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Introduction

Climate change is one of the most serious challenges of
today for natural and man-made systems. Their influence
on forests, which are one of the most important components
of Earth's ecosystem, is nonlinear, difficult to predict at lo-
cal and regional levels, and requires application of mitigati-
ve and adaptive measures today to preserve forest integrity
and sustainability in the future. The peculiarity of Eastern-

The article considers the main challenges facing the forest sec-
tor of European part of Mid-Latitude zone in connection with cli-
mate change. The main aim was to systematize available scientific
information on climate change influence on forests in the research
region. The methods of analysis, synthesis, comparison and genera-
lization of available scientific information were applied. Environ-
mental results of climate change impact on forests are represented
by future worsening stability and sanitary state of forest stands of
Ukraine's main forest-forming tree species. This becomes more and
more noticeable for Scots pine dominated stands across Ukraine,
and the future for forests composed by other tree species is no
longer optimistic in the long run. It is stated that the changing envi-
ronment will lead to alteration of growth, productivity and biopro-
ductivity of Ukrainian forests, and, consequently,to the necessity to
rethink approaches to selection of tree species, forest caring and
growing, assessment of ecosystem functions and so on. Economic
consequences of climate change for forestry will manifest
themselves in the loss of resources, loss of income, as well as ex-
penditures for implementing environmental stabilizing measures.
The attention is drawn to significant volumes of normative and in-
formation support as well as unique empirical data accumulated in
Ukraine during a prolonged period of forest management, forest sci-
ence and practice. Those are actively used to describe dynamics of
various characteristics of forest ecosystems within scientific
research, management planning and forest industry. The importance
of improving the information support of the forestry sector is
emphasized, which will ensure the possibility of forecasting the
state of forests under climate change conditions and making sound
managerial decisions, and possible pathways for this are
highlighted. Characterized are necessary prerequisites and possible
ways of transition to the paradigm of sustainable development on
the basis of risk-resilient forest management in Ukraine and in ge-
ographically greater region.

Keywords: forest; climate change; productivity; ecosystem
functions; forecasting; risk-resilient forest management.

European part of Mid-Latitude zone is its low forest-land
percentage. This is a prerequisite for manifestation of cli-
mate change consequences in forest sector and other related
fields. The necessity to comply with binding international
environmental and climate-protective commitments justifi-
es the application of modern methods and approaches in
Ukraine to take into account a response of forest
ecosystems to environmental changes, including climate
change.
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The main aim of this research is systematization of cli-
mate change influence on forests in the research region.
The object of this research is the approaches to formalizing
description and forecasting growth and productivity of fo-
rests, as well as assessment of their ecosystem functions, ta-
king into account climate change-induced impact. The sub-
ject of the studies is the processes of growth of forest stands
under climate change conditions.

Material and methods

In order to achieve the above main aim, the authors ha-
ve applied the methods of analysis, synthesis, comparison
and generalization of available scientific information on cli-
mate change impact on forests. The authors used the rese-
arch results of Ukrainian and foreign scientists as pertaining
to growth and bioproductivity of forests, economic evalua-
tion of their ecosystem functions, the role and influence of
climate change on formation of forest productivity, mode-
ling and forecasting the state of forest resources under con-
ditions of environmental changes as well as risk-resilient
forest management.

Results

The consequences of climate change for stability and sa-
nitary state of forest stands of Ukraine's main forest-forming
tree species are already causing considerable concern. In re-
cent years, particularly, there has been a significant deteri-
oration in sanitary state of pine forests, among the causes of
which are outbreaks of pests and forest diseases, as well as
extreme climatic phenomena such as droughts and
heatwaves. The situation for stands of other forest-forming
tree species is no less worrying in the long-term perspective.

The latest research of Ukrainian scientists provides gro-
unds for considering dynamics of ranges of major forest-
forming tree species. According to the research results, the
southern boundary of Scots pine range in Ukraine is expec-
ted to move 200-250 km northward (Kolomytcev & Prydat-
ko, 2017). The comprehensive research carried out within
the framework of "Clima East" project indicates a signifi-
cant deterioration in forest growth conditions on major part
of Ukraine's territory by the end of XXI century (Shviden-
ko, et al., 2017; Climaeast, 2016). The described trends will
lead to alteration of growth, productivity and bioproducti-
vity of Ukrainian forests, as well as substantiate the neces-
sity to rethink approaches to selection of tree species, forest
caring and growing, assessment of ecosystem functions etc.

In the course of research on impact of climate change on
economic growth and development, the focus is on threats
to such key elements of human life as access to water, food,
changes of health, changes in land use and the environment.
A detailed scientific analysis of the influence of climate
change on these areas in the context of different degrees of
climate change (with a global temperature increase by 1-5
°C and more) indicates large-scale threats (Stern, 2007).
For forest sector of Eastern European part of Mid-Latitude
zone, a negative economic effect will be reflected in the
loss of resources, loss of income, as well as expenditures
for implementing environmental stabilizing measures. On
the example of Ukraine, an insufficiency or a complete
absence of spatially explicit quantitative economic as-
sessments of selected ecosystem functions of forest phyto-
coenoses should be noted. It is also worth emphasizing pos-
sible reduction in economic value of some ecosystem

functions of forests due to a decrease in the intensity of the-
ir performance due to climate-induced changes in the envi-
ronment.

During a prolonged period of forest management, forest
science and practice in Ukraine have accumulated signifi-
cant volumes of normative and information support
material, which is actively used to describe dynamics of va-
rious characteristics of forest ecosystems within the process
of scientific and management planning activities (Kashpor
& Strochynsky, 2013; Lakyda, et al., 2013; Lakyda, et al.,
2011). A peculiarity of the current situation for forestry is
defined by the impossibility of using the existing materials
that would characterize growth, productivity and biopro-
ductivity of forests at an adequate level of reliability under
the influence of dynamics of climatic system of the Earth
and instability of other environmental factors. Accounting
for the impact of climate change on the growth and biopro-
ductivity of forests in Ukraine requires implementation of a
series of stages on systematization and improvement of the
existing regulatory and information support for forestry and
its further integration into the existing global or regional
models of forest ecosystem dynamics. It is worth noting
that a considerable amount of unique material has been col-
lected as a result of the research on growth, productivity
and bioproductivity of Ukrainian forests over a significant
period of time (Lakyda, et al., 2017; Lakyda, et al., 2016;
Schepaschenko, et al., 2017).

In order to improve compatibility of the national infor-
mation support of forestry with the modern international
scientific developments, it is necessary to develop a system
of models of growth and productivity of modal (Lakyda &
Vasylyshyn, 2016) and fully stocked stands composed of
the main forest-forming tree species of Ukraine, and also to
systematize the existing national information support for as-
sessing their bioproductivity using approaches that are in-
ternationally recognized in science and practice. Methods
and approaches (Shvidenko, et al., 2008). This system shall
provide dynamics of the main mensurational indices for
stands of major forest-forming tree species of Ukraine in a
unified form, using a common type of modeling and mathe-
matical tools and means. Compliance with the above-menti-
oned principles and approaches will allow for further ex-
pansion of those systems and enable development of mate-
rials for assessing ecosystem functions of forests on its ba-
sis. Currently, Ukraine has an experience in assessing net
primary production and carbon budget of forests (Shviden-
ko, et al, 2014) as well as their energy potentials
(Vasylyshyn, 2016).

A necessary prerequisite for practical implementation of
deterministic and nondeterministic approaches of risk-resi-
lient forest management is availability of appropriate mode-
ling tools and other information support. Based on these
means, by considering the most prospective scenarios in
conditions of uncertainty of ecosystems response to chan-
ging climatic factors, it becomes possible to determine best
suitable mitigative and adaptive forest management options
as components of multiple strategies (Millar, Stephenson &
Stephens, 2007). However, these stages are preceded by a
considerable amount of work on harmonizing the existing
regulatory and information support, involving internati-
onally recognized modelling systems and environments,
implementing economic assessment of ecosystem functi-
ons, developing national forest policy and many other steps,
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a lack of which results in an inability of transition to the pa-
radigm of sustainable development on the basis of risk-resi-
lient forest management in Ukraine. A successful resolution
of the tasks outlined above makes it possible to create a
platform for productive interdisciplinary international colla-
boration of scientists and practitioners from different insti-
tutions.

Conclusions

The impact of global climate change on forests of
northern and equatorial parts of the globe is a subject of
long-term systematic research, including environmental and
economic forecasts. Eastern European part of Middle Lati-
tude zone, which includes forests of flatlands of Ukraine is
one of the most potentially vulnerable regions. Given low
percentage of forest cover, climate change will be actively
reflected on habitat trends of the main forest-forming tree
species (Scots pine, European spruce, common oak). These
phenomena will be accompanied by dramatic environmen-
tal consequences — local forest dieback over large areas.
The main reasons for this are weakening of forests by ad-
verse impact of extreme weather events, infestations of di-
seases and pests, as well as catastrophic forest fires. Negati-
ve economic effect will be expressed by loss of resources,
loss of income as well as expenditures for implementation
of environment stabilizing measures.

All this encourages Ukrainian researchers to conduct
consolidated research with European (EFI) and internati-
onal (ITASA, IUFRO) scientific institutions on developing a
system of dynamic models of growth of main forest-for-
ming tree species of Ukraine with account of trends of envi-
ronmental effects of global climate change and economic
forecasts which should be taken into consideration for
implementation of risk-resilient forest management.

Ensuring sustainable forest management in a changing
world is a complex task, fulfilling which should be based on
science and appropriate practical implementation of research
results. The current trends in environmental indices, especi-
ally climatic, are significantly influencing forest ecosystems.
Application of traditional Eastern European approach to the
description of dynamics of mensurational parameters of fo-
rest stands cannot be regarded as a sufficient condition to
obtain reliable estimates of their future state under climate
change conditions. Development of a "climatic interface" for
the existing models of forests' growth and productivity is a
step forward in terms of enhancing possibilities of their
application under the current conditions. With respect to the
mentioned above, standardization and systematization of the
existing models is a crucial precondition.

On the example of Ukrainian forestry sector, the rele-
vance and methodological provisions for improving and
adapting the current information support to dynamic envi-
ronmental conditions are highlighted. Attention is focused
on advanced integration capabilities of a unified system of
growth and productivity models for stands of main forest-
forming tree species. Its embedding to regional and global
forestry models enables forecasting the state of Ukrainian
forests by the middle and end of the 21st century.

The implementation of the proposed approach will
enable adequate assessment of risks associated with forest
management under conditions of climate change, contribute
to decision-making support and create a platform for inter-

disciplinary cooperation between researchers and practiti-
oners in Ukraine and around the world. The experimental
and modelling groundwork of the scientific team of the Na-
tional University of Life and Environmental Sciences of
Ukraine in addressing the outlined challenges gives reasons
for optimistic expectations regarding implementation of ro-
admap for sustainable forest management in the region.
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EKOHOMIYHI TA EKOJIOTTYHI BUK/IMKH 3MIH KJIIMATY AJ14 JIICIB
CXITHOEBPONENCHKOI YACTUHU CEPEJJHEOIIMPOTHOI 30HHU

Po3riIsiHYTO OCHOBHI BUKJIMKH, SIKi IIOCTAIOTH MEPe]] TICOBUM CEKTOPOM CX1THOEBPOIEHCHKOI YaCTUHHU CepeIHBOIIMPOTHOI 30HH Y
3B'I3Ky 31 3MiHAMM KJIIMary Ta HaCJiJK{ AJIS PHU3UKOCTIMKOro JICOYNpaBIIiHHS B perioHi. 3a3HaueHo, [0 HACHIAKU KIiMaTHIHHX
3MIH JUIsl CTIMKOCTI 1 CaHiTapHOrO CTaHy JIICOBHX Haca/KeHb OCHOBHHMX JIICOTBIPHHX AE€PEBHHX MOPiJ YKpalHU BXKE€ CHOrOJHI BUKIIH-
KalOTh iICTOTHE 3aHENOKOEHHS 1 CIPUYMHAIOTH 3HAYHHUI HeTaTWBHUH BIUIMB. OYiKyeTHCS BIATYK JIICOBUX €KOCHCTEM HA 3MIHH YMOB
JIOBKIJIISL y BUTJISIIL AMHAMIKK apeatiB OKPEeMHUX JIICOTBIPHUX JepeBHUX BHAIB. ONMIcaHO eKOHOMIYHI HACHiIKU BIUIMBY 3MiH KIIiMary,
SIKi BUSIBIISITUMYTBCSl y HETraTHBHOMY €KOHOMIYHOMY e()eKTi uepe3 BTpaTh pecypciB, HEJOOTPUMaHHS NPUOYTKY Ta BUTPATH Ha peai-
3allifo 3aXO0/iB 3 KOJIOT14HOI cTabinizamil oBKiLIL. Bif3HaueHo HAKONIMYEHHS JTiCOBOIO HAYKOIO Ta IPAKTUKOIO B YKpaiHi 3a TpuBa-
JIMH TIepiof TOCII/KEHb Ta BEJECHHS JIICOBOrO I'OCIIOAAPCTBA 3HAUYHMUX 00CATIB HOPMAaTHBHO-iH(pOpManiiHOro 3abe3nedeHHs i yHi-
KaJIEHOT'O eMITIPUYHOTO Marepiaiy, siKi aKTUBHO 3aCTOCOBYIOTb y 311HCHEHHI HayKOBOi, IPOSKTHO-TICOBIIOPSITHOI, @ TAKOXK BUPOOHHU-
4ol nisubHOCTI. HaromormreHo Ha BaXWIMBOCTI BJOCKOHAJICHHS iH(pOpMaNiifHOro 3a0e3redeHHs JiCOrocogapchKol rarysi 3amis 3a-
0e3reueHHs] MOXKJIMBOCT] IPOTHO3YBAaHHS CTAHY JIICIB 32 yMOB KJIIMAaTHYHMX 3MiH i IPUHHATTS OOIPYHTOBAHHX YHPAaBIIHCHKUX pi-
mreHb. OXapakTepu30BaHO HEOOXiIHI MepeyMOBH Ta MOXKIIMBI IIIIXU IIEPEXOLy A0 MapagurMH CTaJIOro PO3BUTKY Y JTICOBOMY CEK-
TOpi Ha 3acajiaX PU3UKOCTIIKOro yIpaBIIiHHS JicaMU PETioHY.

Kniouosi cnosa: nic; 3MiHH KJIiMaTy; MPOIyKTUBHICTh; €KOCHCTEMHI (PyHKIIIT; IPOrHO3YBAHHS; PU3UKOCTIIKE JIICOYIPABIiHHS.

II. H. /lakuda, A. H. Kapnyk, P. /. BacuauwuH, H. I1. /lakuda
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9KOHOMHYECKHE U 3KO/IOTMYECKHUE BbI30BbI [’ISMEHEHHP'I K/IMMATA /151 JIECOB
BOCTOYHOEBPOIIEMUCKOH YACTHU CPEAHEIIMPOTHOHU 30HbI

PaccmoTpeHbl OCHOBHBIE BBI30BBI ISl JIECHOT'O CEKTOPa BOCTOYHOEBPONEHCKON YacTH CPEeJHEIMPOTHOM 30HbBI B CBS3H C U3MEHE-
HUSIMU KJIMMaTa U MOCIEACTBUS JUIsl PUCKOYCTOMYMBOrO JIECOYIPaBIIeHHUs B peruoHe. OTMEUYEHO, YTO MOCIIEACTBUS KIMMAaTHYECKUX
W3MEHEHUI [Tl yCTOWYNBOCTH M CAHUTAPHOTO COCTOSIHUS JIECHBIX HACAXKICHUN OCHOBHBIX JIECOOOPa3YIOIIUX IPEBECHBIX MOPOA Y K-
PauHBI YK€ CETOJHS BBI3BIBAIOT CYIIECTBEHHOE OCCIIOKOMCTBO M OKAa3bIBAIOT 3HAYUTEIBHOE HeraTHBHOE BimsHHE. OKUOAeTCs OT-
KIIMK JICCHBIX 3KOCHCTEM Ha W3MCHCHHS YCIIOBHH OKPYKAIOWIEH cpelpl B BUIAC AWHAMHUKH apealioB OTACIBHBIX JIECOOOPAa3YHOLIMX
JIPEBECHBIX BHIOB. OMUCaHBI 3KOHOMHYECKUE TIOCIICACTBUS BIMSHHS U3MEHEHUH KIIMMaTa, KOTOPbIe OYIyT MPOSBIIATHCS B HEraTUB-
HOM 3KOHOMHUYECKOM 3¢ (dekTe u3-3a MoTeph PECYpCOB, CHUKCHUS MPUOBUIN U 3aTPaT HAa Peau3alldi0 MEPONPHUITHH 110 IKOJIOTHYeC-
KOI CTa0WIM3aluK OKpYyxKaromiei cpenpl. OTMEYEHO HAKOIUICHHE JICCHOW HAYKOW U MPaKTUKOW B YKpaWHEe 3a JUIUTEIIbHBINA MEePUO
WCCIICIOBAHUI U BEJICHHS JIECHOT'O XO3SIHCTBA 3HAYUTEIBHBIX 00hEMOB HOPMATUBHO-UH(OPMAITHOHHOTO 00SCIIEYCHUS U YHUKAIBHO-
ro SMIUPUYECKOr0 Marepuasa, KOTOpble aKTHMBHO NMPUMEHSIOTCS NPU OCYLIECTBICHUU HAay4HOH, NPOEKTHO-JIECOYCTPOUTENILHOH, a
TaKXKe MPOU3BOACTBECHHOW JEATENBHOCTH. [loM4epKHyTa BaXKHOCTh COBEPIICHCTBOBAHUS WH(POPMAIIIOHHOTO 00ECIICUCHUS JIECOXO0-
3SICTBEHHOM OTPACIU JJIsl 00SCIIEUeHUs] BO3MOXKHOCTH TIPOrHO3UPOBAHUSI COCTOSIHUS JIECOB B YCIIOBUSX KIMMATUYECKUX M3MECHCHUI
Y TIPUHATHUS 00OCHOBAHHBIX YIIPABICHYCCKUX penieHui. OXapaKkTepu30BaHbl HEOOXOAUMBIE TIPEANIOCHUIKA U BO3MOXHEIE ITyTH TIepe-
X0Jla K IapaiurMe YCTOHUMBOro pa3BUTHS B JIECHOM CEKTOPE Ha OCHOBE PUCKOYCTOHYMBOIO YIIPABIEHUS JIECAMH PErHOHA.

Knroueswvie cnosa: nec; i3MEHEHUs KIIMMaTa; MPOAYKTHBHOCTB; 3KOCUCTEMHbIE (DYHKIIMH; IPOTHO3UPOBAHKE; PHUCKOYCTOHYNBOE
JIECOYIpaBJICHUE.
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