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The article provides a comprehensive analysis of the interaction between deforestation and climate change,
with particular emphasis on the impact of military actions on the reduction of forest ecosystems. The research
utilized general scientific methods (data analysis and synthesis), retrospective and comparative analysis, ana-
lytical-synthetic methods (study of scientific and statistical data, archival materials, etc.), and remote sensing
techniques. The aim of the study was to identify the main causes of the reduction in forested areas in Ukraine and
their role in the context of global climate change, as well as their significance for the socio-economic develop-
ment of the country during wartime and the post-war period. The role of forest ecosystems as a source of a
wide range of ecosystem services and as a significant component of the socio-economic status of the Ukrainian
Polissya region is analyzed. Special attention is given to the interaction between the reduction of forest-covered
areas and the intensification of climate change. The main factors contributing to the reduction of Ukraine’s forest
ecosystems are presented, with a particular focus on forest fires, including those caused by military actions. It
was established that from April 2023 to April 2024, the highest number of forest fires occurred in the eastern
and southern parts of the country, where active military actions are ongoing. An automated methodology for
decoding satellite images to detect areas of Scots pine dieback due to infestation by the pine shoot beetle was
developed, resulting in a map of the study area showing the boundaries of forestry districts, the grid of forest
compartments, the contours of damaged forest areas, and new dieback hotspots. The study demonstrates that
forest ecosystems are essential for mitigating climate change and ensuring sustainable regional development.
This is particularly true for the Ukrainian Polissya region, especially Zhytomyr Oblast, which has the highest
forest cover in the country but also leads in the loss of forest-covered areas.
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INTRODUCTION

Among terrestrial ecosystems, forests play
the most significant ecological role due to their
complexity, biological productivity, and regula-
tory capacity. This results in maximum levels
of carbon sequestration, water utilization, water
storage accumulation, and enrichment of the at-
mosphere with moisture and oxygen. The role of
forest plantations and shelterbelts in agriculture
is particularly notable, as they contribute to soil
cover preservation and increased crop yields while

minimizing the need for intensive technologies.
The preservation of forests, expansion of forested
areas, improvement of forest structure, and en-
hancement of productivity are also economically
important, not only in terms of increasing raw
material potential but also in the valuation of
carbon emission quotas and their absorption from
the atmosphere. This latter factor depends on
various conditions, including forest growing condi-
tions, species composition, structural features of
ecosystems, and the age and condition of stands.
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The volumes of carbon dioxide sequestration,
which are crucial for establishing emission quotas,
are determined according to the area of forest
vegetation and the average current productivity
of forests. Considering the comprehensive role
of forest ecosystems, their impact on the socio-
economic well-being of adjacent areas must be
noted. Thus, the area and quality of forest planta-
tions are significant factors influencing the state’s
fulfillment of international climate commitments
and the achievement of sustainable development
goals. This is especially relevant for traditionally
forested areas such as Ukrainian Polissya, where
forest ecosystems, predominantly composed of
coniferous species, cover relatively large areas and
play a substantial role in the economic balance
of the region.

The overall forest cover of our country is
low — 15.9% [1]. Before the onset of full-scale
Russian military aggression, Ukraine ranked 7
(as of 2022, now 9%) in Europe in terms of forest
area and 6th in timber reserves [2]. Due to the
direct and indirect impacts of climate change,
such as the spread of pests and diseases, as well
as anthropogenic influences, the forested areas of
Ukraine are diminishing. For the pine plantations
of Ukrainian Polissya, bark beetles (family Sco-
lytidae) pose a particular threat, as their activity
leads to the mass dieback of pine stands. From
2001 to 2021, the regions of Ukrainian Polissya —
Zhytomyr, Rivne, Kyiv, Volyn, and Chernihiv
oblasts (in descending order) — were leaders in
the loss of forest-covered areas. The first four of
these accounted for 52% of the country’s loss of
forest-covered areas [3].

Forest fires, both natural and anthropogenic,
pose an additional threat to Ukraine’s forest eco-
systems and risk accelerating climate change.
Overall, there is a trend in Ukraine of increasing
loss of forest-covered areas due to fires. According
to Global Forest Watch, over the past decade, the
greatest loss of forest plantations due to fires has
been characteristic of Polissya [3]. Active mili-
tary actions have caused additional significant
losses and extensive damage to Ukraine’s forest
ecosystems.

Given the apparent critical role of forest
ecosystems in various spheres of human activi-
ty, the preservation and expansion of forested
areas deserve special attention, particularly now,
when the loss of forest-covered areas is critical.
Therefore, the aim of our study was to out-
line the main causes of the reduction in forested
areas in Ukraine, their role in the context of
global climate change, and their importance as a
key component of the country’s socio-economic
development during wartime and the post-war
period.
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ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Contemporary climate changes are leading
to the deterioration of growth conditions, reduced
biological stability, and the weakening of trees,
resulting in increased susceptibility to insect pests
and diseases. Of particular concern is the damage
to forest plantations caused by harmful insects,
which have found climate change to be especially
favorable.

The mass infestation of coniferous planta-
tions by bark beetles has become a global is-
sue, affecting many countries, including North
America, Central Europe, and Asia [4-10]. The
ipid pine bark beetle has always been a regular
inhabitant of pine forests, primarily infesting iso-
lated weakened and fallen pine trees. Currently,
dry and warm weather conditions are favorable
for its mass reproduction, posing a significant
threat to the integrity of pine ecosystems. This
pest can now produce several generations per
year, significantly increasing its destructive im-
pact [11-13].

One of the factors contributing to the reduc-
tion of forest cover in our country is anthropo-
genic activity, both legal and illegal. According
to Global Forest Watch [3], this has been the
predominant cause of the reduction in forest-
covered areas in Ukraine since at least 2012. Since
2022, the problem of forest loss due to pyrogenic
effects caused by military actions has reached
catastrophic proportions in Ukraine. Currently,
approximately 40 state forestry enterprises, ma-
naging 600,000 hectares of forests out of a total
of approximately 10.5 million hectares, are under
occupation. Preliminary estimates indicate that
as of the end of 2022, direct damages from mili-
tary actions amounted to 13.2 million UAH [14].
However, there are also so-called indirect dam-
ages, which are challenging to assess, partly be-
cause the issues of de-occupation and demining
of territories remain unresolved, and the figures
for losses continue to rise.

While the scale of legal and illegal logging
can be somewhat regulated institutionally, climate
change and military actions are threats beyond
our control. However, we can monitor the situation
and develop compensatory measures and alter-
native strategies for forest management. Remote
sensing methods (RS) can be effectively applied to
identify damaged forest areas and their reduction
due to various factors, including the detection of
pine tree dieback hotspots [13; 15-16].

MATERIALS
AND METHODS OF RESEARCH

In line with the research objectives, the
theoretical foundation was built upon the studies
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of domestic and international scholars in the fields
of environmental protection, climate change, and
remote sensing. Economic-statistical methods
(processing of statistical data) and abstract-logical
methods (theoretical generalizations and formu-
lation of conclusions) were also employed. The
theoretical and informational basis for studying
the causes, scales, and trends of the reduction in
forested areas in Ukraine included reports from
the State Forest Resources Agency of Ukraine,
legislative and regulatory acts of Ukraine and
the European Union, and data from the Global
Forest Watch platform [3].

The study of pine stand dieback due to
infestation by bark beetles focused on the pine
bark beetle Ips acuminatus (Gyllenhal, 1827: Cur-
culionidae, Scolytinae) in the forest plantations
of Polissya, Ukraine. This included state forestry
enterprises in the Ovruch and Narodychi districts
of Zhytomyr Oblast during 2017-2019.

For remote monitoring of forest conditions,
satellite imagery data with medium and high
spatial resolution from the European Space Agen-
cy’s Sentinel-2 satellites were used. The spectral
quality coefficient for healthy and pest-infested
forest areas was compared across different spect-
ral bands. Automated classification of satellite
images, based on a database of reference samples
obtained from UAV (unmanned aerial vehicle)

route surveys, was conducted using the maximum
likelihood method with channel synthesis.

To create the cartographic basis, topographic
maps of the study area and electronic maps with
the boundaries of forestry districts and forest
compartment grids at a scale of no worse than
1:100,000 were used. For classification purposes,
the Semi-Automatic Classification Plugin for QGIS
(Semi-Automatic Classification Plugin for QGIS)
was utilized.

RESEARCH RESULTS
AND DISCUSSION

Based on the analysis of satellite data, a
methodology for automated interpretation of sa-
tellite images was developed to identify areas of
pine forest dieback due to infestation by the ipid
bark beetle. The application of this methodology
enables the monitoring of pine stand conditions,
early detection of ipid bark beetle outbreaks,
determination of affected areas, and prompt plan-
ning of forest sanitation measures. This, in turn,
helps reduce the loss of pine stands and timber.

The final result of the satellite monitoring
and analysis is a map of the study area at a scale
of 1:50,000, delineating the boundaries of the fo-
rest districts (Fig. 1), with a forest compartment
grid, outlines of damaged forest areas, and new
dieback hotspots.

Figure 1. Fragment of the final map showing dieback hotspots (red polygons)
in the forest management area

Source: created by the authors.
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Figure 2. Annual forest cover loss in Ukraine due to forest fires, 2001-2023
Source: compiled by the authors based on data from the Global Forest Watch platform.
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Figure 3. Fires in Ukraine, 2012-2022:
1 — number of fires in 2022; 2 — average value; 3 — above average

Source: compiled by the authors based on data from the Global Forest Watch platform.
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@ Unusually high @ High @ Normal @ Low Unusually low

Significance
1 Kherson —@® 2266
2 Zaporizhzhia 0.82
3 Donetsk 0.13
4 Luhansk -0.26
5 Mykolaiiv -0.28
6 Crimea -043
7 Kyiv City -0.50
8 Sevastopol -0.51
9 Kharkiv -0.57

Figure 4. Regions of Ukraine with the highest
number of registered forest fires,
April 2023 — April 2024

Source: compiled by the authors based on data from the
Global Forest Watch platform.

For each forest district, it is also possible to
calculate zonal statistics, including the total area
and the number of tree dieback hotspots within
each forest compartment.

The full-scale Russian military aggression
against Ukraine has also led to the loss of some
forested areas. This loss is due to the direct de-
struction of stands by combat actions and the
limited ability to extinguish fires and mitigate
their consequences due to a shortage of equip-
ment, personnel, fuel, and lubricants, as well
as restricted or absent access to fire hotspots.
According to the Global Forest Watch platform,
from 2001 to 2023, Ukraine lost 119% of its forests
compared to the year 2000 (Fig. 2).

However, overall, the forest fires in 2022
were not higher than the annual average (Fig. 3).
Nevertheless, data from the Global Forest Watch
platform clearly show that the majority of fo-
rest fires during this period occurred in combat
zones — occupied territories and the front
line.

The weather conditions in 2022 did not favor
the extensive spread of forest fires, and forested
areas were still relatively accessible to firefighting
services. This explains the significant proportion
of forest fires caused by combat actions, despite
the relatively low loss of forested areas compared
to previous years. However, in subsequent pe-
riods, the situation regarding the accessibility of
fire-affected forest areas, the availability of suf-
ficient firefighting resources, and the necessary
personnel has rapidly deteriorated. An additional
risk factor is the abnormally high temperatures,
which contribute to the occurrence and spread
of forest fires. From April 2023 to April 2024,
Kherson region was the area with the high-

est number of forest fires in Ukraine, with 602
registered incidents (Fig. 4). This accounts for
29% of all detected fires in Ukraine during this
period and is considered an extremely high level
since 2012.

The reduction in forest ecosystem area has
not only ecological but also significant economic
consequences. Substantial losses of forested areas
due to military actions — affecting nearly 30%
of Ukraine’s forests, according to the Ministry of
Environmental Protection and Natural Resour-
ces — predictably lead to a shortage in the sup-
ply of timber products on the global market. This
may result in unauthorized logging. Additionally,
the decrease in forest area undermines Ukraine’s
efforts to achieve sustainable development goals
and mitigate climate change impacts.

Restoration of disturbed ecosystems and the
resumption of at least pre-war development rates
across all sectors of the region’s economy requires
innovative approaches and solutions. Given that
the forestry sector is one of the main industries
in Ukrainian Polissya, rehabilitating forest ecosys-
tems is a key element for the region’s sustainable
development.

Thus, forest ecosystems are essential for
slowing climate change and ensuring balanced
territorial development. As the most complex ter-
restrial ecosystems, forests provide numerous eco-
system services crucial for economic well-being.
Therefore, minimizing risks to forest ecosystems
is integral to the resilience and adaptability of any
natural production system. From this perspec-
tive, cooperation among forestry, remote sensing,
climatology, and economic specialists appears
particularly promising.

CONCLUSIONS

The close interrelationship between the loss
of forested areas and climate change is evident.
The increase in climate risks exacerbates the
reduction of forest ecosystems, particularly in
regions like Ukrainian Polissya. The war presents
an additional threat, significantly increasing both
the number and severity of forest fires. Conse-
quently, the loss of forest areas considerably slows
the accumulation of carbon dioxide, while forest
fires increase its emission. The analysis of fire
dynamics and forest area loss, conducted using
the Global Forest Watch platform, confirms the
impacts of climate change and the effects of
military actions on forested areas.

According to the analysis, the most sig-
nificant factors contributing to the reduction of
forested areas in Ukraine include logging, ur-
banization, and fires. While the first two can
be controlled through institutional methods, the
number of fires continues to rise due to climate
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change, weakened tree stands, increased pest and
disease infestations, and frequent natural and
war-induced fires. Additionally, the loss of forest
ecosystems is exacerbated by reduced mainte-
nance, the inability to promptly extinguish fires
due to a lack of equipment, fuel, personnel, and
access to fire sites.

Satellite monitoring is an effective tool
for detecting, monitoring, and predicting cri-
sis phenomena such as pest infestations or the
development of forest fires. This can enhance
the efficiency of preventive and mitigation mea-
sures, especially during wartime. Specifically, a
methodology for automated decryption of satel-
lite images has been developed to detect areas
of Scots pine forest decline caused by the ipid
bark beetle.

Forest ecosystems play a vital role in the so-
cio-economic development of the Ukrainian Polis-

Climatic risks and forest ecosystems:
the interaction between deforestation and climate change

sya region, and their preservation is essential for
ensuring sustainable development and biodiversity
conservation. This requires a comprehensive ap-
proach to forest management that considers both
ecological and socio-economic aspects. Emphasis
should be placed on forest management strate-
gies, the introduction of new forest protection
methods, and integrated fire management in the
context of climate change and military actions
to reduce climate risks. Incorporating modern
technologies, such as satellite monitoring, into
forest management practices can help conserve
and restore forest resources.

It is necessary to strengthen legislative
control over forest resources and combat illegal
logging, which threatens the stability of forest
ecosystems. Legislative changes and an effective
monitoring system can help reduce forest cover
loss.
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Y cmammi HagedeHO KOMNAeKCHUIL aHA 113 83A€EMO8NUBY CKOPOUEHHS AICUCMOCMI NAOW, I KALMAMUYUHUX
3MIH, 4 MAKOXC HA20/10ULeHO Ha 8NAUBl 60U08uX Jill HAa 3MEHWEHHA AICO8UX eKocucmeM. Y meaxncax 00CAI0xHCeHD
8UKOPUCMO8Y8A/1U 3a2A/1bHOHAYKO08 Memoou (AaHa1i3 ma cuHmes 0aHuX), pempocneKmugHull i nopieHAAbHULL
aHani3, AHAATMUKO-CUHMEeMUYHULL Memo0 (8UBHEHHS HAYKOBUX MA CMAMUCMUYHUX OaHUX, (JOHO08UX Ma-
mepia/ie mow,o), Memoo OUCMAHYIUHO20 30HOYBAHHS 3eML 3 KOCMOCY. Memor 00CAi0H#ceHHS 6Y/10 OKpec-
AUMU OCHOBHI NPUUUHU CKOPOUEHHS NAOW, AICO8UX eKOoCUuCmeM YKpaiHu, a maxKodic IXHI0 poab y KOHmMekcmi
2/106a1bHUX KALMAMUHYHUX 3MIH Ma K 8AdHCAUBOL CKAAA080I COUIANbHO-EKOHOMIUHO20 PO38UMKY 0epicasu
Y 80€HHUIL i n0BOEHHUTL nepiodu. IIpoaHani308aHO PO/b AICOBUX eKOCUCMeM K ddcepend 8eaukol Kinbkocmi
PISHOMAHIMHUX eKOCUCTEMHUX NOCAY2, @ MAKONC 8A20MO020 e/1eMEHMY COUIa/bHO-eKOHOMIUHO20 Camycy
pez2iony Ykpaincvkozo Iloaiccs. Okpemy ygazy 6y/10 npudi/ieHo 83aEMOBNAUEY 3MEHUWEHH S AICOBKPUMUX NA0U
ma iHmeHcu@ikayii KaimamuuHux 3mMiH. HagedeHo 0CHOBHI HUHHUKU CKOPOUEHH S AICOB8UX eKOCUCMeM YKpaiHu,
30KpeMa 8Udi/eHO /iCO8I NOJACEIHCT, BKAIOUHO 3 MUMU, W0 6YAU cnpuHduHeHI 6otiosumu dismu. BCmaHo8aeHo,
wo 3a nepiod i3 k8iIMHA 2023 p. 00 k8IMHA 2024 p. HATIGIALUWA KI/bKICMb JIICOBUX NONKCENHC NPOCNENHCYBANAC HA
cx00i ma nigdHi depacasu, de 8i06ysaromvcss akmueHi 60tiosi dil. 5y/10 po3po6.1eH0 MemoduKy agmomamu3oea-
HO020 dewu@dpy8aHH sl CynymHUKOBUX 3HIMKI8 015 BUSIBAEHHS 0CePedKi8 YCUXAHHS AICOBUX HACAONHCEHb COCHU
368UUALIHOT BHAC/NIO0K YPAICEHHS 8EPXIBKOBUM KOPOIOOM, HA OCHOBL K0T 6y/10 CMEOpeHo Kapmy mepumopii
00CNI0NHCEHHSA 3 MeNCAMU AICHUYMSB, K8APMAALHOK CIMKOH, KOHMYPAMU NOWKOONICEHUX AICO8UX OLASAHOK 1
HOBUX 0CepeoKi8 yCUXaHHS. /JogedeHo, U0 /1ico8l eKocucmemu € He06XiOHUM e/1eMEHMOM CNO8IAbHEHH S KALMa-
MUYHUX 3MIH [ 3a6e3neueHHs 36a/1aHCO08AH020 pO38UMKY mepumopii. 0co6.au80 ue cmocyemuscsi YKpaiHCbKo2o
Ionices, 3okpema Kumomupcvkoi 06.4., Aicucmicms K01 € HalleUW010 8 depaicasi, aie 1Ka 800HOUAC € ALOePOM
3a mpamoro AiCOBKpUMuUX N0,

Karwuoei caosa: KkaimMamuyuHi 3mMiHU, Alco8i HacaddceHHs, AICo8l nodcedxci, gepxiekosuil Kopoid, cynym-
HUKO08UIl MOHIMOPUHE.
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