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Vulnerability assessment of Ukrainian forests as the basis
of nature-based solutions for mitigation and adaptation
to climate change

I.F. Buksha', T.S. Pyvovar?, M. A. Bondaruk?, V.P. Pasternak?, S.V. Krakovska®

A wide range of climatic conditions in Ukraine causes significant regional differences in the vulnerability of forests
to the current rapid climate change. The mitigation/adaptation strategy should be based on assessments of their
vulnerability at the regional level.

Phytoindication model by Prof. Y. P. Didukh was used to assess forest vulnerability. The model provides a quantita-
tive estimation of climate as one of the major environmental factors affecting the distribution, condition and produc-
tivity of vegetation on the base of climate-related indicators — continentality, humidity and frost. For these indicators
climate suitability scales were calculated. The modeling was carried out for the main forest species: Pinus sylvestris L.,
Quercus robur L., Fagus sylvatica L., Picea abies (L.) H. Karst, Betula pendula Roth., Alnus glutinosa (L.) Gaertn. and
Robinia pseudoacacia L. Climate projections based on the Euro CORDEX time series (up to 2100) and 2 scenarios of
the Representative Concentration Pathways (RCP 4.5, RCP 8.5) were used. Using Q-GIS, the maps containing zones of
suitability to climate for each of the studied species were created for current climate conditions and future time series.
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The directions for strengthening the mitigation and adaptive capacity of forests are considered. The mainstream for
nature-based solutions is adaptive sustainable forest management, which provides: 1) optimization of land use struc-
ture and increasing the forested area, 2) development and implementation of a national forestry program considering
the priorities of climate change and low-carbon development; 3) using wood to substitute greenhouse gas intensive-
materials and fossil fuels; 4) the best forestry practices through the introduction of modern Climate-Smart Forestry

principles.

Key words: RCP 4.5; RCP 8.5, Euro CORDEX; climate trends, adaptive forest management.

Introduction. In Ukraine, the effects of climate
change are already being observed and according to the
projections of the Intergovernmental Panel on Climate
Change (IPCC, 2014, 2022), further climate warming
is expected soon. Forests are one of the main terrestrial
carbon sinks, but in unfavorable conditions (forests
decline, wildfires) they can become a carbon source,
which will mitigate climate change.

The conditions of Ukraine’s forests have deterio-
rated sharply since 2009. Over the last decade, the
arecas of Scots pine and Norway spruce damaged
by bark-beetles significantly increased in Ukraine
(ITapman Ta in., 2014; Meshkova, 2021). Large forest
areas have been damaged by wildfires. Such events are
considered consequences of climate change (Zibtsev,
Goldammer, Soshenskii, & Gumeniuk, 2022).

Previous studies (Shvidenko, Buksha, Krakovska,
& Lakyda, 2017; 1. Buksha, Pyvovar, M. Buksha, Pas-
ternak, & T. Buksha, 2021) predicted significant dete-
rioration of climatic conditions for forests in Ukraine,
mainly associated with the lack of water, and showed
shifting favorable conditions for forests to the north
and northwest. According to the results of research by
Boychenko (2008) the transformation of climatic fields
in the territory of Ukraine will lead, in particular, to
a shift in the boundaries of natural zones, and the ap-
pearance of a semi-desert zone in the south. In large
areas of Ukraine, conditions for the growth of the main
tree species will become unfavorable. The studies by
Dyderski, Paz, Frelich, & Jagodzinski (2018) showed
similar results for forests in Europe. The study by Bu-
ras & Menzel (2019) predicted significant changes in
the distribution of forest tree species in Europe in the
current century. European beech and English oak can
survive in quite large areas of Central Europe. Due to
the increasing risk of drought-induced mortality, Scots
pine and Norway spruce are likely to significantly de-
crease in abundance in Central European forests under
the expected climate change (Buras & Menzel, 2019;
Vacek et al., 2016). Scots pine is characterized by wide
ecological plasticity and genetic variability within its
natural range (Brichta et al., 2023).

A wide range of climatic conditions in Ukraine
causes regional features of forest ecosystems, and their
regional determinants — the specifics of vulnerability to
climate change. Therefore, it is very important to assess
the possible consequences for forests at the regional
level to form an information base for developing stra-
tegies for adaptation and mitigation of consequences.

The purpose of the study is to evaluate climate
suitability for the growth of the main forest tree species
in Ukraine in the current climate and in the future under

the most relevant scenarios RCP 4.5 and 8.5 scenarios
as well as quantification of vulnerability. The results of
the study are presented in this publication.

Material and methods. The phytoindication mod-
el by Didukh (1994, 2011) was used to assess forest
vulnerability. The model provides a quantitative esti-
mate of climatic conditions as one of the major environ-
mental factors affecting the distribution, condition and
productivity of forest vegetation on the base of indica-
tors of climate continentality, humidity and frostiness.

A previous study (IlIBunenxo, bykma, KpakoBcbka,
2018) showed that for the studied tree species the main
limiting factor is climate humidity, so in this study the
assessment was performed for this indicator. Climate
humidity reflects the lack of moisture — as the diffe-
rence between the annual amount of precipitation and
potential evaporation. For 8 tree species (Scots pine
(Pinus sylvestris L.), English oak (Quercus robur L.),
European beech (Fagus sylvatica L.), Norway spruce
(Picea abias (L.) H. Karst), Silver birch (Betula pen-
dula Roth.), Black alder (4lnus glutinosa (L.) Gaertn.)
and Black locust (Robinia pseudoacacia L.) climate
suitability scales were developed based on Didukh
(2011) (Table 1).

Climate humidity index was calculated as the dif-
ference between the annual precipitation sum (/) and
potential evaporation (£,) by the method of Kolomyts
(3a llIBupenkom Ta iH., 2018):

Om=W—-E, mm (1)

E,=1384-161,6-1_ +6,2451> )

where ¢, is the mean temperature of the warmest
month.

For the study, E-OBS climatic data (for the recent
climate of the period 1991-2010) and regional climate
model data from the international EURO-CORDEX
initiative (Jacob et al., 2014; Krakovska et al., 2022)
for scenarios RCP 4.5 and RCP 8.5 for the 21st cen-
tury were used. Climate indices and forest areas were
studied at the regional scale — within the forestry re-
gions according to Gensiruk (2002), which are used
for forest management in Ukraine and they almost
coincide with natural zones: Forest region (Polissia),
Forest-Steppe, Carpathian Mountains, Northern and
Southern Steppe, Mountain Crimea. As a source of data
on the area of forests by the main tree species, the data-
base of the State Forest Register as of January 1, 2011,
was used. Forest data were generalized at the forestry
enterprise’s level. The effect of local site conditions
such as soil humidity and fertility were not taken into
account in the modeling.
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Table 1. Magnitude of the scales of tolerance and suitability for climate humidity for the main tree species
(in absolute values of the indicator, mm)

Species Magnitude of tolerance ~ Optimum Suboptimum Satisfying Subsatisfying
Pinus sylvestris -500-1690 310-890 Llé);oﬁ }89‘3‘ ;119’8§()<311’(3)§f) '191()3;;;11 285&
Quercus robur ~700-900 -100-300 '243363;128 & '43;3;%28 & '61()6}3;2598 &
Fagus sylvatica -300-700 80-310 o0 I oS B
Picea abies 100-1,490 620-970 5>0907_()<_61’2(())9((§L >3 12,(())_93f ?,02‘7% >llo,g;(?—3 12,3§0
Betula pendula -500-1,300 170-630 (;—6;22985 ?ng 0033‘ 'i?%gé?f&ﬁ‘
Alnus glutinosa ~700-1,100 -30-430 '12255_'53900& 43:2;3;;28 & '6f§;0<_1‘f§80&
Carpinus betulus -500-700 -40-240 ; 1132;—_3420& ‘2103;31‘;8 & '49;%_93;238 &
Robinia pseudoacacia -900-700 -300-100 -41()163;328 & -65>02;3jé-g & '893;5;;23% &

By using Q-GIS, maps of dynamics of climate hu-
midity index for the recent climate of the 1991-2010
period and projected climate scenarios RCP 4.5 and
RCP 8.5 were elaborated. Modeling of the suitability
of climate humidity conditions for studied tree species
was performed on the base of determined scales (see
Table 1) under different scenarios. For each forestry re-
gion and the total territory of Ukraine, the distribution
of the current forest area of each species in different
zones of climatic suitability conditions under the cur-
rent climate and in the future under two scenarios was
estimated. The vulnerability in this study was quanti-
fied as an area of a specific tree species and its share
which in the future, according to the modeling, would
be in unsuitable climate conditions compared to the
current climate as well as areas, where favorable (opti-
mum, suboptimum and satisfactory) conditions would
become less favorable (unsatisfactory and extreme

conditions). Such an approach allowed for the identi-
fication of forestry regions where the projected climate
change will cause a more significant negative impact
on specific forest stands of the main tree species.
Results. The values of the climate humidity are
characterized by high variability within Ukraine: the
highest values are observed in the Carpathian moun-
tains, they are slightly lower in the Right-Bank Forest-
Steppe and Mountain Crimea, which is related to the
amount of precipitation and features of the terrain, while
in the southern direction the moisture deficit increases:
minimal values are in the Southern Steppe zone. In the
future, a significant increase in potential evaporation
is expected due to the increase in the temperature and,
accordingly, a sharp increase in the humidity deficit of
the climate starting from the south (Fig. 1). A signifi-
cant decrease in climate humidity is predicted in the
most forested regions: Forest-steppe and Forest zone.
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RCP 4.5
2041-2060

RCP 8.5
2041-2060
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Fig. 1. Climate humidity in the 21st century under scenarios RCP 4.5 and RCP 8.5 and in the current climate

The climate scenario data show a long-term trend
towards decreasing climate humidity in Ukraine. Less
rapid climate change is expected in the case of the

RCP 4.5 scenario, therefore, the consequences for fo-
rest stands in the case of realization of this scenario are
expected to be less dramatic, than in the case of RCP 8.5.
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The performed modelling (Fig. 2) showed that cli-
mate humidity conditions in Ukraine in the middle of
the century will become less suitable for the studied
species compared to the current climate. The predicted
effect is different in different forestry regions and de-
pends on the tolerance level of the species being stu-
died and the actual areas of these species. For example,
Robinia pseudoacacia can grow in a wide range of cli-
mate humidity, and in the middle of the century changes

in the area of suitable conditions for this species were
minimal. However, the forest areas of this species in
Ukraine are rather small, and they are mainly located in
the Steppe regions. The other species are characterized
by a significant decrease in areas with suitable condi-
tions. The lowest value of tolerance is characteristic of
Norway spruce, which is a representative of boreal fo-
rests: in Ukraine, favorable climate conditions for this
species are mainly in the Carpathian Mountains.
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Fig. 2. Modelling of the suitability of climate humidity conditions in Ukraine for main tree species in the current climate
and in the middle of the 21st century under scenarios RCP 4.5 and RCP 8.5

According to the climate classification, the most
favorable conditions are currently in the Carpathian
Mountains (Table 2), but pine in the region grows only

in small areas due to the dominance of other tree spe-
cies: European beech, Common hornbeam, Norway
spruce, Silver fur, etc.
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Table 2. Changes in the area of Scots pine distribution according to suitability for climate humidity
under different scenarios (in the current climate and the period 2041-2060 under RCP 4.5 and 8.5)

in Ukraine (Standwise forest inventory database as of 1 January 2011)

Relative area of pine stands

Pine area change in 2041-2060%**

N;éﬁzal . Lozlea ilfusizgg in the natural zone (%) 10° ha, (%)

Carpathian 16.8 Favorable** 100 100 99.5 0 -0.05 ha (-0.5%)

Mountains (0.7%) Unsuitable 0 0 0 0 0

Forest one 16042 Favorable** 97.7 84.8 64.9 -206.9 ha (12.9%)  -526.2 ha (32.8%)
(66.7%)  Unsuitable 0 0 0 0 0

Right bank 314.4 Favorable** 742 68.1 63.7 -19.2ha (-6.1%)  -33.0 ha (-10.5%)

Forest-steppe  (13.1%) Unsuitable 0 0 15.1 0 47.5 ha (15.1%)

Left bank 309.7 Favorable** 30.8 4 0 -83.0 ha (-26.8%) -95.4 ha (-30.8%)

Forest-steppe  (12.9%) Unsuitable 0 0 23.3 0 72.2 ha (23.3%)

Northern 124.7 Favorable** 0 0 0 0 0

Steppe (5.2%) Unsuitable 0.5 81.2 100 100.6 ha (80.7%)  124.1 ha (99.5%)

Southern 31 Favorable** 0 0 0 0 0

Steppe (1.3%) Unsuitable 99.9 100 100 0 0

Mountain 29 Favorable** 83.1 44.1 44.1 -1.1 ha (-39%) -1.1 ha (-39%)

Crimea (0.1%) Unsuitable 0 0 0 0 0

Ukraine 2403.9 Favorable** 79.7 66.8 52.4 -310.1 ha (-12.9%)  -656.3 ha (-27.3%)
(100%) Unsuitable 1.3 5.5 11.4 100.7 ha (4.2%) 242.8 ha (10.2%)

*Share of Scots pine area in natural zone from the total Scots pine area in Ukraine.
** Favorable conditions include the sum of Scots pine areas in optimal, suboptimal, and satisfactory conditions.

*#*k Compared to the current climate.

The distribution of Scots pine stands by natural
zones in Ukraine is not homogeneous due to differen-
ces in climate and soil conditions. The majority of pine
forests (66.7% of total pine stands in Ukraine) are lo-
cated in the Forest zone (northern part of the country),
where the climate conditions currently are mainly fa-
vorable (97.7% of Scots pine forests in the region grow
in a favorable climate). Among the forest-steppe re-
gions, the Right Bank Forest Steppe is relatively more
favorable for pine due to its more humid climate. While
conditions of the Steppe zones are mostly unfavorable
(subsatisfactory), extreme for the Northern Steppe, and
unsuitable for the Southern Steppe.

The analysis of the distribution of existing Scots
pine areas in Ukraine within the projected climate
humidity suitability classes (see Table 2) and the study
regions showed that in Ukraine as a whole in the
middle of the century, 4.2 to 10.2% (depending on the
scenario) of existing pine forests will be in unsuitable
conditions (mainly in the Forest-Steppe and in the
Northern Steppe zones), while in the Forest zone and
the Forest-Steppe, conditions in large areas of Scots
pine stands will vary from favorable to sub-satisfactory
and extreme. In terms of area, the most significant
changes are predicted in the Forest zone, where up

to 32% of existing pine stands under RCP 8.5 might
become vulnerable.

Thus, under the projected climate, pine stands
become vulnerable over large areas in different regions.
The estimated area of pine forests that may be affected
will be about 411-899 thousand hectares (depending
on the scenario). Our approach made it possible to
identify regions, and forestry enterprises with the most
unfavorable prognosis.

Discussion. Generally, the expected climate change
will have negative consequences for the health condi-
tion, productivity and biodiversity of existing forest
stands, as such rapid changes may disrupt the ho-
meostasis of forest ecosystems. Taking into account
the current age structure of Ukraine’s forests, their
adaptability to rapid climate change will be relatively
weak, as adult plants are less able to adapt to changes
in environmental conditions. At the same time, in
Ukraine, there are large areas of pure even-aged pine
stands that have the highest wildfire hazard.

The main consequences of climate change for forest
ecosystems of Ukraine are manifested in the following
areas: 1) geographical and landscape changes in areas
suitable for growing certain tree species (shift of natu-
ral ranges, disappearance of some tree species or inva-
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sion of non-native species); 2) changes in the resilience,
vitality and productivity of forest ecosystems; 3) the
occurrence of water or heat stress, especially during
extreme climate events; 4) changes in the ecosystem
functions of forests (in particular — the impact on the
quantity and quality of wood production, biogeoche-
mical cycles, biodiversity loss, etc.); 5) changes in the
content and circulation of plant nutrients; 6) changes
in the reproductive cycle of species, patterns of suc-
cession dynamics, as well as changes in ecological and
social services of forests; 7) changes in the hydrologi-
cal regime, especially in arid areas.

The study results showed that changes in the cli-
matic conditions will occur in all regions of Ukraine.
In the Carpathians, the vegetation belts are expected
to shift in altitude, for the plain part of Ukraine the
impact of projected climate change will cause a shift
of natural zones in the northern direction. Almost all
of the studied tree species are sensitive to climate hu-
midity, which is likely to decrease due to redistribution
of precipitation, increase of air temperature and, as a
consequence, increased evapotranspiration. Increasing
climate aridity, variability and extremes of climatic
phenomena will create stressful conditions for forest
vegetation. The predicted changes will have a mini-
mal effect on the black locust, so we can expect an in-
crease in its expansion in forest stands, especially in the
Forest-Steppe zone.

Forest vulnerability can be significantly reduced
through the development and implementation of stra-
tegies (Bowditch et al., 2020; Temperli, Bugmann, &
Elkin, 2012) and a system of actions aimed at adapting
Ukraine’s forests to climate change. On October 20,
2021, the Cabinet of Ministers of Ukraine adopted the
Strategy for Environmental Safety and Adaptation to
Climate Change until 2030. The document is aimed
at fulfilling Ukraine’s international obligations under
the Paris Climate Agreement to reduce greenhouse gas
emissions and adapt to the effects of global climate
change. Bowditch et al. (2020) describe the process
that developed a comprehensive definition of Climate-
smart forestry, as well as the process for selecting in-
dicators that assess the “climate-smartness” of forest
management. The core focus of the Climate-smart
forestry definition is integrating aspects of adaptation,
mitigation and social dimensions.

Forest management strategy for adaptation to cli-
mate change should be developed on a regional basis,
taking into account tree species composition and re-
gional characteristics, in particular concerning mode-
led climate conditions; it should be based on the prin-
ciples of Climate-smart forestry and in-depth study of
bioecological characteristics of the major forest tree
species (and potential prominent introduced species).

In regions with high vulnerability of tree species,
it is necessary to carry out measures to increase forest
resilience and adaptation to the expected climate. It is
necessary to include in the list of planned activities not
only the climate forecast for the territory but also the
local characteristics of site conditions (soil fertility,
soil water availability). It is recommended to transform

the existing pure Scots pine stands into mixed forests
(with an admixture of deciduous species). Use of pro-
venances with high adaptability to dry conditions for
reforestation. For detailed development of the list of
measures at the level of forestry enterprises for pest and
fire control, it is relevant to use the method of pests
and wildfire prediction, developed by Meshkova &
Borysenko (2021), based on scoring of soil fertility,
soil water availability, species composition (share of
Scots pine) and age. The basis for nature-based so-
lutions is adaptive sustainable forest management,
which provides: 1) optimization of land use structure,
increasing the forested area; 2) introduction of close-
to-nature forestry approaches.

Considering the diversity of natural conditions,
adaptive measures in the forest sector should be loca-
lized (at the region level), species-specific and aimed
at 1) maintenance of existing forest ecosystems and
landscapes (implementation of sustainable forest mana-
gement, fire control, forest protection from pests and
diseases); 2) optimization of land use structure, increas-
ing the forested area; 3) increasing the resilience of
forest ecosystems (existing and newly created) — sup-
porting of the best forest management practices
through the introduction of Climate-smart Forestry
principles: measures to control invasive species, selec-
tive felling system, regulation of species composition,
adapted migration, controlled use of non-native spe-
cies more adapted to new climatic conditions); 4) ef-
ficient use of natural resources, replacement of energy-
intensive products (to reduce carbon footprint)) — using
wood to substitute greenhouse gas-intensive materials
and fossil fuels. To achieve the ambitious goals of the
Paris Agreement in Ukraine, it is necessary to develop
and implement a national forestry program considering
the priorities of climate change, low-carbon develop-
ment, and strengthening of intersectional cooperation
(primarily for afforestation of the non-forest lands).

Conclusions. A change in climatic conditions will
occur in all regions of Ukraine: in the Carpathians, a
shift in vegetation zones is expected in altitude, for the
plain part, the impact of the predicted climate changes
will cause a shift in natural zones in the northern
direction. Almost all studied tree species are sensitive
to climate humidity, which is likely to decrease due to
redistribution of precipitation, increased air tempera-
ture and, as a result, increased evaporation. Increasing
aridity of the climate, variability and extremes of
climatic phenomena will create stressful conditions for
forest vegetation.

The proposed method can be used as the base for
adaptation and mitigation measures development, and
their correction. The developed approach makes it
possible to identify and map the hot spots/regions as a
priority for the preparation of the adaptation measures.
Further studies with a comprehensive approach
including national forest inventory data, climate and
local site conditions are necessary.
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Crparerist oM’ sSIKIIIEHHsI / aganTaiiii Mae TpyHTyBaTh-
Cs Ha OIIHIOBaHHI iXHHOT BPa3IUBOCTI Ha pETriOHAIb-
HOMY piBHi. J[J1s1 OIliHFOBaHHS yPa3JIMBOCTI JIICiB BUKO-
pucrano ¢itoinaukaniiny monens npod. A. I1. dimyxa
(1994). Mopnenp 3abe3nedye KilbKiCHY OLIHKY KiliMa-
Ty SIK OJIHOTO 3 OCHOBHHX €KOJIOTIYHMX YHHHHMKIB, 1[0
BIUTMBA€E HA MOIIUPEHHS, CTaH 1 MPOIAYKTUBHICTH pPOC-
JIMHHOCTI Ha OCHOBI KJIIMaTUYHUX HMOKA3HUKIB — KOH-
TUHEHTAJILHOCTI, 3a0€3MeYeHHS] BOJIOTOI0 Ta MOPO30-
cTiiikocti. s OUX MOKAa3HHUKIB PO3PAXOBAHO ILIKAIH
KJIIMaTHYHOT MpuaaTHOCTI. MoJienoBaHHs 3/11HCHIOBA-
JIM JUUIsl OCHOBHHMX JICPEBHUX BUJIB: Pinus sylvestris L.,
Quercus robur L., Fagus sylvatica L., Picea abies (L.)
H. Karst, Betula pendula Roth., Alnus glutinosa (L.)
Gaertn. 1 Robinia pseudoacacia L. BuxopuctoByBa-
JM MIPOTHO3M KJIIMaTy Ha OCHOBI YacoBUX pAfiB Euro
CORDEX (m0 2100 p.) Ta aBa cueHapii penpeseHra-
TuBHUX 1LIsiXiB KoHIeHTpalii (RCP 4.5, RCP 8.5). 3a
nmoriomororo Q-GIS cTBopeHo KapTH, M0 MICTATH 30HA
MIPUAATHOCTI KIIIMAaTUYHUX YMOB [UIsl KOXKHOT'O 3 J1OCIi-
JOKYBaHUX BHIIB JIEPEB 3a MMOTOYHUX 1 MaOyTHIX KITi-
MaTUYHUX 3MiH. Pe3ynbraru MOCHIJKCHHS CBiI4arh,
10 3MiHA KJIIMaTHYHUX YMOB BiZIOyJeTbCsl B yCiX pe-
rionax Ykpainu. Y Kapnarax O4iKyeThCSl 3MillICHHS
POCIIMHHUX TIOSCIB 32 BHCOTOIO, U PIBHHHHOI 4ac-
TUHU YKpaiHU — Yy MIBHIYHOMY HaIpsMKy. Maiixe Bci
JOCITIPKEH] AepeBHI BUAM YYTIHBI IO BOJOTOCTI KITi-
Mary, siKa Ma€ TEHJACHIIO O 3MEHILICHHS BHACIIZOK
NEepepo3Noniay OmnanaiB, MiJBUIICHHS TeMIepaTypu
MOBITPsL 1, SIK HACIIJOK, TMOCHUJICHHS BHIIAPOBYBaH-
H. [liTBHUINEHHS MTOCYNITUBOCTI KIIIMaTy, MiHJIUBOCTI
Ta EKCTPEMaJIBHOCTI KIIIMATHYHHUX SIBHII CTBOPIOBA-
THMYTh CTPECOBI YMOBH JIJISI JTiCOBOi POCIHHHOCTI.

Po3msiHyTO HanpsAMK IOCUIIEHHS TOM’ IKIITYy BaJTbHOT
Ta ajanTtaiiiHoi 3aarHocTi JiiciB. OCHOBHUM HaIpsi-
MOM TIPHPOIOKOPHCTYBAHHS € aJalITHBHE CTaje JiCOBE
TOCIOAAPCTBO, sIKe Tiependadae: 1) OnTHUMI3aIiio CTPyK-
TYpH 3€MJIEKOPUCTYBAaHHS Ta 30UTBIIEHHS JICHCTOCTI;
2) po3poOIeHHS Ta pealizallilo HallloHAIBHOI porpa-
MH JIICOBOT'O TOCIIOAAPCTBA 3 ypaxXyBaHHSIM PiIOPUTETIB
3MiHM KJIIMaTy Ta HU3bKOBYIJICIIEBOTO PO3BHUTKY; 3) BHU-
KOPUCTaHHS JICPEBUHM JJIsl 3aMIHM MaTrepiajiB, 10 iH-
TEHCHUBHO BUAUISIOTH MTAPHUKOBI T'a3u, 1 BUKOITHOTO TTa-
nuBa; 4) BIPOBAHKEHHS HAaHKpaIIUX MPaKTHK JIICOBOTO
TOCIOAAPCTBA, MO 0a3yIOThCS Ha CyYaCHUX IMPUHIIATIAX
KJIIMaTHIHO OPIEHTOBAHOTO JIICIBHULITBA.

Crpaterito ynpaBIiHHs JicaMd MOTPiOHO po3poO-
JISITH Ha PErioHalIbHIA OCHOBI 3 ypaxyBaHHSIM 3MOjIe-
JHOBAHOTO KJIIMATUYHOTO CTaHy Ta BHJIOBOTO CKIIQJLy
JIEpPEeBOCTaHIB, KU Mae 0a3yBaTHCS Ha MPHUHIWIAX
BEJCHHS KIIMaTW4HO OOTIPYHTOBAHOTO JIiCIBHHIITBA
Ta TOITHOJICHOTO BUBYCHHS 010€KOIOTIUHUX XapaKTe-
PUCTHK OCHOBHHMX JIICOTBIpHUX BHIB. J{JIs1 TOCSITHEH-
Hs nined [Tapusbkoi yrogm B Ykpaini HEOOXiJHO po3-
poOuTH Ta BIPOBAAWTH HAIIOHAJIBHY JIICOBY MpOTpa-
My 3 ypaxyBaHHSM IMPIOPUTETIB 3MiHA KJIiMary, HU3b-
KOBYIJICIIEBOTO PO3BUTKY Ta MOCHIJICHHS MIKIaTy3eBol
CHiBIpari.

Kuruogi ciioBa: RCP4.5; RCP 8.5; Euro CORDEX;
KJTIMaTHYHI TPEHM; aJIallTHBHE JIICOBE TOCIOAAPCTBO.
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