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© Abstract. Climate change is affecting forest ecosystems, leading to changes in the distribution of tree species,
ecological relationships, and the functioning of forest plant communities. The study aimed to analyse the impact of
climate change on forest ecosystems in the Western Polissia of Ukraine. To achieve this goal, in 2005-2023, the State
Enterprise “Gorodetske” Research Farm studied the current state of the forest ecosystem, analysed the impact of climate
change on it, and conducted detailed forest pathology reconnaissance surveys of the stands. Biodiversity indices were
also determined, and the rate of degradation and death of forests was analysed using field data and satellite images. The
study determined that climate change in the Western Polissia Region has a significant impact on forest ecosystems,
causing changes in forest composition, the spread of diseases and pests, and a decrease in natural biodiversity. The
study established that to ensure their sustainable functioning and conservation, it is necessary to take specific measures,
including early diagnosis of the state of forests, adaptation to climate change, prevention of forest fires, and use of
forest resources based on the principles of sustainable forestry. Implementation of such strategies can contribute to the
preservation of ecological diversity and sustainable development in the region for years to come. The results obtained
are of great importance for environmental management and conservation of natural resources in the Western Polissia
Region, as they provide an opportunity to identify specific strategies and measures for the adaptation of forest ecosystems
to climate change and other environmental challenges
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@ Introduction

Climate change affects forest ecosystems through fluctua-
tions in temperature and precipitation and can significant-
ly affect the distribution of tree species in forests. Some
species may be losing their natural habitat due to chang-
ing climatic conditions, while others may be expanding
their range beyond their traditional range. This can lead to
changes in biodiversity and ecosystem functioning. In ad-
dition, climate change can affect the production and distri-
bution of nutrients in the forest, as rising temperatures and
changes in precipitation patterns can alter the availability
of water to trees and other plants, affecting their growth
and development. B.D. Appiagyei et al. (2022) noted that
the ability of plants to adapt to new climatic conditions de-
pends on their genetic diversity and plasticity, i.e., the abil-
ity to change their physiological processes in response to

environmental changes. Plants with high genetic diversity
have a greater potential for adaptation, as diversity allows
them to use a wide range of adaptive strategies. However,
the speed and scale of climate change may exceed the abili-
ty of many plant species to adapt.

Q. Lyu et al. (2021) and M. Mpanda et al. (2021) noted
that climate change can significantly affect the age structure
of the forest. As temperatures rise, some tree species may
grow faster, which can lead to changes in the overall struc-
ture of forest ecosystems. C. Homer et al. (2020) argue that it
can also increase competition between different species for
available resources such as light, water, and nutrients. These
changes can have a significant impact on ecosystem pro-
cesses and forest biodiversity. Rising temperatures can cre-
ate conditions for faster growth of young trees, potentially
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changing the age structure of the forest and making it
younger. Changes in age structure may have further impli-
cations for the sustainability of forest ecosystems. Young
trees often require more resources to grow rapidly, which
can lead to the depletion of available nutrients and wa-
ter, especially in a changing climate. Climate change may
change the distribution of pathogens that damage forest
ecosystems. G.C. Hurtt et al. (2020) emphasise that this
can lead to the spread of new pests and diseases or chang-
es in the intensity of their impact. Rising temperatures can
create favourable conditions for the reproduction of some
pests that were not previously typical of a particular area.
Climate change in forest ecosystems is leading to signifi-
cant environmental changes, reducing biodiversity, and
altering the dynamics of animal populations. According
to L.J.R. Nunes et al. (2021), the decline in forest area and
degradation of forest quality due to drought and rising tem-
peratures are leading to a decline in populations of animals
such as birds, mammals, insects, and others. It also affects
predators that depend on these animals as food sources.
Such a chain reaction can have far-reaching consequences
for the ecosystem, disrupting the natural interconnections
and balance between species.

Climate change is one of the world’s biggest challenges
and affects the forest ecosystem. Climate has a significant
impact on species distribution, growth rates, and forest
structure. Warming directly affects the rate of plant pho-
tosynthesis and indirectly increases the risk of phytopatho-
gen infection (Nigatu Gebeyehu & Hailu Hirpo, 2019). The
impact of climate change on the forest ecosystems of the
Western Polissia Region of Ukraine is an important topic
of research in ecology and natural history. The region is in
the western part of Ukraine and is known for its unique bi-
odiversity and vast forests. Any changes in climate, such as
rising temperatures, changes in precipitation patterns, and
the intensity of natural disasters, can have a serious impact
on forest ecosystems (Kimeichuk & Kaidyk, 2022). Follow-
ing V. Lavnyy et al. (2022), climate change requires sustain-
able management of forest resources to ensure their sus-
tainability and restoration. Therefore, studying the impact
of climate change on forest ecosystems in Western Polissia,
Ukraine, is relevant for ensuring effective management and
conservation of natural biodiversity.

Thus, climate change has a complex and multifaceted
impact on forest ecosystems, which should be studied in
detail and addressed when developing forest management
strategies, which is the relevance of the study. Research
gaps are noted in that there is a lack of precision in predict-
ing the specific effects of these changes on different species
of trees, vegetation, and animals in different ecosystems.
The study aimed to address and reveal the impact of climate
change on forest ecosystems in the Western Polissia Region
of Ukraine. To achieve the stated goal, the following tasks
were set: to conduct a detailed analysis of existing data on
climate change in the Western Polissia Region; to research
which tree species are typical for the region; to identify
which pests and diseases are becoming more common or
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threatening forests due to climate change; and to develop
adaptation and forest management strategies to ensure the
sustainability and conservation of ecosystems in Western
Polissia. These tasks will describe the impact of climate
change on forest ecosystems in Western Polissia and devel-
op appropriate management strategies to ensure their resil-
ience and conservation.

© Materials and Methods

During 2005-2023, the study of the impact of climate change
on forest ecosystems in the territory of Horodets Village
Council of Volodymyrets District of Rivne Region was car-
ried out. These studies were conducted at the State Enter-
prise “Gorodetske” Research Farm (“Gorodetske”), which
is part of the Institute of Agriculture of Western Polissia of
the National Academy of Agrarian Sciences of Ukraine and
is subordinated to the Ministry for Development of Econo-
my, Trade and Agriculture of Ukraine (Fig. 1).

Figure 1. Territorial location of the study area
Source: compiled by the author

The study area covers 106.3 ha and is in the Ukrain-
ian Polissia — Western Polissia Forestry District. Most of
the forest plantations in this region grow in fresh subsoil
conditions. The research was informed by official materials,
statistics, and publications of the Ministry of Environmen-
tal Protection and Natural Resources of Ukraine (Nation-
al environmental policy, n.d.), the State Agency of Forest
Resources of Ukraine (General characteristics..., n.d.),
and the State Statistics Service of Ukraine (Sales of forest
products..., 2024). Rivne Meteorological Station (n.d.) data
were used to analyse climate change, which provided a de-
tailed analysis of changes in average annual temperature,
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precipitation, temperature fluctuations, and anomalous cli-
mate parameters over the period 1979-2023. Historical data
from archival documents, literature, and forest management
reports were studied to determine the distribution of tree
species and the spread of diseases and pests, and compared
with the current state (State Audit Service of Ukraine, 2020;
Environmental passport of Rivne Region, 2021).

To obtain data on the current state of the forest ecosys-
tem and the impact of climate change on it, detailed for-
est pathological reconnaissance surveys of stands for pests
and diseases were carried out by laying out trial temporary
areas. During these inspections, the plants are examined,
assessing their appearance, shape, growth, and leaf colour.
Any signs of damage, such as holes in the leaves, changes
in the colour or texture of the bark, insect damage or nests,
as well as spots, fungal fruiting bodies, or other signs of
disease infestation, were inspected. Modern environmental
research often involves the collection and analysis of large
amounts of data (e.g., biodiversity monitoring data, climate
data, satellite imagery). To simplify calculations, efficient
processing and analysis of such a large amount of data, it
is advisable to use programming methods. Therefore, the
study used formulas to determine biodiversity indices,
which were then processed by a script written in the R pro-
gramming language. Simpson’s index is an indicator of spe-
cies diversity that considers the number of species (E) and
the relative abundance of each species (p) (Somerfield et
al., 2008). It is calculated as:

E=1/(Zp?, (1)

where Xp - the total proportion of individuals in the com-
munity belonging to a particular species. The Shannon index
is an indicator of species diversity that considers the number
of species (S) and the relative abundance of each species (p):

S=-Z pxlog2(p), (2)

where p - is the proportion of individuals in the communi-
ty belonging to a particular species. The Brillouin index is
an indicator of species diversity that takes into account the
number of species (H), the total number of individuals (N),
and the number of individuals of each species (1):

H=In(N1) - (SxIn(n)/N), (3)

where N - is the total number of species; 7, - is the number
of individuals of each species; S - is the number of spe-
cies. The study addressed the species structure of the forest
fund of Rivne Region, which is part of the Western Polis-
sia zone, with a total area of forest plots of 374,993.5 ha.
The analysis of the rates of degradation and death in forest
areas was carried out by collecting and processing field re-
search data, which included direct observation, recording,
and identification of plants by route. Satellite imagery and
aerial photography were also used to identify degraded
areas and analyse the factors causing degradation, such as
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deforestation, fire, pathogens or anthropogenic factors. The
obtained research results were processed for their reliabil-
ity using the multivariate analysis of variance MANOVA
method. Microsoft Excel and Statistica 10 software were
used for this purpose.

© Results

The climate indicators in the Western Polissia Region in
2000-2023 are characterised by an increase in the average
annual air temperature by 2°C. The highest temperature
increases are observed during the cold season, which re-
duces the likelihood of prolonged and severe cold weather,
although short-term cold snaps are still possible. During
the cold season, fog, frost, snowfall, ice, and strong gale-
force winds are common, with a probability of 80-95%. The
warm season is characterised by extreme heat, increased
fire danger, as well as intense rain, thunderstorms, hail, and
squalls. These phenomena are local in nature but manifest
themselves with a certain regularity and intensity.

Since the beginning of 2000, the climatic conditions in
Western Polissia have undergone significant changes as a
result of global warming, which is observed in all parts of
the world. Winters have become milder, and rain instead
of snow in December has become a common occurrence.
Since the end of 2010, spring droughts and windstorms
have become more frequent, negatively impacting agricul-
ture and forest ecosystems. Summer cold snaps are often
accompanied by strong winds, heavy rains and hail, which
leads to significant losses. Climate change is affecting all
aspects of life in the region. Warmer winters lead to a de-
crease in snow cover, which is important for the water bal-
ance and prevention of spring floods. Long, hot periods in
the summer increase the risk of forest fires and reduce the
possibility of active photosynthetic activity. Therefore, it is
necessary to adapt technologies, water management and
urban planning to minimise the negative impacts and en-
sure sustainable development in the region.

The data show that the linear trend of climate change
is increasing, which indicates that the temperature trend is
positive and that the Western Polissia Region is becoming
warmer due to climate change. Moreover, one can observe
a complete absence of blue colour bands, which are charac-
teristic of colder years in the chart since 2000, while there
is a clear trend of red bands, which are characteristic of
warmer and hotter years (Fig. 2). The amount of precipi-
tation has been decreasing over the years, so conditions in
the Western Polissia Region are becoming drier over time.
In addition, drier years are becoming more and more com-
mon, with brown stripes instead of rainy ones on the chart,
creating a moisture deficit for forest ecosystems (Fig. 3). The
temperature anomaly for each month since 1979 indicates
how much warmer or colder it was than the 30-year average
air temperature between 1980 and 2010. Red months indi-
cate warmer values, and blue months indicate colder val-
ues than the average. According to the data obtained, it is
possible to state that the number of warm months has been
increasing over the years, which indicates global warming
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associated with climate change (Fig. 4). The bottom part of
the figure shows the precipitation anomaly for each month
since 1979; the anomaly indicates whether the month had
more precipitation than the average for the 30 years of
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climate observations from 1980-2010. Green months show
an excess of precipitation, and brown months show a deficit
compared to the norm. Thus, over the years, the trend of
periods of precipitation deficit has been observed.
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Figure 2. Annual temperature change at the Rivne Meteorological Station, 1979-2023
Source: compiled by the author based on Rivne Meteorological Station (n.d.)
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Figure 3. Dynamics of annual precipitation at the Rivne Meteorological Station, 1979-2023
Source: compiled by the author based on Rivne Meteorological Station (n.d.)
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Figure 4. Deviations from the norm of average monthly air temperature
and monthly precipitation at the Rivne Meteorological Station, 1979-2023

Source: compiled by the author based on Rivne Meteorological Station (n.d.)

The study established that over the past decade in West-
ern Polissia in the example of the Rivne Region, there have
been changes in the species composition of forests, which
has led to a decrease in the number of valuable and produc-
tive tree species (both coniferous and hardwood) and an
increase in derivative stands and less valuable forest plan-
tations. This increase was due to the expansion of low-bo-
nus hardwood and softwood plantations, which indicates
negative changes in the quality of plantations. Such changes
are considered negative due to reduced forest productivity,
lower resistance to pests and diseases, and soil degradation
(Lavnyy et al., 2022). According to the structure of forests by
species groups, conifers predominate common pine, which
occupies 65% of the total forest area (374,993.5 ha) (Fig. 5).

1%

M birch tree hanging
m common oak
m black alder

19 ™ common hornbeam

1% M European spruce

M scots pine

other

Figure 5. Species structure
of the forest fund of Rivne Region

Source: compiled by the author
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Other dominant forest species include hanging birch,
common oak and black alder, which cover large areas:
81,658.8 ha, 52,110.9 ha and 53,892.2 ha respectively (9%
each). Other species account for 3%, of which European
spruce and hornbeam account for 1% each. According to
the study, rising temperatures have led to the spread of dis-
eases in forest ecosystems, in particular rust, fusarium, and
pine blight. In recent years, the dry climate has contributed
to the spread of root sponge, which is the most damaging
to pine plantations and leads to their depletion. In addition,
climate change has affected the spread of pests in forest eco-
systems, such as: bark beetle, blue pine bark beetle, ribbed
ragworm, goldeneye, large pine beetle, moustachioed bee-
tle, silkworm, beetle and pine pole beetle (Fig. 6). More-
over, climate change may affect forest biodiversity. Some
plant and animal species may lose their natural habitats due
to changes in the growing season or soil moisture. This can
lead to a disturbance of the ecological balance in forest eco-
systems. The study revealed a negative trend in biodiversity
loss. A script made with the R programming language was
used to calculate biodiversity indices for the study plots
(Table 1). In general, a downward trend can be noted for
all three indices during the period under review. This may
indicate a decrease in plant diversity at the “Gorodetske”
The Shannon and Simpson indices, which address both the
number and diversity of species, appeared to be more sen-
sitive to changes than the Brillouin index, which takes into
account only the number of species. Thus, the decline in the
Shannon and Simpson index reflects not only a decrease in
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the number of species but also a loss of diversity. Chang-

as climate change, changes in land management, habitat
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destruction, and the loss of plant habitats. To determine in
es in biodiversity can be caused by various factors, such  detail the causes of changes in forest ecosystems, the rates of
degradation and death of forests were analysed (Fig. 7-8).
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Figure 6. The presence of forest pests and diseases in the “Gorodetske”, 2005-2023
Source: compiled by the author
Table 1. Plant biodiversity index at the “Gorodetske”, 2005-2023, plot average
Year Brillouin index Shannon index Simpson index
2005 4.5 2.8 0.65
2006 4.3 2.7 0.63
2007 4.2 2.6 0.61
2008 4.1 2.5 0.59
2009 4 24 0.57
2010 3.9 2.3 0.55
2011 3.8 2c) 0.53
2012 3.7 2.1 0.51
2013 3.6 2 0.49
2014 3.5 1.9 0.47
2015 3.4 1.8 0.45
2016 3.3 1.7 0.43
2017 BY) 1.6 0.41
2018 3.1 1.5 0.39
2019 3 14 0.37
2020 2.9 1.3 0.35
2021 2.9 1.2 0.34
2022 2.8 1.2 0.33
2023 2.7 1.1 0.31
Source: compiled by the author
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Figure 7. Dynamics of mortality of coniferous tree species, 2005-2023

Source: compiled by the author based on General characteristics of the forests of Ukraine (n.d.), Sales of forest products within Ukraine

by type (2024)
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Figure 8. Dynamics of mortality of deciduous tree species, 2005-2023

Source: compiled by the author based on State Agency of Forest Resources of Ukraine (n.d.), Sales of forest products within Ukraine

by type (2024)

Summarising the analysis of data for the period from
2005 to 2023, it can be determined that there is an increase
in damage from diseases and pests of conifers, which indi-
cates a deterioration in the condition of forests and their
vulnerability to phytopathological factors. A stable trend
of anthropogenic factors has been established for most
years, including deforestation. There is also an increase in
the number of forest fires, which is a result of both climate
change and human activity. As for deciduous tree species,
it is worth noting that in 2011 there was a sharp increase in
the impact of pests. The impact of anthropogenic factors
has been decreasing in most years, but high values were
noted in 2007 and 2010. There is also a general trend of in-
creasing forest fires over time, especially in 2017 and 2018.

Overall, the analysis demonstrates the threats faced by
forest ecosystems and points to the need to take measures
to protect and sustainably use them. In particular, the fol-
lowing adaptation and forest management strategies can
be developed to ensure the sustainability and conservation
of Western Polissia ecosystems in the context of identi-
fied impacts and threats. Monitoring and early diagnosis:
establishing a system for continuous monitoring of forest
conditions to detect damage from pests, diseases, climate
change and forest fires in a timely manner; use of advanced
technologies such as drones and satellite sensing to col-
lect data and visualise the state of forests. Biodiversity and
ecosystem restoration: preserving and restoring biodiver-
sity by preserving natural forest complexes and regulating
forestry; implementation of programmes to preserve rare
and endangered species of plants and animals that are an
integral part of ecosystems. Adaptation to climate change:
developing and implementing climate change adaptation
strategies, including protecting forests from rising temper-
atures, droughts, and other climate extremes; introduction
of climate-resistant tree and plant species. Preventing forest
fires: implementing preventive measures to prevent forest
fires, such as clearing undergrowth, creating firebreaks, and
educating local residents on fire safety; development and
implementation of emergency and rapid response plans in
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case of fire. Sustainable use of forest resources: managing
forest resources based on the principles of sustainable for-
estry, including the balanced use, restoration and conserva-
tion of forest resources; introducing forestry certification to
ensure compliance with sustainable forestry requirements.
These strategies are aimed at ensuring the resilience and
conservation of Western Polissia ecosystems in the face of
growing threats and impacts, and their implementation can
help conserve valuable forest resources and ensure sustain-
able use for many years to come.

© Discussion

Climate change is one of the biggest challenges facing the
world, with a significant impact on forest ecosystems. As
such, A. Zerva (2022) noted that forests are sensitive to cli-
mate change, so climate change has a huge impact on spe-
cies distribution, growth rates and forest structure. Climate
change is having a major impact on forest ecosystems, al-
tering tree growth and reproduction. As temperatures rise,
the chronology of tree life cycles changes, with budding,
leafing and flowering occurring too early. A similar opinion
is expressed by Z. Zeng et al. (2020), according to which
climate change affects forest ecosystems both directly and
indirectly, changing their structure and functioning. Ris-
ing temperatures directly affect the rate of photosynthesis
and respiration of plants, and indirectly increase the risk of
damage from phytopathogens. In general, climate change
is seen as one of the main obstacles to sustainable devel-
opment due to its impact on health, infrastructure, popu-
lation, agriculture and forest ecosystems. It can also cause
a deterioration in living conditions in many regions of the
world (Zhang et al., 2022).

According to Z. Zhao et al. (2021), there were unprec-
edented changes in the climate system during the twentieth
century. These changes can be traced back to an increase
in average annual temperature, changes in the quantity
and quality of precipitation, and an increase in the inten-
sity and frequency of abnormal events. It is widely accept-
ed that climate change is closely linked to greenhouse gas
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emissions, especially over the past 150 years. Therefore, the
term “climate change” has become synonymous with “hu-
man-induced climate change”. Climate change is most ad-
versely affected by rising air temperatures and changes in
precipitation. These factors influence changes in the grow-
ing season and the composition of forest ecosystems. Anal-
ysis of the study by K. Yuan et al. (2021) and the modelling
of changes in climate indicators confirm an increase in air
temperature by 0.7°C annually. According to the study, the
optimal temperature for photosynthesis in forests depends
on the type of ecosystem: for deciduous trees — 17.5°C, for
conifers — 16°C. Precipitation affects the intensity of pho-
tosynthesis only at low values - less than 60 mm. H. Xie et
al. (2021), on the other hand, believe that changes in cli-
matic parameters at the beginning of the growing season
contribute to improved conditions for photosynthesis in
forest plantations. However, excessively high summer tem-
peratures can harm the condition of coniferous forests, as
this factor only increases over time.

In contrast, A.A. Argiriou et al. (2023) suggest that re-
duced precipitation in August and September can negative-
ly affect plant development. However, in the long term, the
increase in the length of the growing season caused by the
early onset of plant physiological activity may have a positive
impact. This change can help increase the efficiency of forest
ecosystems in absorbing carbon dioxide, which is important
for the climate balance. In general, most authors agree that
global warming is causing significant changes in the envi-
ronment, which have already led to certain negative envi-
ronmental impacts and may further deepen in the future.
Anomalies of high temperatures alternating with coolness,
prolonged absence of precipitation, as well as sudden heavy
rains and other adverse weather events, lead to the degrada-
tion of forest ecosystems (Salimi et al., 2021; Tian et al., 2023).

Climate change harms forest ecosystems, as rising
temperatures lead to changes in the composition of forest
species, increase the frequency and intensity of forest fires,
and promote the spread of pests and diseases, which threat-
en forest health. G. Forzieri et al. (2022) argue that these
changes are affecting the ability of forests to respond to var-
ious climate factors, leading to a decrease in their resilience.
Another proof of this and confirmation of the results is the
opinion of M. Nigatu Gebeyehu & E Hailu Hirpo (2019),
who believe that climate change is leading to the transfor-
mation of zonal vegetation types, changes in the ratio of
forest formations and forest types, as well as deterioration
of forest viability and resistance to pests and diseases. In
addition, they contribute to an increase in the intensity of
forest drying and outbreaks of massive pest reproduction.
Climate change has a significant impact on the forest eco-
systems of Western Polissia, a region with many forests and
rich biodiversity. Although the climate here is favourable
for plant diversity, the peculiarities of the local location and
atmospheric processes create conditions for the occurrence
of natural meteorological events that can be catastrophic
and cause significant damage (Boychenko & Karamush-
ka, 2020). The wetland ecosystems typical of Polissia are
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particularly sensitive to such environmental changes. Stud-
ies point to a specific destruction of birch-rich habitats in
the bogs of the left bank of Polissia, which is associated with
extreme weather conditions. These ecosystems are impor-
tant, and they are very sensitive to any changes in the envi-
ronment, as confirmed in the study (Gautam et al., 2021).

Natural climatic zones, forest species composition, and
local growing conditions play an important role in how
climate change will affect specific forests. According to
L. Gustafsson et al. (2020), climate change is also causing
significant changes in the biological productivity of forests,
which affects the amount of available forest resources. This
creates new challenges for the forestry and woodworking
industries, which require the development of measures to
adapt to the new conditions. These changes must be ad-
dressed to ensure forest sustainability and effective forest
management in a changing climate. A comparison of the
results with previous studies in this area confirms the con-
sistency and complementarity of the findings. For instance,
studies by M.M. Qaderi et al. (2019) and R.A. Slesak et
al. (2022) also indicate that to effectively respond to the
challenges posed by climate change and to forecast the vol-
ume of forest resources in the future, it is necessary to have
a detailed understanding of forest productivity and condi-
tion in the medium and long term. L. Yang et al. (2022) em-
phasise that it is necessary to implement the principles of
sustainable forestry and develop adaptation strategies that
consider the natural and climatic zones and bio-ecological
characteristics of forest species. This will reduce the vulner-
ability of forests to climate change and help preserve them
for future generations.

The study confirms the opinion of Y. Li et al. (2020),
who emphasise that the transition to sustainable forestry
and the implementation of forest adaptation strategies to
climate change significantly increase their resilience. Ad-
aptation strategies should be based on the principles of sus-
tainable forestry, addressing the natural and climatic zones
and bio-ecological characteristics of forest species. This in-
cludes selecting appropriate reforestation methods, moni-
toring forest conditions, and integrating new technologies
and approaches to forest management. In this way, the neg-
ative impact of climate change can be reduced, and forest
plantations can be preserved. The findings of Q. Wang et
al. (2023) also resonate with the present study, which found
that the forestry industry reduces its vulnerability to cli-
mate change through strategic interventions. This includes
implementing adaptation measures, such as developing
tree varieties that are more resilient to new climate condi-
tions and conserving biodiversity to create more resilient
ecosystems. Reducing the vulnerability of the forest sector
and improving its adaptive capacity has a positive impact
on the environment, helping to maintain the ecological
sustainability of forests (Navarro-Cerrillo ef al., 2023).

Thus, climate change has become a key objective of
global environmental policy and a challenge for forest
management strategies. Forestry managers need to be
aware of their role in reducing the vulnerability of not only
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the forestry sector but also other sectors of the economy
and agriculture. There is ambiguity regarding the develop-
ment of effective mechanisms for a socially acceptable, in-
ternationally coordinated climate policy strategy that could
withstand market constraints and promote appropriate in-
stitutional development. However, the forestry sector has
great potential to mitigate the negative effects of climate
change, but this requires the development of regional adap-
tation and optimisation strategies.

© Conclusions
The study found that between 2000 and 2023, the average
air temperature in the Western Polissia Region increased
by 2°C and there is a tendency to increase the number of
warm months over the years, which indicates global warm-
ing associated with climate change. In addition, conditions
in this area are becoming drier over time, which creates a
moisture deficit for forest ecosystems. These changes af-
fect forests, causing a decrease in species biodiversity and
disruption of ecological balance in forest ecosystems. The
study also established that the decline in biodiversity is
caused by factors such as climate change, anthropogenic
impacts, environmental destruction, and the loss of habitat
for plants due to forest fires.

An analysis of data for the period from 2005 to 2023
confirmed that in the Western Polissia Region, in the Rivne
Region, there is an increase in damage from diseases and
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pests of both coniferous and deciduous tree species, which
indicates a deterioration in the condition of forests and
their vulnerability to phytopathological factors. There is
an increase in climatic factors, in particular temperature
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of further research is to use models to predict the impact of
future climate change on forest ecosystems.
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© AHorauif. KniMaTiuHi 3MiHM BIUIMBAIOTh HA JTiCOBI €KOCUCTEMM MPU3BOJAYM JJO 3MiH y PO3IOJiN BUJIB JiepeB,
eKOJIOTIYHMX B3AEMO3B’SI3KaX Ta (PYHKI[IOHYBAHHI TiCOBMX POCIMHHNX YIPYHOBaHb. MeTOW [OCTimKeHHs OyI0
MIPOAHaMi3yBaTy BIUIMB KIIMaTMYHUX 3MiH Ha j1icoBi exocuctemu B JaximHomy Ilomicci Ykpainm. s mocsArHeHH:
MocTaBlIeHoi MeT BIpojoBx 2005-2023 pokis Ha Teputopii [ep>xaBHoro mipnpuemcTsa «JJocmifHe rocnogapcrso
“Topoperipke”» 3[ifICHEHO BMBYEHHS MOTOYHOTO CTAHy JCOBOI €KOCKCTeMN, IPOAHAII30BAaHO BIUIMB Ha Hel 3MiH
KIiMaTy Ta IIPOBeJeHO JleTa/IbHi JIiCOIIaTO/IOTiYHI peKOTHOCIPYBaIbHi 00CTeXEeHHA lepeBoCTaHiB. Takoxk BU3HaYeHO
iHpekcy 610pisHOMAHITTSI Ta IPOBEEHO aHAI3 TeMIIIB Aerpazanii ta sarnbei 1icoBUX MacKBiB, BUKOPUCTOBYIOUN aHI
MTOJIbOBYUX JIOCTI/I)KE€HD Ta CYIIyTHMKOBI 3HIMKI. Y pe3ynbTaTi JOCTIPKEHHA BCTAHOBJIEHO, 1110 K/IIMAaTU4Hi 3MiHM B 30Hi
3axigaoro Ilomiccs MaOTh 3HAYHMIT BIUIMB HA JIiCOBi €KOCMCTeMU, COPUYMHAIOUN 3MiHM B CK/Iafi JIiCiB, MOMNMpeHHA
XBOPOO i IIKIHNKIB, a TAKOXK 3MEHIIIEHHS IPUPORHOro 6iopisHoMaHiTTs. BcTaHOBIIEHO, 110 [i/1s1 3a6€3IeYeHHsT IXHBOTO
cTajoro (GpyHKLIOHYBaHHA Ta 30epexkeHHS HeoOXijHe BXXWUTTA KOHKPETHMX 3aXOfiB, BK/IIOYAIOUl PAHHIO JiarHOCTYUKY
CTaHy JIciB, afjanranio A0 3MiH KIiMary, 3a00iraHHs JICOBMM IIOKeXAaM Ta BMKOPMCTAHHS JIICOBUX PecypciB Ha
OCHOBi IPMHIMNIIIB CTAJIOTO JIiCOBOTO IOCIIONAPCTBA. BIpoBaIkeHHA TaKMX CTpaTerill MOXe CHpUATY 30epekKeHHIO
eKOJIOTi4HOI PI3HOMAHITHOCTI Ta CTaJIOMy PO3BUTKY periony Ha MaitOyTHi poku. OTpuMaHi pe3y/n1braTu MalTh BaroMe
3HAYEHHs [Is1 €KOIOTIYHOrO YIIPAaB/IiHHS Ta 30epeXXeHHsI IPUPORHNUX PecypciB y 30Hi 3axigHoro Ilomicess, ockinbkn
HaJlal0Th MOXK/IMBICTh BU3HAYUTY KOHKPETHI CTpaTerii Ta 3aX0iM JI/I ajanTalil TiCOBMX eKOCUCTEM JJO 3MiH K/IiMaTy Ta
IHIINMX €KOJOTiYHUX BUK/IUKIB
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