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Article’s History: Abstract. The military aggression of the Russian Federation has caused significant
Received: 18.05.2024 negative impacts on Ukraine’s natural ecosystems, including its soils. Comprehensive
Revised:  20.10.2024 assessments of soil conditions, the extent, and the scale of damage caused by warfare
Accepted: 27.11.2024 are essential for documenting the resulting losses. However, the use of traditional

field surveys of soil cover is hindered by the significant threat of landmines in areas
liberated from occupation. This limitation necessitates the widespread adoption of remote sensing methods,
such as satellite imagery. This study aimed to assess the condition of soils and the extent of their damage due
to military activity within the Chkalovske territorial community of the Chuhuiv District in the Kharkiv Region.
The study identified the optimal combinations of optical bands from Sentinel-2 satellites for monitoring the
consequences of military impact on soil cover. A spatial layer of objects was developed to represent various
types of military-induced soil degradation within the community, including damage from continuous shelling
(craters from shells, rockets, and bombs); soil compaction from the movement of military vehicles (tracks and
pathways); fortification structures (defensive fighting positions and dugouts); and fires caused by shelling. Using
high-resolution satellite imagery, the number of craters and the soil mass loss caused by explosions, the areas
of burned and compacted land, as well as the length of anti-tank ditches and defensive fighting positions with
dugouts, were calculated at the test site. On the irrigated lands of the Chkalovske territorial community, the
areas affected by shelling and those burned due to military-related fires were also estimated. The information
derived from satellite imagery serves as a crucial step in developing measures for the restoration of the soil
cover in the pilot area affected by military degradation. The study utilised satellite imagery of varying resolutions
and geographic information systems to calculate the damage caused by military actions with sufficient accuracy.
It also analysed the temporal and quantitative interrelations among different types of military impact. This
research will serve as a basis for assessing the scale and spatial distribution of soil damage, calculating the loss

of fertile soil layers, and conducting an economic evaluation of the damage inflicted on soil resources

Keywords: remote sensing; Sentinel-2; vegetation index; military degradation; soil damage; craters

INTRODUCTION

Ukraine plays a strategic role in the global food market
and in ensuring global food security thanks to its high-
ly developed agro-industrial complex. Soil resources
play a crucial role in affirming Ukraine’s leading posi-
tion in the world in terms of agricultural trade volumes.
However, these soils are now facing significant dam-
age and destruction due to the ongoing war. Ukraine
has a unique soil cover: more than 60% of its territory
is occupied by chernozems, which are unmatched in
terms of their root-containing layer, properties, fertility
potential, and suitability for growing many field crops.
The world’s particular attention to the state of cher-
nozems is due to their high suitability for agriculture,
thanks to their natural fertility, high organic carbon
content, and active soil biodiversity. The beginning of
Russia’s full-scale armed aggression against Ukraine
has caused mass damage to the soil cover, the likes of
which have not been seen since the Second World War.
Over 5 million hectares of chernozems are located in
the war zone, resulting in military (warinduced) deg-
radation of varying intensity and direction - physical,
physicochemical, mechanical, chemical, and biological
(Baliuk et al., 2024).

The EU Soil Strategy for 2030 (2021) aims to pro-
tect and restore soils, ensuring soil health and sustain-
able management. Numerous problems have jeopard-
ised soil health, including declining carbon content,
biodiversity loss, salinisation, acidification, pollu-
tion, erosion, and others. In Ukraine, these issues are

exacerbated by the ongoing conflict, as the impact of
anthropogenic factors on soil condition, properties,
and fertility intensifies. It should be emphasised that
the availability of reliable information on the condition
of chernozems during and after the war will determine
the effectiveness of measures to restore their fertility. A
necessary condition for assessing the damage and loss-
es from hostilities on agricultural lands is the applica-
tion of remote sensing of soils, especially high-resolu-
tion satellite imagery.

In their research,M.KhalilandJ.Satish Kumar (2021)
identified the most affected areas in the capital of
Syria by analysing two images from the Sentinel sat-
ellite using GIS software. The result of the study was
a classification of territories into five classes in terms
of suitability or unsuitability for reconstruction, as well
as determining the percentage of each class. To map
and monitor changes in the urban environment due to
war, F. Fakhri and |. Gkanatsios (2021) integrated data
from Sentinel-1 and Sentinel-2 satellites. The authors
determined the percentage of destruction in the city of
Mosul (Iraqg) using spectral indices, the most important
of which is the built-up area index.

A group of studies on the war in Kuwait focused
on assessing the impact of hydrocarbons on vegetation
resilience, modelling oil pollution in soils,and monitor-
ing reclamation efforts in arid regions. M.M. Abdullah et
al. (2020) utilised remote sensing to evaluate ecosys-
tem resilience to hydrocarbon pollution caused by the
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war in Kuwait and the potential for post-war vegetation
recovery in arid landscapes. The study identified corre-
lations between vegetation recovery, soil type, geomor-
phological features, and precipitation levels. E. Kaland-
er et al. (2021) found that oil pollution is associated
with elevated concentrations of heavy metals in soils,
which, in turn, affect the stability of plant communities.
In research by G. Kaplan et al. (2022) the location and
extent of oil pollution were determined to guide sub-
sequent soil cleaning and reclamation measures. Based
on an analysis of war-affected lands using remote sens-
ing, H.A. Hasab et al. (2020) employed Landsat satellite
data and decision tree (DT) classification to conclude
that salinity and heavy metal concentrations decreased
during the summer and increased in the winter.

Combining remote sensing data, field studies,
and historical data, Polish researchers J.M. Waga and
M. Fajer (2021) assessed the impact of bombing on for-
ests and wetlands in the Kozle basin during the Second
World War. They found that around 6000 well-preserved
bomb craters, ranging from 5 to 15 meters in diameter
and often exceeding 2 meters in depth, still exist in the
region. Analysis of these craters revealed that their di-
verse morphology depends on the weight of the bombs
that created them, as well as the type and moisture
content of the soil on which the bombs fell. B. Demis-
sie et al. (2022) used a comparison of time-series Senti-
nel-2 images to assess the impact of the Tigray Conflict
(Ethiopia) on agricultural activities. By comparing the
NDVI on agricultural fields in the pre-war and wartime
spring seasons, they recorded an increase in greenness
due to weed infestation.

Initial results of assessing the impact of the Rus-
sian-Ukrainian war on the environment, particularly
soils, using remote sensing data have been revealed
in publications by Ukrainian scientists. For example,
S.A.Shevchuk et al. (2022) found that between 2021 and
2022, vegetation greenness decreased in areas where
hostilities were most intense (Luhansk and Donetsk).
M. Solokha et al. (2023) demonstrated the damage to
vegetation cover caused by bombing using the exam-
ple of the Kharkiv Region. A.B. Achasov et al. (2023),
using the example of the Rohan community, identified
916 bomb craters as a result of deciphering satellite
imagery data in 2022. Maps were created showing the
results of recording the consequences of bombing, a
heat map of explosion density,and a hydrological anal-
ysis map of the territory that could be contaminated as
a result of bombing.

When assessing the impact of the war on the eco-
systems of protected areas in Ukraine, O. Trofymchuk et
al. (2023) found numerous fortifications (trenches, de-
fensive fighting positions, dugouts), burnt-out areas,
and tracks formed by the active movement of military
equipment in places where the topsoil had been dis-
turbed. A comprehensive methodological approach
to assessing military damage to soils in a specific
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community was proposed in the study of O.S. Bonchk-
ovskyi et al. (2023), in which the authors identified the
most pronounced physical damage to soils in the form
of craters and soil compaction, and identified bombing
zones and contamination around craters. The authors
concluded that soil reclamation should be carried out
taking into account the specific characteristics of each
contaminated and disturbed site. Another comprehen-
sive study is the research by A. Sploditel et al. (2023),
where, using the example of several territorial com-
munities, an assessment of military damage to soils
was conducted using high-resolution image analysis,
and locations of craters from shelling, fortifications,
compaction tracks from heavy military equipment, and
fire foci were identified.

The relevance of the chosen topic determined the
aim of the study, namely to search for and identify the
consequences of military impact using satellite data of
various resolutions.

MATERIALS AND METHODS

The study focuses on the soil cover of the Chkalovske
territorial community (TC), which has been impacted
by military activities. The community is located in the
Chuhuiv District of the Kharkiv Region (Fig. 1). The total
area of the territorial community is 38,697.0 hectares,
including 32,257.81 hectares of agricultural land. The
soil cover of the study area is predominantly represent-
ed by typical medium-humus heavy loamy and light
clay chernozems. The research was conducted on both
irrigated and non-irrigated lands within the TC that
have been affected by military activities.

To identify various types of military impact on soils,
key sites were selected in different parts of the com-
munity, focusing on areas with the highest intensity of
disturbance. Craters from shell explosions were iden-
tified in the western part of the TC near the villages
of Korobchyne and Hrakove. Soil compaction traces
were studied in the central part, near the village of
Nova Hnylytsia. Fire damage caused by shelling was
examined in the central area around the settlement of
Doslidne and the urban-type settlement of Chkalovske.
Fortifications were documented in the northern part
of the community near the village of Yurchenkove. The
total area of irrigated lands in the Chkalovske TC is
1,754 hectares. For the study, the primary area of these
lands, covering 1,145 hectares, was selected. Irrigation
in this area had been conducted over an extended peri-
od using water with a salinity of 1.9-2.4 g/dm?>, leading
to secondary salinisation in the chernozem soils. The
methodology for detecting and analysing military-in-
duced soil degradation differs from traditional field-
based soil surveys. In this context, the extensive use
of remote sensing methods is essential for obtaining
objective data on soil conditions. A wide range of sat-
ellite data sources is currently available, varying in ac-
cessibility and spatial resolution.
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Figure 1. Chkalovske community on the map of Ukraine

Source: author’s mapping scheme

The use of remote sensing methods enables the
acquisition of preliminary information on the condition
of soils affected by military activities. Satellite imagery
can be employed to monitor changes in soil cover over
specific periods and to generate cartographic materials
based on the data obtained. Notably, remote sensing
materials most effectively capture evidence of me-
chanical and physical soil degradation resulting from
combat operations. Other forms of degradation, such
as chemical and biological, are typically secondary to
these primary types.

Mechanical degradation appears in satellite imag-
es as anomalous colour features, often circular shapes
(craters) or elongated, irregular patterns representing
trenches, ditches, and similar structures. Early identi-
fication of these features is essential for accurate as-
sessment. Physical degradation, observed throughout
the study period, is evident in tracks left by military
vehicles on agricultural fields. Indicators of this type
include filamentous lines on fields that were absent
prior to the onset of hostilities. Abiotic impacts from
fires are identifiable as abrupt changes in vegetation
colour, transitioning to an intense black on the affect-
ed fields. Over time, the colour becomes lighter as the
remains of combustion decompose, meaning identifi-
cation can occur from weeks to months after the ini-
tial impact. Chemical impacts are identifiable in cases
where signs of burned military equipment are visible in
satellite imagery, typically in a random pattern. These
are accompanied by black or white smoke in images
captured during active combustion or by abrupt black
discolouration in affected areas.

For a preliminary assessment of the presence and
extent of soil damage, the use of free, openly accessible

satellite imagery is advisable. Among such sources, the
Sentinel-2 satellites of the European Space Agency pro-
vide the most detailed information. These satellites of-
fer a maximum resolution of 10 metres per pixel, ena-
bling the identification of areas with clusters of craters
from shell explosions, individual craters from airstrikes,
soil surface compaction caused by military vehicles, and
large fortifications.

Sentinel-2 allows for image updates every 5 days
for the same area. To ensure a high-quality analysis of
soil surface damage, it is essential to select images cap-
tured on cloud-free days. The timing of observations
relative to seasonal changes is also significant. When
using Sentinel-2 imagery, the period from mid-spring to
mid-autumn should be selected to capture vegetation
at various stages of growth. During this time, vegeta-
tion serves as a clear indicator of mechanical impacts
on the soil, allowing such impacts to be traced through
uneven vegetation cover. However, it should be noted
that during peak vegetation growth in summer, identi-
fying traces of combat activity can sometimes be chal-
lenging due to the overgrowth of the targeted areas.
Sentinel-2 provides multispectral imagery comprising
12 optical bands. The following bands were selected
for image analysis: blue (Blue-B02), green (Green-B03),
red (Red-B04), near-infrared (NIR-B08), and shortwave
infrared (SWIR-B11, B12).

The majority of the Chkalovske TC was occupied
from 7 April to 10 September 2022, a period of approx-
imately five months (DeepStateMAP, n.d.). To assess soil
damage, Sentinel-2 satellite imagery was selected from
the post-conflict period, spanning from mid-September
to the end of the year. For high-resolution images, the
following dates were chosen: 23 and 24 January, and
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23 March 2023. These dates were selected to ensure
cloud-free and snow-free conditions over the study ar-
eas. The winter and early spring periods are particu-
larly suitable for assessing soil surface damage due to
the absence of vegetation cover. Satellite images from
Sentinel-2 were downloaded and initially processed
using the EO Browser online platform (Sentinel Hub EO
Browser, n.d.). The creation of maps showing soil dam-
age identified in the imagery was conducted using the
licensed version of the MaplInfo software and the edu-
cational version of ArcGIS (ArcGIS Desktop, n.d.).

To compare and identify changes in the soil cov-
er for 2022, satellite images from the corresponding
period in 2021, prior to the onset of hostilities, were
selected. EO Browser provides a feature for comparing
images from different times by displaying a split-screen
boundary between two images or overlaying them with
adjustable transparency for smooth transitions (Fig. 2).
This comparison enables the identification of military
impacts, including shell craters, compaction from heavy
equipment, fire damage caused by shelling, and fortifi-
cation structures.

‘Senfine}-2 124 1ETRUE-GOLOR, Sentinek-2 [2A* 1LTRUE-COLOR!

p..

'Credit European Union; contains modied Copermicus Sentinel data 2024, processed with EO Browses,

Figure 2. Comparison mode for different-time images in EQO Browser

Source: screenshot from Sentinel Hub EO Browser (n.d.)

The identification (interpretation) of different types
of soil damage caused by hostilities involves specific
considerations. The most common damages are craters
resulting from shell explosions of varying calibres and
aerial bombs. Explosion sites on the soil surface are
characterised by the displacement of subsurface soil
masses from deeper genetic horizons, leading to ma-
terial mixing. This phenomenon, observed universally,
is termed “bombturbation” (Bonchkovskyi et al., 2023;
Sploditel et al., 2023).

There is a direct correlation between the size of
the craters and the calibre of the explosive device. For
example, damage from a mortar shell is significantly
smaller than that caused by an aerial bomb. Sentinel-2
satellite imagery lacks the resolution required to clear-
ly distinguish small-diameter individual craters. How-
ever, small craters typically occur in clusters, which are
visually detectable in Sentinel-2 images. Craters from
larger calibres and aerial bombs can be identified by
the lighter-coloured areas surrounding them, caused
by the exposure of lighter subsoil and parent material
ejected during the explosion.

The simplest method for analysing satellite imag-
es involves using the combination of blue, green, and
red channels (RGB composite), known as “True Colour”.

Scientific Horizons, 2024, Vol. 27, No. 12

However, for studying military-induced soil damage,
employing alternative colour combinations (optical
channels) is crucial for a more detailed examination
of the soil cover condition. One of the most commonly
used combinations is “False Colour”, which incorporates
green, red, and near-infrared (NIR) channels. The NIR
spectrum is particularly effective for monitoring vege-
tation, as it has the highest reflectance in this range. In
the resulting images, vegetation appears in shades of
red. During periods of active vegetation growth, dense
plant cover obscures the soil surface, making it chal-
lenging to clearly identify craters formed before the
peak growth phase, such as in spring. Damage to fields
caused during the summer period can still be identi-
fied using specific optical channel combinations. One
effective combination is known as “Agriculture”, which
integrates shortwave infrared (SWIR), NIR, and blue
channels. The addition of SWIR expands the analytical
range for observing soils and vegetation. When using
the “Agriculture” composite, vegetation appears in natu-
ral green hues, allowing for clearer identification of soil
and vegetation conditions.

Another effective method for analysing soil dam-
age, such as craters, involves the use of indices, par-
ticularly vegetation indices. The most well-known and




widely used of these is the NDVI, calculated using the
equation:

(NIR-RED)
(NIR+RED)’ (1)

NDVI =

where NIR is the near-infrared and RED is the red spec-
trum, yielding values between -1 and 1.

For Sentinel satellite channels, the equation ap-
pears as:

(B08—B04)

NDVI = .
(B08+B04)

2)

NDVI is best suited for assessing the condition of
agricultural crops over relatively large areas. Identify-
ing craters as smaller-scale objects can be more chal-
lenging, particularly on images with resolutions lower
than the diameter of the damage. The primary sce-
nario where NDVI is useful is during the late autumn
period when a significant contrast exists between the
weed-covered edges of craters and the surrounding
area, which is typically free of vegetation. Other vege-
tation indices, such as the EVI and SAVI, can also be uti-
lised. EVI is an improved and calibrated version of NDVI,
while SAVI is particularly useful in areas with sparse
vegetation, where the proportion of vegetation to bare
soil favours the latter.

To better highlight signs of military impact in sat-
ellite images, it may be necessary to create custom
optical channel combinations. The most effective way
is to use equations to calculate the resulting raster of
optical channels. The first method is the division (ratio)
of one channel by another according to the equation:

i0o=2
Ratio = > (3)

where A is the first channel and B is the second channel.

There are two rules for such division. If the cal-
culation involves channels of the visible and infrared
spectral ranges, then the optical channel with a smaller
number is placed first. When both channels are with-
in one of the named ranges, then the channel with a
larger number should be placed first. For example, in
the case of Sentinel satellites, the substitution into the
formula should look like B04/B11 in the first variant,
and B11/B08 or B04/B02 in the second. If these rules
are not followed, the resulting image will be displayed
incorrectly.

The second method involves creating custom indi-
ces based on the equation:

arn (4)

where A'is the first channel and B is the second channel.

In this approach, the channel with the higher num-
ber is placed first, similar to the NDVI index calculation
described earlier. Failure to follow this rule will result
in an inability to generate the image. Traditionally,
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vegetation index images are displayed in shades of
green, achieved by applying an RGB colour scheme.
However, the output in this case is a monochrome
(blackandwhite) raster, which allows for greater de-
tail to be observed when identifying features such as
craters caused by shell explosions. The described ap-
proaches to using optical channel combinations and
calculations based on formulas are also applicable for
identifying other types of military-related damage, in-
cluding traces of military vehicles, fortifications, and
fires caused by shelling.

The movement of military vehicles results in soil
compaction,the traces of which can also be identified on
satellite imagery. Military-induced compaction can of-
ten be mistaken for the effects of agricultural machinery
on the soil. To accurately distinguish the impact of mili-
tary vehicles, it is essential to compare images captured
before the onset of active hostilities in the area with
those taken immediately after their conclusion. Another
critical condition for the clear identification of compac-
tion traces is the presence of sparse vegetation. Dense
vegetation causes significant overlap between neigh-
bouring pixels in the image of the analysed area, there-
by complicating the detection of this type of damage.

The principles for identifying fortifications (such as
defensive fighting positions and dugouts) are similar
to those for recognising compaction pathways caused
by military vehicles. On satellite images, fortifications
appear as distinct linear features resembling broken
lines with numerous branches. The primary condition
for successful identification of fortifications is their size,
which must exceed the pixel resolution of Sentinel-2
imagery (10 m or larger). The aftermath of fires is iden-
tifiable on satellite images as distinct enclosed areas of
irregular dark shapes, resulting from soot deposits on
burned surfaces. These features are most evident dur-
ing active burning due to additional indicators such as
rising smoke. Another favourable period for detecting
fires is during active vegetation growth, as the vegeta-
tion indices decrease sharply in affected areas.

For each type of military-induced soil damage, it
is necessary to establish a set of optimal combinations
and calculations of optical channels. It should be noted
that the set of ratios and indices will vary depending
on the season and the specific timeframe following
the cessation of hostilities. In this study, it is proposed
to use channel combinations that are optimal for the
autumn period. After identifying areas of soil damage
through the synthesis and calculations of Sentinel-2
optical channels, spatial layer contours of military im-
pact are created within the EO Browser environment.
These contours are then transferred to GIS software for
further customisation of data layer visualisations repre-
senting different types of military-induced degradation.

The next stage, following the identification of dam-
age and the delineation of areas affected by military
activity using Sentinel-2 imagery, involves obtaining
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higher-resolution images to refine the boundaries of
the damage. At the initial stage, satellite imagery in the
form of “base maps” in GIS software is sufficient. Cur-
rently, satellite images capturing the consequences of
military actions with a resolution of 1-5 m are availa-
ble in open access. However, these images have limita-
tions: they cannot be downloaded for further analysis,
and they represent a single timeframe (late August to
early September 2022), which prevents tracking chang-
es in soil conditions over time. Such imagery is host-
ed on platforms like Google Maps, Google Earth, and
the ArcGIS Online web service. In Google Earth Pro, it
is possible to delineate areas with the highest concen-
tration of soil damage and save them in kml/kmz for-
mat for subsequent use. Another resource, ESRI Images,
is available as a base map in ArcGIS software, such as
ArcMap (educational version). While these images can-
not be analysed directly, they can be employed to refine
the localisation of soil damage.

In-depth research on the impact of combat activi-
ties requires the use of satellite data with a resolution
of 1 metre per pixel or higher. To identify small craters
and determine the area of soil damage caused by other
types of impacts, high-resolution satellite imagery from
the Jilin Kuanfu-01 spacecraft (Chang Guang Satellite
Technology Co, China) was used. The resolution of these
images is 50 cm, which allows for the detection of cra-
ters caused by shell explosions with diameters smaller
than 1 metre. The methodology for identifying dam-
age in high-resolution images is similar to that used
for analysing Sentinel-2 satellite data, but it does not
require the use of numerous combinations and calcula-
tions of optical channels. This is due to the enhanced
clarity of the images, which allows for the detection of

more details. The study of military impact on irrigated
lands in the Chkalovske TC was conducted using the
same methodologies as for non-irrigated areas, with
Sentinel-2 satellite imagery and the ArcMap “base map”
being employed.

The publication contains the results of the research
obtained during the implementation of the project “As-
sessment of the Impact of Armed Aggression on the
State of Black Soils and the Development of Measures
for the Accelerated Restoration of Soil Fertility in the
Context of Ensuring Food Security”No.2022.01/0031 of
the competition “Science for the Recovery of Ukraine in
the War and Post-War Periods” under the grant support
of the National Research Foundation of Ukraine (Draft
Plan for the Recovery of Ukraine, 2022).

RESULTS

Using the described methodology, an analysis of mil-
itary-related soil damage was conducted in the Chk-
alovske community area with the help of satellite
imagery. The study focused on soil damage caused by
shell explosions in autumn (15 October), when sparse
vegetation is observed. At the initial stage, combina-
tions of optical channels “True colour”, “False colour”,
and “Agriculture” were applied. The analysis of satellite
images for this period revealed that the NIR values at
the edge of craters were higher than in adjacent areas.
This is supported by the fact that most of the soil mate-
rial settles at the edge of the crater after the explosion
and serves as a substrate for the growth of herbaceous
vegetation, such as weeds. Therefore, the use of the
“False colour” combination allowed craters from shell
explosions to be more clearly distinguished compared
to the “True colour” combination (without NIR) (Fig. 3).

2022-10-15.00:00 - 2022-10-15:2359, Sentinel-2 L2A, False color

\

Credtt: Furopean Union, contains modified Copericlis Sentinel data 2694, hf6¢éssed with EO Browser

Figure 3. Shell explosion craters in the “False colour” combination

Source: image from Sentinel Hub EO Browser (n.d.)

The use of the “Agriculture” combination, which in-
cludes the SWIR range, provides the best tracking of
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changes in vegetation and soil, as evidenced by the re-
sulting image (Fig. 4).
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Figure 4. Shell explosion craters in the ‘Agriculture” combination

Source: image from Sentinel Hub EO Browser (n.d.)

Next, vegetation indices such as NDVI, EVI,and SAVI
were tested. Among them, NDVI was found to be most
suitable for identifying bombturbated soils in the au-
tumn period. However, none of these indices provided
the same level of accuracy in depicting craters as the
“False colour” and “Agriculture” combinations. The next
stage of crater identification involved the application
of custom calculations of optical channels based on

Ratio

formulas. As a result of the selection, the use of the
Red (B0O4) and NIR (B08) channels was determined to
be most optimal. With a ratio of channels (B04/B08),
the locations of shell explosions are displayed as black
dots, and when using the index formula (B08-B04)/
(BO8+B04), they are displayed as white dots (Fig. 5). As
a rule, this allows for a clearer visualisation of craters
compared to using a simple combination of channels.

Index

Figure 5. Appearance of craters depending on the applied optical channel equations

Source: image from Sentinel Hub EO Browser (n.d.)

Beyond detecting shell craters, this study also fo-
cused on identifying tracks of heavy military vehicles,
fortifications, and fires caused by shelling. Combina-
tions of optical channels and image synthesis based
on calculations were used. Unlike craters, military roads
are clearly distinguishable on the terrain using chan-
nel combinations like “True colour” (Fig. 6), “False col-
our”, and to a lesser extent, “Agriculture”. However, the
use of vegetation indices such as NDVI, EVI, and SAVI
did not yield satisfactory results for deciphering vehi-
cle tracks. This can be partially attributed to the lack
of dense vegetation in the study fields, which did not

provide the desired contrast between overgrown parts
of the fields and compaction tracks. Similar to the pre-
vious decryption of craters, custom ratios of optical
channels were applied to identify vehicle tracks. The
ratio of channels B04/B12 performed quite well, while
B04/B08 performed slightly worse. Regarding the use
of custom indices, the calculation of a raster using the
equation (B08-B04)/(B08+B04) yielded a more or less
acceptable result. However, none of the custom com-
binations of optical channels showed better results in
displaying compaction tracks than the already-known
“True colour”, “False colour”, and “Agriculture”.
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2022.07-0200:00 - 2022-07-02 23:59) Senfinel-2|L2A, True Color:

Credit: EuropeaniUnion, contains modified CopermictisiSentinel data 2024, processed with EO Browser

Figure 6. Tracks of military vehicle movement

Source: image from Sentinel Hub EO Browser (n.d.)

The study also involved the identification of various
fortification structures (defensive fighting positions,
dugouts etc.). Several fortifications were identified
within the Chkalovske TC and could be detected in Sen-
tinel-2 imagery due to their significant size (Fig. 7). The
combinations and calculations of optical channels de-
scribed in this study were applied and found to be suit-
able for identifying fortifications. This can be explained
by the significant amount of soil removed during the
construction of such structures, resulting in a signifi-
cant contrast with the surrounding undisturbed areas.

Figure 7. Fortifications in the image
Source: image from Sentinel Hub EO Browser (n.d.)

Analysis of already-known optical channel combi-
nations and indices showed nearly identical clarity in
decoding the effects of fires on fields. Among the cus-
tom ratios and indices, B0O4/B08 and B04/B12 yielded
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good results. In these cases, the burned areas appeared
darker than the surrounding background. However, the
most distinct burn areas are highlighted in infrared
optical channel ratios - B12/B08 and B08/B12. In the
first case, the fire damage appears as a white spot on
a grey background. A similar image is provided by the
“Barren soil” channel combination, which identifies are-
as devoid of vegetation (appearing red against a green
background). In the second case, the resulting raster ex-
clusively displays areas with fire damage in the form of
dark patches, the area of which can be calculated quite
clearly, making the BO8/B12 ratio the best for decoding
this type of damage (Fig. 8).

Figure 8. Fire damage on agricultural land
Source: image from Sentinel Hub EO Browser (n.d.)

However, it should be noted that when using any
of the channel sets described above, it is still essential
to know the exact location of the fire, as some fields,
even in the absence of vegetation, can also stand out




clearly when applying the aforementioned algorithms.
The use of vegetation as an indicator of fire is most
effective during the active growing season and shortly
after the event (until the end of the growing season and
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the onset of winter). As a result of selecting different
spectral combinations, optimal channel ratios and in-
dices for displaying military-induced soil damage were
calculated (Table 1).

Table 1. Optimal combinations of optical channels for different types of military damage

Tvoe of damage Ratio Index
* i (A/B) (A-B)/(A+B)
Crater damage from shell explosions B04/B08 (B08-B04)/(B08+B04)

Compression traces (paths) from military vehicle movement

B04/B12; B04/B08

(B08-B04)/(B08+B04)

Fire damage caused by shelling

B12/B08; B08/B12

(B12-B04,03,02)/(B12+B04,03,02)
(BO8- B04,03,02)/(B08+ B04,03,02)

Fortifications (defensive fighting positions and dugouts)

All combinations listed above

All combinations listed above

Source: author’s results

After identifying the features of military impact,
contours were drawn around the highest concentration
of each type of soil damage. As a result, spatial object
layers were created and overlaid on the base map in
ArcMap (Fig. 9), specifically showing the consequences
of constant shelling (craters from shells, rockets, and
bombs); compaction from military vehicle movement
(tracks); fortifications (defensive fighting positions and
dugouts); and fires caused by shelling (traces). Thus, a

map was prepared depicting the consequences of mili-
tary soil degradation in the Chkalovske TC.

Based on information about the locations of the
most damaged areas due to military impact, further
analysis of soil damage was carried out using high-
er-resolution satellite images. Initially, available

high-resolution satellite image sources from ESRI
Images were analysed, using ArcMap as the base map
(Fig. 10).

Figure 9. Areas with the most pronounced military impact on soils in the Chkalovske TC, Kharkiv Region

Source: author’s mapping scheme

Scientific Horizons, 2024, Vol. 27, No. 12
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103416482 6394260133 Meters

Figure 10. Fragment of ESRI Images clearly showing traces of craters (near Nova Hnylytsia Village area)

Source: image from ArcMap program

Using the specified satellite images, individual
contours of areas with military damage, created from
Sentinel-2 images, were refined. To conduct a more in-
depth analysis of the impact of military actions on the
soil cover, a high-resolution satellite image of a 51 km?
area of the Chkalovske TC was obtained from the Ji-
lin Kuanfu-01 spacecraft (Chang Guang Satellite Tech-

nology Co, China) (Fig. 11). According to the authors’

estimates, the area covered by the satellite image ex-
hibits practically all types of military impact on the soil
cover and can be used as a pilot area for impact assess-
ment. Approximate calculations of soil damage were
carried out based on averaged impact data.

Firstly, the identification of aviation and artillery
craters in the pilot area was conducted (Fig. 12). These
craters are clearly visible in the high-resolution images.

Lozova District

Izium- District

Kupiansk District

Figure 11. Location of the satellite image within the Chkalovske TC
of the Chuhuiv District, Kharkiv Region (marked with hatching)

Source: author’s mapping scheme
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Figure 12. Fragment of the satellite image with identified traces of artillery and aviation damage
Source: author’s mapping scheme based on Jilin Kuanfu-01 image

Overall, 3,844 craters of various origins were count-
ed (Fig. 13). In the locations of these craters, anomalies
such as secondary explosions or post-strike fires were
observed. It is known that the size of the craters is di-
rectly related to the calibre of the shells. In the study
area, these are mainly 76, 105, 152, and 155 mm cali-
bres, with the diameter of the crater ranging from 6 to
15 meters, averaging 10.5 meters. The average depth
of the craters, according to the authors’ observations,

is 0.85 meters. Thus, according to calculations, 40,362
cubic meters of soil are damaged in the study area.

The overall distribution of artillery craters is quite
varied, but it clearly correlates with the location of
military units in forest belts, around dug-in armoured
vehicles, and field fortifications. Therefore, adjacent ag-
ricultural fields suffer first and foremost. Fields located
near paved roads have even more damage, as they were
additionally mined even as of late 2023.

Figure 13. General view of the pilot area with identified traces of artillery and aviation damage

Source: author’s mapping scheme

Next, the identification of soil surface compaction
caused by the passage of heavy military equipment

was carried out. In the case of the Chkalovske TC, the

most compacted soils are found under military roads

Scientific Horizons, 2024, Vol. 27, No. 12
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and even in residential areas (Fig. 14). According to the
authors’ calculations, the total length of vehicle tracks
in the fields is 7.76 km 0.5 (total road length, m)x3 m
(track width) = 23.28 ha, or the total area of compaction
in the pilot area. Burned areas as a result of shelling fires
were also identified (Fig. 15). It was established that the

burning of stubble, field crops, and weeds occurred pri-
marily in the locations of personnel and defensive struc-
tures. That is, it can be indirectly stated that enemy de-
fensive structures are located around these places, which
significantly narrows the search area. According to GIS
calculations, the area of burned territories is 1.09 km?2

Figure 14. Examples of soil compaction in agricultural land (A - household plots and gardens, B - agricultural fields)

Source: Jilin Kuanfu-01 satellite images

Figure 15. Location of burned areas in the key site of the Chkalovske TC of Chuhuiv District

Source: author’s mapping scheme

Examples of burnt areas in the key site are shown
in Figure 16.As a result of the analysis of remote sens-
ing data, defensive structures and military checkpoints
of the russian forces were detected (Fig. 17). Calcula-
tions show that the length of the trenches is 261 m,
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and the anti-tank ditch is 1,694 m. The total volume
of excavated soil is 11,730 m3. Overall, based on the
calculations of each type of impact on the soil cover,
a general picture of soil losses was formed to further
calculate the damage caused (Table 2).
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Figure 16. Examples of burnt agricultural land in the key site (A, B)
Source: Jilin Kuanfu-01 satellite images

Figure 17. Defensive structures of russian forces: A - trenches, B - anti-tank ditch
Source: Jilin Kuanfu-01 satellite images

Table 2. Calculation of the volume of military impact on the soil cover of part of Chkalovske TC

No. Impact Type Type of impact on soil Quantity/area

Mechanical (soil layer inversion)

L Aviation and artillery craters Chemical (contamination with explosives and heavy metals) 40,362 m?
2. Military roads Physical (soil compaction) 23.28 ha
3. Burning of vegetation Pyrogenic (burning) 1.09 km?
4, Anti-tank ditches Mechanical (soil layer inversion) 1,694 m
5. Strongpoints/trenches Mechanical (soil layer inversion) 216 m
Total for items
4,5-11,730 m?

Source: author’s calculations
An equally important aspect of current research  Earth remote sensing data. The study involved analys-

into military degradation is assessing the impact of ing satellite images of the study area, followed by field
hostilities on the quality of irrigated chernozems using  surveys,and comparing the obtained data with pre-war
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salinity survey materials. In 2023, a remote study of the
condition of irrigated lands and an assessment of their

damage as a result of hostilities was conducted using a
satellite image (Fig. 18).

[ irrigated lands (1145 ha)

[T sheliing areas (80 ha)

- Fires caused by shelling (89 ha)

Souas: Ee, v, Excho Seegrupuios, wad b GIS Usie Cavmuriy

Figure 18. Satellite image of irrigated lands in the Chkalovske TC, highlighting areas affected by military actions

Source: author’s mapping scheme based on ESRI Images

The map shows areas of irrigated lands in the Chk-
alovske TC where the soil cover has been subjected to
shelling, damage, and destruction as a result of hostili-
ties. According to remote sensing data, the area of land
affected by shelling is approximately 80 hectares. As a
result, mechanical damage, destruction of the soil cover
in the irrigation zone, and disruption of the soil profile
integrity have occurred, indicating the development of
mechanical degradation. Additionally, remote sensing
data clearly identifies areas on the irrigated lands of
the study area that have been burned as a result of fires
(marked in red), which have damaged the soils and af-
fected their quality. According to the calculations, the
area of burned areas on irrigated lands in the Chka-
lovske TC is approximately 89 hectares. As a result, the
development of biological and physicochemical soil
degradation is likely in these areas.

DISCUSSION

Modern warfare inflicts significant damage on the envi-
ronment, and soils, as a component of the environment,
are no exception. During hostilities, negative phenome-
na such as reduced soil fertility, decreased soil organic
carbon content and emissions, pollution, erosion, and
reduced soil biodiversity, among other degradation
processes, intensify. Research by L. Banwari et al. (2023)
confirms that current agricultural practices contrib-
ute to increased degradation and deterioration of “soil
health”, and that the negative environmental impact of

Scientific Horizons, 2024, Vol. 27, No. 12

human activities can be reduced through organic farm-
ing. This approach may be beneficial in the post-war
period when there is a need for rapid and environmen-
tally safe restoration of soil fertility, including in the
lands of the Chkalovske community.

It is worth noting that war not only directly affects
the environment but also indirectly hinders research
that requires field data and measurements. For exam-
ple, H.Abdo et al. (2022) mapped part of the Syrian ter-
ritory using the Revised Universal Soil Loss Equation
(RUSLE) and remote sensing data in a GIS environ-
ment to classify erosion-prone areas in the Al-Khash
River basin. The obtained data allowed for a reliable
assessment of soil loss rates due to erosion, enabling
the development of soil conservation measures even
before the end of hostilities. Similar methodological
approaches were applied by the authors of this study,
where the scale of soil damage was assessed with ex-
tensive use of remote sensing methods without con-
ducting fieldwork.

Military activities lead to widespread contamina-
tion by explosives, which can be absorbed by plants
through the soil. Research by S.Via and P. Manley (2023)
focused on the physiological effects of explosives on
plant tissues, including disruptions to photosynthe-
sis, gas exchange, and nutrient uptake. The authors
also noted that further development of remote sens-
ing technology will provide more data on the impact
of explosives on plant health. While current studies do




not offer a detailed picture of this impact, estimates of
the intensity of combat operations in the lands of the
Chkalovske community suggest areas with the highest
concentration of explosive residue products.

It should be noted that in the author’s study, similar
to the examples above, the main indicator of the mil-
itary impact on the environment is the assessment of
vegetation conditions using remote sensing methods.
However, in the Chkalovske TC, the identification was
not of chemical contamination, but of mechanical and
physical damage to soils. The degree of contamination
based on the obtained data can only be assessed by
experts using literature data. An example of a study on
the impact of military conflicts on agricultural activities
is the article of B. Demissie et al. (2022) assessing the
Tigray conflict (Ethiopia) using freely available Senti-
nel-2 satellite data. An analysis of the greenness of ag-
ricultural fields was conducted using the NDVI index for
the pre-war (2020) and wartime (2021) spring seasons,
leading to the conclusion about the role of the war in
the increased encroachment of weeds on agricultural
land. Similar results were obtained in the current study
of craters in the fields of the Chkalovske TC, indicating
an increase in weed growth in areas subjected to soil
disturbance from bombturbation.

The study by J. Rodrigo-Comino et al. (2023) exam-
ined trenches from the Civil War era, where archaeo-
logical excavations led to the development of ravines
and gullies. Using the NDVI index, a decline in vege-
tation quality was recorded as a result of degradation
processes. A similar issue could arise in the long term
with defensive fighting positions and dugouts, which
are widespread in the Chkalovske community in areas
of positional battles. Therefore, it is essential to mon-
itor the condition of the fortifications left behind after
the war. Research on ecosystem components is often
linked to the use of historical cartographic images,
which in some cases provide a clear understanding of
environmental changes. F. Chen et al. (2022) combined
historical military operation maps with Landsat satel-
lite imagery to analyse changes in forest area due to
human activity. Thus, the use of historical maps allows
the determination of forest cover evolution before re-
mote sensing images are available. This methodologi-
cal approach enables an assessment of the impact of
wars (such as the Second World War) that occurred be-
fore the first detailed satellite images were taken and
provides a comparison with the consequences of the
ongoing Russian-Ukrainian war, including on the lands
of the Chkalovske community.

Scientific literature increasingly highlights the im-
pact of the Russian-Ukrainian war on environmental
components, particularly soils. P. Pereira et al. (2022)
indicate that military actions in Ukraine have signifi-
cant consequences for global food security and have
also caused economic and political problems. While
the impact on the environment is currently difficult to

Lebed et al.

assess due to ongoing intense fighting, the negative
consequences of soil damage, soil contamination, and
other degradation processes are already evident. A. Na-
sibov et al. (2024) concluded that the war has led to
a reduction in arable land and crop yields, as well as
soil and water pollution. The importance of considering
regional differences in agricultural productivity is also
noted. Assessing the consequences of hostilities helps
to determine the scale of the problem and subsequent-
ly develop a soil restoration strategy and make the nec-
essary decisions.

Many scholars highlight the issue of using high-res-
olution satellite imagery to visualise the consequences
of armed conflicts. According to M. Bennett et al. (2022),
very little attention is paid to reflecting the impact of
hostilities on rural and forest areas. Using the example
of the war in Ukraine, the authors pointed out the ad-
vantages of using high-quality images and the impor-
tance of archiving such images for scientific purposes
to monitor military conflicts. A detailed study of the mil-
itary impact on the soils of the Chkalovske community
also required the involvement of highresolution imag-
es, which, due to their cost, do not allow scientists to
obtain the necessary data on a regular basis.

Several scientific studies have been published as-
sessing the impact of the Russian-Ukrainian war on
soils using satellite data. For example, in the research
of S. Shevchuk et al. (2022), the impact of the Rus-
sian-Ukrainian war on the environment was analysed
using publicly available remote sensing data from
NOAA-2, Suomi NPP, Aqua and Terra satellites, Sentinel
and Landsat, as well as other open sources. In particu-
lar,a combination of channels B3, B8, and B11 of Senti-
nel-2 satellites was used for a clearer detection of fires
compared to the use of visible and infrared spectra sep-
arately. Similar conclusions were drawn in the current
study, however, in the current study,a more complex ap-
proach was used, using not only channel combinations
but also spectral ratios and indices.

A comprehensive methodological approach to as-
sessing war-induced soil disturbances was also pro-
posed in the study of O. Bonchkovskyi et al. (2023),
namely the detection of shell craters and tracks from
military equipment. The proposed methodology in-
cludes the following stages: geospatial analysis, field
research, data synthesis and processing, economic as-
sessment, and recommendations. The methodology
combines the following methods: remote sensing anal-
ysis, cartographic, soil science, geochemical, ecological,
geomorphological, and economic. Unlike this study, the
current research has developed a detailed methodol-
ogy for identifying soil damage based on known com-
binations and the author’s ratios and indices of optical
channels of satellites.

Due to the impossibility of conducting detailed soil
surveys in the combat zone and the high cost of acquir-
ing and analysing high-quality satellite imagery, there
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is a need to forecast militaryinduced changes in soils.
In the article of Y. Dmytruk et al. (2023), a preliminary
assessment of the consequences of the war in Ukraine
was conducted by modelling a predictive soil map at
a scale of 1:10,000 in a GIS environment, which was
used to estimate the areas of damage to individual soil
taxa. This will allow for the initiation of soil restoration,
taking into account their resistance to military impact.
The current study has a slightly different approach, re-
lated to the use of satellite data at a local level within a
separate community, which does not involve significant
resource expenditure on searching for and analysing
remote data.

Thus, to date, scientific research has left unan-
swered questions about the methodology for as-
sessing the military impact on soils using Sentinel-2
satellite images with the use of an author’s approach
to combinations of spectral channels. The presented
study aims to fill the gaps in the methodological ap-
proaches to identifying the consequences of military
impact on soils.

CONCLUSIONS

Using the example of Chkalovske TC, with predom-
inantly chernozem soils that have undergone var-
ious types of military degradation, the methodo-
logical necessity and practical feasibility of using
multi-temporal satellite images with different res-
olutions have been established. Their functional ca-
pabilities for diagnosing various types of military
degradation of chernozems have been determined.
Analysis of satellite images was carried out on the
online resource EO Browser, and the display of maps
showing the distribution of the consequences of
the impact of hostilities on soils was carried out in
specialised GIS programs (Mapinfo, ArcGIS-ArcMap).

At the initial stage, freely available data from Senti-
nel-2 satellites with a maximum resolution of 10 m and
an image update frequency of 5 days were analysed. A
methodological algorithm for their evaluation was de-
veloped and tested in real conditions. Using Sentinel-2
satellite data, the following types of military impact
can be established: mechanical, physical, and abiotic -
direct identification in the optical range; mined areas
by tangent identification of the long-term presence
of field plants (weeds) in fields. In the course of the
study, 4 types of military impact on soils were identi-
fied, which can be identified using Sentinel-2 satellite
images: craters on the soil surface from the rupture of
munitions, traces of soil compaction due to the passage
of heavy military equipment, fires in fields caused by
active shelling and burning of equipment, and fortifi-
cations of various types (trenches, defensive fighting
positions, dugouts). For each type of military impact on
soils, the most optimal existing combinations of spec-
tral channels of Sentinel-2 satellites and vegetation in-
dices were selected. Own calculations of channels were
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also developed using two types of equations - ratios
(A/B) and indices (A-B)/(A+B). For the identification of
craters, the ratios BO4/B08 and the index (BO8-B04)/
(BO8+B04) are optimal; for traces of compaction from
the passage of military equipment - B04/B12, B04/
BO8 and (BO8B04)/(B08+B04); for the consequences
of fires caused by shelling - B12/B08, B08/B12 and
(B12-B04,03,02)/(B12+B04,03,02),  (B08-B04,03,02)/
(BO8+B04,03,02); for fortifications — all of the above.

Based on the identified types of military impact
on soils, contours were constructed around the high-
est concentration of damage in the form of layers of
spatial objects, which were applied to a base map in
ArcMap. The use of Sentinel-2 images allowed for the
identification of the main zones of distribution of mil-
itary soil degradation. For a more detailed analysis of
the military impact on soils using satellites with higher
resolution, available ESRI Images satellite images were
analysed in the form of an ArcMap “base map”, accord-
ing to which individual contours of areas with military
soil damage were refined.

For the analysis of damage using high-resolution
commercial satellite data, a plot was selected in the
territory of Chkalovske TC, on which all the main types
of military impact are presented. As a source of de-
tailed satellite images, data from Jilin Kuanfu-01 sat-
ellites with a resolution of 50 cm were used, according
to which the locations of explosions of shells of vari-
ous calibres were determined. This made it possible to
identify craters with a diameter of less than 1 m. Also,
using Jilin Kuanfu-01 images, the boundaries of the
main types of military impact on the selected area were
refined. Calculations were made of the volumes of soil
losses for all types of military impact for future calcu-
lations of the damage caused. The impact of hostilities
on the quality of irrigated chernozems of Chkalovske TC
was assessed by analysing satellite images, and a map-
ping scheme was constructed with areas of the main
types of military impact on irrigated lands.

Therefore, the complex use of satellite images with
different resolutions and GIS platforms has made it
possible not only to calculate soil losses with sufficient
accuracy but also to analyse the types of military im-
pact both in terms of time and quantity. In this way, a
differentiated approach to studying the consequences
of military soil degradation is achieved. The informa-
tion obtained based on satellite images is an important
step in developing measures for restoring the soil cover
of territories that have undergone military degradation.
Further research, is planned to improve the methodol-
ogy for identifying military-induced soil damage by se-
lecting combinations of optical channels of Sentinel-2
satellites for all seasons of the year.
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AHorTauis. BificbkoBa arpecis Pociricbkoi ®Mepepauii cnpuyMHuna MaclwtTabHWii HEraTMBHUIA BMNMB HA NPUPOAHI
ekocucteMu YKpaiHu, y TOMy uucni i rpyHTiB. Ana dikcauii 306MTKiB, 3aBAaHUX BilHOW, HEOOXiAHO MPOBOAMUTH
BCcebiuHe 0OCTEXEHHS CTaHy [PYHTIB, CTYMeHK Ta MaclwTabiB iX MOWKOIKEHHS. 3aCTOCYBaHHA TPaAMLUIiAHOIO
MOMbOBOr0 OOCTEXEHHS I'PYHTOBOrO MOKPWMBY YCK/IALHEHE Yepe3 3HauyHy MiHHY Hebe3neky Ha 3BilbHEHUX Bif
okynauii Teputopisix. ToMy noctae HeobXiAHICTb WMPOKOr0 3aCTOCYBAHHS OMCTAHLUIMHUX METOAIB AO0CAIAXEHHS,
TaKMX K CYNYTHUKOBI AaHi (KOCMiYHi 3HIMKM). MeTO AaHOro JOoCNigKeHHs 6yn0 BUM3HAYEHHS CTaHy rPyHTIB Ta
MacwTabiB iX MOLWKOAXKEHb BHACNILOK BeAeHHs B0MOBUX Ll Ha TepuTopii YKanoBCbKOi TepUTOpianbHOI rpomMaam
YyryiBcbkoro paoHy XapkiBcbkoi obnacti. byno Bu3HayeHo Hanbinbl onTMManbHi KOMBiHALIT ONTUYHMX KaHaniB
CynyTHuKiB Sentinel-2 ans BiACTEXEHHS HACNIOKIB MINiTapHOro BMAMBY Ha IPYHTOBMI NokpuB. CTBOPEHO wWwap
NpOCTOPOBMX O6'EKTIB BiAMOBIAHO 4O Pi3HOBWAIB MiniTapHOi Aerpagalii rpyHTiB rpoMagu: HacnigKuM MOCTIAHUX
obcTpiniB (BMpBM BifA CHapsAiB, pakeT Ta 60M6); yLiNnbHEHHS Bif NPOXOOXXEHHS BiACbKOBOI TEXHIKM (CNiau Wwnaxis
nepecyBaHHs); GopTudikauiiHi cnopyan (okonu Ta BniHAaxi); moxexi, cnpuymMHeHi obcTpinamu. 3a LONOMOroK
CYNYTHUKOBMX 3HIMKIB BUCOKOT pO34ifIbHOI 34aTHOCTI HA TECTOBOMY MOAIrOHI MiAPaX0BaHO KiNbKiCTb BUPB (KpaTepiB)
Ta BTPATH I'PYHTOBOI Macu Bia BUBYXIiB, NIOLLI CANeHMX AINSHOK Ta YLLiSIbHEHHS, AOBXUHY MPOTUTAHKOBMX POBIB Ta
okoniB 3 BniHaaxamu. Ha 3powwyBaHux 3eMiax YkanoBcbKoi TepuTOpianbHOi rpoMam NifLpaxoBaHO MO 3eMenb,
ypaxeHux ob6CTpinamu, AiNSHOK, AKi 3a3HaNM CNantoBaHHA BHACi 40K NOXEX MifiTapHOro noxoaxeHHs. OTpuMaHa
Ha OCHOBI KOCMiYHMX 3HIMKIB iHpOpMaLLis € BaXMBUM KPOKOM y po3pobaeHHi 3aX04iB 3 BiAHOB/IEHHS IPYHTOBOIO
NMOKPMBY NiNOTHOT TEpMTOPIi, WO 3a3HaB MiniTapHoi aAerpagauii. bynv nposeneHi po60oT1 3 BUKOPUCTAHHSAM KOCMIYHMX
3HIMKIB pi3HOI pO34iNbHOI 30aTHOCTI Ta reciHbOpMaLiMHMUX CUCTEM ONS NiApaxyHKy 36uTKiB Big 60MoBMX AN 3
[OCTaTHbOIO TOYHICTIO Ta aHaNi3y WASXOM MOEAHAHHS BUAIB MiNiTapHOro BMAMBY $IK 3@ YacOM, TaK 1 33 KiNbKiCTHO.
[laHe pocnifXeHHs CTaHe OCHOBOK AJ/15 OLiHKM MaclTabiB Ta NPOCTOPOBOro NOLWMPEHHS MOLWKOAXEHb I'PYHTIB,
NigpaxyHKy BTpaT POAIYOro Wapy FPYHTY Ta EKOHOMIYHOI OLiHKM 36MTKiB, 3aBAaHMX IPYHTOBMM pecypcam

KntouoBi cnoBa: amcTaHuiiHe 30HAYBaHHS; Sentinel-2; BereTauiHWI iHAEKC; MiniTapHa AerpagaLis; NOWKOAXKEHHS
'PYHTIB; BUPBM
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