MPOHUIIAEMBIX TIOPOJIaX, HO KaK B TOM, TaK M JAPYTOM CIIydasx CYHIECTBYET Mpe-
JeNbHas ri1yOuHa py1oo0Opa3oBaHusl.

3akiouenue

PesynbTarel 00001IEHAS T€0I0r0-re0pu3nIecKux MaTtepuaios no Jlerrsp-
CKO-I10N€BCKOM MIOMIAAN MO3BOJISIOT CYUTh O PA3HOM IEOJOrMYECKON CUTYya-
LUK JUIsE MECTOPOXKAEHUI 3r03enbpckoe, Jlerrapekoe, YUyCOBCKOE, YTO MOATBEP-
JKIAETCs MaTepHalaMH reoPpu3ndecKkux padoT.

H3yuyeHne mpupoasl TOPHBIX MOPOA, OCOOCHHO CEPIIEHTMHUTOB, 00pas3o-
BaHHBIX M0 KAPOOHATHBIM MMOPOJAM, TO3BOJISIET CYIUTh O BO3MOXHO OoJiee riy-
OOKHX rOpU30HTaX pyaooOpazoBanus ans Jlerrsapeko-UycoBckoi momocst (300-
500 M) oTHOCHTENBHO 3103eNbCKOM (10 300 M), MOKET MPUBECTH U K JANBHEH-
HIEMY M3YYEHHUIO TEOJOTMYECKOW mpuponabl CpenHero Ypaia, H K HOBBIM OT-
KPBITUSIM PYIHBIX MPOSIBICHANA METHOTO KOJTYEAAHA.

YCTaHOBNEHHAs] 3aKOHOMEPHOCTh YMEHBIICHHS COMMPOTUBIIEHUS TPA TPH-
ONMMKEHUH K PYAHOMY TEY MO3BOJSET YCTAHOBUTH IPAHULBI TUAPOTEPMAIBHO
W3MEHEHHBIX TIOPOJI, B KOTOPBIX BO3MOXKHO OOHAPYKEHUE PYIHOTO TENA.

YK 504.003.12:630%23](477.83)
JILA. 3arBoiickas, 10.B. llIBeaiok
(L.D. Zahvoyskaya, U.V. Shvediuk)
HJITY Ykpaunsl, r. JIbBOB
(UNFU, Lviv)

MHOIMOKPUTEPUATNBbHBIE METOAObI NOOOEPXKU
NMPUHATUA PELLEHUU B IECHOM XO3AUCTBE:
OBOCHOBAHUE BbIBOPA CMOCOFBA
NNECOPA3BEOEHUA
(MUCLTICRITERIA FOREST DECISION-MAKING:
FORESTATION METHODS)

Human activity has violated three planetary boundaries out of nine ones iden-
tified by J. Rockstrom [1]. As never before, humanity fundamentally depends on
forest ecosystems, their structure and services they provide. Therefore forest scien-
tists and decision-makers should be especially careful and sensitive in their recom-
mendations to forest owners concerning activities with long-term impacts. Increas-
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ing role of forest and forest ecosystems services in sustaining global environment
and enjoying from human wellbeing becomes an undeniable fact.

Under these vulnerable conditions a great interest in forest decision-making
1s paid to forestation methods. This is especially acute today in rapidly changing
climate conditions. A wisdom choice of a proper forestation method for a new
forest stands establishment, both naturally or artificially, on an area, whether
previously forested or not, is a crucial task of forest policy in present conditions
of climate model change.

Traditional forest planning 1s based on principles of constancy and long-
term stability. Silvicultural programmes were assumed to remain constant for at
least for one rotation. In modern reality, however, periodic reorientation and fre-
quent changes of forest policy are quite common. The duration of forest policy
changes becomes much shorter than the life span of the trees. And only a ‘de-
sign window’ [2] remains open and challenging for forest decision-making par-
ticularly in forestation in condition of fuzziness and uncertainty where stakes are
high and time 1s pressing.

In conditions of West Ukraine plains there are three forestation methods
usually applied in local silviculture practice: natural reforestation, artificial for-
estation and fast-growing plantations. Each of them has own advantages and
disadvantages and cautions for use, resulting from the forest site, forest type,
particular species, targets of forest operations, forest policy etc. To compare
forestation alternatives we used four criteria: silviculture, ecological, economic
and social following sustainable forest management mainstream.

Solving problem of forestation policy optimization we applied Analytic Hi-
erarchy Process (AHP), which allows pairwise comparison of alternatives and
criteria for making the best choice between competing solutions following sev-
eral objectives / criteria [3, 4]. Basically AHP is a general theory of measure-
ment based on some mathematical and psychological principles. In the method,
a hierarchical decision schema is constructed by decomposing the decision prob-
lem 1n question into decision elements — goals, objectives/criteria, attributes and
decision alternatives. The general goal is at the top of a decision hierarchy, and
decision alternatives constitute the lowest level.

We developed a multicriteria optimization hierarchy (Fig. 1) to choose the
best forestation method taking into consideration four abovementioned criteria:
silvicultural, environmental, economic and social to compare three alternatives:
natural reforestation, artificial reforestation and fast-growing plantation.

The silviculture criterion involves: Time for forest site recover; Resilience
of forest; Rotation age; Phytomass productivity on a site. Environmental crite-
rion involves: Conservation of forest flora and fauna; Forest ecosystem services
except carbon sequestering; Carbon sequestration; Eco-destructive impacts. To
make the comparison more transparent we decided to separate a carbon seques-
tering from the rest of forest ecosystem services because in case of forest planta-
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tion a high level of sequestration does not mean a high level of other forest eco-
system services. Economic criterion deals with Forest stands productivity; Cost
of forestation; Economic efficiency; Output of industrial wood. Social criterion
covers New jobs for local population; Provision of forest goods; Forest services;
Land use changes.
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Method
T
1 1 ] [l
Silviculture Environmental Economic Social
criterion criterion criterion criterion
Time for Forest Forest stand 7 g
3 — — g ot — New jobs —
recover flora & fauna productivity
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Rotation Carbon Economic .
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Fig. 1. Problem hierarchy: selection of forestation method

To examine the best forestation method to be used under specific silvicul-
ture / environment / economic / social conditions for multicriteria assessment of
forestation methods under conditions of a local forest enterprise we applied Ex-
pert Choice Software. Pairwise comparison both forestation alternatives and
evaluation criteria was based on experts’ discourse and evaluations of the ob-
jects in question.

To verify consistency of experts’ comparative judgments we calculated an
inconsistency ratio, a measure of experts’ answers inconsistency. As it comes
from theory, an inconsistency ratio should be lower than 0.1. In our case it was
equal to 0.06 so that consistency of experts’ evaluations was proved.

Our experts set such weights for evaluation criteria: environmental — 0.609,
economic — 0.201, social — 0.121, and silvicultural — 0.069 (Fig. 2). In this case
the best alternative is a natural reforestation, it got 61.9%. Fast-growing planta-
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tions alternative is a quite far behind it —21.4% and artificial forestation has the
smallest attractiveness 16.6%. Sensitivity analy-sis demonstrates that in the case
of an increase of economic criterion weight up to 0.68 the most preferable be-
comes a fast-growing plantations alternative, that most of all contradicts to sus-
tainable forest management.
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Fig. 2. Ranking forestation alternatives by four criteria

However, giving in sensitivity analysis the highest degree of importance to
economic criteria (0.68 and more), we can see that fast-growing plantations be-
comes the best alternative, its score equals to 46%, natural reforestation got the
second position and 43% and artificial forestation has the third one (11%).
These results explicitly show politicians / decision-makers / scholars how setting
priorities of forest and environmental policy can easily drive forestry (as any
other human activity) in (non) sustainable way. This model could be used by
policy makers and for education purposes to simulate different scenarios of for-
est policy. It can be used to give a society a message about role of goals in deci-
sion making in conditions of an existing quadruple squeeze [5] to sustainability.
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OLIEHKA YCTONYNBOCTU PA3BUTUA
NECHbIX 9KOCUCTEM
(FOREST ECOSYSTEM DEVELOPMENT
STABILITY EVALUTION)

Hcronienre npUpOAHBIX PECYPCOB HEOAHOKPATHO BBI3BIBAIIO PETMOHANB-
HBIC KPU3HCHI, BIIHsISE HA 3KOHOMUYECKOE Onarononyune. B cBsi3u ¢ 3THM 00BEK-
TUBHAs OLICHKA YCTOWYMBOCTH SKOJIOTMUECKHAX CHCTEM — LICHTpaJibHas Mpoliie-
Ma B paMKaxX KOHLEINUUU YCTOHYMBOTO Pa3BUTHSL PETUOHOB. HeCMOTpPst HA MHO-
JKECTBO NMYyOJIMKALMA MO TOM TeMe, MpoOsiemMa OLCHKU YCTOWYHUBOCTU TTPUPO/I-
HBIX CUCTEM TMO-TIPEKHEMY OCTPO aKTyaJbHA.

Llens Hamel padoThl — pa3paboTKa HA OCHOBE TEOPETUUECKUX MOJIOKECHHMA
reHetrdeckoid tunosiornn b.I1. Konechukoa m Teopum karactpod P. Toma
MEXIUCHUIUIMHAPHOTO TMOAX0AA Ui OLEHKU YCTOMYMBOCTH BOCCTAHOBUTENB-
HO-BO3PACTHON AMHAMUKH JIECHOW PACTUTEIIBHOCTH MOCJIE CIUIOMIHBIX PYOOK.

HccenenoBanusi NpOBOAWIACE B KO’KHO-TACKHOM OKPYTe 3aypalibCKOM XOJI-
MHUCTO-NIPEATOpHON mpoBHHIMK [1] mexay 57°00°-57°05" cm. m 60°15'—
60°25" B.1n. K HacTosmemMy BpEMEHH, HECMOTPS. HA CAJIBHYE) HAPYIICHHOCTh Pac-
TUTEJLHOCTH B PAiOHE MCCIICIOBAHUINA, HAMIEHBI YYACTKU CTapOBO3PACTHBIX (140—
200-1eTHUX) YCIIOBHO-KOPEHHBIX JIECOB BO BCEX OCHOBHBIX THIAX JIECOPACTUTEIb-
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