechnical structures, streets, squares, embank-

ISSN 1561-8889. Kocmiuna nayka i mexnonoeia. 2023. T. 29. Ne 4 31



P. V. Pyvovar, P. P. Topolnytskyi, O. V. Skydan, S. L. Yanchevskii

ments, cemeteries). At the same time, according to
the Dynamic World methodology, low- and high-
density buildings, roads, and urban open spaces are
classified as built-up land. Despite the fact that all
types of built-up land in the Dynamic World meth-
odology correspond to the types of official statistics
(of which there are many more), the share of built-
up land in the Dynamic World methodology is 0.68
percentage points more than reported by official sta-
tistics. Such a difference may indicate that these per-
centage points are unregistered built-up land.

4) Water bodies. An important feature of the Dy-
namic World methodology is the use of satellite im-
ages with a resolution of 10 m, that is, the area of the
smallest pixel is equal to 100 m?, which is often insuf-
ficient for the identification of small rivers, streams,
and channels. At the same time, in our opinion, the
state (area) of large rivers and reservoirs adequately
describes the dynamics of general water bodies.

One of the important elements of the analysis of
the land cover of any territory is the study of the dy-
namics of changes. In our case, we will study changes

over the past 7 years (Table 3) by classes of land cover
of the Zhytomyr Region. The greatest changes dur-
ing the studied period, 227 thousand ha or almost a
third, occurred in such a type as cultivated land. Such
an increase was mainly due to such classes as Grass
(124 thousand ha or —50 %), Trees (-8.4 thousand
ha or —-0.5 %), and Shrub & Scrub ((-81 thousand
hectares or —65 %). The gradual increase of Water by
1.5 thousand hectares or 8.5 % is noteworthy, which
serves as the basis for increasing cultivated land since
very often agricultural producers use irrigated agri-
culture. The fact of improvement of the water regime
of the Zhytomyr Region is the increase of such type
of land cover classes Flooded vegetation by 0.4 thou-
sand hectares or by 37 %.

Forested areas — the areas of the land cover of any
territory on which the share of tree cover is at least
10 %. Such territories include forests, field protec-
tion forest strips, agricultural gardens, and forest
parks. According to Google Dynamic World data, in
2022, 52 % of the territory of the Zhytomyr Region is
forested. Of these territories, 34 % belonged to urban

Table 3. Dynamic of land cover changes of the Zhytomyr Region based on Google Dynamic World

S, kha Change 2016,/2022

LCCclass

2016 2017 2018 2019 2020 2021 2022 kha %
Trees 1551.5 | 1594.8 | 1601.5 | 1569.4 | 1566.0 | 1582.2 | 1543.1 —8.4 -0.5
Change, % 2.8 0.4 -2.0 —0.2 1.0 =25 — —
Crops (cultivated land) 777.7 857.5 907.6 922.0 950.1 969.6 1005.0 227.3 26.5
Change, % 10.3 5.8 1.6 3.0 2.1 3.6 — —
Grass 270.6 247.7 206.8 191.3 160.8 153.7 146.0 —124.5 -50.3
Change, % —-8.4 —16.5 =7.5 —16.0 —4.4 -5.0 — —
Shrub & Scrub 212.3 123.7 102.8 137.8 148.7 119.1 131.4 —-80.9 —38.7
Change, % —41.7 —16.9 34.0 7.9 —20.0 10.4 — —
Built Area 117.8 115.7 115.3 114.3 110.3 112.9 109.0 —8.8 -7.6
Change, % —1.8 —0.3 —0.8 -3.5 2.3 —-3.4 — —
Water 17.2 17.6 18.9 18.7 17.7 18.5 18.7 1.5 8.5
Change, % 2.1 7.3 —0.7 5.2 4.3 1.1 — —
Bare ground 4.1 3.1 6.4 5.2 5.1 4.0 4.4 0.3 11.3
Change, % —25.5 108.6 —17.8 -2.9 —-21.7 11.5 — —
Flooded vegetation 1.3 1.2 1.3 1.3 1.3 1.1 1.7 0.4 36.5
Change, % —4.0 8.7 -3.9 —0.4 —15.1 59.2 — —
Total 2953 2961 2961 2960 2960 2961 2959 6.9 0.2
Change, % 0.3 0.0 0.0 0.0 0.0 —0.1 — —
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Figure 4. Forested area of the Zhytomyr Region in 2022, according to Google Dynamic World

territorial communities, 36 % to settlement commu-
nities, and 30 % to rural communities (Fig. 4).

As 0f 2022, there is a significant decrease in forest-
ed areas of the region in all types of territorial com-
munities by approximately 2...3 %. This decrease is
related to Russian aggression against Ukraine, which
negatively affected the price and stability of supplies
of basic resources for home heating (firewood, gas,
electricity). Given that firewood is the most available
of these three resources for home heating, the popu-
lation began harvesting wood in the form of felling
and clearing old orchards, wooded bushes and rivers
(irrigation canals), and forest strips (Fig. 5).

Crops (cultivated land) are the land systematically
cultivated and used for growing various agricultural
plants to obtain agricultural products for profit or
subsistence. These lands are the basic means of pro-
duction in the agricultural production of both agri-
cultural enterprises and rural households. According
to Google Dynamic World data, in 2022, 34 % of the
territory of the Zhytomyr Region is systematically
used for growing agricultural crops. Of these terri-
tories, 23 % belonged to urban territorial communi-
ties, 43 % to settlement communities, and 33 % to
rural communities. According to Fig. 6, over the past
seven years, there has been a significant increase in
the area of cultivated land by 29 %. This growth was
mainly due to the decrease in the number of cattle
both in Zhytomyr and in Ukraine as a whole, which
affected the transformation of grassy agrocenoses

into cultivated ones (Fig. 7). At the same time, the
largest increase in cultivated land was in urban terri-
torial communities — by 35.9 %, which in turn is re-
lated to the logistics costs of enterprises for the trans-
portation of goods and equipment: large agricultural
companies choose to invest in those territories with
the good roads in the region and the presence of a
railway station, which is an indispensable attribute of
all urban areas.

Such significant changes in the direction of agri-
cultural expansion are also related to climate change.

Figure 5. Example of change in Forested area in 2022 com-
pared to 2016. (Village of Velyka Gorbasha, Chernyakhiv
settlement territorial community, the Zhytomyr Region. Yel-
low polygons are forested areas in 2021, and blue polygons are
forested areas in 2022)
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Figure 6. The area under crops of the Zhytomyr Region in 2022, according to Google Dynamic World
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Figure 7. The area under the grass of the Zhytomyr Region in 2022, according to Google Dynamic World
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Figure 8. Built area of the Zhytomyr Region in 2022, according to Google Dynamic World
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Thus, studies [19, 21] carried out for the period from
2000 to 2015 demonstrate that in the territory of the
Zhytomyr Region in all seasons of the year, there
is an excess of temperature indicators compared to
the norm: in winter — by 1.3...2.5 °C, in spring —
by 1.0...1.9 °C, in summer — by 0.8...2.4 °C, in au-
tumn — by 0.5...1.7 °C. Therefore, there is a trend
towards an increase in average monthly tempera-
tures, which indicates a change in the climate toward
warming. Moreover, the warming is more noticeable
in the winter months. On average, during 2000—
2015, the annual temperature in the region increased
by 1.8 °C. In turn, warming affects the activation of
humus decomposition processes in grants and in-
creases the efficiency of fertilizer application, the
productivity of photosynthesis due to the increase in
the content of carbon dioxide in the atmosphere, and
the extension of the growing season in the entire ter-
ritory of the region. In the Polissya zone over the past
10 years, warmer winter and early spring periods have
formed, which will promote the growth and develop-
ment of southern crops, atypical for these territories:
soybean (increase by 6 times in 2020 compared to
2010), sunflower (15-fold increase), rapeseed (2.5-
fold increase), corn (15-fold increase) [40].

Grass cover is an important component of both
agricultural and ecological agrocenoses and, as not-
ed, is one of the indicators of livestock development
in the region. In the structure of the land cover of the
Zhytomyr Region, the grass cover occupies 4.9 %, but
it is gradually decreasing. A decrease was observed for
all types of territorial communities until 2021 (10 %
annually on average), while, in 2022, the decline
slowed down significantly in rural and settlement
territorial communities and stopped in urban ones
(Fig. 7). This dynamic is connected with two factors:
1) part of the gardens of rural households were sown
with grass due to the fact that men were mobilized
to the Armed Forces as a result of Russian aggres-
sion, and growing grass requires less human costs; 2)
Russian aggression caused a shortage of certain food
products and their significant increase in price while
keeping cattle provides food for the rural household.
So, in 2022, most of the offspring from cattle were
not sold and left for further maintenance, in turn, the
increase in cattle requires more feed, an important
component of which is grass.
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Built-up land in the Zhytomyr Region accounted
for 3.7 % in 2022, with a significant decrease of 3.5 %
compared to 2021 (Table 3). If we consider the de-
crease in urban and rural communities during the
past two years, it can be noted that in urban com-
munities the drop is —2.2 % while in rural communi-
ties — —4.7 % (Fig. 8). It should be noted that the
important stimulator of such a decrease in rural areas
is the gradual destruction of many agricultural build-
ings of Soviet heritage (farms, warchouses, storage
facilities for equipment), which have not found their
demand in the modern conditions of agrarian busi-
ness. Whereas in urban areas, the main stimulator is
the lack of demand for certain industrial areas, which
over time become overgrown with bushes and trees
(Fig. 9).

In the general structure of the land cover, open wa-
ter bodies occupied 0.63 % in 2022, and during the
studied period, a gradual increase in the area of open
water bodies by 8.3 % was observed. 24 % of open wa-
ter bodies are located in urban communities, 40 % in
settlement communities, and 34 % in rural commu-
nities. It should be noted that the largest increase in
the area of open water bodies was observed in urban
communities by 2.8 %. At the same time, the growth
in settlements and rural communities was 0.4 % and
0.8 %, respectively (Fig. 10). Such a gradual increase
in the water potential of the region contributes to both
the change in the structure of the cultivated areas and
the change (improvement) of crop cultivation tech-
nologies by agricultural commodity producers: the
abandonment of deep plowing, the implementation
of Notill and Striptill technologies.

The class shrub & scrub includes small woody
plants, usually with several stems, that do not grow
high from the ground (25...50 cm). There is no clear
difference between a small tree and a large shrub.
Some species may have a bushy form when growing
outdoors, but develop into small trees in moist, shel-
tered locations. Shrub & scrub in the territory of the
Zhytomyr Region can include abandoned agricultural
plots, young forests from 3 to 7 years old, and swampy
areas 3...7 years after clearing. Shrubs, turning into
dead trees in autumn and spring, very often become
the cause of fires in the territory of the Zhytomyr Re-
gion. Shrubs and scrubs in 2022 accounted for 4.4 %
of all areas, while a significant decrease was observed
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Figure 9. Transformation of Built area of the Zhytomyr Region from 2016 to 2022, according to Google Dynamic World
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Figure 10. The area under the water of the Zhytomyr Region in 2022, according to Google Dynamic World
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over the studied period by 39 %, or by 27 kha. This
significant decrease is primarily due to the expansion
of agriculture. Agricultural commodity producers are
gradually clearing and seizing previously abandoned
or waterlogged agricultural plots (Fig. 11).

In the process of analyzing land cover changes, it
is important not only to identify the fact and volume
of changes but also the directions of changes, that
is, what types of land cover classes have been trans-
formed over a certain period. In our case, we investi-
gated how the land cover classes of 2016 were trans-
formed into the classes of 2022 (Table 4).

According to the analysis of land cover changes,
92 % of forested areas remained unchanged, and
the other 8 were transformed into: 3.3 % — crops;
3.1 % — shrub and scrub; and other — 0.6 %. Such
results indicate that the state system of protection
and reproduction of forest resources works effective-
ly. At the same time, the main transformation pro-
cesses take place with forested territories that are not
subject to state protection: forested bushes, forested
areas near open water bodies, forested swamps, and
abandoned orchards.

94 % of croplands remained unchanged, while the
largest share of land 2.7 % and 1.6 % was transformed
into grasslands and trees, the remaining 1.2 % to bare,
built, shrub and scrub. Such trends with the transfor-
mation of croplands into grass indicate the presence
of grass in crop rotations of agricultural producers.
Also, the transformation into flooded vegetation is
the result of the reclamation of natural agrocenoses by
agricultural expansion, so part of the natural swamps

Figure 11. Case of transformation of area under shrub & scrub
of the Zhytomyr Region from 2016 to 2022, according to
Google Dynamic World. Blue polygons — shrub & scrub of
2016, red — shrub & scrub of 2022

drained by agricultural enterprises eventually become
unsuitable for further agricultural use.

53 % of grassin 2016 remained unchanged to 2022,
i.e., 83 thousand hectares of the Zhytomyr Region
can be attributed to natural grassy biocenoses (mead-
ows, meadows, natural hayfields). In turn, the other
32 % were transformed into croplands, 5.5 % — into
shrub and scrub, 8.5 % — into trees, and the last two
indicate the presence of a forest resource reproduc-
tion system since after felling a forested area, the grass
is recognized there in the first two years (according to
Google Dynamic World), and bushes and trees are
recognized there in the next 3-4 years.

Significant differences regarding land cover chang-
es at the level of different types of territorial commu-
nities were not recorded as a result of this study since

Table 4. Transition area matrix of land cover of the Zhytomyr Region from 2016 to 2022, %

From 2016
To2022 Water Trees Grass v:g}(;?a(i?:n Crops ngur]sb& Built area ggilrs d
Water 89.9 0.1 0.1 29.0 0.0 0.1 0.1 4.6
Trees 4.9 92.2 8.5 19.2 1.6 30.0 6.4 8.0
Grass 0.5 0.8 32.1 3.0 2.7 11.7 1.2 4.4
Flooded vegetation 1.2 0.0 0.1 36.5 0.1 0.1 0.0 0.7
Crops 1.3 3.3 53.3 4.9 94.4 26.6 6.3 48.2
Shrub & Scrub 0.7 3.1 5.5 6.9 0.8 29.4 3.1 7.7
Built area 0.3 0.2 0.2 0.1 0.2 1.9 82.8 3.3
Bare ground 1.2 0.1 0.1 0.3 0.1 0.3 0.1 23.1
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territorial communities began to be created in 2015,
and the final completion of formation (including the
unification of already existing ones) took place in
2020.

DISCUSSION

The study of modern achievements in the field of
scientific and software remote sensing of the Earth
made it possible to perform GIS-based LCU/LCC
analysis in the Zhytomyr Region during 2016—2022
and how Russian aggression affected these processes.
Thestructure oftheland cover ofthe Zhytomyr Region
for the past 7 years was analyzed, the dynamics of the
main land cover classes of the region was shown, the
main causes and consequences of such trends were
determined, and the land cover changes analysis
was carried out. The analysis showed that significant
changes in land cover occurred in 2022 as a result of
Russian aggression against Ukraine.

The results obtained in this article, in most cases,
coincide with the results of scientific research in the
field of land use analysis based on GIS technologies.
Thus, a team of Hungarian researchers [25] con-
cluded that the expansion of agricultural land, both
for commercial production and crop production,
is the main driving force of land cover change. The
results regarding the expansion of cultivated areas
in the world while reducing or staying the same for-
ests, grasslands, shrubs, and other lands, are consis-
tent with the results of previous studies [17, 28, 54].
A promising direction is to determine the influence
of the main driving forces and factors (demographic,
economic, technological, institutional, political, and
biophysical factors) on the state of land use.

Unlike many Ukrainian scientists, who conducted
similar studies [24], we did not build our own land
cover classification model but used the already com-
pleted, verified GOOGLE/DYNAMICWORLD/
V1 product. Also, in the work, it was not possible to
determine significant land cover changes analysis
at the level of three types of territorial communities
(rural, settlement, urban) since the part of the ter-
ritorial communities began to be created in 2015,
and the final completion of the formation (including
the unification of already existing ones) took place in
2020 year. Although in the future, these will be very
important and interesting studies.

38

CONCLUSIONS

In this article, a GIS-based LCU/LCC analysis was
carried out in the Zhytomyr Region in 2016—2022.
To achieve this goal, data sets generated on the GEE
platform using the GOOGLE/DYNAMICWORLD/
VI product and processed in the ArcGIS PRO envi-
ronment were used (summary statistics within poly-
gons (classes)), the resulting array of geodata was
grouped in R programming language on the level
of territorial communities of the Zhytomyr Region.
As a result of the analysis, the following conclusions
were obtained:

1. In 2022, 52 % of the territory of the Zhytomyr
Region was covered by forests. Of these territories,
34 % belonged to urban territorial communities,
36 % to settlement communities, and 30 % to rural
communities. The forested territories of the region
consist of two categories: forests and other forested
territories such as (gardens, forest strips, and wooded
areas of land (swamps, abandoned lands, etc.). The
first category does not change due to the function-
ing of the state system of protection and reproduc-
tion of forests, while the second category has been
significantly reduced, especially over the last year.
This decrease occurred in connection with the Rus-
sian aggression against Ukraine, which negatively af-
fected the price and stability of supplies of the main
energy resources for heating the population’s homes
(firewood, gas, electricity). Given that firewood is
the most accessible of these three resources for home
heating, the population began to harvest wood in the
form of felling and clearing old orchards, wooded
bushes, rivers (irrigation channels), forest strips, etc.

2. Agriculture of the Zhytomyr Region is devel-
oping due to extensification since, over the past 7
years, the increase in agricultural cultivated areas was
27 %. According to Google Dynamic World data, in
2022, 34 % of the territory of the Zhytomyr Region
has been systematically used for growing agricultural
crops. Of these territories, 23 % belonged to urban
territorial communities, 43 % to settlements, and
33 % to rural ones. The growth of the area of culti-
vated land caused the increase in the level of plowing,
which in the Zhytomyr Region is 37 % of the entire
territory and 74 % of agricultural land. Human ex-
pansion into the natural environment in the form of
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plowing natural biocenoses is more present in urban
areas due to the presence of logistical infrastructure
(roads, railways, railway stations) as a factor of in-
vestment attractiveness.

3. In the structure of the land cover of the Zhy-
tomyr Region in 2022, the grass covers 4.9 % of the
territory, but it is gradually decreasing. A decrease
was observed for all types of territorial communi-
ties until 2021 (10 % annually on average), while, in
2022, the decline slowed down significantly in ru-
ral and settlements territorial communities, and it
stopped in urban ones. This dynamic is conditioned
by two factors: 1) part of the households plots of ru-
ral households were sown with grass due to the fact
that men were mobilized to the Armed Forces of
Ukraine because of Russian aggression, and growing
grass requires less human costs; 2) Russian aggres-
sion caused a shortage of certain food products and
their significant increase in price while keeping cattle
provides food for the rural households. So, in 2022,
most of the offspring from cattle were not sold and
left for further maintenance. In turn, the increase in
cattle requires more feed, an important component
of which is grass.

4. Built-up land is one of the indicators of the de-
velopment of industry in urban areas and the livestock
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Monicbkuii HaioHanbHMIT yHiBEpCUTET

Crapuii bynbBap 7, Kuromup, Ykpaina, 10008

2HauioHanbLHU LIEHTP yHpaBliHHS Ta BUIPOGYBaHbL KOCMIUHUX 3aC00iB
ByJs1. KHs3iB Octposbkux 8, Kuis, Ykpaina, 01010

AHAJII3 3MIH 3EMHOI'O [TOKPUBY HA OCHOBI T'IC: TIPUKJAJI KKUTOMUPCBKOI OBJIACTI, YKPATHA

Ha cphoromgHi mmboke Ta MMpoKe BIPOBAIKEHHS TeoiH(POpMaIiiHIUX TEXHOJIOTII Y cepy MisTTbHOCTI JTIOAMHA 3yMOBJICHE
MOTYXXHUM PO3BUTKOM TPbOX HAYKOBO-TEXHIYHMX CKJIAZOBUX: CTATUCTUYHOI, MPOrpaMHO-TEXHIYHOI Ta KOCMIUHUX TEXHO-
Jioriii. Y po6oti Ha ocHOBI ['TC-TexHOo10Tii aHAaJi3yeThCsSl CTaH 3eMJIEKOPUCTYBAaHHS Ta MOro 3MiHM Ha TepuTopii ZKutomup-
CbKOi 00JIacTi Ta BIUIUB Ha Lii MPOLECH POCiiichbKoi arpecii npoTu YkpaiHu. bysio npoaHanizoBaHO CTPYKTYpy Ta AUHAMiKy
OCHOBHUX KJIaCiB 36MHOTO MOKpUBY 2KUTOMUPCHKOI 00J1aCTi 32 CiM POKiB, BU3BHAYEHO OCHOBHI MPUYMHU i HACTIAKYA TaKUX
TPeH/1iB, MpoaHaai30BaHO 3MiHU 36MHOTO MOKPUBY. [/ MOCATHEHHS 11i€l METHU OYJ10 BUKOPUCTAHO HAOOPU aHWX, 3reHe-
poBaHi Ha muatopmi GEE 3a monomororo npoaykty GOOGLE/DYNAMICWORLD/V1 i 6e3nocepenHbo €KCITOPTOBaHi
1 noaaiibiioi 00pooku B cepenobuilie ArcGIS PRO. OcraTouni pe3dynbsratu OyJiM 3reHepoBaHi Ha mporpaMHiii MoBi R.
BinmosigHo 10 pe3yabraTiB boro pociimkerHs y 2022 poiti 52 % tepurtopii ZKUTOMUPCHKOI 06JIaCTi 3HAXOIMIMCH ITiJT JTicO-
BKPUTHUMU TEPUTOPISIMU, SIKi CKJIQIaIOThCS 3 ABOX KaTeropiit: JIiciB Ta iHIIMX JIICOBKpUTUX TepuTopiii. [1epia kaTeropis 3a
TOCTIKYBaHUI TIepioN 3auinanacs 6e3 3MiH, TOM K Ipyra KaTeropisl CyTTEBO 3MEHIIIyBaJIach y 3B’SI3KY i3 TUM, 110 IPOBA €
HaKMOLIbIL JOCTYMTHUMU i3 TAJIMBHUX PECYPCiB WISl O0IrpiBY XKUTJIA, TOMY HAaCeJIEHHS 1oYaso 3AiliCHIOBATH 3aTrOTIiBJIIO 1epEBU -
HU Y hopMi BUpYOYBaHHS Ta 3a4MILEHHS CTapUX CalKiB, 3aiCHEHUX YarapHUKiB Ta pivok (ipuraliiiHux KaHaliB), JTiCOCMYT.
CinbebKe rocroaapctBo KUTOMUPCHKOT 00J1aCTi pO3BUBAETHCS 32 paxXyHOK ekcTeHcudikalii. BinnmosinHo nanux Google
Dynamic World y 2022 poi 34 % tepuropii 2KuToMupcbkoi 06J1acTi CHCTeMAaTUIHO BUKOPUCTOBYIOTHCST TSI BUPOIILYBAHHST
CITBCHKOTOCTIONAPCHKUX KYJTBTYP. 3a OCTaHHI CiM POKiB BifI0YJIOCh CYTTEBE 3pOCTaHHSI TUIOIIL KYJIBTMBOBAaHUX yTinb Ha 27 %.
VY cTpyKTYpi 3¢eMHOTO MOKPUBY JKUTOMUPCHKOT 061aCTi TpaB IHUCTHI TOKPUB 3aiiMae 4.9 %, ajie MOCTYIOBO 3MEHIIIYEThCS.
Ilo Bcix THITax TepUTOpiaIbHUX TPOMaJ CIiocTepiranocs 3aMeHieHHs 10 2021 poky (B cepenHbomy 1opiuto 10 %), Tomi sIK y
2022 potli mamiHHS CYTTEBO CHOBLIBHUIOCS B CLIBCHKMX Ta CEUIITHUX TEPUTOPIaTbHUX IPOMaax, a y MiCbKUX — 3yMMHWIO-
cs1. Taka nHaMika moB’si3aHa i3 1BoMa pakTopamu: 1) yacTUHA TOPOIiB CiIbCHKUX JOMOTOCIIOIAPCTB OyJIa 3acisiHa TPaBoio y
3B’513KY 3 TUM, 1110 YOJIOBiKHM Oysiu MoOiTi3oBaHi 10 3CY B pe3ysibraTi pociiichKoi arpecii, a BUpOIIlyBaHHSI TpaBU BUMarae Haii-
MEHIIIe JIIOJICHKUX 3aTpart; 2) pocilicbka arpecist CIpUYMHWIA HeCTauy TIeBHUX MTPOAYKTIB XapuyBaHHS Ta IXHE 3HAYHE TIOJ0-
POKYaHHS, TIPU IIbOMY YTPUMAaHHS BEJIMKOI pOTaToi Xyno0Ou 3abe3redye XxapuaMu CiTbChbKe JOMOTOCTIONapCTBO, ToMy y 2022
pouti 6inbiicT npuriony Bix BPX Oyna He peanizoBaHa i 3ajMIiieHa AJIsl TOAAIBIIOTO YTPUMaHHS, B CBOO Yepry 30iIbIIIeHHS
BPX Bumarae 0ijibliie KOpMiB, BaskKJIMBUM KOMIIOHEHTOM SIKUX € TpaBa.

Karouosi caosa: 3eMiieKOpUCTYBaHHS, 3MiHa 3eMHOTO MMOKPUBY, CLIbCbKI TEPUTOPIi, MicbKi Teputopii, [1C-texHoorIii.
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