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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 eff ectively 
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 signifi cant 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 
from Sentinel-2, analyzed through deep learning models using artifi cial 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 fi ndings show that the innovative approa ches 
to LULC mapping and the resulting data can be eff ectively applied to land resource management in Ukraine.

Conclusions. The LULC mapping approach demonstrates signifi cant 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.

Keywords: land use, land cover, natural assets, land resource management, remote sensing of the Earth, satellite 
data, deep learning, convolutional neural networks.
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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 acti vity, 
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 integ ra ting 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-

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 increa singly 
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 
Na tional Target Program for the Use and Protec-
tion of Land, issued by the Cabinet of Ministers of 
Ukraine on January 19, 2022 [21]. The Prog ram’s 
primary goal is to implement Ukraine’s sta te 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 occupa tion 
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 conside rable number of me-
thods, methodologies, and programs have been de-
veloped for numerical and simulation modeling of 
hydrophysical and dyna mic processes in the marine 
environment. Ne ver theless, these advancements 
continue to be re fi ned, 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.

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 
cha racterize 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 ar ti ficial 
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 va lue 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-
te llite 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 classificati ons 
with an AI-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 in for-
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 
AI-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.

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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(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 Yuzhnouk ra-
insk. Flooded vegetation primarily appears in the 
Biloberezhzhia Sviatoslava (Sviatoslav’s Ivory 
Coast) National Nature Park within Mykolaiv 

District, with additional smaller areas along the 
Southern Bug and Ingul Rivers.

Kherson Oblast. Figure 2, c 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 

Fig. 1. Land use map in 2022 based on satellite data (ESA satellite: Sentinel-2)
Source: based on [29].
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ground are primarily located within Oleshky 
Sands National Nature Park.

Zaporizhzhia Oblast. In terms of agricultural 
land use, Zaporizhzhia ranks second among Uk rai-
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 

the Molochnyi Estuary, located in the sou thern 
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-

Fig. 2. Diagrams of land use in 2022 based on satellite information in the regions of Ukraine: a — Odesa Oblast; b — Mykolaiv 
Oblast; c — Kherson Oblast; d — Zaporizhzhia Oblast; e — Donetsk Oblast; f — Autonomous Republic of Crimea
Source: built by the authors based on [29].
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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 Va sy livka 
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 

 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 bo asts 

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.

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.

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.

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 km². The Kher-
son Oblast has the least built area.
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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-

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-Dnistrov s-
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 

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].
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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. Thro ughout 
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 
ve getation, 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-

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.

As illustrated 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 

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].
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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 relati ve 
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 

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-den si-
ty vegetation in the region remained unchanged 

Fig. 5. Dynamics of land use in the Mykolaiv Oblast based on satellite information in the period from 2017 to 2022
Source: built by the authors based on data [29].



ISSN 2409-9066. Sci. innov. 2025. 21(1)60

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

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-

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-

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].
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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 rema i-
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 

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 bo dies 
in the region increased in 2021 and 2022. A vi sual 
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 

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].
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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 

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 
co ver (LULC) mapping based on satellite data 
(Sen ti nel-2) using a Deep Learning model can 
effectively inform land resource management 
processes in Uk raine. The process of land reso ur-
 ce management encompasses generally accep ted 
components essential for effective governan ce 
(Fig. 10), namely:

In our case, the object of management is the land 
areas of the seaside regions of Ukraine. By emp-

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].
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loy ing 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 des c-
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-

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 

Fig. 9. Dynamics of land use in the Autonomous Republic of Crimea based on satellite information in the period from 2017 
to 2022
Source: built by the authors based on data [29].

Fig. 10. Scheme of the land resource management process
Source: built by the authors.
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smaller local areas, such as neighborhoods wi thin 
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 
emer gency situations, whether natural, anthro-
pogenic, or military in nature.
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АНАЛІЗ ВИКОРИСТАННЯ ЗЕМЕЛЬ ПРИМОРСЬКИХ РЕГІОНІВ УКРАЇНИ 
У ПЕРІОД 2017—2022 pp. НА ОСНОВІ СУПУТНИКОВОЇ ІНФОРМАЦІЇ

Вступ. Відомо, що земля є основним національним багатством та перебуває під особливою охороною держави згідно 
законодавства України. Вона є основним природним ресурсом, матеріальною умовою життя й діяльності людей, ос-
новою для розміщення і розвитку низки галузей народного господарства. Тому ефективний розвиток економіки не-
можливий без організації раціонального використання й охорони землі. 
Проблематика. Сьогодні є актуальним дослідження використання земель у приморських регіонах України, адже 

частина їх знаходиться під окупацією з 2014 року і дослідження просторово-часової мінливості використання земель 
на цих територіях є проблемним для України.
Мета. Аналіз використання земель приморських регіонів України за даними супутникових вимірювань.
Матеріали й методи. Дослідження виконано на основі інформації картографування використання землі / земель-

ного покриву (LULC) за супутниковими даними (супутник: Sentinel-2) із застосуванням глибоких штучних нейрон-
них мереж або моделі Глибокого Навчання (DL). 
Результати. Проведено детальний аналіз просторового розподілу використання земель приморських регіонів 

України у 2022 році. Досліджено просторово-часову мінливість використання земель приморських регіонів України 
у періоді 2017—2022 рр. Виявлено особливості у просторовому розподілі відповідних класів земельного покриву на 
територіях приморських регіонів України. Визначено, що інноваційні підходи картографування LULC та отримані на 
їхній основі дані, можна використовувати в управлінні земельними ресурсами України. 
Висновки. Метод картографування LULC має значний потенціал для досліджень у різних галузях науки, зокрема 

й  для виконання прикладних завдань у сфері природокористування, планування територій на національному та ре-
гіональному рівнях. Крім того, інноваційні підходи картографування LULC можна використовувати як потужний 
інст ру мент для виявлення масштабів дії надзвичайних ситуацій природного, техногенного, антропогенного, воєнно-
го характеру.

Ключові слова: використання землі, земельний покрив, природні активи, управління земельними ресурсами, дистан-
ційне зондування Землі, супутникові дані, глибоке навчання, згорткові нейронні мережі.


