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Introduction. Land is recognized as a primary national asset under the special protection of the state, as man-
dated by Ukrainian law. It serves as the foremost natural resource, a vital foundation for human life and activity,
and underpins the establishment and development of all sectors of the national economy. Therefore, an effectively
organized, sustainable economy is unattainable without the rational utilization and protection of land resources.

Problem Statement. Research on land use in Ukraine’s coastal regions has become especially relevant. Since
parts of these areas have been under occupation since 2014, understanding the spatial-temporal variability of
land use in these regions presents significant challenges for Ukraine.

Purpose. To analyze land use in the coastal regions of Ukraine using satellite data to assess spatio-temporal
changes.

Materials and Methods. This research utilized land use/land cover (LULC) mapping based on satellite data
Jfrom Sentinel-2, analyzed through deep learning models using artificial neural networks.

Results. The spatial distribution of land use in Ukraine’s coastal regions in 2022 was thoroughly analyzed.
Additionally, the spatio-temporal variability of land use from 2017 to 2022 was assessed, revealing distinctive
patterns in the spatial distribution of various land cover classes. The findings show that the innovative approaches
to LULC mapping and the resulting data can be effectively applied to land resource management in Ukraine.

Conclusions. The LULC mapping approach demonstrates significant potential for interdisciplinary research
and applied work in natural resource management and territorial planning at both the national and regional le-
vels. Moreover, these innovative LULC mapping methods present a robust tool for identifying and understanding
the scale of natural, anthropogenic, and military-induced emergencies.
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Land represents a primary national asset under
special state protection, as per Article 14 of the
Constitution of Ukraine [1]. As an irreplaceable
and invaluable resource, land forms the backbone
of any society. It is the main natural resource, a fun-
damental basis for human existence and activity,
and underpins the development of all sectors with-
in the national economy. Land also serves as the
primary means of production in agriculture and
forestry, making the organization of its rational use
and protection crucial for effective economic de-
velopment. Society faces a significant challenge in
managing land use: first, to halt soil degradation
and restore its productivity; second, to enhance
production efficiency through rational land tenure
and land use practices, while integrating land as a
form of capital within economic circulation [2, 3].

Ukraine possesses substantial natural resour-
ces, including land, water, forest, mineral, and
raw materials. It ranks among the world’s richest
countries in soil quality and land bioproductivity.
The high natural productivity of the soil makes
Ukraine’s land fund one of the nation’s most vital
resources for economic development and wealth
creation. Currently, however, Ukraine’s natural
resource potential is not fully optimized. Its in-
vestment returns and contributions to accelera-
ted socio-economic development remain unsatis-
factory. The country has developed an unbalanced
structure for environmental and socio-economic
management that is largely inefficient and poses
environmental risks [4].

The importance of land resources as an eco-
nomic asset cannot be overstated. According to
researchers [5, 6], land resources contribute to
more than 40% of Ukraine’s productive capacity.
The prominent role of Ukraine’s land fund serves
as both a key factor of production and a founda-
tional element for economic growth [4]. This sig-
nificance is particularly evident at the regional
level, where both environmental and social fac-
tors are critical [7—9].

In a broad context, land use in coastal areas en-
compasses the geospatial development of the “blue
economy” — a relatively recent global paradigm fo-

ISSN 2409-9066. Sci. innov. 2025. 21(1)

cused on sustainable ocean and coastal manage-
ment [10]. The concept of geospatial economic
development initially emerged within terrestrial
regions and has since extended to encompass ma-
rine environments [11]. Methodological transfor-
mations in coastal land use, spurred by environmen-
tal and social challenges [ 12, 13], now increasingly
incorporate resilience factors [14, 15], an empha-
sis amplified by the impacts of the Russian war
against Ukraine [16].

An advanced data management system under-
pins decision-making for sustainable land use, es-
pecially regarding blue economy considerations
[17, 18]. The core of this system is Earth remote
sensing, which provides crucial data to coastal sci-
ence, facilitating informed decisions on the sustain-
able development of marine and coastal zones [19].

The European Union has introduced legislati-
ve measures and international projects to protect
the environment, monitor natural resources, and
promote blue economy initiatives in Europe, in-
cluding the Azov-Black Sea region. Incorporat-
ing EU environmental directives into Ukrainian
legislation lays an essential foundation for sustai-
nable development and environmental improve-
ment, particularly within Ukraine’s coastal zones.
The Black Sea and Sea of Azov, with their sea ba-
sins and socio-economic systems, represent a glo-
bally significant “natural laboratory” for funda-
mental science, sustainable development policy,
and blue economy advancements [20].

The relevance of this topic is further undersco-
red by Ukraine’s approval of the Concept of the
National Target Program for the Use and Protec-
tion of Land, issued by the Cabinet of Ministers of
Ukraine on January 19,2022 [21]. The Program’s
primary goal is to implement Ukraine’s state poli-
cy for sustainable land use, establish environmen-
tally safe conditions for population settlement and
economic activities, and safeguard land against
degradation, pollution, and depletion. It also em-
phasizes soil fertility restoration, landscape and
biodiversity preservation, and the maintenance
of soil cover functions within a market economy
and in the face of global climate change. Key as-
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pects of the Program’s implementation include de-
veloping automated information-analytical sys-
tems and leveraging Earth remote sensing data.
This will ensure accurate information on the con-
dition of land resources, enhance monitoring ef-
forts, and support the development of scientific
and methodological bases for land resource ma-
nagement [21].

Today, research utilizing Earth remote sensing
data, particularly satellite measurements, has gai-
ned significant traction among scientists across
various scientific disciplines. This popularity stems
from satellite capabilities to cover vast areas with
high spatial resolution, transcending state boun-
daries, economic zones, and other geopolitical de-
lineations [22].

This paper aims to analyze land use in Ukraine’s
coastal regions based on satellite measurement
data. In our view, studies on land use in Ukraine’s
coastal zones are particularly timely, given that por-
tions of this territory have been under occupation
since 2014. The spatial-temporal variability of land
use in these regions presents an ongoing challenge
for Ukraine. It is important to note that research on
the Sea of Azov-Black Sea region, utilizing satellite
data, is regularly conducted by marine science ex-
perts. In this field, a considerable number of me-
thods, methodologies, and programs have been de-
veloped for numerical and simulation modeling of
hydrophysical and dynamic processes in the marine
environment. Nevertheless, these advancements
continue to be refined, as exemplified in the me-
thods described in [23]. Likewise, various methods
and computational modeling programs are applied
in contemporary land use studies based on satellite
data. However, achieving greater experimental
accuracy requires rigorous verification, particu-
larly when testing models on actual field sites.

This paper presents an analysis of land use dy-
namics in the seaside regions of Ukraine using
satellite measurement data spanning from 2017
to 2022. The research covers the Odesa, Myko-
laiv, Kherson, Zaporizhzhia, and Donetsk Oblasts,
as well as the Autonomous Republic of Crimea,
treated as an independent administrative unit.
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The study relies on land use/land cover (LULC)
mapping using data from the Sentinel-2 satellite
and employing a Deep Learning (DL) model. The
European Space Agency’s Sentinel satellites have
provided the foundation for high-resolution glo-
bal LULC mapping, with detail down to 10 me-
ters [24]. The objective of LULC mapping is to
characterize the Earth’s surface through categori-
cal classes of natural or anthropogenic origin —
such as forests, shrubs, grasslands, wetlands, crop-
lands, urban areas, and water bodies. Deep artificial
neural networks, specifically Deep Learning
(DL) models, have shown promising potential in
LULC mapping due to their high performance in
computer modeling, particularly with Convolu-
tional Neural Networks (CNNs) for classifying
remote sensing images. Achieving high perfor-
mance in DL models, however, requires training
on large, intelligent datasets. Intelligent data
incorporates all preprocessing methods that en-
hance data value and reliability, along with
high-quality expert annotations that increase
accuracy [25].

To analyze land use in the seaside regions of Uk-
raine from 2017 to 2022, relevant maps were gene-
rated using the ArcGIS Living Atlas of the World
[26]. This tool offers a global Land Use/Land
Cover (LULC) map based on ESA Sentinel-2 sa-
tellite imagery with a spatial resolution of 10 me-
ters. The map was developed collaboratively by
Environmental Systems Research Institute (Esri),
Impact Observatory, and Microsoft. Annually, Im-
pact Observatory generates land classifications
with an Al-powered Deep Learning model, trai-
ned using billions of image pixels labeled by the
National Geographic Society (NGS). Global LULC
maps are created by applying this model to the
Sentinel-2 Level-2A image collection on the Mic-
rosoft Planetary Computer, which processes over
400,000 Earth observations annually. The algo-
rithm provides LULC predictions across nine ca-
tegories [27], divided as follows [28]:

1. Water — Areas predominantly observed with
water year-round, such as rivers, ponds, lakes,
oceans, and flooded salt marshes.
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2. Trees — Dense, tall (~4.5 meters or higher)
vegetation, including forests, dense savanna vege-
tation, plantations, wetlands, and mangroves.

3. Flooded Vegetation — Vegetated areas with
frequent water mixing; seasonally flooded regions
with mixed grass/shrub/trees/bare land, includ-
ing flooded mangroves, surface vegetation, rice
paddies, and other irrigated croplands.

4. Crops — Man-planted agricultural crops such
as corn, wheat, and soybeans.

5. Built Area — Artificial structures, major ro-
adways, and rail networks, such as buildings, den-
se urban areas, asphalted surfaces, and parking
structures.

6. Bare Ground — Rock or soil areas with spar-
se vegetation year-round, including sands, de-
serts, dry salt marshes, and lakebeds.

7. Snow/Ice — Uniform areas of permanent
snow or ice, typically in mountainous regions or
high latitudes, covering glaciers and snow fields.

8. Clouds — Regions with no land cover infor-
mation due to persistent cloud cover.

9. Rangeland — Open areas with uniform grass
and minimal tall vegetation, including natural
grasslands, fields with sparse forest cover, open
savannas, and pastures.

The classification process is structured as fol-
lows [28]:

The maps utilize version 003 of the global Sen-
tinel-2 LULC data product, created through an
Al-driven Deep Learning model trained on over
five billion manually labeled pixels from Senti-
nel-2 images, covering more than 20,000 loca-
tions across the world’s major biomes. This foun-
dational Deep Learning model employs six-band
Sentinel-2 Level-2A surface reflectance data, inc-
luding visible blue, green, red, near-infrared,
and two short-wave infrared bands. To construct
the final map, the model processes multiple mea-
surements across different dates throughout the
year, combining these results into an annual rep-
resentative map. The initial Sentinel-2 Level-2A
data was accessed via the Microsoft Planetary
Computer, with scalability provided by Micro-
soft Azure Batch.
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Given the vast volume of generated graphical
material, presenting it fully here is beyond this pa-
per’s scope. Instead, we focus on summarizing key
findings based on LULC mapping derived from sa-
tellite data using the Deep Learning model. Fig. 1
displays a 2022 land use map generated from Sen-
tinel-2 satellite data, illustrating land use across
Ukraine’s coastal regions. The choice of 2022 for
detailed analysis reflects the significant occupation
of Ukraine’s seaside regions due to Russian aggres-
sion that year. Therefore, we have analyzed land use
in 2022 in detail and explored the spatio-temporal
dynamics of land use for the 2017—2022 period.

The legend to Fig. 1 contains 7 of the 9 classes
listed above. This is due to the fact that in the
research area (Fig. 1) such classes as: clouds and
snow/ice were not constantly observed through-
out the year.

Let us consider in more detail land use in sea-
side regions in 2022 based on satellite measure-
ments. The diagrams of land use in seaside regions
in 2022 (Fig. 2) are built based on available infor-
mation [29] and Fig. 1.

Odesa Oblast. Figure 2, a illustrates that a sig-
nificant portion (78%) of Odesa Oblast is dedi-
cated to agricultural use. Rangelands account for
8% of the region’s territory, primarily located in
the Danube Delta within the Izmail District, with
additional areas in the Bolgrad District, the Dnies-
ter Estuary’s coastal zone, the Lower Dniester Na-
tional Nature Park, the Kuialnyk Estuary, and
along the northern Black Sea coastline near the
Village of Chornomorske in Odesa District. Tall,
dense vegetation is concentrated primarily in the
northern Podilskyi District. Built-up areas corre-
spond to urban settlements, with the City of Ode-
sa representing the largest built-up area in the
region. Water bodies constitute 3% of the regional
territory, encompassing estuaries, bays, lakes, and
a 12-mile territorial waters zone in the Black Sea.
Areas with flooded vegetation are mainly found
in the Danube Delta, Izmail District. In 2022, no
bare ground areas were observed in the region.

Mykolaiv Oblast. Figure 2, b shows that agri-
cultural land comprises the highest percentage
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Fig. 1. Land use map in 2022 based on satellite data (ESA satellite: Sentinel-2)

Source: based on [29].

(87%) of land use among Ukraine’s seaside re-
gions. Rangelands are the second most prevalent,
covering 6% of the region’s total area, and are
concentrated along major rivers such as the Sou-
thern Bug and Berezan in the Mykolaiv District.
Built-up areas are centered around urban settle-
ments, with the city of Mykolaiv containing the
most extensive built-up area. Dense vegetation
(Tree class) is observed along the Southern Bug
River and near Pervomaisk and Voznesensk cities.
Water bodies make up just 1% of the region’s ter-
ritory, including the Dnieper-Bug Estuary, Berezan
Estuary, Southern Bug, Berezan, Ingul Rivers,
and the Tashlytsky Reservoir near Yuzhnoukra-
insk. Flooded vegetation primarily appears in the
Biloberezhzhia Sviatoslava (Sviatoslav’s Ivory
Coast) National Nature Park within Mykolaiv
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District, with additional smaller areas along the
Southern Bug and Ingul Rivers.

Kherson Oblast. Figure 2, ¢ indicates that ag-
ricultural land occupies the largest portion (79%)
of Kherson Oblast. Rangelands are prominent in
the Dnipro River Delta, the Askania-Nova Biosphe-
re Reserve, Dzharylhach National Nature Park,
and along the Sivash Lake coast. Water bodies
constitute 4% of the region’s area, dominated by
the Dnipro River. Flooded vegetation appears in
the Dnipro River Delta and is also present in small
patches near the Sivash Lake and the Tendrivska
Bay. Dense vegetation clusters are primarily in
the Dnipro River Delta and around the Oleshky
Sands National Nature Park. Built-up areas are
concentrated in urban centers, with Kherson and
Nova Kakhovka being the largest. Areas with bare
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Fig. 2. Diagrams of land use in 2022 based on satellite information in the regions of Ukraine: « — Odesa Oblast; b — Mykolaiv
Oblast; ¢ — Kherson Oblast; d — Zaporizhzhia Oblast; e — Donetsk Oblast; f — Autonomous Republic of Crimea

Source: built by the authors based on [29].

ground are primarily located within Oleshky
Sands National Nature Park.

Zaporizhzhia Oblast. In terms of agricultural
land use, Zaporizhzhia ranks second among Ukrai-
ne’s seaside regions, with 86% of its land dedica-
ted to agriculture (Fig. 2, d). Water bodies occu-
py the largest share of territory among the seaside
regions, covering 5% of the area. Major water bo-
dies in 2022 included the Kakhovka Reservoir and
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the Molochnyi Estuary, located in the southern
part of the Melitopol District. Built-up areas cor-
respond to the locations of larger urban settle-
ments, with Zaporizhzhia, Melitopol, Berdyansk,
and Tokmak being notable urban centers. The re-
gion’s area covered by trees is the smallest among
the seaside regions studied, constituting only 1%
of the territory, mainly around Zaporizhzhia and
extending south, with smaller pockets near Meli-
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topol and Energodar. Flooded vegetation areas are
concentrated near the southern Kakhovka Reser-
voir, close to the village of Kushugum, and the cent-
ral reservoir area near Energodar in the Vasylivka
District. Rangelands account for only 3% of the to-
tal area, the smallest among the seaside regions,
with minor clusters along the Sea of Azov coast
near Berdyansk and Primorsk, as well as in the vi-
cinity of Melitopol, Energodar, and Zaporizhzhia.

Donetsk Oblast. Figure 2, d shows that 72%
of Donetsk Oblast’s territory is used for agricul-
ture, with a spatial distribution extending evenly
across the region except for the western area, whe-
re rangelands are concentrated. Built-up areas
cover the largest share among the seaside regions,
constituting 9% of the territory, densely distri-
buted throughout the region. Notable urban areas
include Donetsk, Mariupol, Horlivka, Kostianty-
nivka, Kramatorsk, Slovyansk, and Lyman. Dense
vegetation covers 6% of the land, primarily loca-
ted in the Holy Mountains National Nature Park
within the Kramatorsk and Bakhmut Districts,
as well as near Donetsk and extending eastward
in the Horlivka District. Water bodies are minor,
comprising reservoirs and small rivers, covering
just 1% of the territory. Flooded vegetation areas
are mainly found in the southwestern part of Holy
Mountains National Nature Park. Bare ground ar-
eas (0.1%) are minimal and not visually prominent.

Autonomous Republic of Crimea. Figure 2, f
illustrates that Crimea has the lowest percentage
of agricultural land use (62%) among Ukraine’s
seaside regions. These lands are distributed even-
ly across the peninsula except in the southern
and southeastern areas and parts of the northern
and southern Kerch District. Dense vegetation
areas, covering 10% of the land, are concentrated
mainly in the southern and southeastern parts of
the peninsula. This is the highest percentage of
densely vegetated land use among the seaside re-
gions of Ukraine.

Rangelands occupy 19% of the Crimean Pen-
insula, primarily in the northern and southern
parts of the Kerch District, the western Yevpato-
riya District, the Yalta District, the southern
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Feodosia District, and central Bilohirsk District.
This percentage is also the highest for rangelands
among the seaside regions. Built-up areas consist
of scattered urban zones, with Simferopol, Sevas-
topol, Feodosia, Yevpatoria, and Kerch as the pri-
mary urban centers. Water bodies cover 3% of
the peninsula, mainly consisting of salt lakes and
bays, such as Sivash and Sasyk-Sivash. Areas with
flooded vegetation are found near the Sivash La-
ke, especially in the southern part of the Dzhan-
koy District.

Sparse areas with bare ground are scattered
across the peninsula, with visible cells in the nor-
thern and southern Kerch District.

To provide a comparative overview, a histo-
gram of relative land use for each class by region
in Ukraine is presented in Fig. 3, illustrating each
region’s proportion of land use within its corre-
sponding category relative to the total in Ukraine.

From Fig. 3, a generalized overview of land use
in the respective classes across Ukraine can be
derived, allowing for a quantitative assessment of
each region’s land use status.

+ Water Bodies: The Zaporizhzhia Oblast boasts
the largest area of water bodies, while Myko-
laiv Oblast holds the smallest.

+ Vegetation Density: The Autonomous Repub-
lic of Crimea has the most extensive areas of
high-density vegetation, with the Zaporizhzhia
Oblast showing the least.

o Flooded Vegetation: Odesa and Kherson Ob-
lasts emerge as the leaders in areas of flooded
vegetation, while other seaside regions collec-
tively account for only 3.3% of Ukraine’s ter-
ritories in this category.

o Agricultural Land Use: The highest agricul-
tural land use is found in the Odesa Oblast,
contrasting with the Autonomous Republic of
Crimea, which has the least.

o Built Areas: Donetsk Oblast has the largest
built area, while Odesa and the Autonomous
Republic of Crimea exhibit similar levels of
built-up land despite the latter’s smaller ove-
rall territory by 7.2 thousand km?. The Kher-
son Oblast has the least built area.
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Fig. 3. Histogram of relative indicators of the distribution of land use in the seaside regions according to their general use
throughout the territory of Ukraine based on satellite information in 2022

Source: calculated and built by the authors based on data [29].

¢ Bare Ground: Kherson and Donetsk Oblasts,
along with the Autonomous Republic of Cri-
mea, share similar values in the distribution of
bare ground areas. Other seaside regions did
not report land plots of this class.

+ Rangelands: The Autonomous Republic of Cri-
mea holds the largest rangeland area, while the
Zaporizhzhia Oblast has the smallest.

The variability of land use for the period from
2017 to 2022 is depicted in Figs. 4—9.

Odesa Oblast. Figure 4 presents a histogram
that compares land use indicators in the Odesa Ob-
last, based on satellite data across different clas-
ses from 2017 to 2022.

As shown in Fig. 4, the water areas of water bo-
dies remained unchanged throughout the studied
period. The accumulation of high-density vegeta-
tion increased by 1% in the northern part of the
region when comparing 2020 and 2021. The indi-
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cators of variability in areas with flooded vegeta-
tion generally characterize the dynamics of chan-
ges in this class near the Danube Delta and in
minor cells from 2017 to 2021, particularly north
of the Dniester Estuary in the Bilhorod-Dnistrovs-
kyi and Odesa Districts. In 2022, these minor
cells were no longer observed. The area of agri-
cultural land decreased in the second half of the
studied period, starting in 2020, a trend that was
observed throughout the region. Conversely, the-
re has been an increase in the area of rangelands
since 2020. This can be attributed to the fact that
part of the crop class was included in the range-
lands class, indicating that agricultural crops we-
re not planted in these territories during the rele-
vant years. The area designated as built remained
relatively stable throughout the studied period,
with the exception of 2018, when the relative in-
dicators for this class increased by 1%. Visually
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Fig. 4. Dynamics of land use in the Odesa Oblast based on satellite information in the period from 2017 to 2022

Source: built by the authors based on data [29].

separate cells of the built-up area were not ob-
served this year, apart from a minor increase in the
territories of small villages in the region. This in-
crease in indicators may be attributed to the qua-
lity of primary information processing. Throughout
2017 and from 2019 to 2022, these indicators did
not change. Areas with bare ground were not ob-
served in the region during the studied period.

Mykolaiv Oblast. Figure 5 shows a histogram
of the variability of land use in the region during
the period from 2017 to 2022, based on satellite
information.

The variability of the water areas of water bodies
in the region remained unchanged throughout
the studied period (Fig. 5). Areas of high-density
vegetation, as well as areas with flooded vegeta-
tion, also remained stable during this time. Only
in 2021 did the relative indicators of these classes
increase by 1% and 0.1%, respectively. The terri-
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tories designated for agricultural crops and built
areas showed no changes during the entire period.
However, the relative indicators for the territory
of rangelands indicate growth starting from 2020.
This variability from 2019 to 2022 is generally att-
ributed to fluctuations in the area of this class of
land along major rivers, such as the Southern Bug
and Berezan, as well as within the territory of the
Biloberezhzhia Sviatoslava (Sviatoslav’ National
Nature Park).

Kherson Oblast. The histogram presented in
Fig. 6 illustrates the variability of land use in the
region during the period from 2017 to 2022 based
on satellite information.

Asillustrated in Fig. 6, the water areas of water
bodies and areas of high-density vegetation in the
region remained unchanged throughout the stu-
died period. The relative indicators indicate varia-
bility in areas with flooded vegetation during this
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time. This variability is attributed to the increase
and decrease of territories along the coast of the
Dnipro River, from the city of Nova Kakhovka to
the Dniprovska Gulf, as well as small areas along
the coast of the Tendrivska Bay and the Sivash
Lake. The areas designated for agricultural land
remained consistent throughout the period, with
the exception of 2020. The increase in the territo-
ry of this class of land in 2020 can be visually tra-
ced across the region. According to the relative
indicators, the built area decreased in 2021 and
2022, years marked by occupation and hostilities
in the region. Our visual analysis of satellite-
based maps from 2020 to 2022 indicated a trend
toward a reduction in the territories of small
towns and cities, which nearly vanished from the
map by 2022. The variability of areas with bare
ground during the studied period was characte-
rized by fluctuations in the territory of this class
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of land use within the Oleshky Sands National
Nature Park and along the coast of the Sivash
Lake. The increase in the area of rangelands in
2022 can be explained by the expansion of land
use in the Dnipro River Delta, the Askania-Nova
National Biosphere Reserve, the Dzharylhach
National Nature Park, and along the coast of the
Sivash Lake.

Zaporizhzhia Oblast. Figure 7 presents a his-
togram of the variability of land use in the region
during the period from 2017 to 2022, based on sa-
tellite information.

As shown in Fig. 7, the water areas of water bo-
dies in the region increased in 2021. A visual ana-
lysis of land use maps created from satellite infor-
mation revealed a general increase in the territory
of water bodies in the Kakhovka Reservoir and the
Molochnyi Estuary. The variability of high-densi-
ty vegetation in the region remained unchanged
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Fig. 6. Dynamics of land use in the Kherson Oblast based on satellite information in the period from 2017 to 2022

Source: built by the authors based on data [29].

overall, with only 2021 showing an increase in
the relative indicators for these areas. This increa-
se can be traced near the city of Zaporizhzhia and
extends southward throughout the region. Addi-
tionally, an increase is observed south and north
of the city of Melitopol and along the coast of the
Kakhovka Reservoir within the region. The area
designated for flooded vegetation remained un-
changed throughout the studied period. Agricul-
tural land areas remained consistent except for
2021, when a decrease in the territory of this class
became visually apparent between the cities of
Melitopol and Tokmak. The built area declined in
the second half of the studied period, starting
from 2020. Our visual analysis of satellite-based
maps from 2019 to 2022 indicated a trend of de-
creasing territories of small towns and cities du-
ring 2020, 2021, and 2022. The variability of areas
with bare ground from 2017 to 2020 was charac-
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terized by fluctuations in this class of land use
along the coast of the Molochnyi Estuary. Howe-
ver, in 2021 and 2022, no areas corresponding to
this land use class were identified. The territories
of rangelands in the region remained unchanged
throughout the studied period.

Donetsk Oblast. Figure 8 presents a histogram
reflecting the variability of land use in the region
during the period from 2017 to 2022, based on sa-
tellite information.

The relative indicators of the variability of wa-
ter areas in the region indicate that their territory
remained unchanged during the studied period
(Fig. 8). Areas of high-density vegetation were
consistent during the periods of 2018—2020 and
2022. A significant increase in areas of dense ve-
getation was observed in 2021. The results of the
visual analysis of land use maps for this class from
2020 to 2022 suggest that the increase in high-
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Fig. 7. Dynamics of land use in the Zaporizhzhia Oblast based on satellite information in the period from 2017 to 2022

Source: built by the authors based on data [29].

density vegetation in the region in 2021 was pri-
marily concentrated near the cities of Donetsk,
Horlivka, and Bakhmut in the central part of the
region. Areas with flooded vegetation were not
observed in 2017, 2018, or 2020. In 2019, 2021,
and 2022, the areas designated for this class remai-
ned unchanged. The main concentration of this
land use class was located in the southwestern part
of the Holy Mountains National Nature Park, along
with small areas on the Bilosarayska Kosa in the
Taganrog Bay, southwest of the city of Mariupol.
The relative indicators for the variability of agri-
cultural land use show a significant decrease in
territory in 2021 and 2022 compared to the period
from 2017 to 2020. This reduction is evident thro-
ughout the central and western parts of the re-
gion. The areas of built environments and those
with bare ground remained unchanged during the
studied period. The territories of rangelands in
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the region exhibited a growing trend from 2017 to
2022, with a significant increase in concentration
in the central and western parts of the region.

Autonomous Republic of Crimea. Figure 9 pre-
sents a histogram of land use variability on the
peninsula for the corresponding class during the
period from 2017 to 2022, based on satellite in-
formation.

As seen in Fig. 9, the water areas of water bodies
in the region increased in 2021 and 2022. A visual
analysis of land use maps constructed using satel-
lite information indicated an overall increase in
the territory of water bodies, primarily due to the
expansion of water areas in lakes and bays, par-
ticularly the Sivash and the Sasyk-Sivash Lakes.
The area of high-density vegetation remained un-
changed during the periods of 2017—2019 and
2022, with a reduction observed in 2020 and 2021.
Visual analysis of the maps for the region, created
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Fig. 8. Dynamics of land use in the Donetsk Oblast based on satellite information in the period from 2017 to 2022

Source: built by the authors based on data [29].

from satellite information between 2019 and
2022, revealed a decrease in high-density vegeta-
tion concentration in the southern and south-
eastern parts of the peninsula.

An increase in areas with flooded vegetation was
noted in 2021 and 2022, driven by a rise in concen-
tration along the coast of the Sivash Lake in the
southeastern part of the peninsula. Throughout the
studied period, agricultural land showed a tendency
to increase uniformly across the central, western,
and northern parts of the peninsula, as well as in
the central area of the Kerch District of the Auto-
nomous Republic of Crimea. The built area also in-
creased in 2021 and 2022 compared to the period
from 2017 to 2020, with growth observed primarily
in the southern part of the peninsula, particularly
extending southward from the city of Simferopol.

Conversely, areas with bare ground and range-
lands exhibited a decline in land use. In the case
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of bare ground, a reduction was observed along
the shores of the Sivash Lake in the southern part
of the peninsula and the Black Sea in the southern
and eastern regions of the Kerch District. Simi-
larly, the decrease in rangelands was noticeable
throughout the western, southern, and northern
parts of the peninsula, as well as in the territory
of the Kerch District.

In summary, the analysis indicates that the in-
formation obtained through land use and land
cover (LULC) mapping based on satellite data
(Sentinel-2) using a Deep Learning model can
effectively inform land resource management
processes in Ukraine. The process of land resour-
ce management encompasses generally accepted
components essential for effective governance
(Fig. 10), namely:

In our case, the object of management is the land
areas of the seaside regions of Ukraine. By emp-
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Fig. 10. Scheme of the land resource management process
Source: built by the authors.

loying a management tool such as LULC mapping,
detailed information about the status of the ma-
nagement object can be obtained. This informa-
tion allows for a qualitative and quantitative desc-
ription of its current state, which is essential for
developing and implementing effective manage-
ment decisions.

Based on the analysis of the research results, se-
veral conclusions can be drawn. The method desc-
ribed in this paper enabled a quantitative charac-
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terization of the spatial-temporal variability of
land use in seaside regions, utilizing satellite in-
formation. The findings suggest the feasibility of
applying land use/land cover (LULC) mapping
based on satellite data (specifically from the Sen-
tinel-2 satellite) using a Deep Learning model at
various scales, including national and regional
levels, for studying the spatial distribution and
spatio-temporal variability of land use. This app-
roach can also be effectively applied to analyze
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smaller local areas, such as neighborhoods within
large cities.

However, it is important to note that for the
study of local natural areas — such as sandy bea-
ches or park areas — using LULC maps may cur-
rently be impractical, as the information tends to
be subject to significant errors on such smaller
scales. Therefore, it is necessary to continue re-
fining the LULC mapping method based on satel-
lite data and the Deep Learning model, along
with validating its results. We believe that deve-
loping alternative methods for processing satel-

lite information for the research of small local
areas is essential.

In general, LULC mapping based on satellite
data using the Deep Learning model holds sub-
stantial potential for research across various scien-
tific fields, as well as for practical applications in
nature management and territorial planning at
both national and regional levels. Moreover, in-
novative approaches to LULC mapping can ser-
ve as a powerful tool for identifying the scale of
emergency situations, whether natural, anthro-
pogenic, or military in nature.

REFERENCES

1.

2.

10.
11.

12.
13.

14.
15.

16.

64

Constitution of Ukraine: The Official Bulletin of the Verkhovna Rada of Ukraine. 1996. No. 30. URL: https://zakon.rada.
gov.ua/laws/show/254k/96-sp#Text (Last accessed: 29.08.2023) [in Ukrainian]

Garnaga, O. (2011). Theoretical Principles Of Rational Land Use. Ukrainian Journal Ekonomist, 12, 41—44 [in Uk-
rainian].

. Tretiak, A. M. (2006). Land management design: theoretical foundations and tervitorial land management. Kyiv [in Uk-

rainian].

. Shchuryk, M. V., Danyliuk, H. V. (2014). Ontological and spiritual principles of recreation of prirodoresursnoy of sphere:

regional cut. Scientific and information bulletin of the Ivano-Frankivsk University of Law named after King Danylo
Halytskyi, 10, 251—258 [in Ukrainian].

. Hutorov, O. I. (2010). Economic-ecological assessment of agricultural lands and problems of their sustainable use.

Agroincom, 1—2—3, 35—40 [in Ukrainian].

. Tretiak, A. M., Tretiak, N. A. (2011). Economics and efficiency of land use management in Ukraine. Economics of nature

use and environmental protection, 14—24 [in Ukrainian].

. Hetman, O., Iermakova, O., Laiko, O., Nikishyna, O. (2019). Ecologization of innovative development of regions on the

opinciples of glocalization. Management Theory and Studies for Rural Business and Infrastructure Development, 41(3),
369—380. https://doi.org/10.15544/mts.2019.30

. Petrushenko, M., Shevchenko, H., Burkynskyi, B., Khumarova, N. (2019). A game-theoretical model for investment in

inclusive recreation and wellness in Ukraine: the regional context. Investment Management and Financial Innovations,
16(4), 382—394. http://dx.doi.org/10.21511 /imfi.16(4).2019.32

. Burkynskyi, B., Laiko, O., Horiachuk, V., Shlafman, N., Krivtsova, O. (2021). Assessment of the socio-economic and

environmental development of a region: A result-oriented approach. Problems and Perspectives in Management, 19(2),
40—56. https://dx.doi.org/10.21511/ppm.19(2).2021.04

Midlen, A. (2021). What is the blue economy? A spatialised governmentality perspective. Maritime Studies, 20, 423—448.
https://doi.org/10.1007 /540152-021-00240-3

Germond-Duret, C. (2022). Framing the blue economy: Placelessness, development and sustainability. Development and
Change, 53, 308—334. https://doi.org/10.1111/dech.12703.

Hadley, D. (2009). Land use and the coastal zone. Land Use Policy, 26(1), 198—203.

Wu, T, Barrett, J. (2022). Coastal land use management methodologies under pressure from climate change and po-
pulation growth. Environmental Management, 70, 827—839. https://doi.org/10.1007 /s00267-022-01705-9

Lafortezza, R., Chen, J., Cecil, K. B., Randrup, T. B. (2018). Nature-based solutions for resilient landscapes and cities.
Environmental Research, 165, 431—441. https://doi.org/10.1016/j.envres.2017.11.038

Zavar, E., Hagelman, R. R. (2018). Resilient landscapes: The reconstruction of southeastern Connecticut following the
1938 hurricane. Professional Geographer, 70(3), 443—452. https://doi.org/10.1080,/00330124.2017.1417138

Kimhi, S., Eshel, Y., Marciano, H., Adini, B. (2023). Impact of the war in Ukraine on resilience, protective, and
vulnerability factors. Frontiers in Public Health, 11, 1053940. https://doi.org/10.3389/fpubh.2023.1053940

ISSN 2409-9066. Sci. innov. 2025. 21(1)



Analysis of Land Use in the Seaside Regions of Ukraine in 2017—2022 Based on Satellite Information

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kaliraj, S., Chandrasekar, N., Ramachandran, K. K., Srinivas, Y., Saravanan, S. (2017). Coastal landuse and land cover
change and transformations of Kanyakumari coast, India using remote sensing and GIS. The Egyptian_Journal of Remote
Sensing and Space Science, 20(2), 169—185. https://doi.org/10.1016/j.ejrs.2017.04.003
Boucquey, N., St Martin, K., Fairbanks, L., Campbell, L. M., Wise, S. (2019). Ocean data portals: Performing a new
infrastructure for ocean governance. Environment and Planning D: Society and Space, 37(3), 484—503. https://doi.
org/10.1177/0263775818822829
Vitousek, S., Buscombe, D., Vos, K., Barnard, P, Ritchie, A., Warrick, J. (2023). The future of coastal monitoring through
satellite remote sensing. Cambridge Prisms: Coastal Futures, 1, E10. https://doi.org/10.1017 /cft.2022.4
Stepanova, Yu. V. (2023). Preservation of the ecological state of the marine coastal zone of Ukraine as a strategic goal of
blue growth. Economic Innovations, 25(3(88)), 230—242. https://doi.org/10.31520/€i.2023.25.3(88).230-242
On the approval of the Concept of the State-wide target program for land use and protection: order of the Cabinet of
Ministers of Ukraine dated January 19, 2022 No. 70-p. URL: https://zakon.rada.gov.ua/laws/show/70-2022-p# Text
(Last accessed: 04.09.2023) [in Ukrainian].
Sryberko, A., Petrushenko, M., Stepanova, Yu. (2023, May). Conceptual principles of natural asset management
modeling within blue growth. A collection of theses of reports based on the materials of the International Scientific and
Practical Conference: “Theory and Practice of Management” (24—26 May 2023, Lutsk, Ukraine). Lutsk, 239—243 [in
Ukrainian].
Sryberko, A. (2019). Calculation of the vertical distribution of water temperature in the Black Sea by satellite data. Geo-
graphia Technica, 14(2), 97—111. https://doi.org/10.21163/GT_2019.142.09
Venter, Z. S., Barton, D. N., Chakraborty, T, Simensen, T., Singh, G. (2022). Global 10 m Land Use Land Cover Datasets:
A Comparison of Dynamic World, World Cover and Esri Land Cover. Remote Sens, 14, 4101. https://doi.org/10.3390/
rs14164101
Benhammou, Y., Alcaraz-Segura, D., Guirado, E., Khaldi, R., Achchab, B., Herrera, F, Tabik, S. (2022). Sentinel2Global LULC:
A Sentinel-2 RGB image tile dataset for global land use/cover mapping with deep learning. Sci. Data, 9, 681. https://
doi.org/10.1038/541597-022-01775-8
ArcGIS Living Atlas of the World. URL: https://livingatlas.arcgis.com/en/home/ (Last accessed: 04.09.2023).
Sentinel-2 10 m Land Use/Land Cover Time Series. URL: https://www.arcgis.com/home/item.html?id=cfcb7609de5f4
78eb7666240902d4d3d (Last accessed: 04.09.2023).
Karra, K., Kontgis, C., Statman-Weil, Z., Mazzariello, . C., Mathis, M., Brumby, S. P. (2021). Global land use / land cover
with Sentinel 2 and deep learning. 2021 IEEE International Geoscience and Remote Sensing Symposium IGARSS (16—11 July,
2021, Brussels, Belgium). Brussel, 4704—4707. https://doi.org/10.1109/IGARSS47720.2021.9553499
ArcGIS Living Atlas of the World. Esri Sentinel-2 Land Cover Explorer. URL: https://www.esri.com/arcgis-blog/
products/product/uncategorized /global-land-cover-updates/ (Last accessed: 08.09.2023).
Received 22.01.2024
Revised 22.06.2024
Accepted 01.07.2024

ISSN 2409-9066. Sci. innov. 2025. 21(1) 65



Sryberko, A. V., Petrushenko, M. M., and Stepanova, Yu. V.

A.B. Cpubepro (https://orcid.org/0000-0001-7683-9628),
M.M. Hempywenxo (https://orcid.org/0000-0003-0098-7872),
FO.B. Cmenanosa (https://orcid.org/0009-0009-3558-5508)
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AHAJII3 BUKOPUCTAHHS 3EMEJIb IPUMOPCBHKUX PETTOHIB YKPATHU
Y HEPIOJI 20172022 pp. HA OCHOBI CYIIYTHUKOBOT IHDOOPMAIIIT

Beryn. Bizomo, 1110 3eMJist € OCHOBHUM HAI[IOHAIBHUM 6araTcTBOM Ta epedyBae i 0COOIUBOI0 OXOPOHOIO JAE€PKABH 3TiHO
3aKOHOJIABCTBA YKpainu. BoHa € 0cHOBHUM IPUPOHUM PECYPCOM, MATEPIaTbHOIO0 YMOBOIO JKUTTS H iIITBHOCTI JIIOIEi, Oc-
HOBOIO JIJIsT PO3MIIIIEHH i PO3BUTKY HU3KH TaTy3eil HapoHOTo TocrnofapeTBa. ToMy eeKTUBHUI PO3BUTOK €KOHOMIKU He-
MOZKJIUBUI Ge3 opraHizallii paioHaIbHOIO BUKOPUCTAHHSI Il OXOPOHU 3€MJI1.

IIpob6aemaruka. CbOro/iHi € aKTyaJIbHUM JOCIIIIKEHHS BAKOPUCTAHHS 3eMeJIb Y TIPUMOPCHKUX PErioHaX YKpalHu, ajpKe
YacTHHA X 3HAXOAUTHCA M1ij1 okynatieto 3 2014 poky i J0CiKeHHS IPOCTOPOBO-4aCOBOI MiHJIMBOCTI BUKOPHCTAHHS 3eMeJIb
Ha X TEPUTOPIAX € MPOBIEMHUM JJIsT YKPaTHHU.

Merta. Anasi3z BUKOPUCTAHHS 3eMeJib IIPUMOPCHKUX PETiOHIB YKpaiHU 32 JAHUMU CYITYTHUKOBUX BUMiPIOBAHb.

Marepiauu it MeToau. /locti/pkeHHs BAKOHAHO Ha OCHOBI indopMartii kaprorpadyBanist BAKOPUCTAHHST 3eMJTi / 3eMeJib-
Horo nokpusy (LULC) 3a cynyTHuKOBUME gaHuMu (CynyTHUK: Sentinel-2) i3 3actocyBaHHAM MIMOOKUX IITYYHUX HEHPOH-
Hux mMepesk abo mogeni Imabokoro Hapyanna (DL).

PeayabraTtu. IIpoBesieHo getanbHUil aHali3 IPOCTOPOBOTO PO3IOJAINTY BUKOPUCTAHHS 3eMeJb IIPUMOPCHKUX PErioHiB
Ykpainu y 2022 portti. JlocikeHo mpocTopoBO-4acOBY MiHJIUBICTh BUKOPUCTAHHS 3eMeJIb IIPUMOPChKUX PErioHiB YKpainu
y nepioi 2017—2022 pp. Bussieno ocobmMBOCTI y IPOCTOPOBOMY PO3IIO/LI BIANOBIAHUX KJIaciB 36 MEIbHOTO MOKPUBY Ha
TEPUTOPISIX IPUMOPCHKUX PeTioHiB Ykpainu. Busnaueno, mo innoBartiitHi miaxoman kaprorpadysansas LULC ta orpumani Ha
iXHi{l OCHOBI JIaHi, MOKHA BUKOPHCTOBYBATH B YIIPABIiHHI 3eMeIbHIMNI pecypcaMiu YKpaiHm.

Bucnosku. Meton kaprorpadysanns LULC Mae 3HauHMii TIOTEHITIA [I7Is1 IOCTI/KEHD Y PI3HUX raly3sX HAyKH, 30KpeMa
i 1T BUKOHAHHS IPUKJIAIHUX 3aB/IaHb Y chepi MPUPOAOKOPUCTYBAHHS, TIJIAHYBAHHST TEPUTOPIiil HA HAIIOHATIBHOMY Ta pe-
rionanmbHOMYy piBHAX. KpiMm Toro, innosartiiini migxoau kaprorpadysanus LULC mMoxHa BUKOPUCTOBYBATH K TIOTYKHUI
THCTPYMEHT /ISt BUSBJICHHST MacInTabiB i Ha/BBUYAHIX CUTYAILiil TPUPOHOTO, TEXHOTEHHOTO, aHTPOTIOTEHHOT0, BOEHHO-
TO XapakTepy.

Kniouogi cnosa: BUKOPUCTaHHSA 3eMJIi, 3¢MEJIbHIIT IOKPUB, IPUPO/IHI aKTUBH, YIIPABJIiHHS 3eMEJIbHUMH PECYPCaMH, JMCTaH-
1iifHe 30H1yBaHHa 3eMJli, CYIlyTHUKOBI JaHi, IInO0Ke HaBYaHHsI, 3TOPTKOBI HEHPOHHI MepesKi.
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