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JlucepTaui€lo € pyKOIHC.

PoGora Bukonana y HauionansHomy yHisepcuteTi «JIbBiBCbKa NOJITEXHIKa»
MiHicTepcTBa OCBITH 1 HAYKH YKpaiHH.

HayxkoBuii KOHCYJIBTAHT:  JIOKTOP TeXHIYHUX HayK, podecop
Byus PocTuciaas AnaMoBH4,
HaujionansHuit yHiBepcuter «JIbBiBCbKa NIOTITEXHIKAY,
npodecop kadeapu NPUKIAJHOT MATEMATHKH.

Odiniiini onoHeHTH: JOKTOp TEXHIYHUX HayK, podecop
Buxmok fipocaas IropoBuy,
[1BH3 «BykOBHHCBKHIi YHIBEPCHTET», IPOPEKTOP 3
HAYKOBOT poGOTH Ta MiXKHAaPOJHHX BiJIHOCHH;

JIOKTOp TEXHIYHUX HAYK, mpodecop

I'epa boraan BacuinoBHY,

JIHInPONETPOBCHKHIi HALIOHATIBHUN YHIBEPCHTET
3aNi3HMYHOTrO TpaHcropTy iM. B. Jlasapsua, 3aBifyBay
kadyeJpy TPAHCIIOPTHUX TEXHOJIOTTH;

JIOKTOp TEXHIYHUX HAyK, JOLEHT

Mapruniok [lerpo MukosaiioBuy,

HawioHa/sH#il yHIBEPCHTET BOAHOIO FOCMONAPCTBA i
NPUPOIOKOPUCTYBAHHA, 3aBilyBay Kadeapu
NPUKJIAJHOI MATEMATHKH.

3axuct auceprauii BinGyaerscs 16 Gepesus 2018 p. o 13 rdﬁ. Ha 3acifiaHHI
cnewianizosadoi BueHoi pagu J{ 35.052.05 y HaunionanbHoMy yniBepcuteti “JIbBiBCbKa
nomitexmika” (79013, JIsgie-13, By C. Bannepu, 12, ayn. 226 roioBHoro KOPITyCY).

3 [McepTALiEl0 MOXHA O3HAMOMHTHCH y HAYKOBIH 6i6moreuni HauioHanbHOrO
ynisepcutety “JIbBiBCbKA nonh*ex;xi[ca” (79013, M. JIeBiB, Byi1. IIpodecopeska, 1).
ABtopedepat posiciaHuii ” motoro 2018 p.

B.0. yu4eHOro ceKkpeTaps CremianizoBaHol
BYEHOI paju, A.T.H., npodecop H.b.lllaxoBcbKa



3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyanbHicTh TeMH. ['ocriofapcbka JISUTbHICTh 3MIHIOE HABKOJMILIHE CEPEIOBHILE 1
COPUYMHSE BHUBUILHEHHSI BEIHMKOI KUIBKOCTI BYTJICIIO, SIKHM THCS4Yl POKIB 30epiraBcsi y
HAJIpax, Yd 3HAXOJUBCA Yy OpraHiuHii pedoBHHI IPyHTY Ta B Oiomaci aepeB. Cromyku
BYTJIELI0, B OCHOBHOMY, BYTJIEKUCIIUI T'a3 Ta METaH, & TAKOXK CHOJIYKH a30Ty € MAPHUKOBUMHU
ra3amu, siKi, HOTPAIUIsI0YH B aTMOCGEpPy B pe3yibTaTi aHTPOIIOTEHHOT TISUTbHOCTI, 3MIHIOIOTh
pamiamiiinuii 6ananc 3emi. [lapHUKOBI ra3u 3aTPUMYIOTH IOBrOXBHIJIOBE BHUIIPOMiIHIOBAHHS
3 TIOBEPXHI 3eMJIi, 1oAaTkoBO po3irpiBaroun armocdepy. 3a nanumu CDIAC (Llentp anamizy
1H(dOopMalii PO BYTJIEKUCTUI ra3) KOHIICHTpAIlls BYTJIEKUCIOro ra3y B arMocdepi 3pocia 3
0.28 %o y mepeninayctpianbauii iepion a0 maibke 0.4 %o y 2015 p. (3a ocTaHHIMH TaHUMHU
koHueHTparis nepeuria 0.4 %o y 2016-2017 pp.). LLIBUaKicTh 3pocTaHHS KOHIEHTpAITT
MapHUKOBUX ra3iB KOPEIOE 3 EKOHOMIUYHOIO aKTHUBHICTIO, 30KpEMa BOHA CIIOBLIBHIOETHCS T1j1
Yyac eKOHOMIYHMX Kpu3. 3a JaHUMU, HaBeneHUMH y S5 Ouinounomy 3BiTi [PCC (MixypsinoBoi
TPyIH €KCIEPTiB 31 3MIHU KJIiMaTy), eMICli TapHUKOBHX Ta3iB BiJl CUIBCHKOTO TOCIIOIAPCTRA,
3MIHM 3€MJIEKOPUCTYBAHHS (B OCHOBHOMY 3HEJIICHEHHS), Ta JICOKOPUCTYBAHHSI CTAHOBIISITh
npubmu3Ho 25% ycix emiciid (ApyTi micis CHajdioBaHHS BUKOIHOTO ManvBa). B To# ke yac
Ha3eMHI €KOCHCTEMH, B OCHOBHOMY JIICH, MOMJIMHAIOTH Outs 25% aHTpPOMOreHHUX eMiciii
BYTJIEKHCIIOTO ra3y. MIMOBIpHO, 1m0 63 CITIBHIX CKOOPAMHOBAHKUX il KpaiH KOHLIEHTpALIis
napHUKOBUX Ta3iB Oyzae Outbiie 1 %o a0 2100 poky, a 3pocTaHHs I100ANBHOI TeMIepaTypu
nepesepiunth 4°C. Take MiABUIIEHHS TEMIIEPATypH MOXKE CYyTTE€BO 3MIHUTH KiIiMaT 3emi i
cnpuurHATH Benuki 30uTku. Llle y 1982 poui O6yna npuitasta PamkoBa konseniist OOH npo
3miny kiniMaty (PK3K), sky 3rogom nonoBamuim KioTchbkuM MpoOTOKOIOM, y IKOMY PO3BUHEHI
KpaiHu 3000B’sI3yBaJIUCh OOMEXHUTH Ta 3MEHIIUTH €MiCli TApHUKOBHX Ta3iB, a BiJHETaBHA
TaKoX JONOBHWIM [lapu3bkoro yrooro, B sKi 3000B’s13aHHS BXXE CTOCYIOThCS MaiKe BCIX
KpalH.

JUis miOTpUMKA TPUMHSATTSA pIIeHh Ha MDKHAPOJHHMX TIIEPETrOBOpax, a TaKOX Ha
HaI[IOHAJIBHOMY Ta JOKAJLHOMY PIBHSIX BUKOPUCTOBYIOTh MaTeMaTuyHe MojientoBaHHs. [1ia
yac MOJEIIOBaHHA HEOOXITHO BpPaXxOBYBATH B3a€MOJII0 €KOHOMIYHOI, KJIIMAaTHYHOI Ta
610¢i13n4HOI mifcucTeM. BUKOPUCTOBYIOTh, Tak 3BaHy, IHTETPAIbHY OILIHKY Ta 1HTETpaJIbHE
MojieroBaHHs. OCKUTBKM 00’ €KTOM MOJIEITIOBAHHS € CKJIaiHa (BIIKPUTA) CUCTEMa, BX1JIHI J1aH1
XapaKTePU3yIOThCS 3HAYHOI HEBU3HAYEHICTIO 1 MIIETHCS TIPO MOJICITIOBAHHS MaiOyTHHOTO,
TOMY HEMOXXJIMBO OI[IHUTH, B KJIACHYHOMY 3HA4Y€HHI, TOUYHICTh MOJENIOBAaHHS 1 BUOparu
OJIHY HaMkpallly Mojenb. ICHye Beluka KUIbKICTh MAaTeMAaTUYHUX MOJENEH, sIKI OMUCYIOTh
KJIIMaTU4YHy, €KOHOMIYHY Ta O010(13MYHy MIJCUCTEMH 3 PI3HOKO JETalli3alli€l0, a TaKOX
MOJENl, fAKI 3 MEHIIOK JAETali3aIli€l0 BKIIOYAIOTh BCl TPU MIACUCTEMH. 3HAYHOIO
HEBU3HAYCHICTIO XapaKTepU3yeThcsi cepa JICOKOPUCTYBAHHS Ta 3MIHM 3EMIIEKOPHUCTY-
BaHHSI, 1110 CIIOHYKA€ PO3pOOIFOBATH HOBI MaTeMAaTUYH1 MOJIEINI MIPOIIECIB €MiCii BYTJIEKUCIIOTO
razy B Wil cdepi, METOIN OOYUCIICHHS €MICIH AJIsl BEIMKUX TEPUTOPIil, METOAM aHali3y
HEBU3HAYEHOCTEH Ta BIUIMBY HEBU3HAUEHOCTEH HA MPUUHATTA pillIeHb. 30KpeMa, Taki BUEHI
OTPUMAJI Baromi pe3yJibTaTd B Tayly3l po3poOJieHHSI MOJENEH i 1HTeTpaJIbHOI OIIHKH 3
BpaxyBaHHSIM TPOLIECIB JIICOKOPUCTYBAHHS Ta 3MiHM 3eMiiekopucTyBaHHs: M.Obersteiner,
P.Havlik, A.Popp, S.Fujimori, K.Riahi, D. van Vuuren, E.Stehfest, B.Bodirsky Ta iH.; B ramy3i
pO3pOOICHHST MaTeMAaTUYHUX MOJENEH MpPOIECIB, OB A3aHUX 13 BYIJVIELIEBUM OajgaHCOM
micoBux ekocuctem: A.Shvidenko, D.Schepaschenko, P.Verkerk, S.Pitch, G.Kindermann,
[T.JIakuna, O.TypkoBchbka Ta iH.; raigy3i po3poOJeHHS METOJIB OOYMCICHHS eMICii aJis



Bemukux Tteputopiii: P.byns, M.JleciB, G.Marland, T.Oda, R.Houghton, A.Baccini,
E.Mitchard, S.Saatchi., N.Harris, A.Shvidenko, I.Kurganova, V.Stolbovoi, O.Toxkap,
O.laauno, M.I'anymak, H.UapkoBceka, O.CTpsimenp Ta iH.; Tay3l po3poOJjeHHSI METOIIB
aHaJli3y HEBU3HAYEHOCTEM Ta iX BIUIMBY HA MPUUHATTA PIIIEHb 00 HABKOJIUIIHHOTO
cepenoBuma: M.Jonas, Z.Nahorski, S.Fuss, Z.Chladna, H.Laurikka, T.Koljonen E.Kiriyama,
A.Suzuki, L.Reedman, P.Graham Ta 1H.

BaximBo 3HalTHM KOMIOPOMIC MK HAsBHUMM JIaHUMH, BiJOOPaKEHHSM Ba)KJIMBUX
MPOLIECIB, BAXKJIMBUX B3aEMOJIIM MK MPOIECaMy PI3HUX MIJACUCTEM JJI 3a/1a4, sSIKi MOTPIOHO
BUPIIITYBAaTH, a TAKOX OOYMCIIOBAIBHOIO MOTYXKHICTIO. ICHYIOUl MOJieNli He BPaXOBYIOTh Y
MOBHINA Mipi B3a€MO/IIi MPOIECIB 3aTICHEHHS, 3HEIICHEHHS Ta JIICO3aroTiBIi, TOPTIBIl MIXK
KpaiHaMH, a TaKOX 3aJIEKHOCTI IHTEHCHBHOCTI MPOIIECIB KPYrooOiry BYTJEII0 Ta BIKY
nepeBocTaHy. B GaraThox BUITaJiKaxX KUTbKICTh Ha36MHUX BUMIPIOBaHb MOTOKIB BYTJIEIIO €
HEIOCTaTHHOIO, TOMY BaXKJIUBO PO3POOUTH METOAU OOUYMCICHHS CEpPeIHIX MOTOKIB BYTJIEIIIO
3 BEJIMKHUX TEPUTOPIN Ta OLIHIOBAHHS HEBU3HAYEHOCTI IIMX MOTOKIB. 3HAYHA HEBU3HAYEHICTh
€ XapaKTepHOI O3HAKOK MpOoOJeM HABKOJUIITHHOTO CEPEIOBHINA, TOMY HEOOXITHO
PO3pOOHUTH METOU aHATI3y HEBU3HAUEHOCTEW Ta BIUIMBY HEBU3HAYEHOCTEH HA MPUNHSATTS
MPUPOOOXOPOHHUX PIIIECHb.

HaranpHa HEOOXiMHICTH PO3B’s3aHHSA NPOOIEMH 3MIHM KIIMAaTy, a TaKoX Te, IO
HasiBHI Cy4acHI PUKJIAIHI METOAM Ta MaTeMaTHU4YHI MOJIeJIl HE B TIOBHIM Mipl BPaXOBYIOTh
aCIIeKTH B3a€EMOJIi EKOHOMIYHMX, O10(pI3MUYHUX Ta KIIMATHYHUX TIPOIIECIB, Ja€
MOKJIMBICTh C(HOPMYJIIOBATH aKTyallbHY HAayKOBO-IPHUKJIAJHY MPOOJieMy MaTeMaTHYHOIO
MOJICJTFOBAHHS TIPOIIECIB €MiCli Ta CTOKY BYTJIEKHCJIOTO Ta3y B JIICOBOMY IOCIIOJAapCTBI Ta
npu  3MiHaX 3€MJIEKOPUCTYBAHHS JUIl  MIJABUIICHHS €(EKTUBHOCTI  MPUUHATTS
IPUPOAOOXOPOHHUX YIPABIIHCHKUX pIIIEHb IIOAO MOM SKIIEHHS 3MIHM KIIMaTry Ha
1100ajJIbHOMY, PET1I0HAJIbBHOMY Ta HalllOHAJIBHOMY PIBHSIX.

3B’5130K poOOTH 3 HAYKOBHMM podoTaMu, nmporpamMmamu, teMamu. OCHOBY Jucep-
TaliifHOT pPOOOTH CKIAJAIOTh PE3YJIbTAaTH TEOPETHYHMX Ta NPAKTUYHUX JIOCIIIKEHb,
BUKOHAaHMX aBTOPOM Yy paMKax IUJIAHOBUX HAyKOBO-AOCHIIHUX pPOOIT Ta MIKHAPOIHUX
npoekTiB HarionansHoro yHiBepcureTy «JIbBIBChbKa MONIITEXHIKA», 30KpeMa:

o rpanty 7PII €C “T'eoindopmariiiiHi TEXHOJIOTii, MPOCTOPOBO-4ACOBI MIIXOIU Ta
OLIHIOBaHHS ~ TOBHOTO  BYIJIELIEBOrO  OanmaHcy Uil MIABUILEHHS  TOYHOCTI
1HBeHTapu3allii mapHukoBux rasie” (2011-2014 pp.; rpant 7PI1 €C — Marie Curie
Project n°247645 FP7-PEOPLE-2009-IRSES);

o nepxOromkernux HJIP “T'eoindopmariiiini TeXHOJOTIi aHami3y CTOKY Ta eMicii
MApHUKOBHUX Ta3iB y JIICOBOMY TOCIONAPCTBI Ui MIATPUMKH TPUNAHATTA PIIIEHb’
(2013-2014 pp.; Homep aepxk. peectp. 0113U003181) ta “I'eoindopmarriiini TexHOIOTI1
noOyJOBU PpETriOHAIBHUX KaJacTpiB eMicli MapHUKOBUX Ta3iB Uil MIATPUMKH
OPUAHATTS €PEKTUBHUX EKOHOMIKO-aIMIHICTpaTUBHUX pimeHs” (2011-2012 pp.;
Homep aepik. peectp. 0111U001210);

*  YKpaiHChKO-aBCTPIMCHKHX TMPOEKTIB ,,I[pOCTOpOBO-yacoBe OIIHIOBAHHS HEBHU3HA-
YEHOCTI KaJacTpiB eMicii MTapHUKOBHX ra3iB: peTPOCIEKTUBHUM aHa3 s ABCTpii Ta
VYkpainu Ta edektuBHe nporHozyBaHHs® (2015-2016 pp.; HOMepH AEpXK. PEECTP.
01150006500 Ta 0116U005309), "PerioHambHHIi TPOCTOPOBHI KagacTp eMICiid
MapHUKOBUX Ta3iB 3 BpaxyBaHHSAM HEBHU3HaueHOCTeW BXimHuX maHux" (2011-2012 pp.;
Homepu Jniepk. peectp. 01110008510 ta 0112U0003944) Ta "Meroau mnpocTOpPOBOi



pany

IHBEHTapu3allli emiciii mapHUKOBUX Tra3iB KioTChbKOro mpoTOKOJIy 3 BpaxyBaHHSIM iX
HeBu3HaueHocTei" (2009-2010 pp.; Homep nepx. peectp. 0109U003461);
YKpaiHChKO-KHUTaicbkoro mpoekTy "IIpocTopoBa iHBeHTapu3allis MapHUKOBUX Tra3iB y
’KHUTIIOBOMY CEKTOPl KUTAWCHKUX Ta YKPAIHCHKUX PETIOHIB AJIS MIATPUMKH MPHAHATTS
e(pEeKTUBHUX EKOHOMIiKO-aaMiHicTpaTuBHUX pimeHs" (2013-2014 pp.; HOMepU OepXK.
peectp. 01130001997 Ta 0114U003703);

NpoeKTiB  MDKHApOJHOTO  1HCTUTYTY  MPHUKIATHOTO  CHCTEMHOTO  aHal3y

(m.JlakceHOypr, ABCTpis), 30Kpema:

OriHka GakTopy HEBU3HAUEHOCT1 Y TOBHOMY OOJIIKY BYTJIEIIO METOIOM ‘‘3HU3Y-Bropy’’
s Pocii (ABctpiiicbkuii Hayk. poug - FWF; [Ipoekt Ne P17569-N04, 2005-2007 pp.);
3acTocyBaHHs Mojenel A TIo0anpHUX NMOMTUK Ta Al €C-27 B yMOBax pexumMy
micist 2012p. (Post 2012 Project) (€Bpomneiichka xomicist, 2008-2009 pp.);

ApanTaiis cyxonony Ta mowm'sikiieHHs Hachiakie B €spom (CC TAME) (€C FP7,
I'panroBa yroma Ne 212535, 2008-2011 pp.);

3aranpHa BapTicTh 3MiHM Kiimary: 3miHaKmimary (€C FP7, I'pantoBa yroma Ne
212774, 2008-2011 pp.);

CroctepexxeHHs 3a 3€MJIel0 3 METOI0 MOHITOPUHIY Ta OI[IHIOBAaHHS BIUIUBY Ha
HABKOJIMIIIHE CEpeoBHINE BHACHIIOK BukopuctanHs eHeprii: EnergGEO (€C FP7,
I'panroBa yroma Ne 226364, 2009-2013 pp.);

VYrpaBiHHS MTAPHUKOBUMH Ta3aMHU B €BPOINEHCHKUX CHUCTEMAax 3eMIICKOPUCTYBAHHS -
[II'-E€Bpomna (€C FP7, I'pantoBa yroga Ne 244122, 2010-2014 pp.);

AHauni3 NoTeHIIady Ta BUTPAT y 3eMJIEKOPUCTYBaHHI, 3MiHaX B 3€MJICKOPUCTYBAaHHI Ta
JicoBoMy rocmonapcTi B kpaiHax-uieHax €C (EC, I'enepanbHa nupekiis 3 NHTaHb
ekoiorii  Ta ['eHepanmpHa aWMpekiiss 3 NOWTaHb 3MIHM  KIiMaty, Yroja
Ne 07.0307/2009/541003/SER/CS, 2011 p.);

EUCLIMIT - Po3po6ka Ta 3aCTOCyBaHHSI MOKJIMBOCTEH MOJICTIOBAHHS TTOM'SIKILIEHHS
3MIHM KJIiMaTy eKkoHoMiuHuMH 3acobamu y €C (Bcl eMicii Ta MOTrJIMHAHHS MTAPHUKOBHUX
raz3iB) (Tenanep €C, ['enepanpHa qupekinist 3 muTaHb 3MiHN KitiMaty, 2011-2013 pp.);
[Mom'skmenHs HaAcHiAKIB  3MiHM  KmiMmary: [locTiifHI  MOMXJIHMBOCTI  MoOenei
niaTpuMmyBaTtu 1t MibkHapoanoi nomituku (Tenmep €C, ['enepanbHa mupekiis 3
NUTaHb 3MiHM Kiimary, 2011-2013 pp.);

Cxopo4eHHsI eMiciii BHACIIJIOK 3HEJIICHEHHS Ta jaerpajaitii jicy: [TocTiitHl MOXIJIMBOCTI
MojeNiel TMIATPUMYBAaTH MArOTOBKY MikHapoaHoi mnomtuku €C (Tenmep €C,
['enepanbHa nupexiiist 3 MUTaHb 3MiHU Kiaimaty, 2011-2013 pp.);

Po3pobOka Ta 3acToCyBaHHSI MOKJIMBOCTEH MOJIETIOBAHHS ITOM SIKIIEHHS 3MIHM KJIiMary
E€KOHOMIUYHUMH 3aco0amMH y TJI00adbHOMY MaciuTadl JUisl MiATOTOBKU Mi>KHApPOIHOT
nomitukn €C (Ternep €C, ['enepanbHa mupekiis 3 MUTaHb 3MIHMA KiiMaty, 2012-
2014 pp.);

Hiroua riobanbHa cuctema croctepeskenns 3a Byrienem (GEOGarbon) (€C FP7,
I'panToBa yroma Ne 283080, 2011-2014 pp.);

MibkHapoaHoro npoekty JepskapHoro H/II indopmarriiinoi inHppactpyktypu HAH Ykpainu
(mpoekt HTILY Ne 1700 ,,IndopmaiiiitHi TeXHOJOTIi 1HBEHTapHu3allli TapHUKOBUX Ta3iB Ta
IPOTHO3YBaHHS ByTJjereBoro 0anancy Ykpainu'; 2002-2004 pp.).

VY pamkax 1nux poOiT aBTOp pO3pOOUB HU3KY MAaTEMAaTUIHUX MOJIEJICH, aTOPUTMIB Ta

NpOrpaMHUX 3aco0iB  MaTeMaTHMYHOTO MOJENIOBAHHS IMPOLECIB €eMicli Ta CTOKY
BYTJIEKUCJIOTO Ta3y B JICOBOMY I'OCIOJAPCTBI Ta IPU 3MiHAX 3€MJICKOPUCTYBAHHS.



Mera i 3aBaaHHsl JocjaigkeHHsl. MeTow auceprariiHoi poOOTH € TiIBUIICHHS
€(pEKTUBHOCTI MPUIHSATTS TPUPOJOOXOPOHHUX YIPABITHCHKUX PIlLIEHb MO0 MIOM SAKIIEHHS
3MIHU KJIMAaTy Ha TJIOOQJIbHOMY, PETiOHAJIbHOMY Ta HAIIOHAJILHOMY PIBHSX Yy CEKTOPI
JCOBOTO TOCIIOAAPCTBA Ta MPH 3MiHAX 3eMJICKOPUCTYBAHHS IUIIXOM PO3POOJICHHS METO/IIB
MOJICTIOBAaHHS Ta MaTEMaTUYHUX MOJENIeH BYIJIEIIEBOIO OajaHCy JIICOBUX EKOCHCTEM,
METO/I1B MO/IECITFOBAHHSI MPOIIECIB JIICOKOPUCTYBAHHS Ta 3MiH 3€MJICKOPUCTYBAaHHS, METO/I1B
MOJICJIIOBAHHS MPUUHSTTS PillIeHb, METO/IIB JETEKTYBAaHHS 3MIHM PIBHS €MICIH MapHUKOBHUX
rasiB, METO/IIB aHaJi3y PI3HOMAHITHUX CTPATErii 3MEHIIEHHS €MiCli BYTJICKHCIIOTO ra3zy B
CEKTOp1 JIICOBOTO TOCIOJApCTBA Ta 3MIH y 3€MJICKOPUCTYBAaHHI, a TaKOX METOIB
OIIHIOBaHHS €MICIH BYTJIEKHCIIOTO Ta3y €KOCUCTEMaMHU.

JIJ1s1 MOCSITHEHHSI METH B MEXaX JUCEPTAIlIHHUX JOCHTIHKEHb PO3B’ 13aHO TaKi 3aBIaHHS:
1. AHami3 BiIOMHX MiAXOJIB A0 MOJEIIOBAHHA Ta MAaTEMaTHYHUX MOJEJEH BYTJICIIEBOTO

OaJlaHCy JIICOBUX €KOCHUCTEM, MPOIECIB JTICOKOPUCTYBAHHS Ta 3MiH 3€MJICKOPUCTYBaHHSI,
a TaKOXX BU3HAYEHHS MMOXHOOK.

2. Po3pobneHHss maTeMaTuyHOi MOJENI BYTJICIIEBOTO OallaHCy JICOBOI EKOCHCTEMHU 3
BpaxyBaHHSIM HAassBHHUX JIaHUX PO JIICOBI €KOCHCTEMH Ta KJIIMATUYHUX YMOB B YKpaiHi.

3. Po3pobneHHsT METO/IIB T€OIPOCTOPOBOTO MOJETIOBAHHS MPOIIECIB JTICOKOPUCTYBAHHS Ta
3MIHM THUITIB 3eMJIEKOPUCTYBAHHS Ha II00ATLHOMY PiBHI 13 BpaXyBaHHSM B3a€MHOTO BILTUBY
IPOLIECIB JIICOKOPUCTYBAHHS Ta 3MIHU THIIIB 3€MJIEKOPUCTYBaHHS, a TaKOX IPOIIECIB
TOPTIBIIl Ta MEPEMILLICHHSI 3arOTOBJIEHOI IEPEBUHHU Ta BIJMOBIIHUX €MiCii BYTJIEKHUCIOTO
rasy, BIUTUBY 3aXO/I1B 111010 3MEHILIEHHS eMICii MTApHUKOBHX ra3iB Ha 111 MPOLECH.

4. Y 1O0CKOHAJIGHHS METOAy 1JeHTU(dIKaIlli MapaMeTpiB reonpocTOpOBOi MOJIEN MPOIECIB
JICOKOPUCTYBaHHS Ta 3MIHHM 3€MJIEKOPUCTYBAaHHS 3 BpaxXyBaHHSAM ICHYIOUUX JTAHUX PO
3aJICHEHHS1, 3HEJIICHEHHS Ta TPEH] 3MIHH IUIOIII JIiCy Ha HAI[IOHAIbHOMY PiBHI.

5. CTBOpeHHS cXeM OOMIHY JaHUMU MIXK T€OMPOCTOPOBOIO MOJICIUTIO MPOIIECIB JTICOKOPUC-
TyBaHHS Ta 3MIHU 3€MJICKOPUCTYBAHHSI Ta IHITUMHU MOJIEISIMH JIJIs1 KOMIUIEKCHOTO OIIIHIO-
BaHHS €MICIii BYIJIEKHCIIOTO ra3y Ta MOTEHIaly 3MEHIIEHHsS eMICii IJs CIeHapiiB
COIIIAIbHO-€KOHOMIYHOTO PO3BUTKY Ta 3MIHM KOHIIEHTpallli MapHUKOBUX Ta3iB B
aTmocdepi.

6. Po3pobsieHHsT METO/IIB OOUUCIICHHSI €MICIi BYTJIEKHCIIOTO ra3y €KOCHCTEM CYXOAOIy Ta
HEBU3HAYEHOCTI PE3YyJIbTaTIB O0UYKCIIEHD Y BUTIAJKY HEIOCTaTHBOT K1JIbKOCTI BUMIPIOBAHb.

7. AHani3 HEBH3HAUEHOCTEH BXiMHUX [aHUX Ta pe3yJbTaTiB MOJETIOBAHHS, a TaKOX
OITIHIOBAHHS BIUIMBY HEBU3HAUYEHOCTEH HA MPUHHATTS IPUPOIOOXOPOHHUX PIITICHb.

8. AHaJi3 JIICOKOPUCTYBAHHS Ta 3MIHU 3€MJICKOPUCTYBAHHS, €MiCiil BYTJIEKHCIIOTO ra3zy Ta
MOTEHI[IaTy 3MEHIIICHHS e€MICIid 3 BUKOPUCTaHHSIM PO3PO0JICHOI reonpoCcTOpOBOi MO
MIPOIIECIB JTICOKOPUCTYBAHHS Ta 3MiHU 3€MJICKOPHUCTYBAHHSI.

06’ekmom 0ocniodiceHHs € TIPOLIECH eMICIi Ta CTOKY BYIJIEKHCIIOTO Ta3y B JIICOBOMY
TOCIIOJIAPCTBI Ta TIPU 3MiHAX 3eMJICKOPUCTYBaHHSI.

Ilpeomemom Oocnioxcenns € METOAM MOJETIOBAHHS Ta aHaii3y MPOLECIB eMicii Ta
CTOKY BYTJIEKHCIIOTO Ta3y B JICOBOMY TOCIIOAAPCTBI Ta MpPHU 3MiHAX 3€MJIEKOPUCTYBaHHS,
METO/IM aHaJI13y HEBU3HAYEHOCTI €MICii BYTJICKUCIIOTO Ta3y Ta PE3yJIbTaTiB MOJICTIOBAHHS.

Metoau aocaimzkeHHsl. Y mporeci A0CHIIKeHb BUKOPUCTAHO METOANW MaTEeMaTUYHOL
CTaTUCTUKY JJIS aHAITI3Y BX1THUX JAHUX, MOOYJ0BH MaTEMaTHYHUX MOJIETICH Ta OIIHIOBAHHS
iX MOXuOOK; METOJ| IMITAI[IfHOrO MOJCTIOBAHHS JJI1 MOJCIIOBAHHS MPUMHATTS PIIICHb;
METOJI T€01H(OPMATHKH, TPOIIETYPHOTO Ta 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHSI JIJIst
MPOTpPaMHOI peasi3allii MaTeMaTUYHUX MO/JIENIEH Ta MPEICTaBICHHs Pe3yIbTaTiB.



HaykoBa HOBHM3HA o/lepKaHMX pe3yJbTaTiB. Y AucepTaliiHiii poOOTI po3B’sI3aHO
KOMILJIEKC 3a/1a4, SIKi y CYKYITHOCTI BUPIIIMIN HAYKOBO-TIPUKIIAJHY MPOOIEMy MaTeMaTH-
HOT'O MOJIETIFOBAHHSI MPOIIECIB €MICli Ta CTOKY BYTJIEKHCIIOIO Ta3y B JICOBOMY IOCIOJIapCTBI
Ta TPU 3MIHaX 3€MJICKOPUCTYBAHHS, IO Jajl0 MOJKJIMBICTb MIJBUIIUTH €(PEKTHUBHICTH
NPUNHATTS IPUPOAOOXOPOHHUX YIPABIIHCHKUX PIIIEHB MIOA0 MOM’ SIKIIIEHHS 3MIHH KJIIMaTy
Ha TI00AJIbHOMY, pETiOHAJTBHOMY Ta HAI[lOHAJHbHOMY pIBHSAX, a caMme: MOJCIIOBAaHHS
BYIJICLIEBOTO OallaHCy JICOBUX €KOCHUCTEM, MOJIEIIOBAHHS MPOIIECIB JIICOKOPUCTYBAHHS Ta
3MIH 3€MJICKOPUCTYBaHHSI, PO3pPOOJIEHHS METOJIB JCTCKTYBaHHS 3MIHM PIBHS €MICii
MapHUKOBUX Ta3iB, pO3pOOJIEHHS METOMAIB aHali3y PI3HOMAHITHUX CTpaTerid 3MEHIICHHS
eMicCii ByTJIEKUCIIOTO ra3y B CEKTOP1 JICOBOTO TOCIOAAPCTBA Ta 3MiH Y 36MJICKOPUCTYBaHHI,
PO3pOO0JIEHHSI METO/IB BU3HAYEHHSI €MICIi BYTJICKUCIIOTO ra3y eKOCHCTEMaMH Ta MOXHOOK.

HoBumu € Taki HayKkoOBi pe3ysIbTaTH:

* Bmepiie po3pobieHO METO] MOJEITIOBAaHHS BYTJIEIIEBOTO OaIaHCy JICOBOI €KOCHCTEMH,
SKHUW TTOEHYE TIPOIIECH KPYTrooOiry BYIJICIIO Ta TaKCalliiHI TapaMeTpH IepeBOCTaHy, 0
7la€ MOYJIMBICTH B1IOOPA3UTH BIKOBY AMHAMIKY JIEPEBOCTAHY MPU MOJIEIIFOBAHHI MPOLIECIB
KpPyrooOiry BYTJIEIIO.

* Bmepuie po3poOneHo MaTeMaTuuHy Mojenb (EHOJOTIYHMX MpoLeciB y OyKOBHX Ta
ny6oBux Jicax Kapmarcekoro periony Ykpainu, sika 0a3y€eThCsl Ha JAaHUX CIIOCTEPEKCHb,
BpPaxoOBY€ YaCOBHMM 3CYyB IMX MPOIECIB MPHU 3MIHI KJIIMaTy Ta Ja€ MOXKIIUBICTb TOYHIIIE
BIZITBOPUTH CE30HHY TMHAMIKY MPOILIECIB KPYroo0iry ByTJIeLIoO.

* Bmepmie po3pobieHO METOA TeompOCTOPOBOTO MOJETIOBAHHS IPOIECIB JIICOKOPUCTY-
BaHHs Ta 3MIHU THUIIIB 36MJIEKOPUCTYBaHHS Ha TJI00AJILHOMY PiBHI, SIKU, Ha BIAMIHY BiJ
BIJOMHX, BPAaXOBY€ B3a€MHHMM BIUIUB ITUX IIPOLIECIB, a TaKOX MPOIIECIB TOPTiBII Ta
NepeMIIeHHs] 3arOTOBJICHOI JIEPEBHHH, MPOIIECIB 3aJIICHEHHS Ta 3HEIICHEHHS, IO J1a€
MO>KJIMBICTh CYMICHO aHaJi3yBaTh 1 MPOTHO3YBAaTH IIi TMPOLECH Yy 3aJeKHOCTI Bif
€KOHOMIYHOI CUTYallii Ta BCTAHOBJICHUX 0OMEKEHb Ha €MICII0 MapHUKOBUX Ta3iB.

* Brepuie po3po0iaeH0 MeTo MOAETIOBAHHS MPOLECY MPUIHATTS PillieHb MI0A0 3aroTiBIi
3aJ1aHO1 KIJIbKOCTI JIepeBUHU Ta 3MeHIIeHHs emiciii CO, Bia JICOKOPUCTYBaHHS Mpu 30e-
PEKEHHI 3aroTiBil 33JaHOl KUIBKOCTI J€PEBUHMU Ha PIBHI KpaiHM UM PETIOHY, IJI TeO-
IIPOCTOPOBOT MOJIENI MPOIIECIB JIICOKOPUCTYBAHHS Ta 3MIHU 3€MJICKOPUCTYBaHHs (MO
G4M), syl TPYHTYETbCA Ha MPHUHLMII MaKCHMI3allii YUCTOI MPHUBENEHOi BapTOCTI,
noeaHaHH1 1H(OpMaIlli Mpo 3aroTiBIIIO JEPEBUHU HA PI3HUX TE€OMPOCTOPOBUX PIBHIX
(perioHu, KpaiHu Ta OKpeMi KIITUHKU PacTpy) Ta Ja€ MOXKJIMBICTb IPOBOJUTH IMITaIliiiHe
MOJICITFOBaHHS MPOIIECIB JIICO3aroTiBIl Ta BIPOBAKEHHSI IPUPOJOOXOPOHHHUX CTpATETiH.

* YI0CKOHAJIEHO METOJ] F€ONPOCTOPOBOTO MATEMAaTUYHOTO MOJICTIOBAHHS IIPOIIECIB 3HEMIC-
HeHHs y Mozeni G4M, 30kpeMa, IpOCTOPOBOTO MOMIMPEHHS 3HENICHEHHS IS TJI00aTBHOT
T€ONpPOCTOPOBOI MOJIEIi TPOIIECiB JTICOKOPUCTYBAaHHS Ta 3MIHH 3eMJICKOPHCTYBAHHS,
IIUIIXOM BpaxyBaHHS IHTEHCUBHOCTI 3HETICHEHHS Ha JIOKAJIBHOMY PiBHI, @ TAKOX TPaHC-
MOPTHOT MeEpexXi, IO Ja€ MOXKIUBICTh TOYHIIIE BIATBOPUTH IMPOCTOPOBY CTPYKTYpPY
3HEJTICHCHHHI.

* VYIOCKOHAlI€HO CTPYKTypy MaTeMaTWUYHOI MOJIeNi BYTJICIIEBOrO OajaHCy JIiCOBOI
€KOCHCTEMH 3 BPAaxXyBaHHSM HASBHHX JaHWX IPO JICOBI €KOCHCTEMH Ta KIIMaTHYHI
YMOBU B YKpaiHi IUIIXOM BBEACHHS JOJAaTKOBHX pe3epByapiB Ta MOTOKIB BYTJICIO, a
TaKOXX IMPOIECIB HAKOMMYEHHS Ta TAaHEHHsS CHIry, 1[0 JaJ0 MOXIIMBICTH BPaxOBYBaTH
TaKcalliiiHl rmapameTpu JAEPEeBOCTaHIB 1 3aJIeKHOCTI IHTEHCUBHOCTI MPOIIECIB KPYroooiry



BYTJICIIO BiJ BIKY JI€PEBOCTaHY, a TaKOXX TOYHIIIE BIJTBOPUTH BIKOBY Ta CE30HHY
JMHAMIKY TIPOIIECIB KpyTrooOiry ByTJICIIIO.

* VYiaockoHaneHO MeToA 1AeHTUdIKAIll MapaMeTpiB TeoNpPOCTOPOBOI MOJENI MPOLECIB
JICOKOPUCTYBAaHHS Ta 3MIHM 3€MJICKOPHCTYBAaHHS, IO BiAOOpakaloTh MpoIecH
3aJIICHEHHSI Ta 3HENIICHEHHS Ha JIOKAJhbHOMY pIBHI, KW, Ha BIIMIHY BiJl BIJIOMUX,
BpPaxoBY€E JIaHI MPO 3aJTICHEHHS, 3HEIICHEHHS Ta TPEHJ| 3MIHM IUIOINIl JICY (3a JaHUMH
®AO Ta 3BiTiB Kpaid 70 PK3K OOH) na HaiioHaabHOMY piBHi, IO JaJI0 MOXJIUBICTh
BIITBOPUTHU ICTOPUYHI €MiCil BYIJIGKHMCIOrO Ta3y y KpaiHaX y CEeKTOpi JICOBOTO
rOCTIOZApCTBAa Ta 3MIHM 3€MIIEKOPUCTYBAHHS, & TaKOX IPOTHO3YBaTH €MICii 3a Pi3HHX
CIICHapIiB COLIaTbHO-eKOHOMIYHOTO PO3BUTKY Ta IIHM HA €MICii MapHUKOBHUX ra3iB.

IIpakTyHe 3HAYEHHSI OTPUMMAHNUX pe3yJbTaTiB. Po3pobiieHnii MeTO T MOICITIOBAaHHS
BYTJICIIEBOTO OAJIAHCY JIICOBUX €KOCHCTEM, KU TTOETHYE MPOIIECH KPYTrooOiry ByTJICIIO Ta
TaKCalliiiHl mapaMeTpu JEPEeBOCTaHy, 3aCTOCOBAHO MPU CTBOPEHHI MaTEMAaTUYHHUX MOJEIeH
JIEPEBOCTAHIB, KI BUKOPUCTAHO JJIA aHATI3y AUHAMIKHM 3araciB BYIJICIIO Y KOMIIOHEHTaX
JIICOBOT €KOCUCTEMH TIPH 3ATICHEHHI.

Po3po0nennii MeToa reomnpocTOpOBOTO MOJICIIOBAHHS B3a€EMOIOB’SI3aHUX IPOIIECIB
JICOKOPUCTYBAHHS Ta 3MIHM THIIIB 3€MJICKOPUCTYBAaHHsS 3 BpaxXyBaHHSM TOPTIBIl MiX
KpaiHaMM Ha TJ00AIbHOMY pIiBHI, METOJl MOJENIOBAHHS IPOCTOPOBOTO MOIIMPEHHS
3HENICHEHHS, METOA iMeHTU(]iKalii mapameTpiB MOJENi, METOJ MOJEIIOBAHHS MPOLECY
MPUAHSTTS PIllIeHb MIOJI0 3aroTiBJl 33/1aHO1 KUTBKOCTI JIEPEBHHHU Ta CKOPOYCHHS eMicCiit
BYTJIEKHCIIOTO ra3y, Ta alifOPUTM MOJIeTOBaHHs rpotecy emicii CO, 3 6iomacu, MiACTUIIKH,
IPpyHTY Ta OONIT Mpu 3MiHI 3eMJIEKOPUCTYBaHHS BHUKOPUCTAHO [JIsi BJOCKOHAJIECHHS
IJI00aJIbHOT T€OMPOCTOPOBOI MAaTEMATUYHOI MOJIEN1 MPOIIECIB JIICOKOPUCTYBAHHS Ta 3MIHH
semsiekopuctyBanHsd G4M. Mogens G4M  3acTOCOBYETBhCS JJII  aHAI3Y CTpaTerii
3MEHIIICHHS €MICIH BYTJICKHUCIIOTO razy sk Ha rjio0ajbHOMY, TaK 1 Ha PErioHAIbHOMY 1
HaI[lOHATLHOMY piBHSX. 30kpema, wmomenb G4M BUKOPHCTaHO [Jisi  OIIHIOBaHHS
e(peKTUBHOCTI MOJITUKH 3MeHIIeHHs emicidi CO, micamu YKpaiHu MpH pi3HUX COIaJIbHO-
E€KOHOMIYHHUX CIICHapisX; MPU YHCEIbHOMY OLIHIOBaHHI CLEHApliB CHUIBHUX COIaJIbHO-
eKOHOMIYHMX HUIIXiB (SSP) pasoMm 13 cleHapisiMH pPENpe3eHTaTUBHUX KOHIIEHTpAIlii
napaukoBux rasis (RCP); mist anamizy noTeHiiary Ta KOIITIB BUKOPUCTAHHS 3€MEJIbHUX Ta
JICOBUX pecypciB kpaiHamu €Bporielicbkoro Coro3y; CTBOpEHHsI peepeHTHOro CLEHaPio
eMICI MapHUKOBUX Ta3iB y CEKTOP1 3eMJIEKOPUCTYBaHHS, 3MiH 3€MJIEKOPHUCTYBaHHS Ta
micoBoro rocnoaapcta a0 2050 p. mns kpain €Bponericbkoro Coro3y; IpH IMiArOTOBIII
€pornericbkoro KoMiciero OIiHKY BIUIMBY CTAJIOr0 BUKOPUCTaHHS OloeHeprii y kpainax €C;
JUIS TATPUMKA TPUUHATTS pimeHs €Bponeiicbkoi Kowmicii momo 3MeHIeHHs emiciit
MApHUKOBUX Ta3iB Y CEKTOP1 3eMJICKOPUCTYBAHHS, 3MIHU 3€MJIEKOPUCTYBAHHS Ta JIICOBOTO
rOCHOJApCTBa; MIATOTOBIEHHS pePEepeHTHHUX PIBHIB €Micii BYIJIEKHUCIOrO Tra3y BiJ
JICOKOPUCTYBaHHA st KkpaiH €C; MIATOTOBICHHS CIEHApIiB TOCHJIEHUX 3aXOiB
3MEHIIICHHS eMICIH JjIs KpaiH, SKI eMITYIOTh OUIbIY YacTUHY IMAapHUKOBHX TIa3iB; MpPH
MiJTOTOBJCHHI 1HTErpajibHO1 OINIHKM IMOCTA0JIeHHS Ta ajamnTaiii 10 3MIHM KJIIMaTy Yy
KpaiHax, 10 PO3BHBAIOTHCS, JII CEKTOPIB CUILCHKOIO Ta JIICOBOTO TOCMOAApCTBa IS
CeiToBoro 0anky; miarorosieHHi Ornsny Emama (Eliasch Review), sikuit 6yB HayKOBOIO
OCHOBOIO JIJIsl IPUMHATTS pilieHHs y Mexkax PamkoBoi konBenuii OOH mnpo 3miHy kiimary
PO 3aXO/M /ISl SMEHIIICHHS €MiCii TAPHUKOBUX Ta3iB BiJl 3HEICHEHHS Ta Jerpajarlii JIiciB
(REDD); nns ananizy cuseprii 3axoAiB oo 3MeHIiieHHs emicii CO, BiJ 3HENICHEHHS Ta
3MEHIIIEHHS! PU3WKY 3HUKHEHHS BHUIB TBAPWH Y KpaiHax, IO PO3BHUBAIOTHCS; aHAI3y



nepeBar BJIOCKOHAJIEHHS CHUCTEMH MOHITOPUHTY €MICiii  BYIJIGKHMCIOTO Ta3y Bill
3HETICHEHHS; aHaJli3y BIUIMBY HEBU3HAYCHOCTEW Ha MPUUHATTS PIIICHb MO0 3MEHIICHHS
€MICiil ByTJIEKHCIIOTO Ta3y Bifl TICOKOPUCTYBAHHS.

Po3pobnennii MeTon OOYHCIEHHS KPUTUYHOI BiHOCHOI TOXHOKH OINIHKHA eMicCil
MapHUKOBUX Ta3iB JOLUIBHO BUKOPUCTOBYBATH MpPHU PO3poOIll MIKHAPOJHHUX JOTOBOPIB
IIO/I0 3MEHIIIEHHS eMiciii MapHUKOBUX ra3iB. KpiM Toro, 3a3HaueHUi METOJl BUKOPHUCTAHO
JUIsL pO3pOOJIEHHS OLIBIN CKIQJHUX J1arHOCTUYHUX METOJIB Ta IS OIL[IHIOBaHHS BUTOJIU
BJIOCKOHAJICHHSI CUCTEMHU MOHITOPUHTY €MIC1i BYTJICKHUCIIOTO Ta3y BiJl 3HEIICHEHHS.

Po3pobnennii MmeTox OOYMCICHHST €MiCiii BYTJICKHCIIOTO Ta3y 3 €KOCHCTEM CYXOJO0ITy
(Ha BEJMKHUX TEPUTOPISX, 1€ HEIOCTAaTHHO BUMIPIOBAHb) Ta OI[IHKM MOXHOOK MPU HEMTOBHUX
JaHUX JOIIIBHO 3aCTOCOBYBAaTH [UUIsl OIIIHKM 3amaciB  Ta TOTOKIB BYTJCIO Ha
HAI[IOHAJILHOMY Ta PETiOHaJIBbHOMY PIBHSX. 30KpeMa, el MEeTOJ BUKOPUCTAHO JJIS OIIHKU
MOXUOOK BYTJIELIEBOT0 OalaHCy HA3€MHHUX €KOCHUCTEM MIBHIYHOT A3ii.

Peasizanisi pe3ybTaTiB Ta BIpoBa:KeHHs1. Ha 0CHOBI po3po0IeHNX MaTeMaTUYHUX
MO/IeNIeN BYTJICIIEBOTO OallaHCy JTICOBUX €KOCUCTEM, a TAKOK F€0MpPOCTOPOBOI MaTeMaTHUHOL
MOJIeJIl TIPOLIECIB JIICOKOPUCTYBAHHS Ta 3MIHM 3€MJICKOPHCTYBAaHHS CTBOPEHO 3aco0u
KOMIT' FOTEPHOTO MOJIENIOBaHHs. Pe3ynbTaT nucepTaliftHuX T0CHIKEHb BUKOPUCTAHO:

B MDKHApOIHOMY I1HCTUTYTI MOPUKIAJHOTO CHUCTEMHOTo aHami3zy, M.JlakceHOypr,
ABctpia: Meton oOuncieHHs: oTokiB CO, eKOCUCTEM CYXOJIOJiB Ta OLIHKU MOXUOOK MpU
HEMOBHUX JaHUX (MPH BUKOHAHHI MPOEKTy «OIiHKa (akTopy HEBH3HAYEHOCTI Y OBHOMY
O0JIIKy BYTJICLI0 METOAOM ‘‘3HU3Y-Bropy”’ s Pocii», ABcTpilicbkuii HaykoBuHM (poHI —
FWF, IIpoext Ne P17569-N04, 2005-2007); po3poOieHy TreonpoCcTOPOBY MaTeMaTHUHY
MOJIeSIb TIPOIIECIB JIICOKOPUCTYBaHHS Ta 3MIHM 3emiekopuctyBaHHia G4M, po3pobiieHi
MeTou 3B’ 13Ky Mojeli G4M 3 IHITUMU MOJIEIISIMU, PO3pOOJICHI KPHBI TPAHUYHUX BUTPAT Ha
sMmeHIiieHHs ewmicii  CO,, aHami3 HEBU3HAYEHOCTI BXIAHMX [JAaHUX Ta pPe3yJbTaTiB
MO/JICJIIOBAHHS, @ TaKOX METOJ| aHali3y IMepeBar BIOCKOHAJECHHS CHUCTEMU MOHITOPHUHTY
emiciit CO, (mpu BUKOHAHHI TPOEKTIB «3aCTOCYBaHHS MOJIENICH TSl TII00ATBHUX TIOJITHK Ta
niii €C-27 B ymoBax pexumy micia 2012p.», Post 2012 Project, €Bpomnelicbka KoMmicis,
2008-2009; «3miHa KmiMaTy - AfanTaiisi CyXo[ody Ta MOM'SIKIIEHHS! HACTiIKIB B €Bpomi»,
CC TAME, €C FP7, I'pantoBa yroga Ne 212535, 2008-2011; «3araibHa BapTICTh 3MIHU
kiiMary: 3miHaKmimaty», €C FP7, I'pantoBa yroma Ne 212774, 2008-2011; «Cnocrepe-
KEHHSI 32 3eMJICI0 3 METOK MOHITOPUHTY Ta OLIHKU BIUIUBY HAa HABKOJMIIHE CEPEIOBUILIE
BHaci10K Bukopuctands eHeprii: EnergGEO», €C FP7, I'pantoBa yrona Ne 226364, 2009-
2013; «YmpaBniHHS TApHUKOBUMH ra3aMH B €BPONEUCHKUX CHCTEMaX 3eMJIEKOPUCTYBAHHS-
[II'-€spona», €C FP7, I'pantoBa yroma Ne 244122, 2010-2014; «Anani3 moteHmiany Ta
BUTpAT y 3€MJICKOPUCTYBaHHI, 3MiHaX B 3€MJIEKOPHUCTYBaHHI Ta JIICOBOMY T'OCHOAAPCTBI B
Kkpainax-uwieHax €C», €K, I'eHepanpna aupekuiss 3 nutaHb ekosorii Ta [‘eHepanbHa
TUpeKIs 3 mHuTaHb 3MiHM KimiMaty, Yroma Ne 07.0307/2009/541003/SER/CS, 2011,
«EUCLIMIT - Po3poOka Ta 3acTOCYBaHHS MOXJIMBOCTEH MOJCITIOBAHHS IOM'SIKIIIEHHS
3MIHM KJIIMaTy eKoHOMIYHuUMH 3acobamu y €C (Bci emicii Ta MOrJiMHaHHS TapHUKOBUX
ra3iB», Tenaep €C, ['eHepanbHa AMpEKIis 3 MUTaHb 3MiHU KimiMary, 2011-2013; «ITom'sk-
IICHHS HACHiJKIB 3MiHM KiaiMmaTy: [locTiiiHi MOXJIMBOCTI MOJENEH MIATPUMYBATH I
MDKHapoAHOT nomituku», Tenaep €C, ['enepanbHa Aupexis 3 nuTaHb 3MiHU KiniMaty, 2011-
2013; «CkopoueHHs eMicii BHACIIOK 3HENICHEHHS Ta jaerpagauii uicy: Ilocriiini
MO>KJIMBOCTI MOJIETIeN MiATPUMYBATH MIATOTOBKY MiXHapoaHOi momTtuku €C», Tenaep €C,
['enepanbHa aupekiist 3 nuTanb 3MiHu KimiMaty, 2011-2013; «Po3poOka Ta 3acTtocyBaHHs




MO>KJIMBOCTEH MOJIENIOBAHHS TOM'SKIIEHHS 3MIHM KJIIMaTy €KOHOMIYHHMMH 3aco0amu y
rmobampbHOMY MacmTabi Juisi MAroTOBKM MixkHapomHoi momituku €C», Tenmep €C,
['enepanbHa AupekIis 3 nMuTaHb 3MiHK KiiMaty, 2012-2014; «Jliroua riaobanpHa cucteMa
cnioctepexeHHs 3a Byraenem», GEOCarbon, €C FP7, I'pant. yroma Ne 283080, 2011-2014);

B HartionanpbHOMY yHiBepcUTETI ,.JIbBIBChKA MOJITEXHIKA : T€OMPOCTOPOBA MaTeMa-
TUYHA MOJIeTb TPOIIECIB JIICOKOPUCTYBaHHS Ta 3MIHM 3emiiekopuctyBanHi G4M (mpu
BUKOHaHH1 JepxOroxeTHoi HJAP “T'eoindopmariiiini TeXHOJOrIT aHami3y CTOKY Ta eMicli
MApHUKOBUX Ta3iB y JICOBOMY TOCIOJAPCTBI JUIS MIATPUMKH MPUUHATTS pimens’, 2013-
2014); meroau OOYHMCIIEHHS €MICiii MapHUKOBUX Ta3iB Yy JIICOBOMY TOCHOJIAPCTBI Ta ix
HEBU3HAYEHOCTEH, METOAM MPOCTOPOBOI IHBEHTAapH3allli MAPHUKOBUX Ta3iB, METOAU
JICTEKTYBaHHs 3MIHM €MICiii MapHUKOBUX Ta3iB Ha PIBHI KpaiHW 3 BpaxyBaHHSIM HEBU3HA-
geHocTi (ipoekT “I"eoindopMartiitHi TEXHOJIOTIi, MPOCTOPOBO-YACOBI MiIXOAH Ta OIIHIOBAHHS
MOBHOTO BYTJICLIEBOTO OalaHCy s MIIBUIIEHHS TOYHOCTI 1HBEHTapu3alliil MapHUKOBHX
ra3i”, 2011-2014, rpant 7PII €C — Marie Curie Project n°247645; nepxo6romkerna H/IP
“T"eoindopMaliiiiii TEXHOJIOT1T MOOYI0BU PETIOHAILHUX KaJacTpiB eMicli TapHUKOBHUX Ta3iB
JUTSL TIATPUMKY MPUAHATTS €(heKTUBHUX €KOHOMIKO-aIMIHICTpaTUBHUX pitens , 2011-2012;
YKpaiHChKO-aBCTPIMChKUIA  TIPOeKT ,,IIpocTopoBo-yacoBe OIIHIOBAaHHS HEBU3HAYEHOCTI
KaJacTpiB eMicCli MapHUKOBHX Ta3iB: PETPOCIIEKTUBHMUI aHami3 Ais ABCTpii Ta YKpaiHu Ta
epextuBHe TporHo3yBaHHA, 2015-2016; ykpainceko-kuTalicekuii mpoekt "lIpoctoposa
IHBeHTapu3allisl MapHUKOBUX Ta3iB Yy JKUTIOBOMY CEKTOPI KHUTAMChKUX Ta YKPaiHCHKHX
PETIOHIB Uil MIATPUMKH NPUHHATTS €(PEKTUBHUX E€KOHOMIKO-aJIMIHICTPATUBHUX PIILICHB",
2013-2014; ykpaiHCbKO-aBCTPIMChKUIM NPOEKT "PerioHasibHUiA MPOCTOPOBUI KaaacTp eMicii
NAapHUKOBUX Ta3iB 3 BpaxyBaHHSAM HEBHU3HAUeHOCTeW BXigHuX naanux', 2011-2012;
YKPaTHChKO-aBCTPINCHKUN TTPOEKT "MeTo 11 MpoCTOPOBOi iHBEHTapU3allii eMiCiii TapHUKOBUX
raziB KioTchKoro npoTokoiy 3 BpaxyBaHHsM iX HeBu3HaueHocTeit", 2009-2010);

B JepxxaBnomy HJII indopmamiinoi indpactpykrypu HAH Vkpainu: mporpami
3aco0M MOJIENIIOBAHHS MPOILECIB CTOKY BYTJICILIO B JiicaX YKpaiHM Ta MaTeMaTH4YH1 MOJEINI
BYTJICIIEBOTO OajiaHCy JICOBMX €KOCHCTeM (MpuW BUKOHaHHI Tmpoekty Haykoso-
TexHoNoriyHoro 1eHtpy Ykpainu Ne 1700 “Indopmamiiini TexHOJOrIl 1HBEHTapu3alii
MapHUKOBUX T'a31B Ta MPOTrHO3yBaHHs ByTJelleBoro 6anancy Ykpainu”, 2002-2004);

B [IpupoaHoMy 3amoBiIHUKY «Po3TO4dsi»: METOIM Ta MporpamHi 3acoOu MaTema-
TAUYHOTO MOJC/IIOBaHHS (PEHOJIOTTYHMX 3MIH y OYKOBMX Ta JyOOBHX Jiicax, a TaKOX
yIOCKOHAJIEHI MaTeMaTUYH1 MOJIENI BYTJICLIEBOTO OalaHCY JIICOBUX €KOCHUCTEM JIJISl aHAJII3Y
OCHOBHHUX TIOTOKIB BYTJICIIO B JIICOBHX €KOCHCTEMax 3 BpaxyBaHHSM CE30HHUX 3MiH Ta
OLIIHIOBAHHS BIUTUBY KIIMATHYHUX 3MIH; 30KpeMa IpU OOTpYHTYBaHHI BHECEHHS AUISTHKU
KBa3i-mpaiicoBux OykoBuX jiciB Po3touust 1o 0o0’ekry mpupoanoi cnagmmuan FOHECKO
«bykoBi mpamnicu 1 naBHi Oykosi Jicu Kapnar Ta iHImmx perionis €Bpormnun»;

Pesynbrati nuceptaniiiHoi poOOTH BHUKOPUCTOBYIOTbCA y HABYAJIBHOMY MPOLIECI B
HanionansHoMy yHiBepcuTeTi “JIbBiBChKA MOMITEXHIKA™ B JICKIIHHUX KypcaxX ,,[IpocTopoBe
MOJICJIIOBAHHS €KOJIOTIYHUX TpolieciB” Ta ,,MaTemMaTu4H1 MOJIedl €KOJIOTTYHUX MPOIECiB”
OCBITHBO-KBaJTI(piKkaliiHOTO piBHA "MaricTp” (cmemianbHicTh 113 — | Ilpuknagna marema-
tuka”, cnemama3aiig 0102 — , MaremaTudHe Ta KOMII' FOTEPHE MOJICIIOBaHHS ). AKTH PO
BUKOPUCTaHHSI Pe3yJIbTaTIB AUCEPTALINHUX JOCTIKEHb HABEIEHO B JOJATKY.

OcolOucTuii BHecok 3100yBaya. YcCi HayKOBI pe3yJbTaTH IUCEPTALIHHOI poOOTH
OTPUMAHO aBTOPOM CaMOCTIMHO. Y mpalsgX, OMyOJIKOBaHMX Yy CITIBaBTOPCTBI, aBTOPOBI
HajeXarth: y podorax [2, 3, 20, 21, 38, 50] — po3pobIieHHs] TeonpOCTOPOBOT MAaTEMaTHUHOI



MOJIeJIl JIICOKOPUCTYBaHHS Ta 3MiHM 3eMiiekopucTtyBaHHs G4M (Bepcis mis €C); [56, 57,
62] — MeTo reonpoCTOPOBOrO MOJICITIOBAHHS MPOIIECIB JICOKOPUCTYBAHHS Ta 3MIHU TUIIB
3eMJICKOPUCTYBaHHS Ha riodaisHoMy piBHI; [70, 71] — po3pobiaeHHs cxeM 0OMIHY JaHUMH
MK Monensimu; (2, 3,7, 17, 20, 25, 26, 43, 45, 50, 52, 61, 72, 74, 83, 92] — po3po0iaeHHs
cxeM OOMIHY MaHUMHM MDK MOJENSAMHU, PO3POOJICHHS Ta MPOBEICHHS OOYUCIIIOBATIBHHUX
EKCIIEPUMEHTIB 13 TEOMPOCTOPOBOI0 MATEMATUYHOIO MOJICIUTIO JTICOKOPUCTYBAHHS Ta 3MIHH
3emsiekopuctyBanHsg G4M, aHami3 Ta 1HTEpIpeTallis pe3ysbTaTiB MojentoBaHHs; [21, 24,
37,47, 48, 49, 51, 54, 55, 67, 68, 70, 73] — npoBesieHHsT O0YUCITIOBAILHUX €KCIIEPUMEHTIB
Ta aHaji3 pe3yabTaTiB MojemoBaHHs; [45, 51, 52, 54, 61, 67] — cTBOpeHHS Ta aHami3
KPUBHMX TPaHUYHUX BHUTpAT Ha 3MeHIIeHHs emiciii CO, BiJ JIICOKOPUCTYBaHHS Ta 3MiH
3eMJIEKOPUCTYBaHHS; [66] — MeTo/ aHalli3y nepeBar BIOCKOHAJIIEHHS! CUCTEMU MOHITOPUHTY
emiciii CO, NUIIXOM 3MEHIIEHHST HEBU3HAUYEHOCTI, aHaI13 BXIAHUX JaHUX; [65, 89] — aHamni3
MOXUOOK T'€OMPOCTOPOBOI MaTEMaTHUYHOI MOJIEN JIICOKOPUCTYBAHHS Ta 3MIHU 3€MJIEKOPHC-
tyBaHHs G4M; [28, 29] — mnpoBeneHHS OOYMCIIOBAIBLHOIO EKCIEPUMEHTY, aHali3 Ta
IHTepIIpeTallis pe3yabTaTiB; [19] — anani3 pe3ynbraTiB MojeatoBanHs; [69, 88] — anami3 Ta
IHTepIpeTallisi mapaMeTpiB reonpoCTOPOBOI MaTeMaTHYHOI MOJEN JICOKOPUCTYBaHHS Ta
3MmiHu 3emuiekopuctyBanHs G4M; [18] — anamiz 3000B’s3aHb KpaiH IIOJ0 3MEHIIECHHS
€MICI BYIJIEKHCJIOTO Tra3y BiJl JIICOKOPHCTYBAaHHsS Ta 3MIHU 3€MJICKOPUCTYBaHHS; [4] —
3arayibHa i71esi METOTy MOJICTIOBAHHS JTICOKOPUCTYBAHHS 3 BpaXyBaHHSM BIKOBO1 CTPYKTYpH
JIEpPEeBOCTaHy 3a JOTIOMOTOI0 PEKYPCHBHOI MATEMATUYHOI MOJIETI 3 ONTHUMI3AIIIEI0 METOIOM
JHIAHOTO MporpamyBaHHs; [S, 93] — 3aranbHUIl METOJ MOJETIOBAHHS MPUUHATTS PIllIEHb
II0JI0 3aroTiBJIl 3a/1aHO1 KUTBKOCTI AepeBuHy; [6, 32, 93, 100, 102] — aHami3 BXiAHUX JaHUX
Ta TapaMeTpiB TEOMPOCTOPOBOI MATEMAaTHYHOI MOJIETl JICOKOPUCTYBAHHS Ta 3MIHU
3emiiekopuctyBanHs G4M 1o10 amanTarii Mojem Juis Ykpainu; [22, 27, 75, 76, 77] — anani3
MOTOKIB BYIJICKHCJIOTO ra3y €KOCHCTEM CYXOJO0Jly Ta iX HeBW3HaueHocTelt; [27; 76; 77] —
METOJT OOYHCIICHHSI TIOTOKIB BYTJICIIO €KOCHCTEM CYXOJIOJy Ta X HEBU3HAUEHOCTEW (ISt
BEJIMKUX TEPUTOPIH 3 HEMOCTATHHOIO KUTBKICTIO BUMIPIOBaHb); [44, 58, 59, 60, 78] — meTomu
JIETEKTYBaHHS 3MIHM €MiCii MTApHUKOBHX T'a31B Ha PiBHI KpaiH; [1, 13, 14, 46] — maTremaTuuHi
MOJIeIl ByTJEleBOro OajaHCy JICOBMX EKOCHUCTEM, OOYMCIIOBAJIbHI EKCIIEPUMEHTH Ta
aHam3 pesynbtarie; [10, 11, 12, 16, 34, 35, 36, 39, 40, 41, 42, 63, 64, 79, 80, 82, 95] —
3arajibHUN MiAX11 A0 MPOCTOPOBOI IHBEHTapU3allli MapHUKOBUX Ta3iB, METOAU OOUMCICHHS
€MICI BYTJIEKHCIIOTO Ta3y B CEKTOPI JIICOBOTO IOCMOAPCTBA Ta 3MiH 3eMJICKOPUCTYBAHHS;
[11, 14, 23, 36, 80] — anasi3 HEBU3HAYCHOCTEW 1HBEHTApH3AIliii MAPHUKOBUX ra3is; [9, 14,
15, 33, 46, 94] — MmeToM MOJETIOBAHHS TTOTOKIB BYTJICITIO Y JIICOBUX eKocucTtemax; [31] —
aHaJli3 BEPTUKAJIBLHOTO PO3MOJLTY KOHIIEHTpallli BYIJeKUcioro rayy B armocoepi; [97] —
aHayli3 JIICOBUX €KOCHUCTEM VYKpaiHM Ta BHU3HAUEHHS MapaMmeTpiB il MOJEIIOBAHHS
BYTJIEIIEBOTO OanaHcy; [96, 98] — orysin MaTreMaTUYHUX MOJENEH, sIKI BAKOPUCTOBYIOTD JIJIS
OIATPUMKH  TPUNAHATTA pilleHb 1oAo 3MeHmieHHs eMicii CO, y cektopi 3emuie-
KOPHUCTYBaHHS Ta 3MIHU 3€MJIEKOPUCTYBaHHA. Pe3ynbTaT CiIbHUX HAYKOBUX Ipallb OYJI0
BUKOPUCTAaHO Yy JAMCEpTAllliHUX poOOoTax Takux criBaBTopiB, sik Tokap O.€. (mpu
po3polIieHH! 1H(OPMAIIMHUX TEXHOJIOTI JOCHIDKEHHS CTOKY BYIJICIIO B JIICOBHX
exocrucreMax) Ta TypkoBcbkoi O.B. (mpu po3poOIil METO/IB Ta 3ac001B aHaNI3y IMPOIIECIB
3eMJICKOPUCTYBaHHS JIs fociimkeHHs emiciit CO,).

Anpoﬁamﬂ pe3yJIl>TaTlB auceprTanii. OCHOBHI HayKOBI pe3y/IbTaTH Ta MOJI0KEHHS
ancepTaun MPEICTaBlICHI Ta OOTOBOpeHI Ha 43 MDKHAPOAHUX 1 Jep’KaBHUX HAYKOBO-
TEXHIYHUX KOH(EpEeHIIsIX Ta HAyKOBHX ceMmiHapax, 3o0kpema: European Geosciences
Union General Assembly Conference (Vienna, Austria, 2008, 2012, 2017); XIV World
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Forestry Congress (Durban, South Africa, 2015); 9th Intern. Carbon Dioxide Conf. (ICDC-
2013) (Beijing, China, 2013); 1st Intern. Conf. on Simulation and Modeling
Methodologies, Technologies and Applications (SIMULTECH 2011) (Noordwijkerhout,
Netherlands, 2011); IIASA 40th Anniversary Conf. “Worlds Within Reach: From Science
To Policy” (Vienna and Laxenburg, Austria, 2012); A conference in celebration of
Howard Raiffa “Systems Analysis 2015 (Laxenburg, Austria, 2015); Intern. Conf. of the
International Boreal Forest Research Association (IBFRA) “Boreal Forests in a Changing
World: Challenges and Needs for Action” (Krasnoyarsk, Russia, 2011); Intern. Congress
on Environmental Modelling and Software ‘“Managing Resources of a Limited Planet”,
Sixth Biennial Meeting (Leipzig, Germany, 2012); Intern. Energy Workshop - IEW 2012
(Cape Town, South Africa, 2012); 2nd Intern. Workshop on Uncertainty of Greenhouse
Gas Inventories (Laxenburg, Austria, 2007); Intern. Conf. on Ecological Modelling 2006
in Yamaguchi (ICEM-2006) (Yamaguchi, Japan, 2006); Intern. Conf. on Environmental
Observations, Modeling and Information Systems “ENVIROMIS’2006” (Tomsk, Russia,
2006); 4th Intern. Workshop on Uncertainty in Atmospheric Emissions (Cracow, Poland,
2015); 8th Intern. Carbon Dioxide Conf. (ICDC-2009) (Jena, Germany, 2009); 17th Intern.
Conf. of the International Boreal Forest Research Association (IBFRA) “Our Boreal Our
Future” (Rovaniemi, Finland, 2015); ITEE 2007 - Third Intern. ICSC Symposium
(Oldenburg, Germany, 2007); Intern. Conf. “Climate Changes and their Impact on Boreal
and Temperate Forests” (Ekaterinburg, Russia, 2006); Second Intern. ICSC Symposium
on Information Technologies in Environmental Engineering (Magdeburg, Germany,
2005); Intern. Workshop on Uncertainty in Greenhouse Gas Inventories: Verification,
Compliance and Trading (Warsaw, Poland, 2004); The Information Society and
Enlargement of the European Union: 17th Intern. Conf. “Informatics for Environmental
Protection” (Cottbus, Germany, 2003); 6th Intern. Academic Conf. of Young Scientists
“Computer Science and Engineering 2013* (Lviv, 2013); 3rd Intern. Workshop on
Uncertainty in Greenhouse Gas Inventories (Lviv, 2010); Second Intern. Congress
“Informatization of Recreation and Tourist Activity: Perspectives of Cultural and
Economic Development” (Truskavets, 2003); JIBaHaausaTii M>KHap. HayK.-TIPaKT. KOHO.
,2MartemaTnune Ta iMmitamiitne monemoBadHs cucteM - MOJIC 2017 (Yeprnicig, 2017);
IV nayk.-texH. koH®. ,,O0uncCIIOBaIbHI METOIU 1 CUCTEMH MEPETBOPEHHS 1H(popMmarii*
(JIvsig, 2016); IV Tta V Mixnap. Hayk.-npakT. KoH(. «IIpobGnemu iHpopmaTuku Ta
KOMIT F0TepHO1 TexHIKn» (Yepnisyi, 2015, 2016); Mixknap. Hayk.-mpakT. KoH]. “Ykpaina
B Ipoliecax riaodanbHOro iHopmaiitnoro oominy” (Jesis, 2016); IT° 11l MibkHAp. HAYK.-
npakT. koHd. "[HpopmarliiiiHi TEXHOJOTI Ta KOMIT I0TepHa iHx)eHepis" (leano-DPpankiscok,
2015); IV mixHap. HayK.-nipakT. KoH(. “THdOpMaIiiiiHI TEXHOJIOTIT Ta KOMIT IOTEpHA 1HXKe-
Hepis* (Binnuys, 2014); 2-My MixHap. KOHrpecl «3aXUCT HABKOJIHUIIHBOTO CEPEIOBHINA.
Eneproomiannicts. 30anancoBane npupoaoKOpUCTyBaHH» (JIbsis, 2012); MixHap. HayK.-
npakT. KoH}. “Cranuii po3BUTOK JIICOBOTO TOCIOIAPCTBA B KOHTEKCTI peanizalii Kiorcekoro
nportokoiy B kpaiHax LlentpampHoi Ta Cxignoi €Bponu” (Kuis, 2008); Mixnap. KoH(.
,,Komm totepHi Hayku Ta iHopmamiitai TexHosorii” CSIT'2007 (Jlvsis, 2007); 12 mixHap.
KOH(. 3 aBTOMAaTU4YHOTO ynpaiiHus (Xapxis, 2005); Beeykp. HayK.-TipakT. KoH]. “YkpaiHa B
nporiecax TiodanbHOro i1H(popmaliiHoro oominy” (Jleeis, 2013); Bceykp. HayK.-IpaxT.
koH(}. «CyvacHi iHpopMaIliifHI TEXHOIOTII B €KOHOMIIll, MEHEPKMEHTI Ta OCBITI» (/Ib6i8,
2010, 2011, 2012); HaykoBux koud. IM®H HY «JIbBiBchbKa momitexHika» (Jveig, 2012,
2017); MixBy3iBcbKili Hayk.-ipakT. KoH(. «CydacHi iHdoOpMaIliiiHi TeXHOJIOTil B
€KOHOMIIll, MEHEPKMEHTI Ta OCBITI» (/Ibsis, 2008).
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Iy6aixanii. 3a pe3ynbraTaMu JOCHIKEHb, K1 BUKJIAJIEHI y AUCEepTaIiiiHiil poOoTi,
omy6nikoBaHo 102 HaykoBi mpaii, cepen Hux 3 moHorpadii, 19 crareit y HayKoBHUX
NepioIMYHUX BUAAHHAX IHIIMUX AepkKaB (3 HUX 15 crareld y BUIAHHSAX, SIKI BXOASTH A0
MIXKHAPOJHOT HAYKOMETpU4YHO1 6a3u Scopus), 13 crateit y HaykoBUX (DaxOBUX BUAAHHSIX
Vkpainu (1 craTTs y BHAAHHI, K€ BXOIAUTHh J0 MDKHAPOAHOI HAyKOMETPUYHOI 0Oasu
Scopus), 7 po3niiiB y KHUTax Ta 30ipkax HAyKOBUX Mpallb, BUAAHUX 32 KOPJAOHOM (3 HHUX
2 BKJIIOUEHO B HayKoMeTpuuHy 0a3zy Scopus), 4 cTarTi B IHIIMX BHIAHHSAX (3 HHUX
2 BKJIFOYEHO B HAyKOMETpUuHYy 0azy Scopus), 14 myOuikamiii B iHpopMamiiHux BUIAHHIX
IHIIUX JaeprkaB, 42 myOsikaii y 30ipHMKax mMaTepiajiB 1 Te3 JOMOBieH MI)KHAPOJAHUX Ta
BCEYKpaTHChKUX KOH(pepeHIid (3 HUX 4 1HJIEKCOBAHO Yy HAayKOMETpU4HIN 0a3i Scopus).
3aranom, 24 myOmikanii, ki BioOpaxaroTh OCHOBHI pe3yJbTaTH AMCEPTAIlii, BKIIOUYEHO B
HAayKOMETpHU4HY 0a3y Scopus (3arajqpHuil iHAEKC HUTYyBaHHS h=9).

Crpykrypa Ta o0csar podoTu. Po6oTa ckiagaeTses 3 mepeniky YMOBHHX CKOPOYEHb,
BCTyMy, ILIECTH PO3AUTIB, BUCHOBKIB, CIIMCKY BHUKOPUCTaHMX JKEpeNl 1 JOAATKIB.
3aranbpHui 00csAT poboTH ckiianae 438 CTOPIHOK, 13 HUX 322 CTOPIHKA OCHOBHOTO TEKCTY,
171 pucyHnox, 55 Tabnuiib, CIMCOK BUKOPUCTAHUX JpKepe 13 395 HaliMeHyBaHb.

OCHOBHUMH 3MICT POBOTH

¥ BeTymi 0OrpyHTOBAaHO aKTyaJbHICTh TEMH AMCEPTALIHOI pOOOTH, BKAa3aHO 3B’ A30K
po0OTH 3 HAYKOBUMH IMpOrpaMamH, IUIaHaMH, TeMaMU, CPOPMYIbOBAHO METY 1 BU3HAUEHO
OCHOBHI 3aBJIaHHA, 00’ €KT, MPeaMET 1 METOJU JIOCIIPKEHHs, TTOJaHO HAyKOBY HOBM3HY 1
NPaKTUYHY 3HAYUMICTh OTPHUMAHUX PE3yJbTaTiB, HABEJACHO BIJJOMOCTI MPO BIPOBAIKEHHS
pe3ynbTaTiB poOOTH, BKa3aHO OCOOMCTHMN BHECOK 3/100yBaya, HaBEICHO BIJIOMOCTI IIPO
anpoOarlio pe3ynbTaTiB poOOTH Ta MmyOIiKaIlii 3a TEMOIO POOOTH.

Y nepuiomy po3aijii HaBeACHO OIS JITEPAaTypHUX JDKEPEI 32 TEMOKO JUCepTarlii —
MpoaHai30BaHO TJI00aNbHUI OallaHC BYTJIEKUCIIOTO ra3y, OCHOBHI IPOIECH KPYyrooOiry
BYIJICLIO Y JIICOBUX €KOCHCTEMax Ta OCHOBHI MaTeMaTH4HI MOJEII, SIKI BUKOPUCTOBYIOTh
JUTs MOJCIIFOBAHHS BIJMOBITHUX IPOLIECIB, TOB'SI3aHUX 13 OajlaHCOM BYTJIEKHCIIOTO Tas3y.
[Toxa3zaHo, 110 Ha3eMHi €KOCHCTEMH € BaXJIMBUM KOMIIOHEHTOM TI00AJTHHOTO BYTJICIIEBOTO
Oamancy. binst 10% aHTpONOreHHHX €MICii BYIJIEKHCIOrO razy € pe3yjibTaTOM 3MIHU
3eMJIEKOPHUCTYBaHHS (B OCHOBHOMY 3HENIICHEHHS), a TIOTJIMHAIOTh Ha3eMH1 €KOCUCTEMH 017151
30% ewmiciii. [loTeHmian 3MeHIIIEHHS €MICIH BYTJIEKHCIIOTO ra3y BiJ 3MIHHM 3€MJIEKOPUCTY-
BaHHs Ta JicokopuctyBaHHs ckianae 0.2-13.8 I'TCO,/pik y 2050p. OCKUTbKH CKOPOYEHHS
eMICIH B 3MIHM 3€MJICKOpUCTYBaHHA Ta JicokopuctyBaHHs (33JII') He mnoTpebdye
PO3pO0JIECHHSI HOBUX TEXHOJIOTIN 1 BEIMKUX KOIITIB, I cepa AISUIBHOCTI € BAXKIIUBOIO IS
crabumi3aiii KOHIIEHTpalli BYyIJIEKUCIOro razy B armocdepi. [IpoananizoBaHo OCHOBHI
MOTOKA Ta pE3epByapH BYTJCIIO Y JICOBI EKOCHCTEMI, a TaKOX IPOIEeCH 3MIiHU
3eMJICKOPUCTYBaHHSI Ta JIICOKOpHCTyBaHHA. [loka3aHO AMHAMIKY BYTJCIICBOTO OalaHCy
JICOBOT €KOCHCTEMH TIPH 3aICHEHHI, 3HEJIICHEHHI Ta JIICOKOpUCTyBaHHI. [IpoaHanizoBaHo
ICHYIOYl MaTeMaTH4HI MOJIEJi BYIJICLIEBOrO OallaHCy JICOBUX E€KOCHUCTEM, MaTeMaTU4HI
MOJIeJII MPOIIECIB JIICOKOPUCTYBAHHS Ta 3MIHU 3eMJIEKOpUCTYBaHH:. [lokazaHo, 1110 icHYrOY1
MO/JIeNl HEe BPaxOBYIOTh y MOBHII Mipl BaXKITUBI 3aJI€KHOCTI, B3aEMO3B’ I3KH MIXK MIPOLIECAMU
3MIHU 3€MJIEKOPUCTYBAHHS Ta JICOKOPUCTYBAHHS, a TAKOXK HAsIBHI JaHi.

JIpyruii po3aij npucBsueHo po3poOICHHIO MaTEMaTHYHUX MOZIETIEH Ta METO/IIB aHai3y
BYIJICIICBOTO OallaHCy JICOBHX EKOCHCTEM. 30erMa PO3pO0JIEHO METONl MOETIOBAHHS
BYTJIEIEBOTO OayaHCy JICOBOT €KOCUCTEMH, KM TIOEAHYE TIPOIIECH KPYrooOiry BYTJICITIO Ta
TaKCaIliiiHi mapaMeTpu JIEpEBOCTAHY . BrockonaneHo CTpyKTypy MaTeMaTHYHOI MOJEIi
BYTJICIICBOTO OaJlaHCy JIICOBOI €KOCHCTEMH, 30KpeMa BpPaxOBaHO 3MiHY 3allaciB BYTJICIIO Y
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KOMIIOHEHTAX JIICOBUX €KOCHCTEM 13 BIKOM JIEPEBOCTaHY, BBEICHO JOJATKOBI pe3epByapH Ta
TMOTOKH BYTJICLUO. P03p06JICHO MaTeMaTHYHy MOJIeIb (DEHOJIOTTYHUX TMPOIIECIB Y 6yI<OBHX Ta
AyOOBHX JicaX, sIKi 0a3yIOTbCs Ha JTAHUX CIIOCTEPEKEHb. Po3po6neHo MaTeMaTH4yHl MOJIENi
BYIJIELIEBOTrO OanaHcy OyKOBOro, AyOOBOTO Ta SUTMHOBOTO JICY, SIKi IMapaMETPU30BAHO s
[Tomices, Jlicocreny, Creny Ta Ykpaincekux Kapmar. ChopmoBaHo crieHapii 3MiHH KITiMaTy
(MIHIMaJIBHUX 3MiH, CEpEeIHIX 3MiH, MAKCUMAJIbHUX 3MiH Ta HECTAI[IOHAPHUIA) JJIsl PETIOHIB
VYkpainu. JlochikeHo IUHAMIKY BYIJIEIIEBOrO OajaHCy JIICOBUX EKOCHCTEM Y perioHax
VYkpaiHu 3a TenepilHboro KiMaTy Ta 3a PI3HUX CIEHApIiB 3MIHM KJIIMaTy, a TaKoX IpH
3aJIiCHEHHI Ta 3HeicHeHHI. [IpoananizoBaHO BIUIMB HEBU3HAYEHOCTEH MapaMeTpiB MOJENI Ha
pe3ynbTaT MOJICITIOBAHHSI.

PosrnsnyTo HaCTyHHi pesepByapi  BYIJICLIO: (ditomaca (JII/ICT}I/XBO}O BUJIJICHO 3a
JIONIOMOT0F0 PErPECiifHOr0 PIBHAHHS), MACTHNIKA (IT'ITh Pe3epByapiB: JHUCTA, CTOBOYPH ACpeB,
TUTKM, BEJIMKI KOpPEeHi, IpiOHI KOpeHi), opraquHa pEUYOBHHA TPYHTY, a TaKOX TaKi MOTOKU
BYIJIEITEO: aTMocdepa — diromaca, pitomaca — migcTHIKA (OMad, SKUHA COPTYETHCS y M'ATh
THUIMIB 3a JOMOMOT'OI0 PErpeciiiHuX PIBHSIHb), MIICTUIKA — aTMOcdepa, MiACTUIKA — IPYHT,
IPYHT — aTMocepa, IPyHT — BOJIHA CUCTEeMa Ta (iToMaca — MeKi EeKOCUCTEMHU (q)iTOMaca AKY
BupyOyioTp). lloTik armocepa — Qiromaca (O3HAYAEMO V,,) BIAIOBiZA€ mporecy
otocuuTesy. TTotokn ditomaca — MACTHIKA BiANOBIAAIOTH MPOLECAM BiAMHUPAHHS JHCTSA
Vo), CTOB6yp1B aepeB (Vy;), TLIOK (vp,b) BEJIMKUX KOPEHIB (Vplcr) 1 I[p16HI/IX KOpeHlB (vp,f,)
Ilorik migcTiika — arMocdepa BiANMOBiZa€ mpouecaM MiHepaTi3alii  BiAMOBITHHX
KOMITOHCHTIB MACTHIKE (JIUCTS - Vi, CTOBOYPIB - Vi, TUIOK Vjg, TOBCTHX KOPEHIB Vi 1
TOHKMX KOPEHIB - Vj,). 1IOTIK MiACTHIKA — IPYHT BIAINOBLAAE nmporecam rymidikarii
BIAMOBIIHUX KOMIIOHEHTIB MiACTUIIKK (JUCTS - Vi, CTOBOYPIB - Vi, TUIOK Vjy, TOBCTHX
KOPEHIB Vj.s 1 TOHKUX KOPEHIB - Vig). IloTiK IpyHT — atMocdepa (vy,) BIANOBIIAE IpoLecy
MiHepai3anii TyMycy. ITotik rpyHT — BoiHa cucreMa (Vv,,) BIINOBLIAE TPOLECY 3MHBAHHS 1
BUMHBAHHS OPraHiqHOi PEYOBHHH TPYHTY BOJOI0. II0TiK (itoMaca — Mexi eKOCHCTEMH (V)
BI/INTOBiIa€ TIPOIIECY 3aroTiBii AepeBHHU. KpiM TOro, mo3HauymMo JiTeporo X 3 HUKHIMHU
1HIeKcaMH pe3epByapu Byrueio (ph — ¢ditomaca, [f— miACcTUIKa 3 JUCTS, IS — MiACTHIKA 31
CTOBOYpIB JIEpEB 1 IJIOK J1aMeTpoM OuTeuM HIXK 10 cM, /b — miaCTUIiIKA 3 TIIOK JIlaMeTpOM
MeHIM Hik 10 cM, [cr — miACTUIIKA 3 TOBCTUX KOPEHIiB, [fr — MACTUIKA 3 TOHKUX KOPEHIB).
BpaxoByroun BBe/ieH1 MO3HAUEHHS MAaTEMaTUYHY MOJIEJb BYTJIELIEBOIO OaTaHCy 3alHCYEMO Y
BUTJISA/II CUCTEMHU 3BUYAMHUX JTU(EepEHITIAIbHUX PIBHSIHD MEPIIOTO MOPSAKY:

ax ,, _
dt - Vap - (vplf + Vpls + Vplb + vplcr + vplfr + Vph)’
dXU B
o =V, TV ~ WV T ),
10,4
Is — —
== vpls + vhls (vlsa + vlss)’
dX
b — —
d = Vo ¥ Vi — Wy T V),
17,4
ler — —_
dt - Vplcr + Vhlcr (vlcra + vlcrs)’
10,4
lfr — —
g Vo t Vs ™ Vi T Vi)
1,4

S - —
d t - vlfv + vlss + vlbs + vlcrs + vlfrs (vsa + vsaq )
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[ToToku ByIJIEIIO 3a7aI0ThC CKJIAJAHUMH HETMIHIMHUMHU (YHKLISIMH, apryMEHTaMH SIKUX €
KUIBKICTh BYTJICIIO Y BIJAMOBITHOMY pesepByapi BYTJIEITIO, (‘paKTopI/I HABKOJIUIITHBOTO
CepeIoBHIIA (OCTYITHA BOJA, TEMIIEPaTypa MOBITPs, KOHLEHTpauis armocheproro CO,) Ta
yac. Hampuknan, I1HTEHCHBHICT (OTOCHHTE3Y (NOTIK V,,) IPEICTABICHO CKJIAAEHOIO

¢yHkui€eo (32 npuHUUIOM JiMiTyrouux ¢akropis Jlibixa): v, =a,, F mm{F L F } e

Ay — Kani6pyBaJILHI/II”4 Koe(biuiEHT F; — QyHKIS KITBKOCTI JIUCTS, SIKA, B CBOIO 4YEpry,
3aJIeKUTh BiJl CEPEIHBOTO BIKy HacajpkeHHsS (A), Fr — 3aJIe)KHICTh 1HTEHCHUBHOCTI (I)OTO-
CHHTE3Y BiJ CepeI[HLOMw?I‘-IHOl TEMIIEPATypU HOBITp?I (D), F, — 3a1exHICTh IHTEHCUBHOCTI
(oTOCUHTE3Y BIJ] CEPEIHBbOMICSYHOI KOHIIEHTpallli Byrjekucioro razy B armocdepi (C) 1
F,, — 3a1exHICTh IHTEHCUBHOCTI (JOTOCHMHTE3Y BiJl CEPETHBOMICSIUHOI KITBKOCTI AOCTYIHOI
Bomu (w) B ekocucTeMi. Bci BKazaHi 3alleKHOCTI, SIKI OINUCYIOTh 1HTEHCUBHICTh
(dboTocuHTE3y, BIIMUpaHHS Ta PO3KIaLy, € (QYHKIisIMU Yacy. Macy nucTts (mo3HaueHO
JiTeporo F) BU3HAYaEMO 3a JOTIOMOTO0 PEerpeciiHoro Bupasy (nuB. maii Bupas (1)), a gac
HOSIBY JIUCTSL y OYKOBHX Ta TyOOBHX JIiCaX 3aJa€ThCsl TeMIepaTyporo nositps (77,):
1 R, X,

C1+exp(0.9(-T+T,)) R

tot

IToTik diTomaca-onan 3 JUCTA (V). Yac omaganHs mMcTs y OyKOBHX JIiCax 3aJa€ThCs
TEMIIEPATYpPOIO MOBITPsl, KA 3MeHIIyeThes (1, — Temneparypa MacoBOro onaiaHss, 1y, —
TeMmrepaTrypa, IpH sIKii 3aKiHUY€TbCS OINAaJaHHs JIMCTS), a 1HTEHCHUBHICTh — KIJBKICTIO
JIUCTSI, IKE HE OTaJIo:

R X,
15 : ! ) , SAIKWO ar <0,
Vo= 1+exp(1.2(T-T),)) N+exp(1.2(T-T ) } dt

0, 8 THUOMY BUNAOK).

CCpC,Z[HLOMiCH‘IHi TEMIIEpaTypyu TMOBITPS, TMPU SKHUX Bi,Z[6YBaJII/ICB OCHOBHI
tenomoriuni sminu (T, Ty, Tig) B eKOCHCTEMAX OyKOBHX Ta TyOOBHX JiCiB, BUSHAYCHO 3a
JTaHUMH CIIOCTEPEKESHb B 3aMOBITHUKY “Po3Touds’.

ITorokn Byriemwo 3 ¢iToMacu, BKJIOYAKOYM XBOKO, Y BUIMOBITHI pe3epByapu
M1CTUIIKA BU3HAYAEMO 3a IOTIOMOTOI0 BUPa3y:

X h X hRi .
Vpli :apli dM |]i - + F ’ l:{S,b,CI",f}"},
GS[R, Turn,
1e a; — KanmopyBanbHUM KoediieHT, dM — mpupoHMiA BiANa ] AepeBOCTaHiB, a GS — 3amac
cToBOYpHOI AepeBuHH (dM 1a GS € QyHKIISIMU BIKY I€PEBOCTaHY Ta YMOB HAaBKOJIUITHHOTO
cepeloBUIlla), Bu3HadeHi y pooOoti mpod. A.3.1lIBimenka. Bemuuumna Turn o3Haudae
TPUBAJIICTH KHUTTS YACTUH JIEPEB.
ditomacy po3AlIsIEMO HA CKJIAIOBI (JMCTS — MO3HAYEHO JITEPOIO f, CTOBOYPH 1 TJIKH
nmiametrpoM OutbiuM HiK 10 cM — s, TUIKM giameTpoM MeHImMM HiK 10 cMm — b, TOBCTI
KOpEH1 — ¢r, TOHKI KOpEeH1 — fi; a TaKo)X BBEJCHO Taki MO3HAYCHHS: HaJ3€MHAa 4YacTHHA
JepeBocTany — ab, mim3eMHa yacTuHa — bl, XpoHa — kr, cymMa Haa3eMHOI 1 MiI3eMHOI
YaCTHH — fot) 3a JJOTIOMOT'OI0 PErpeciiHuX BUPa3iB Ta CIIBBITHOIICHb MI>)K HUMHU
R =a A", (1)
ne ap ta a; — perpeciini koedimientu (mpod. I[LIJIakuma, 1996). Takum yuHOM
noOy/I0BaHO MaTeMaTUYH1 MOJIeJI1 TTOTOKIB BYTJIEIIO MIXK 3a/IaHUMHU PE3epPByapamH.

Po3po6ieno MaremaTudHi MoOJeNl BYTJELEBOTO OanaHcy OykoBOro, ayOoBOro Ta
snuHoBoro Jicy. Ilapamerpu monened mimiOpaHo s kiaiMatuuHux ymoB [lomices,
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Jlicocteny, Creny Tta VYkpaincekux Kapnar. CdopmoBano cueHapii 3MiHH KiIiMaTy
(MiHIMaJIBHUX 3MIH, CEPEIHIX 3MiH, MAaKCUMaJIbHHUX 3MIH Ta HECTAIlOHAPHUMN) s
perioHiB Ykpainu. JlOCHIPKEHO MWHAMIKY BYTJIEIEBOrO OajaHCy JICOBUX €KOCHUCTEM Y
perioHax YKpaiHu 3a TENepilHbOro KJIIMaTy Ta 3a PI3HUX CIIEHApiiB 3MIHU KIIMaTy
(puc.1). [Tokazano, mo y Kapnarcekomy perioni Ykpainu cymapHHUil ByrjeneBuil 6amaHc
€KOCHCTEM SUTMHOBHUX JICIB € OUIbI YyTJIMBHM [0 3MIHM KIIMary Yy MOPIBHSHHI 3
OYyKOBUMHM Ta JTyOOBHMH JIiCAMU; €KOCUCTEMHU TyOOBHUX JIICIB € HaMOUIbII Bpa3IUBUMU Y
JCOCTEIy MIPH BCIX CLIEHAPisX 3MIHHU KJIIMATY.

Climate: All scenarios; Resource use:100%

T T T T

| | | | |
44— — — — — === = - e I 4= b

| | | | |

| | | | |

| | | | |

.

|| =k Current
| Baseline stationary
| —&- Min stationary
Max stationary
—=- Baseline transition

Puc. 1. 3miHa 3amacy ByTJIeIIO B €KOCUCTEMI SUTMHOBOTO JICY MPH Pi3HUX CLEHAPIsSX 3MIHU KIIIMaTy

[IpoanamizoBaHO MWHAMIKY BYIJICIIEBOTO OajaHCYy JIICOBUX €KOCHCTEM IIPH 3aJliCHEHHI
Ta 3HETICHEHHI, a TAaKOXX BIUIMB HEBU3HAYCHOCTEH MapaMmeTpiB MOJENi, BKJIIOYAIOUU
napaMeTpu, SIKI XapaKTepU3yIOTh HABKOJMIIHE CEpeloBUIlE (TeMIieparypa MOBITpS,
KUTBKICTh onafiB 1 koHueHTpaiis CO, B atMocdepi) Ha pe3yabTaT MojieatoBanHsl. [lokazaHo,
M0 peami3aliss NPOEKTy 3aJICHEHHS XapaKTepU3YETbCS BHCOKOI HEBHU3HAYEHICTIO
MailOyTHIX pPEe3yJIbTaTiB MPOEKTY — KUIBKOCTI HAKOMMYEHOTO BYIJIELIO B EKOCHCTEMI.
HakonuyeHHss ByIJemi0 MIiACTHIKA XapaKTEPU3YETbCSd HAMOLIBIIO HEBU3HAYEHICTIO,
OCKUIBKH BITHOCHE CTaHIapTHE BimxuieHHs 3pocTae Bix 20% Ha MOYaTKy eKCIEpUMEHTY 0
83% B kinmi. IligcTunka, onHaK, CTaHOBHUTH HEBE/IMKY HacTHHY B 3arajbHOMY 3araci
BYIJICII0O B €KOCHCTEMI 1, TakKMM YHMHOM, HE MAa€ ICTOTHOrO BIUIMBY Ha 3arajibHy
HEBU3HAYCHICTh. BiHOCHE cTaHAApTHE BIIXWIEHHS KUIBKOCTI ByIiIeHo (iromacu
3MmiHIOeThCsl 3 20% Ha mouaTky ekcriepuMmeHTy 10 37% B KiHIN; BIJHOCHE CTaHIapTHE
BIJIXMJICHHS BYTJICIIO IPYHTY € HaMEHILIMM 1 HaBiTh 3MEHIIY€EThCS BiJl modaTtkoBoro 20 10
15%. BigHocHe craHmapTHE BIAXWIJIEHHS KIJIBKOCTI 3arajbHOTO BYTJIELIO, HAKOTIMYEHOTO B
eKOCHCTeMI, 3pocTae Bix mouaTkoBux 9% mo 21% mpotsrom 20 pokiB. HeBusHaueHicTh
TeMIIepaTypy TMOBITPS, KUIBKOCTI OmMajiB 1 KoHueHTparli arMmochepHoro CO, iCTOTHO
BIUIMBAIOTh HA 3arajbHy HEBU3HAUYEHICTh HAKOMMYEHOI KIIbKOCTI Byriento. 3a 10 pokis
MOJICTIOBAaHHS BIJHOCHE CTaHJApTHE BIAXWICHHA (iTomacu 3pocTae y [Ba pasi,
HEBU3HAUEHICTh KIJIBKOCTI BYTJICLIO IPYHTY 1 3arajibHe 301IbIIEHHS BYTJICIIO 3pOCTaE Mailke
B 1.4 pa3u, a HEBU3HAYEHICTh KUIBKOCTI BYTJICLO MIICTHIIKY 3aTUIIAE€THCS Maike Ha TOMY K
piBHI. KinbKicTh aHOMandbHUX 3HAUYEHb TAKOXK 30UIbLIYETHCS. TakKUM YHMHOM, MIHJIUBICTDH
kiiMaty 1 3poctanHs CO, B armocdepi HEOOXIJHO BpaxOBYBaTH MPHU MPOTHO3YBaHHI
e(heKTUBHOCTI MTPOEKTY 3aJ11CEHHSI.
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Tpertiii po3min npucBsiueHO MaTeMaTHUHOMY MojemoBaHHIO mpoueciB 33JI[T Ta
PO3pOOJIEHHIO TEOMPOCTOPOBOI MaTeMaTHaHO1 Mozeni G4M. 3okpema, po3poOJIeHO METO
reorpocTopoBoro mMojaemoBanHs npoueciB 33JII7 Ha rno0anbHOMY pIBHI, SIKH BpaxoBYe€
B3a€EMHHI BIUIMB LIUX MPOIIECIB, a TAKOX MPOIIECIB TOPIiBJl Ta MEPEMIIIICHHS 3ar0TOBJICHOI
nepeBuHA. PO3po0JI€HO METOJ MOCIIOBAaHHS TPOIECY MPOCTOPOBOTO  TMOIMPEHHS
3HemicHeHHs st Mozeni G4M Ta MeToj] MOIEeITIOBaHHS npomecy NPUAHSTTS PIICHb 010
3aroTiBJIl 33/1aHO1 KIJIKOCT1 IEPEBUHU Ha PIBHI KPAaiHU YU PETIOHY. O6rpyHTOBaHo METO/]T
MOJIEJIIOBAHHS TPOLECY MPUIAHATTS plIHCHB monao 3MmeHmeHHs ewicii CO, Bix
JICOKOPUCTYBAaHHS TpU 30€pEeKEeHHI 3aroTiBJl 33a/1aHOi KITBKOCTI AepeBUHU. Po3pobieHo
Meton imentudikamii mapamerpiB Momeni G4M, sKi BIAMOBITAIOTH 3a MOJCITIOBAHHS
npolieciB 3MiHM 3emiiekopuctyBaHHs, 3a JanuMu GAO ta PK3K OOH Ha HarioHapHOMY
piBHI. 3aIPOMOHOBAHO AJITOPUTM MO/JIENM0BaHHS Mporecy emicii CO, 3 6iomacu, ImiACTUIIKH,
TPYHTy Ta OOJIT MpH 3MiHI 3eMiieKopucTyBaHHs. Po3pobneno Bepcito moaeni G4M mns
TepHTOpi'i €C, y sKiil 10JaTKOBO BUKOPHCTAHO reONPOCTOPOB] JIaHI MPO TepeBakaroyi
,Z[CpCBHl mopozu, reonpOCTopOBl JIaH1 MPO 3aroTiBIIO JEPEBUHU y 2000-2010pp., a Takox
JlaH1 TIPO BIKOBY CTPYKTYpY JIiCY, 3M1Hy 3eMIICKOPHCTYBAHHS Ta emicii CO, 3 6iomacH JIiciB.
3anponoOHOBAaHO MMapaMeTpy Ta JaHi, ki HeoOXiAH1 JUIs ajanTarlii TeompoCTOPOBOi MOAETI
nporeciB 33JII" s Vkpainu.

I'eonpocropoBa MarematnyHa mojenb mporeciB 33JIIT (y myOumikarisx BijoMa sk
Global Forest Model - G4M) TeMaTHYHO CKJIAAA€ThCSl 3 YOTHPHOX YACTHH: €KOJIOTI4HA
(pUPOIHI YMOBH 1 MapaMeTpH JIiCy), €KOHOMIUHA (OIlIHKA JOKAJIbHUX — B MEXaX KIITHHKU
pacTpy — IIH Ha JEPEBUHY 1 CUIbCHKOTOCHOJAPCHKY (CT) 3€MIII0, YMCTHX TNPUBEACHUX
Baprocteil (UIIB) cinmbChKOro Ta JICOBOTO TOCIOAAPCTB, OOCATY 3aroTiBil JIEPEBUHU 1
BUTPATH HA MOCAIKY J1EPEeB Ha MicIi  3py0OaHuXx), HpI/II/IHﬂTTH pIlICHb (plmeHHﬂ po
napaMeTpy 3aroTiBil JIEPEBUHHU Ta 3MIHU BCMJICKOPI/ICTyBaHH}I) 1 oOumcnenns emiciii CO,,
CIPUYMHEHUX 3MIHOI0 3€MJICKOPUCTYBAHHS Ta 3aroTiBiel0 JepeBUHU. biok-cxemy mojeni
MOKa3aHo Ha pHc.2. Y LI MoAedl NpOLECH MPUUHATTS PILICHb IIOAO0 3MIHH 3eMJie-
KOPUCTYBaHHsI Ta MapaMeTpiB JICOKOPUCTYBAHHS PO3IIIAJAIOTHCS 3 TOUKU 30pY BIACHUKIB
JTUTSTHOK 3eMJIl, Y MeXax KITUH pactpy po3mipoM 0.5x0.5 rpamyca HUIIXOM MOPIBHSHHS
UIIB micoBOro Ta CUTLCHKOTO TOCHOJAPCTBA B IUX KIITHHKAX. Y KOXKHIA KIITHUHII pacTpy
PO3MIIANAIOTH JIICOBI 3eMill (HOKPHTI JicoM, sikuid icHyBaB a0 2000p. — «cTapuil Jjic», Ta
micom, nmocamkeHuM miciist 2000p. — «HOBUH JIiC»), CUTBCHKOTOCTIONAPCHKI 3eMJTl Ta 3eMJI1 T
3a0y/10BOIO Ta iIHPpacTpyKkTyporo. HoTHpy OCHOBHI 3MIHHI MOJIEJI BU3HAYAIOTh CTaH KOXKHOI
I-1 KIIITUHKY pacTpy y MOTOYHOMY polli (year): F's — BIIHOCHA IIJIOIIA «CTaporo» Jicy, Fsn —
BIJTHOCHA IIJIOIIA «HOBOTO» JIiCy, abBm — Hag3eMHa Oilomaca Ha OAWHMII TUIOMNII (TEKTapi)
cTaporo Jicy, abBmAff — HanzemHa 6ioMaca Ha OJAMHMII TUIOII HOBOTO Jiicy, Bm — 1moBHa
OloMaca Ha OJIMHUIII TLJIONII CTAporo Jicy. JIMHaMiKy BIJHOCHUX IUIOI] CTAPOTO 1 HOBOT'O JIICY
NPEJCTABIISIEMO CUCTEMOIO TaKUX PIBHSIHD 1 HEPIBHOCTEH:

Fs. — Fs. _ fd Fsi,year—ll dFSi,year—l;FSj,year—l:A.gSiJPdi,year'

Lyear — T SLyear—1 GDP; yeqr, RD;, MAL;, 7, AGByo g, PWGB,c g, PC., leak,
ani,year = ani,year—l

+ fa(AgSl-, Pd; year, GDP;yeqrs MALL, 1, AGByo g, PWG B, g, DC. leakc),

dFSi,year—l = fdyear—li
FSiyear + FSNjyeqr + T <1,
FSi,yeaT' > 0, ani,year > 0,
0 < fd < 0.05, 0 < fa < 0.02,



ne >0 — mapameTp 13 3aJlaHUM 3HAUEHHSIM, SIKHI BIJOOpa)kae 4yacTKy 3eMll, 3ape3epBOBaHY
s OyaiBenb, Jopir Ta/abo c/r 3emenb, j=1.4, j#i — 4YOTUPH KIITHHKH pacTpy, sKi
NPUIIATAOTh 10 KINTHHKU pactpy i, AgS;, Pd;year, GDP;yeqr, RD;y MAL, 1oy AGB,eq, pwGB, .,
pc., leak.— BXiH1 aHl, onucaHl HWKYe, fd(-) Ta fa(-) — HeNmiHiiHI QYHKIII, K1 BU3HAYAIOTh
IIBUJIKICTH 3HETICHEHHS Ta 3aICHEHHS, BIANIOBIIHO, AF'S; ycqyr—1 — MIBUAKICTD 3HETICHEHHS
y MoIepeHpOMY poIli (3HadeHHs (QYHKII fd(-) Ha monepeAHbOMY KPOIll MOACIIIOBAHHS), ¢ —
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1HJIEKC KpaiHH, reg — IHJIEKC perioHy (rpyma KpaiH).

COUNTRY OR REGION

— "  GELL1

Site

‘ Forest share H Deforestation ‘

Age / Tree Size| | ADBH

N

FM Decisions
| 5
-

[o] [3][..] Il
00000 28
00000 B~
Tee [ JLJLIL] '
Size

‘ Sawnwood ‘ Pulpwood ‘ ‘ Cu

DF DOM
DF soil
DF peat

Economic LU Decisions
k Planting costs
In:rement
g Yield| | AtCtha M
Stocking degree | ‘AHeight ‘ DF biomass

FM biomass

o
N=
g /
z
@,
=3
£l
@

I [

CELL 2

Forest share
Harvested wood

CELL 3
Forest share
Harvested wood

CELL ... CELLN
Forest shar
Harvested wood

Harvested wood

SN

Forest share

Jlunamiky 6ioMacu cTaporo i HOBOTO JIICY Ha OJUHUII TUIONI 3aITMCYEMO CHUCTEMOIO

} \

Agriculture land

Wood price market corr.
Land price market corr.

Y

Wood demand

GLOBIOM

Harvestable wood
Land use change

Puc. 2. Ctpykrypa mozgeni G4M

TaKuX PIBHAHb 1 HEPIBHOCTEH:

amei,year = amei,year—l + fbm(RLi,yearJ MAIL" MAIreg» Wdreg,year
1 ameAfﬁ'k,

CA
k=
Fsn;>0

aBmAffi,year =

abBmAff; = abBmAff; ;1 + fbmn(k,RL; year, MAL;, MALL 5, Wd, o4 year )
abBmAff;, = 0,

amei'year 2 O,

RLmai; < RL; yeqr < RLmaxbm,,

RLmai; > 0,

RLmaxbm; > 0,

)

)
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ne MAIi,mreg,Wdreg’year — BXiaH1 gaHi; fbm(-) Ta fbmn(-) — HemHIAHI QYHKIIT, SKi
BH3HAUYAIOTh 3MIHY 0lOMacH y cTapoMy Ta HOBOMY Jiici, BIANOBiAHO; RL — 0060poT pyOKH,
KU BU3HAYAETHCS 3T1AHO AITOPUTMY, OTIMCAHOMY HUXKYE.

Bximni nani moneni: AgS; — IpuaaTHICTD 3eMJTl AJIs1 BEJICHHSI CUTHCHKOTO TOCTIONApCTBA
Y KINTHHIL, Pd; ) eqr — IUIBHICTD HACENEHHs y KITHHI, GDP; ypq, — BAIOBUN BHYTPIIIHIN
npoaykT (BBII) y kiituHI, RD; — NIUIBHICTh TPAHCHIOPTHUX HUISAXIB (aBTOMOOUIBHI IOPOTH,
3aJIi3HULIA, BOJHI LIUIAXH), T, — KOe(IIEHT AUCKOHTYBAaHHS 3 BpaXyBaHHSIM PU3UKIB y KpaiHi,
AGB.y; — perioHalbHa KOPEKIA IIHM CUIbCHKOTOCIOAAPCHKOI 3eMill, PpWGB,q4
perioHasibHa KOPEKIIis IIiHU JEPEeBUHU Ha KOPEeHi, pc, — miHa emiciii CO, B kpaiHi, leak, —
Mipa HeedeKTUBHOCTI JIepKaBHUX I1HCTUTYTIB (koedimieHT kopymiii), MAI; — cepenHii
IPUPICT JIicy y KimithHIi, MAL..4 — CepeiHiii IPUPICT JIICY Y PETIOHI, Wd ¢ g yeqr — NOMUT HA
JIEpeBUHY y perioHi, RLmai; — o06opoT pyOKH (KUIBKICTh POKIB MK IOCAJKOI0 JICY 1
PYOKOFO TOJIOBHOTO KOPHUCTYBaHHS), TIPU SIKOMY CEpEHIN pIYHUAN TPUPICT € MAKCUMAITLHIM,
RLmaxbm; — o6opoT pyOKu, nipu sikomy OiomMaca AepeB Y JiCi € MaKCUMaJIbHOIO, K — BIK
nepeBoctany, CA — KUIbKICTb POKIB, SIKI MUHYJIM BiJ] IOCAJIKH JICY.

Ha ocHoOBI aHasni3zy HayKOBHX MyOJIiKaIliid po3po0JIeHO METOA MOJCITIOBAHHS MPOIECy
MIPOCTOPOBOTO MOMTUPEHHS 3HETICHEHHS st Moieni G4M misixoMm BpaxyBaHHS IHTCHCHB-
HOCTI 3HENIICHEHHS y JaHId KIITHUHII pacTpy Ha MOMEPEIHbOMY KpOIll MOJETIOBAaHHS
(dFS; yeqr—1) T4 MiHIMAIIBHOI IIOILI JIICY y CYCIIHIX KIITUHKAX (min; ; Fs; ;, j=1..4, j#i), a
TaKOXX TPAHCIOPTHOI Mepexi (UIUIBHOCTI Jopir - RD;), 10 Ja€ MOXIWBICTb TOYHIIIE
BIITBOPUTH TPOCTOPOBY CTPYKTypy 3HemicHeHHs. YIIB cigbchkoro rocmomapcTBa
BU3HavaeThes GyHkiisaMu f; (Benitez Ta Obersteiner, 2006) Ta BBe1€HOT aBTOPOM f>:

NPVagr; = f1(AgS; ,SPd; )'fz(RDi;DSi;dFSi,year—1i;ITi13,nF5i,j,AGBreg)

Jlist BpaxyBaHHSI PO3MOBCIO/DKEHHS BUPYOKHM JICYy Ha CYCIIHI KITHHKH, DS,
OL[IHIOEMO YaCTKy JICy B MOTO4HIN (Fs;) Ta cycigHix kmtuHax (Fs;). Haitbnmxk4ya BiacTanb
70 MICIb 3HENICHEHHS Ma€ OUIbIl BUCOKHI BIUIUB Ha C/T, a B TPOMIUYHUX Jicax
3HEJIICHEHHS Yy TIONEPEaHi POKU, dFS;yeqr_1, € OIHUM 3 HAWOLIBII CUIIBHUX YHHHHKIB
3HEJIICHEHHSI Y HAcTymH1 poku (mopir BTpaTu yactku Jjicy 0.00014 BU3HAueHO HA OCHOBI
aHaJji3y ricTorpamMu BTpPaTH JicCy):

2- (1 —0.5- FSi,year—l):FSi,year—l < min;; Fs; ; ApotVeg # Tropic

DSi=1,. (1 —0.5-min;; Fs;;), FS;year—1 = min; ; Fs; ; VpotVeg = Tropic’
2, dFsjyeqr—1 > 0.00014 ApotVeg = Tropic
Dfprev; = 1, Otherwise®

HaxnaBumm kapTy MIBHOCTI IOPIT HAa KapTy BTpartu jicoBoro nokpusy (Hansen Ta iH.,
2010) oTpuMyeMO 3aJI€KHICTh BTPATH JIICOBOTO MOKPUBY BiJl RD;. CepeaHs BTpaTa JiCOBOTO
nokpuBy Ha 20% BWINA, SKIIO PO3MIAAATH JIMIIE TI KMTUHKH, ne RD>0. 3 anamzy
BUKIIIOYAEMO KIITUHKA 3 BHCOKOIO MIUTBHICTIO mopir (RD>0.15), ockuteku Taka RD
3YCTPIYA€EThCS Y TYCTOHACEICHMX paloHaX, ado MICISX, J€ MPOBOASATH JIICO3aroTiBIO, a
TaKOX KJIITHHKY 3 MIBUIKICTIO BTpaTH JiicoBoro nmokpuBy Oiibie 0.00103 yacTku KINTUHKHA
3a mepiojl, e BIMOYBAEThCS Pi3KE 3MEHIIEHHS KUIBKOCTI KIITHHOK 13 BTPATOIO JIICOBOTO
MOKpUBY. B momanbiioMy MIBUAKICTH BTPATH JIICOBOTO TIOKPHMBY HE 3HAYHO 3POCTAE 13
301IBIIIEHHSIM TIUTEHOCTI Hopir: RDT; = 1.2 + 0.0044 - RD;.

®akrop AGB,,, BpaxoBy€e 3MiHY JOKaJIbHOI L[IHU C/T 3eMJIl y KJIITHHL, CIPUYUHEHY
TOPTiBJICIO CUIBCHKOIOCTIOAAPCHKUMH TOBapaMU MIXK KpaiHaMH, UM PEriOHAMU:
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AGBa,.4(year)

AGBa,,,;(2000)
ne AGBa,..(year) Ta AGBa,.(2000) — 1iHa CUIBCHKOTOCIOAAPCHKOI 3€MJIl Yy PETrioHi reg,
otpumana y moaeni GLOBIOM, y notounomy poiii Ta 2000 potii, BiJIOBIIHO.

Po3pobneno meto MOAETIOBaHHS MIPOLECY MPUMHATTS PillleHb 100 3arOTIBII 33AaHO01
KUTBKOCTI JIEPEBUHU Ha PIBHI KpaiHU 4M periony anst mozaeni G4M, skuii 1a€ MOXJIMBICTh
no€eHyBaTH 1H(GOPMAIII0 Ha PI3HUX T'€OMPOCTOPOBUX PIBHIX (PErioHM, KpaiHW Ta OKpeMi
KJIITAHKA pacTpy). 3aroTiBiisg JEPEeBMHU B KIITHHII € CYMOK PYyOOK TOJOBHOIO
KOPUCTYBaHHs 1 pyOok morysiay. KiiTuHku pacTtpy ymnmopsakoBaHO BIAMOBIAHO MO KpaiHax
(abo perioHax), a moTiM 1o cranawouid o MAI, abBm, Fs, Pd 1 AgS (k1o BiACYyTHi
T'€OMPOCTOPOBI JIaH1 MPO 3aroTiBIIIO JIEPEBUHU). TakKKMM YHWHOM, OLIBII MPOJYKTHBHI JICH,
OuThIOi miomi 1 OMKYe [0 HACEIIEHMX MICIh OOpOOJSIOTECS Yy TIEpIry 4epry.
VY modaTkoBHiI MOMEHT 4acy MOJIENIIOBaHHS BBa)XA€MO, IO JIC Yy KIITHHKAaX MOxe OyTu
BUKOPUCTAHUM JIJI1 3aroTiBJIl JCPEBHHM, SIKIIO KIITHHKA 1IeHTU(]IKOBaHA SK «3MIHEHA
moapMu» 3a kaptoro (Kindermann Tta iH., 2008), a RL BU3HA4a€EMO 3 YMOBU 30€pEKECHHS
MOTOYHOI 610MacH 3a I€I0 K KapToro. SKIo 3MO/IeTIhOBaHa 3aroTiBIIs JEPEBUHH € MEHIIIOO,
HDK CIIOCTEpeXyBaHa, 3MEHIIyeMO RL B KOXHIA KITUHII pacTpy Ha 5 pOKIB
(RL,.,<RL<RLmaxy,), TOYMHAIOYM 3 HAWOLIBII MPOAYKTUBHOIO JICY, TIOKH Ccyma
3arOTOBJICHOI JIEPEBMHHU Yy BCIX KJITHHKaX He OyJe piBHA CIIOCTEPEKYBAHOMY 3HAUEHHIO
+1%. Sxmo micms 0OpoOKM BCIX KIIITHHOK Yy MeXaxX KpaiHu (perioHy), CIOCTepeKyBaHa
KUIBKICTh 3aTOTOBJICHO1 JEPEBUHHM MEPEBUIIYE 3MOJIEIBOBaHY OubIle, HIXK Ha 1%, KIIITUHKY,
B SIKUX JIIC HE BUKOPUCTOBYBAJIM JIJIsl 3arOTIBJII IGPEBUHH, MTEPEBOSTH Y CTaH JIICO3aroTiBIIL.
[Ipu ipOoMy, criepily y CTaH JicO3aroTiBill MEPEBOAATh KITUHKH, Ae Pd>0, Tonl Ti, B SIKUX
MAI > MAl,.g4, a mam 11, B skux YIlIBmic>UIIBcer. Sxmo 3MomennoBaHa 3aroTiBiIA
JIEPEBUHM € OUIBIIIOI0, HIK CIIOCTEPEKYBaHa, 301IbITyeMO RL B KOXKHIM KIIITHUHII pacTpy Ha
5 pPOKiB, MOYMHAIOYY 3 HANMEHII IPOYKTUBHOTO JIICY, TIOKK CyMa 3arOTOBJICHOI IEPEBUHU Y
BCIX KJIIITMHKAX He OyJie piBHA CIIOCTEPEKYBAHOMY 3HAYCHHIO +1%.

BBaxkaemo, 110 KOXKE€H BIJIACHMK Jicy Hamaraetbcs oTpumatu YIIB Oau3bky 110
MakcumanbHOi. Tomy mpu 3ampoBamxkenHi 1iHu Ha CO,, SKUWA CEKBECTPYEThCS abo
eMITYyeThCsl 3 OloMacH JIicy y TOpPIBHSHHI 3 0a30BHM CIICHAPIEM JIICOKOPUCTYBaHHS,
BJIACHHUK JIicy Oy/ie 3MIHIOBAaTHU NapaMeTpH JIICOKOPUCTYBaHHS, 1100 MakcumizyBatu UIIB.
Sxo npu HOBUX mapaMmeTpax JiicokopucTyBaHHs CO, Oyae MOTJIuHATUCH, TOJI BIACHUK
OTpUMAa€ 0AATKOBI KomTH, a Ko X CO, Oyne eMiTyBaTHCh - TOAl BJIACHUK JIICY
3aMIaTUTh 3a BTpadeHuid Byriens. Lli 101aTKOB1 KOUITH O3HAYaeMO B;:

B; = pc, - leak, - 3.667 - [(Bmi’year — Bmi’year_l) — (Bmbau,yeqr — meaui'year_l)].
VY Bumajgky NOCTIMHOT LIHM Ha JIepeBUHY (pw) Ta BUTpAT HA mocaaky Jjicy (cp) UIIB
BH3HA4Ya€MO, BUKOPUCTOBYIOUM Bupa3 (van Kooten ta Folmer, 2004):

—Cpitpwi'Vi+B;i
NPVfor; = .
fori [1+7c]RLi-1

ae V — o0’em 3aroroBieHoi aepeBuHu. [lepmmii mapamerp, KMl BIacHHK Jiicy Oyne
3MmiHOBaTH — 11e RL. OGopoT pyoOku, sikuit makcumizye UIIB s 3amanoi minu CO, Ta
inn jgepeBuHH (RL,.npy), 3HAXOIUMO METOJOM 30J0TOTO momiay. Ha mpomixkky
RL,...<RL<RLmaxy, npu 30imemeHHi RL 6iomaca micy 3poctae, BiamoBigHo B>0, ame
pa3oM 3 THUM, 3MEHIIYEThCS 0OcCsAT 3aroToBiieHOi AepeBuHHU. [Ipu Bucokiit mini CO, i1
HU3BKIH I1[1H1 JEPEBUHU BJIACHUKY JIICY BUTI1JIHIIIE MTPOBOAUTH 3aroTiBIIIO JEPEBUHM JIUIIIEC
y JAepeBOCTaHaXx, Kl 3 BIKOM MEpecTaloTh HAKOMMYYBaTH O6ioMacy, ToOTo BUOpaTu 000poT

AGB,.4(year) =

b
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pyoku RL,...py. Ilpu cepennix minax Ha CO, 1 IepeBUHY ONTUMAIbHUI 000pPOT pyOKHU

Oyne 3HaXOAUTUCH MIK RLya; Ta RL 4y, @€ Oyae AOBIIMM, HIXK pU HYIBOBIH 11iHI CO,.

Takuit BuOIp mapameTpiB JIICOKOPUCTYBAHHS BJIACHUKAMHM JIICIB 3HAYHO CKOpOYye 0OCsT

3arOTOBJICHOI JCPEBUHU y KpaiHi, YM PErioHi, TOMY I[lHa JEPEBUHHU Ma€ 3pOCTH, 1100

3aroTiBAs  JepeBHHHM  3ad0BoibHMIa momutT. [I[o6  ckoperyBatm = mapameTpu

JICOKOPUCTYBaHHSA MpH HeHYyIboBIH 1iH1 CO,, HEOOX1THO 3pOOUTH TaKl KPOKH:

1. JInsa ko>kHOT KIITHHKH PacTpy, A€ € JIiC, KOKeH KPOK MOJIeoBaHHs 3anucatu 3HadeHHs UI1B
aicoBoro rocrnoaapctBa (NPV,,,) 1 kinbkocTi 6iomacu (BM,,,,) ipu HynboBi# 1iHil CO,.

2. Jlns KoXHOI KIIITUHKH PACTPy, M€ € JiC, Ui 3afaHoi 1iHu nepeBuHu Ta miaun CO, 3HAWTH
RL,...npv (RL, siKUii MaKCUMi3y€e YUCTY TIPUBECHY BapTicTh (NPVwc)).

3. O6uucnuty 00CST 3ar0TOBJICHOI IEPEBHUHU 3 HOBUM 000POTOM PYOKH.

4. 3acTocyBaTH CTaHIAPTHUN aArOPUTM KOPETYBaHHSA IapaMeTpiB  JIICOKOPHUCTYBAHHS
(omucaHuM BHUIIE), 10JaTKOBO BUMarawouu, modo NPVwc > NPV,,,.

SIKIIO 3arOTiBJIsI IEPEBHHU HE 3a{0BOJIBHSIE TIOIHNT, 301IBIIMTH IiHY JIEPEBHHHU (TOCTYIOBO,
MHOXXHHK Bif 1 10 2500) i moBTOpUTH 11.4.

Po3pobaeno Meron inentudikaiii napamerpis moaeni G4M, ski BiANOBIIAIOTH 3a
MOJICJTFOBaHHS MPOIIECIB 3MIHM 3eMJICKOPUCTYBaHHs, 3a faHuMu ®AO Ta 3BITIB KpaiH 10
PK3K OOH na namionansHoMy piBHi. [lix yac xamiOpyBaHHS criepily BU3HAYalOTh IS
KOXKHOT Kpainu moporoBuit koedimienT H. (MHOXHUK 10 NPVfor) nuisxom MiHiMi3aiii
PI3HUII MK 3MIHOIO TIJIOII JIICIB, SIKa CIIOCTEPIraeThes (0nmy0JIiKOBaHa) 1 3MOJIEILOBAHOIO,
3 KoediieHTamMu 3HenicHeHHs, deforCoeff,, Ta 3anicuenns, afforCoeff., pisaumu 1. Toni,
Koe(IIieHTH MIBUIKOCTI 3aJICEHHS Ta 3HENICHEHHS BH3HAYAIOTh IIJISTXOM MiHIMI3aIii
CIIOCTEPEKYBAHUX 1 MPOTHO30BAHUX 3MIH ILJIOIII JIICIB, BUMararwouiu, o0 MporHO30BaHa
MIBUJKICTh 3JIICEHHS Ta 3HEIICHEHHS JIOPIBHIOBAJIM BIAMOBITHUM (MIHIMAJbHUM, Y
BUMaKy qaHux 3 ®AQO) omyOTiKOBaHUM MIBUKOCTSIM:

|TrendNetDefor, — TrendNetDeforG4M,| — min
HgafforCoef fo=deforCoeff,

|NetDef0Tc - (AffOT'G4MC - DefOrG4Mc)| - mian,afforCoeffc,deforCoeffc
AfforG4AM . = minAffor,
DeforG4M . = minDefor,

InenTudikamis mapameTpiB Ha HaIllOHAJLHOMY PIBHI Ja€ MOXJIHUBICTH BIATBOPUTH
icropuuHi emicii CO, kpain y cektopi 33JII" Ta mporHo3yBatu emicii 3a pi3HUX ClIeHapiiB
COLIIaJTbHO-€KOHOMIYHOTO PO3BUTKY Ta MOAATKY Ha eMicCii HapHUKOBUX ra3iB.

Po3po6aeno Bepcirto G4M ns teputopii €C, y sKid 10AaTKOBO BUKOPHUCTAHO
TEOMpPOCTOPOBl JIaHI TMPO TepeBaXKkaroyl JIEPEeBHI IMOPOJAM, TE€ONMPOCTOPOBI JaHI PO
3arotiBimo aepeBuHu y 2000-2010pp., a Takox AaHi MPO BIKOBY CTPYKTYPY JIiCy, 3MiHY
3emuiekopuctyBanHs Ta emicii CO, 3 Giomacu JicCiB, 10 JaJI0 MOKJIUBICTh BIIOCKOHATIUTH
METOJI MOJIETIOBaHHS TMPOLECY MPUUHATTSA PIIIeHb IIOJ0 3aroTiBjil 3aJaHOi KIIbKOCTI
JIEPEBUHM Ha PiBHI KpaiHU Ta MeTOJ KaniOpyBanHs emiciii CO, 3 610MacH JiCiB.

Y 4yerBepTOMY PpO3aiJi OMUCAaHO BAIIJAII0 PO3POOJIEHOI TEOMPOCTOPOBOL
matemaTnaHoi wmogjem  G4M. IlpoaHamizoBaHO OCOOJWMBOCTI  Bamifariii  CKJIaJIHUAX
KOMIT FOTEPHUX MAaT€MaTUYHUX MOJIENel, sKI BUKOPUCTOBYIOTh Il MPOBEACHHS
IHTErpajibHO1  OIHKK. [IpoaHanmi3oBaHO HETOYHOCTI BXIAHUX JaHux wMozaem G4M.
[IpoBeaeno anani3z uytauBocti Mojemi G4M o 3MiHM OKpeMux mapamerpiB. [lociimkeHo
YYTIUBOCTI KPUBUX IPAaHUYHMUX BUTpaAT Ha 3MeHIIeHHs emicii CO, (MACC) Bix 33JII" o
3MIHU BaXXJIMBUX COLIAILHO-eKOHOMIYHMX (hakTopiB. s kpain €C nmpoBeneHO MOpiBHSHHS
pE3yNIbTaTIiB MOJICTIOBAHHS JIICO3aroTiBIl 3 CTaTUCTHUYHUMHU naHuMu Ta emiciii CO, Bifg
JcOo3aroTiBil 3 pesyinpTaTamu, ski wi kpaiHu noxpaote A0 PK3K OOH. Ilposeneno
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MOPIBHSHHS PE3yJIbTaTIB MOJIENIOBAHHA 3 BIANOBIAHUMHU DPE3yJlbTaTaMH 1HIIUX MOJEJICH.
Haseneno mpukian o0roBopeHHst pe3ynbratiB Mojaeni G4M 13 criokuBadaMu pe3ysIbTaTiB.

MareMaTu4Hi MOeN, SIKI BUKOPUCTOBYIOTH JJIsl MPOBEACHHS IHTETPALHOI OINIHKH,
BKJTFOUAIOTh KOMITOHEHTH MOJIEIIOBAHHS 010(pI3MYHMX Ta €KOHOMIYHHUX IPOIIECIB, a TaKOXK
noBeAiHKY Jirojied. [li KOMIOHEHTH MOXXyTh OyTHU MpECTaBiCHI B OJHINA Mojem (MEHII
JETaIbHO), a00 OyTH y BUIJIAAl KOMIUIEKCY 3B’SI3aHUX MK COOOI OUIBII JIeTalbHUX
Moenei. BpaxoByroun Te, 10 KOMIIOHEHTH MOJEJEH 3B’s3aHI MikK COOOI0 1 BUHUKAIOTH
3BOPOTHI 3B’SI3KM, BaJIiJIallisi OKPEMHUX KOMIIOHEHTIB MOJIEJIeH HEe TapaHTye Bajlifallii BCbOro
KOMILIEKCY Mojienieil. Bamiamis Moaeni noB’si3aHa 3 MpU3HAYEHHSIM MOJIENi. 3aCTOCOBYIOTh
KOHIIETII0 «Bepudikamii-Bamigamii Ta akpeautamii». CkIamgHi MoOAETl MPAKTUYHO HE
BaJiIyIOTh, @ BU3HAYAIOTh, YU MOJENb MIIXOAUTH JJIs MEBHUX LUIEH, — «aKpeAUTallis».
«AKpenuTarlisi» MOXe BiIOyBaTUCh Uepe3 MPOIEC BUKOPUCTAHHS MOJAET Y PI3HUX MPOEKTax
13 3aJy4eHHSM [0 pEIEH3yBaHHSI MOJETl Ta PEe3yNbTaTiB MOJCITIOBAHHS HE3aJCKHUX
€KCIIePTiB, 3aMOBHHUKIB pPe3YyJIbTaTiB aHaNI3y 3 BUKOPUCTAHHSIM MOJENI Ta 3alliKaBICHHUX
oci0. Ilpm anami3zi HeTOYyHOCTI BXimHMX JaHuX Mojem G4M BusBIeHO, IO JaHI
XapaKTepU3yIOThCs JOCUTh BUCOKOIO HEBU3HAUEHICTIO, OCOOIMBO Ha PiBHI KJIITHHOK PacTpy.
Hamnpuknan, 3nauennss BBII Ta posmimieHHs HaceneHHs Ui PI3HMX CIIEHApiiB MOXYTh
Biapi3HATHCA Y 2050 pori Ouibiie, HixK HA 100% 7151 okpeMux KIITUHOK pactpy. Cepeans
PI3HUIIL MK JBOMA TMIOOAIBHUMH TE€OMPOCTOPOBUMH HA0OpaMu JaHHUX Mpo Oiomacy JiCiB
ckianae 20%. Linu Ha ¢/r ToBapu y pi3HUX CLEHAPIAX COLIATbHO-€KOHOMIYHOTO PO3BUTKY
3MIHIOIOThCS Y Mexkax Big -60 1o +50% mo 2100 poky, a 3axoy MO 3MEHILIEHHIO eMICIH
napuukoBux raziB (I1I') moxyTts cnpuunnuT 301nbieHHs iH Ha 110-570%. Kopymuis e
3arpo3010 I peajizallii 3axo/1iB o 3MeHIeHHto emiciil [1I7 Bij 3HemicHeHHs Ta aerpajiantii
miciB (REDD) y kpainax, 1m0 po3BHUBaIOThCSA. HeBH3HAYEHICTh OIIHOK KOMIIOHEHTIB
KoedIIlieHTa KOPYMIIii, SKU BUKOPUCTOBYIOTH Y MOJIEN, CKJIaJIa€ BiJl KUTBKOX BIJICOTKIB 10
outeie 100% nist kpaiH, ne Bakko oTpumatu iHbopmariro (Hanpukian, [TiBHiuna Kopes,
Adranicran). I[aHi PO MIBUJIKICTh 3aJIICHEHHS Ta 3HEIICHEHHS, BU3HAUCHI 34 JJAHUMHU 3BITY
®AO mpo micoBi pecypen Ta 3BITIB KpaiH 710 PK3K OOH y ¢opmi tabmuup CRF, mns
OKpEeMHUX KpaiH BlI[plSH}I}OTBCH y JEKlIbKa pa3iB, B OCHOBHOMY, 4epe3 BIIMIHHOCTI y
BU3HAYCHHSX TIOHATH «JIC», «3aJliICHCHHS» Ta «3HENICHEHHS», a TaKOX TOMY, IO Pi3Hi
IHCTUTYTHU B KpaiHaX BUKOPHCTOBYIOTh p13H1 nai i miaroroku 3BiTiB st ®AO ta PK3K
OOH. Tomy BaXJIMBO Y3TODKYBATH 13 y01Ma 3alliKaBJICHUMHU CTOPOHAaMH, SKi JaHl
BUKOPHUCTOBYBATHU B SIKOCT1 BX1AHUX MapaMETPIB MOJIEII.

VY pesympTaTi aHamizy 4yTauBocTi moxaeni G4M 1o 3MiHM OKpeMHX IapaMeTpiB
BHUSBJICHO, IO PE3YJIbTATH MOJEIIOBAHHS IMIBUJKOCTI 3aJICHEHHSI Ta 3HEJICHEHHS 0e3
BILIMBY nogaTtky Ha CO, Haibiaem yyTnusi a0 3MiHu BBII, koedimienta nepepaxyHky
BYIJICLIO Y 00’ €M JEpEeBHHM, IPUPOCTY ACPEBUHH, HIUIHHOCTI PO3MIIICHHS HACEJICHHS,
I[IHA Ha JEpeBUHY, MPUIATHOCTI 3eMJi JUIsl BEACHHS CIICHKOIO TOCHOJapCTBa Ta
BapTOCTi 3aiicHeHHs. s gociimpKyBaHMX KpaiH Ta y BCbOMY CBITI peakiis emiciii CO,
Ha 3M1Hy IIHU Ha ¢/T 3eMit0 Ayxe Bucoka npu 1ini CO, 3-10 $/TC02 A1 BpaxyBaHHS
BiaminHocTed y nanux ®AO Ta PK3K OOH momo miomni jicy, a TakoXX IIBHUIAKOCTI
3QJIICHEHHS 1 3HEJICHEHHS MPOBEICHO aHaji3 YyTJIMBOCTI pe3yJIbTaTiB OI[IHKU €MICIi
CO, nmnsa icropwmunoro mepiogy Ta mporHosyBaHHs g0 2050 poky. Ilokazano, 1o
rinobaneHi emicii CO, Bim 3amicHEHHS Ta 3HENICHEHHs 0e3 BIumBYy mojatky Ha CO,
NPaKTUYHO HE BIAPIZHAIOTHCS MPOTATOM ICTOPUYHOTO MEPIOY, aje IO PO3XOAATHCA 3
yacoM (mo 9% nns 3anmicHenHs Ta 12% mis 3HeimicHeHHs). I'moOanpHMI ITOTEHIlIANT
smenmenHs emicii CO, Big 33JII" BiapizHseThcs MakcumyM Ha 20 % s 3adiCHEHHS.
Pazom 3 Tum, 1 okpemux kpain pizHuils nepesuinye 100%.
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Hocmimxeno aytmuBocti MACC 33JIT" 10 3MiHM BaKIUBUX COI1aTbHO-€KOHOMIYHUX
(dakTopiB — KoediIieHTa KOPYIIIIii, I[IHA HA IEPEBUHY Ta IIHU HA /T 3eMito. KoedimieHt
kopyniii Mae HaiOubmmii BrmimB Ha MACC npu BCiX pIBHSAX 3MIiHM Tlapamerpa.
31 30IbIICHHSIM ~ aMIUTITYM 3MIHM Tapamerpa MakcuMaibHui BrumB Ha MACC
3cyBaetbest Bia 30 $/1C (npu 3minax Ha 10 1 50%) g0 119 $/1C (npu 90%; puc. 3). Lina
JepeBUHU Ma€ BiAHOCHO piBHOMipHMI BB HAa MACC mpu Bcix ninax CO,, a iina Ha ¢/t
3eMJII0 Ma€ JIBa MAaKCUMYMH — O1IbIINN 1py HU3bKUX HiHaX CO, 1 MEHIIUNA MpU BUCOKIN
i1 CO,. 301nbllIeHHs aMIUTITYy1d 3MiHHM napameTrpa 10 90% 3umxkye uiny CO,, npu sxii
3MiHa OKpEMHX MapaMeTpiB BUKIMKae MakcuMaibHe Biaxuinenas MACC.

“--.].3 000

- 2000

- | 1000 MtCO2/eal

100 =L

Parameter variation, %

Puc. 3. Uyrnusicts 3aranpaux emiciii CO, Bix 6iomMacu 1o xkoedimienTa Kopymuii y
riobanpHOMY MaciTadi 10 2030 poky (611bmMi KoedilieHT 03HAYa€e
MiIBUINECHHS €()eKTUBHOCTI Ta MEHIITY KOPYIIIIIO).

s kpain €C mpoBeseHO MOPIBHSAHHS PE3yJbTaTiB MOJEIIOBAHHS JIICO3aroTiBIi 3
CTaTUCTUYHUMU AaHUMHU Ta emiciii CO, BiJ J1CO3aroTiBI 3 pe3yibTaTaMH, K 11 KpaiHu
noaatotb 10 PK3K OOH. VY cepemnbomy 3a 1999-2015pp. cepenHbOKBaapaTUyHE
BIIXWJICHHS 3MOJIETHOBAHMX 3HA4YeHb 3aroTiBii jaepeBuHH ckiano 0.5% mna €C; mus
O1IBIIIOCTI KpaiH BIAXUJICHHS CTAaHOBUTH O11s1 1%, ane s KIIbKOX KpaiH nepesuirye 7%.
B zaranbHomy, nis €C BiAXWJIEHHS 3MOJIeNIboBaHUX 3HadYeHb emicii CO, 3 GioMacu Bij
micokopuctyBanHsa Bif 3HaueHb PK3K OOH cranoButs 17%. dns 7 xpain BiIxuieHHs
ckianae 10 30%, nms OuUIbIIOCTI KpaiH BiaxuiieHHs He mnepeBulye 60%. IIpoBeneHo
MOPIBHSHHS PE3yJIbTAaTiB MOJICIIIOBAHHS 3 BUIMOBIIHUMH Pe3yjbTaTaMM 1HIIHUX MOJICIIEH.
JleranpHe TOpiBHSHHA ans KpaiH €C 3ailicHeHO 3 pe3ylbTaTaMH MOJENl IPOIECIB
nicokopuctyBanHss EFISCEN, nmns bpasunii - 3 pesynabTatamu CriemiaibHOI Bepcii
GLOBIOM n1s 11i€i kpaiHu Ta Ha r7100aIbHOMY PIBHI Y CKJIa/i KOMILUIEKCY 1HTETPaIbHOI
OLIHKK MIKHApOJHOTO IHCTUTYTY MNPHUKIAAHOTO CHUCTEMHOIO aHami3y 3 pe3ylibTaTaMu
mogeneid AIM, GCAM, IMAGE ta REMIND/MAgPIE (puc. 4). ¥ 3a3HaueHUX BUIAIKAX
pesynbratd G4M € pallioHabHUMHU, a PI3HULSL Yy PE3yNbTaTaX MojJeNed MOSACHIOETHCS
BIIMIHHOCTSIMH Y M1IX0JIaX IO MOJAEIOBAHHS BAMOBIJHUX MPOLECIB 1 BXIIHUX TaHUX.

[TopiBusiBM uyTiuBicTh MACC, po3po0ieHux 3 BUKOpUCTaHHAM G4M, 10 BX1THHX
nanux moaeni, 3 MACC, orpumanumu 3 Bukopuctanusam mozenei GCOMAP, DIMA Ta
GTM, MoxHA 3pOOUTH BHUCHOBOK, IO SKICTh BXITHUX JAHWX € TAKOK K BAXKJIHMBOIO, K
3aCTOCYBaHHS JCKUIbKOX pizHUX Moxaenedt mis moOymoBu MACC. MACC € Ourbin
YYTJIUBUMU JI0 HEBU3HAYEHOCTI BXIIHMX MapaMeTpiB MOJEl MPU HU3BKUX IIHAX eMiCii
CO,. Pesynpratu mpoeneHoro nociimkeHHs dytiuBocti MACC no 3MiHM mapameTpiB
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moneni G4M Ta aHamizy pe3ysbTaTiB IHIIMX MOZENEH Uis MOPIBHSAHHS MAalOTh Barome
3HAUEHHS IS p03po61<14 3axX0/IiB IIOJI0 3MEHIIeHHs emiciii o nmporpami REDD. 3okpema,
CEPEHBOCTPOKOBI 3aXOM MIOAO 3MCHIICHHS EMICIH, MPH SKHX, 3a3BHYaii, 3aCTOCOBYIOTH
HU3bK1 1iHU eMiciit CO,, MOXKYTh 6yTH OUTBIIT BpaBJ'II/IBl 70 HEBU3HAYEHOCTI JaHUX TMPO
KOPYIMIIIO Ta SIKICTh YNPaBIiHHS y IUIbOBUX KpaiHax. Lle moxe Matu Micue Tomy, L0
OLIIHKM MOTEHINay €KOHOMIYHOTO 3MEHIICHHS eMICii € OUThII YyTJIMBUMH 10 (piHAHCOBOI
e(eKTUBHOCTI IpH  HU3BKHX miuax emicii CO,. HeBu3HaueHICTh BXIAHUX [OAHUX Ta
TPHITYIIEHb Moj1eJ1i MeHIIor Miporo BrumBaroTh Ha MACC mipu Bucokux miHax emicid CO,,
K1, 3a3BUYaii, 3ACTOCOBYIOTh IIPY pO3pOOILIl JOBTOCTPOKOBUX 3aXO/I1B 3MEHIIICHHS eMICIH.
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Model < IMAGE A MESSAGE-GLOBIOM © AIM/CGE O GCAM4 v REMIND-MAGPIE

Puc. 4. IIporao3yBaHHs 3MiHHU TJI00AJIBHOI TUTOII JIicy, Mra, 3rifiHo 1'sSTH ciieHapiiB SSP as
6a3oBoro cieHapiro 3minu kirimary (31iBa), RCP4.5 (mocepeauni) Ta RCP2.6 (cripasa)
3a goromororo Moaeneit interpanbhoi oninku IMAGE, MESSAGE-GLOBIOM (IAM
ITASA), AIM/CGE, GCAM4 Ta REMIND-MAGPIE. KonsopoBi miHii mo3Ha4ar0Th
pe3ynbTaTi MapKepHUX Mojene st kKoskHoro SSP (G4M B cknani IAM ITASA 6yna
MapKepHOI MoJIeuTio 171 ciieHapiro SSP2). KonbopoBi cMy»XKH BKa3yrOTh Jlana3oH
3HAYeHb JUII KOXKHOTO crieHapito y 2100 pori amst Beix moneneid. Cipa miHis
(mpubnmzno 1o 2010p.) mokasye ictopuyHi TeHaeHIii Ha ocHOBI naHnx ®AO.

VY n'aromy po3aijii HaBeAEHO NPUKIAAM MPAKTUYHOIO 3aCTOCYBAaHHS PO3pOOJIEHOI
reorpoctopoBoi Mojaeni G4M, onmcano cxemu oOMiHy gaHuMu G4M 3 HIIUMHA MOACIISIMU
s (pOpMyBaHHS KOMIUIEKCIB MOJENE Ui 1HTerpaibHOi OLiHKUA. Po3pobieHo meron
orpumansi MACC 33JII' 3 BukopuctanuHsM mozaeni G4M Ta mpoaHali30BaHO BIUIUB
B3a€MO3B’SI3KIB MK IIUMH TpbOMa MPOLECAMH, a TAKOX BILUIMB F€ONPOCTOPOBUX Ta YACOBUX
edpextiB Ha MACC. 3 BukopuctaHHsM po3pooOsienoi moxeni G4M Ta cxem B3aemofii 3
THIIMMHU MOJENISIMHU JJIsl IPOBEICHHS 1HTETPAIbHOI OIIHKU Ha TJI00aJbHOMY Ta pPerioHajb-
HOMY DIBHSIX MPOBEIACHO OOYMCIICHHS IWHAMIKH 3aJICHEHHS, 3HEJIICHEHHS Ta JIICOKOPHC-
TyBaHHS, a TakoX BianoBigHuX emicii CO, misg creHapiiB  ColiaJbHO-€KOHOMIYHOTO
PO3BUTKY 1 paiallifHOTO BIUIMBY Ha KIIMATU4YHY CHUCTEMY, 3pOOJIEHO MPOTHO3 0a30BUX
emiciii CO, Bix 33JII', a Tako MOTEHLIaTy 3MEHIIIEHHS €MiCiid Ha I7I00aIbHOMY piBHI Ta s
OKpeMHX KpaiH, MPOBEJCHO aHaji3 CHUHEpPrii 3axojiB Mo 3MeHieHHIo eMiciii CO, Bix
3HENICHEHHS Ta PU3UKY 3HUKHEHHSI BHJIB TBApUH, MPOBEICHO OOYMCIEHHS pedepeHTHUX
piBHiB eMiciit CO, nmst 14 xpain-uneniB €C, siki nogani mumu kpainamu 10 PK3K OOH.

Po3pobiena matemarnuna mozaens G4M npusHaueHa Ui poO3B’S3yBaHHSA LIMPOKOTO
KJlacy 3ajad, MOB’S3aHMX 13 MPOTHO3YBAaHHSAM JAUHAMIKM TUIONII JCY (Yepe3 MpolecH
3aJTICHEHHSI Ta 3HENICHEHHs), 610MacH JIicy, 3aroTiBii aepeBuHu, emicii CO,, COpUYMHEHNX
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IIMMU TIPOIIECaMU, a TAKOX BIATYKY Ha 3axonu 1o 3MmeHmeHHto emiciii CO,. BractuBocTi
MOJIETl Taf0Th MOXJIMBICTb BHKOPHUCTOBYBATH PE3YJIbTATH MOJCTIOBAHHS ISl TATPHUMKH
OPUUHATTS pillleHb 1m0A0 pedepeHTHUX cieHapiiB emiciii CO, Bij JIICOKOPUCTYBAaHHS Ta
3MIH 3eMJIeKOpUCTyBaHHS y KpaiHax €C; pedepentHux piBHiB emicii CO, Bia
JICOKOpUCTYBaHHS y KpaiHax €C; cuHeprii 3axoiiB MIOAO 3MEHILIEHHS IIBHIKOCTI
3HENICHEHHsI Ta 30epeXeHHS BUJIB TBapUH y KpaiHaX, IO PO3BUBAIOTHCS; BU3HAYCHHS
ONTUMATIBHUX MICIb JUISl BIPOBAKEHHSI 3aX0/1B IO 3MEHILIEHHIO BTPATH BYTJICLIO JICAMU;
smeHmeHHs emicii CO, Bixm 33JII' mis BciX KpaiH Ta PI3HUX CIIEHAPIiB COLIATBHO-
€KOHOMIYHOTO PO3BHUTKY; MOTEHIIAy 3aroTiBil JEPeBHMHHU Ta BIAXOJIB BiJ 3aroTiBii
JepEBUHU; BUKOPUCTAHHS O10€HEPrii Ta 1H.

s orpumanas MACC 33JIIT 3aiiicHIOIOTE MOIETIOBaHHS )11 Habopy 11iH emiciit CO,
Big 0 mo 2000 $/1CO,. Big koxHoro pesyibrary emiciii CO, BiAHIMAIOTh pe3yibTaT 3
HYyJIbOBOIO 11iHOM0. [TepeBaroro mozaen G4M e Te, mo nporecu 33JII" MoaemOOTECS pa3oMm,
a TaKOX Te, [0 MOJIENb € T€OMPOCTOPOBOIO, TOMY MOKHA CIIOCTEPIraTH B3a€EMO3B’ SI3KH MIXK
IIMMU TPOTIECAMH Ta iX BIUTUB HA MOTEHIIal 3MeHmeHHs emicii [, 3okpema, 3MeHIIeHHS
MIBUKOCTI 3HENICHEHHS, CIPUYMHEHE BMPOBa/KEHHsAM IiiHU emicii CO,, 301IbIIye
nedinuT 3emill, 1 TOMy MOXKE MPU3BECTH JI0 3MEHIIEHHS 3aJiCHEHHS Yy TOPIBHSHHI 3
6a3oBuM cueHapieM (HeratuBHUM epekT Ha MACC). [Ipu 3MeHIIeHH] 3HENICHEHHS] MEHILIE
JIEPEBUHU, 3arOTOBJICHOI MPH 3HEIICHEHHI, MOTpAIUIsiE HA PUHOK, TOMY O0’€M JI€pEeBUHU
3aroTOBJICHOI B JIiC1 3pOCTAE, 110 B ACIKUX BUIAKAX MOXE MPUBECTH /10 3HUKEHHS O10MacH
Jicy 1, BignoBinHO, Ounbmmx emiciii CO, Big niCOKopHCTyBaHH;[ y TOpIBHSHHI 3 6a30BUM
creHapieM. Ko 060p0T pyOKu eKcnnyaTamHHoro Jicy 6yB 30UTBIICHUI Y pe3yJNbTaTi
BIPOBA/IKEHHSA minu emiciit CO,, To Gilomaca Jicy 3pocTac, 1 SIKIIO0 y MaI/I6YTHBOMy 11 (0)
JUISIHKY 3eMJIi Oyzie 3HETICHEHO, TO BTpaTH OloMacH 1, BIAMOBITHO, €MICii BiJl 3HEITICHEHHS
OyAyTh BUIIMMH Yy TIOpIBHSHHI 3 0a30BuUM cleHapieM. HeniHiliHa MBUAKICTD MPUPOCTY
6ioMacH JICIB 3 BIKOM JIICYy, @ TAKOK PO3KJIAJaHHs IPYHTY MPHU 3HENICHEHHI € MPUYUHOIO
TOTO, IO e€MICii BiJl 3MIHM TapaMeTPiB JIICOKOPUCTYBAHHSI, UM 3MIHU 3€MJICKOPUCTYBaHHSI
TPUBAIOTH MPOTSITOM JACSIKOTO Yacy, MOBUTBHO 3MEHIIYIOYHCh, a 9ac 3MIiHU (HAIPHUKIA/I,
CIpUYMHEHUN BBeIeHHSM MeBHOI miHu emiciii CO,) Bu3Ha4yae ewmicii B MailOyTHHOMY.
['eonpocTopoBa HEPIBHOMIPHICTh MapaMeTpiB JIICIB BU3HAYA€ Te, IO €Micii, a TaKoX
MOTEHITIaJI 3BMEHIIICHHS €MICIH 3aJIe)KaTh TaKOXK B1J] reorpadiuHuX KOOpIUHAT.

Po3pob6iieno cxemu B3aeMo3B’si3ky Mozeni G4M 3 ekoromiuaoro moaemmtro GLOBIOM
JUIE BpaxyBaHHA €(EeKTIB TOPriBiIl TOBapaMd Ta MOTPeOM y C/T 3emili; MOJENAMHU
enepretuydoi cucreMu MESSAGE, makpoexkonomiku MACRO, kiaiMaTH4HOI CHUCTEMHU
MAGICC Tta wmomemmo GAINS ans ¢opmyBaHHS KOMIUIEKCY IHTErPalIbHOI OLIHKH;
exoHoMmiyanmu ~ Mozmemsimu GLOBIOM ta  EU-FASOM, wMogemto  mporieciB
JIlCOKOpI/ICTyBaHH}I EFISCEN nns MOKPAIICHHSI HAJIMHOCTI TPOTHO3IB 1 BHU3HAYEHHS
pedepenTHux piBHIB eMicii CO, BiJ J1CO3aroTiBiil; €KOHOMIYHOIO MOJIEJUTIO CLIBCHKOTO
rocnogapctBa CAPRI, monmemmio makpoexkonomiku GEM-E3, mozensimu eHepreTHyHOl
cucremu Ta Tpancrnopty PRIMES ta PROMETHEUS, mozeni 3a6pynuens noBitps GAINS
U1 po3pOoOKH peepeHTHUX CIIEHAPIiB PO3BUTKY €HEPreTUYHOI Ta TPAHCHOPTHOI CHUCTEM 1
BianoBiaaux emiciit [ y kpainax €C. Ilpuknan cxemu 38°s13ky mojeni G4M y KoMIuiekci
MoJieNiel AJIsl 1HTEerpaibHOI OLIHKK pedepeHTHHX cueHapiiB ans kpain €C HaBeneHO Ha
puc. 5. G4M otpuMye JaHi Mpo TOMHUT Ha JAEPEBUHY, I[IHU JEPEBUHH Ta C/T 3eMIi, a
noseptae aani npo 33JII" 1 BianosiaHi emicii CO..

BukopucroBytoun po3po0ieny matematuuny monenb G4M ta cxemy Bzaemonii G4M
3 IHIIMMH MOJETSIMH JIJIsl TPOBEIEHHS IHTErpajbHOI OLIHKA Ha TJI00aJbHOMY piBHI,
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npoBeneHo oduucieHds auHamiku 33JIT7, a Takox BianmoBigHuX emiciit CO, mjis crieHapiiB
SSP/RCP. I'moGanpuuii moreHmian 3MeHmeHHs emicii CO, Big 3aimicHEHHs (30UIBIICHHS
nornuHanHa CO,) y 2050 pori moxe nocsratu Outbie 1000 MTCO,/pik ipy HEBUCOKHUX
piBHsIX TmonuTy Ha OioeHeprito. Ilpu BHCOKOMY momuTi Ha OIOCHEPril0 MOTEHINAT
npubnu3Ho y 2.5 pasu meHmmid. ['moGanbHuii morteHmian 3MeHmieHHs ewmiciii CO, Bin
3HenicHeHHs y 2050 porui moske pocsaratu Outbine 4000 MTCO,/pik npu HEBUCOKHUX PIBHSIX
nonuTy Ha OioeHeprito. [Ipu BHCOKOMY MONMUTI Ha OI0CHEPrit0 MOTEHIIAT MPUOJIU3HO Y
2 pa3u MEHIIUH, B OCHOBHOMY, Y€pe3 HIDKYY IIBUIKICTh 3HEJICHEHHsI IIPU HYJIbOBIM I11HI
emiciit CO, ta Outbimid motpedi y c/r 3emmi. Y crenapii SSP2 3arampHa 1wioma jgicy
(BpaxoOBYHOYM 3aJICHEHHS Ta 3HEJICHEHHS) HANpPUKIHI CTOJITTS BIJHOBIIOETHCS J10
MOYaTKOBOTO 3HAYEHHSI IMiCTIs MOBIJIPHOTO 3HI)KEHHS Ha MOYaTKy CTOMITTS. BimcoTok momti
JIiCy, 110 BUKOPUCTOBYETHCA JIJIsl J11CO3aroTiBii, 301bmuThes 3 19% y 2010 poui 1o 24% y
2100 pomi. 3arameHa 1oma Jicy y cueHapii SSP1 — na 2% 1 y crienapii SSP3 — Ha 6%
MeHIa, HK y creHapii SSP2. Yacrtka 3menmenns emici 1IN Bix 33JII" Big 3arajibHOTO
3MeHIIeHHs € HeBennKkow (o 10%) 1 3menHmyerbes Bin cuerapito SSP1 mo SSP3, ane mae
BXJTMBE 3HAYCHHSI, OCKUTLKH 3MEHIIICHHS €MICii € JTeIeBIHM, a e(PEeKT Bl BIPOBAKCHHS
3aXO0JiB € IIBHJIKAM, IO JAa€ 9Yac Ta KOIUTH IJIsl PO3TOPTAHHS IHIIMX TEXHOJIOTIN
3MEHIIIEHHS eMiciil (puc. 6).

boundary ,
conditions . International fuel prices : Macro-cconomic data
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Puc. 5. Cxemarnune 300pakeHHs B3a€MO/I11 MOJIENEH Y KOMIUIEKCI MoJieel s
IHTETpaNbHOI OIIHKU pedepeHTHUX ClIeHapiiB ajis kpain €Bpomneiicbkoro Coro3y

VY pesynbrari npoBeAeHOro 3 BUkopuctanHsaM Mmozen G4M aHamizy cuHeprii 3aXoiB
1o 3MeHuIeHHio emiciit CO, Bl 3HETICHEHHS Ta PU3UKY 3HUKHEHHS BHJIIB TBAPUH MOKa3aHO,
10 POJIOBXKEHHS ICTOPUYHOTO PIBHS 3HETICHEHHS, UMOBIPHO, TIPU3BE/IE 0 AY>KE€ BUCOKOTO
PiBHSI BAMUPAHHS BHIIB. 3alpOBaKEHHS aIeKBATHOTO (hiHAHCOBOTO MEXaHI3MY 3MEHIIICHHSI
emiciii Bij 3HemicHeHHs Ta Aerpafaii jgiciB (REDD) mMoxke cyTTe€BO 3MEHIINTH BUMHUPAHHS
BuAiB. Haiibinpiie BUIIB MOXKE 3HUKHYTH, SIKIIO OyAyTh 3HENICHEHI TEpUTOPIi 3 OLIBIIO0
KUIBKICTIO BHJIIB, HAMPUKJIAJ, 3ax1] OaceiiHy AMa30HKH, MIBJACHHO-CXi/IHA A3ls, aTJaHTHYHI
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nicu IliBnenHoi AMepuku. 3HENNICHEHHS BiIOYBa€ThCS JOCUTh HEPIBHOMIPHO, 30kpemMa Hopa
I'Binest Mmoxke BTpatut Ot 82% micoBoro mokpuBy m0 2100 poky, Manarackap - 77%,
Atnantuunuid Jlic Ta Tponiuni Anau - 74%, ropu miBaeHHO-3axigHoro Kurawo - 25%,
[Nimanai Ta Ouminmian - 28%. Yum Bummii piBeHb 1HBecTHIi y nporpamu REDD, tum
MEHIIIE 3HENICHEHHS 1, BIANOBIMHO, KUIBKICTh 3HUKIUX BHUAiB. [1[00 edekTuBHime
3armo0iraTy 3HUKHEHHIO BHJIIB, MOKHA 3aCTOCYBATH 3aIPOIIOHOBAHUN TIAX1M, SKAW MOJSITae
y TOMY, 100 CTBOPUTH KAapTH MIiCIlb, Y SIKAX 3alpOBa/DKCHHS TPOEKTIB 3MEHIICHHS
3HEJIICHEHHS, MaTUME HaMOUIBbIINK BIUIMB. 3B'S130K MK I1HOIO emicii CO, Ta KUIBKICTIO
30epeXeHUX BUJIB € JIOCUTh HAJIMHUM — BIH TAKOX 30€piraeTbes s CIMEHCTBA CIICHAPIiB,
1110 0a3yI0ThCs Ha OLTBIIT HU3bKUX PIBHAX 0A30BOT0 3HEIICHEHHS, a TAKOXK MIPH MPUITYIIICHHI,
110 3aXHUIIEH] JIICU HE 3a3HAIOTh 3HEIICHEHHS.

120 =Total CO, in baseline

CO, mitigation
Biomass with CCS
00 I Land use

ccs
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Demand
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o
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S o
o o
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Puc. 6. I'mobansHuMil MOTEHINAT 3MEHIIICHHS €MICii Bl peepeHTHOTO 3HAYCHHS ISl PI3HUX
CEKTOPIB Yy CIIEHApIAX CoriaibHO-eKoHOMIuHOTO po3BUTKY SSP1, SSP2, SSP3 Tta crienapito
BIUTMBY Ha KmiMaTudHy cuctemy RCP2p6, obuncnennii 3a nonmomororo [IASA TAM

-20

BuxopucroByroun monens G4M ta cxemy B3aemonii G4M 3 HIIMMHU MOJCISAMU IS
kpain €C, 3naiicneno oOuucnenHs nuHamiku 33JII7, a Takox BimnoBiaHux emicii CO, as
pi3HuX cueHapiiB. LIIBuAKicTh 3amicHeHHs 3MeHITyeThes, ane Mk 2005 ta 2030 pokamu Oyze
ctBopeHo 7 Mra wHacamkenb 1 me 3 Mra go 2050 poky. AKyMymnrOBaHHS BYIJICITIO
MOCa/HKEHUM JIICOM 3 4acOM 3POCTa€, OCKUIBKA CTBOPIOIOTHCS HOBI HACAXKEHHS, a MOJIOJI
jicu, skl Oyad CTBOpeHI mpoTsaroM octaHHiX 20 pokiB, BXOIATh y a3y BHCOKOI
MPOAYKTUBHOCTI. 3ayicHeH1 TepuTopii nmormuuyth 99 M1CO, y 2030p. Ta 123 M1CO, y
2050p. LIBuakicte 3HemcHeHHs 3MeHIIUTLC 3 160 000 ra y 2005p. 10 43 000 ra y 2030p. Ta
17000 ra y 2050p., mo npusBeae 10 3MeHIIeHHs emiciid Bix 63 MtCO, y 2005p. mo 20
MtCO, y 2030p. i 8 MTCO, y 2050p. JlicosaroTiBis 3poctae 3 516 Mm® y 2005 porii 10 565
Mm’ y 2030 poiii, 110 MOB'S3aHO 31 3POCTAHHAM IOIUTY HA AEPEBHHY (3yMOBJICHE IIOIHTOM
Ha O10€HEePrit0, KUIbKICTIO HACEJIEHHS Ta 3pOCTaHHsAM J0X01iB). [TpupicT icy 3MeHITy€eThes 3
751 Mm/ra B 2005p. mo 725 Mw’/ra B 2030 p. Sk HacmiIOK LKMX JBOX TMPOIECIB CTIK
Byrjemo y Olomacy JiciB 3HWKYyeThbcss Ha 32% y 2030 pori. 3arampHa Imoioma Jicy
30ubUThes 3 155 Mha y 2005 pomi go 159 Mra y 2030 pomi 1 162 Mra y 2050p.
BukopucroByrouu po3pobiieHy Mmatematuuny moaens G4M ta cxemy B3aemozii mojaeni G4M
3 IHIIMMH MOJENSAMHU JJisl MPOBENEHHS IHTErpanbHOi OWIHKU At kpaiH €C, mpoBeneHo
oOuncieHHs: peepeHTHUX PIBHIB eMicCiii mapHUKOBUX raziB i 14 kpain-uneniB €C, ski
noaani umMu kpainamu 10 PK3K OOH (puc. 7).
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Puc. 7. Cxoperosani emicii CO, 3 6ioMacH JIiCiB BT JTICOKOPUCTYBaHHSI, OTPIMaHI 3a JJOITOMOTOO
mozeneir G4M ta EFISCEN s cepenHix 3Ha4eHb MONUTY Ha AepeBuHy Ta +/-10% Bix
cepeaHporo; emicii 3 6iomacu JiciB 3 iHBeHTapu3aitii [1I" B kateropii «1icoBi 3emti, siKi
3aJIMIIAIOTHCS JTICOBUMH 3eMIIsIME», emicii [1I" 3 ycix pesepByapis Ta mxepen I117; a Takox
BU3HAYCHUH pedepeHTHHUI piBeHb eMiciii (0e3 BpaxyBaHHS eMICii 3 MPOAYKTIB 3 AEPEBUHH)
s 14 kpain €C.

locTuii po3aiji NpUCBIYEHO JOCHIHPKEHHIO METOJIIB OLIHIOBAaHHS HEBU3HAUYEHOCTEH
eMICIi Ta BIUTMBY HEBU3HAYEHOCTEH HA MPUUHSATTS pillieHb. PO3po0iieHo METOT A1arHOCTUKU
YMOB TEpEBIPKM 3MIHM PIBHS €MICiil MapHUKOBUX ra3iB y KpaiHax BIAMOBIAHO 10 iX
MDKHAPOJIHUX 3000B’SI3aHb — METOJI KPUTHUYHOI BiIHOCHOI moxuOku. IIpoBenaeHo aHami3
HeBu3HaueHocTe moTokiB CO, HazemMHHX exkocucteM €Bpazii mis  1988-1992pp.
Po3pobneno marematnuHy MOJIeb NPUAHSTTS pilieHb TPO OYIIBHUITBO BYTLUIBHOI
€JIEKTPOCTAHIIIT Ta MOMAYJS BIJIOBIIOBaHHS Ta 30epiraHHs BYIJIEKMCIOTO razy B yMOBax
HEBU3HAYCHOCTI. [3 Bukopuctanusm mozeni G4M po3poOseHo MeToJ]l aHaji3y IepeBar
BJIOCKOHAJICHHS CUCTEMH MOHITOpUHTY eMiciii CO, A migBUILEHHS TOYHOCTI BU3HAYECHHS
eMICIi.

Po3po6ienunii MeToa A1arHOCTUKH YMOB MEPEBIPKU 3MIHU BiTHOCHOTO PIBHS €MiCiii
NapHUKOBUX ra3iB (d) y KpaiHax IPYHTYETHCS HA KOHUEMIT «4acy BepudiKalii» 1, B CBOIO
4epry, € OCHOBOIO JJisi OUTBII CKJIATHUX MIarHOCTUYHUX METOMIB. Y METOJI KPUTUIHOI
BIJIHOCHOI HEeBH3HauUeHOCTI (R.,;;) BBAKaeEMO, 1110 Yac Bepudikallii Mmae OyTH MEHIIUM, HIXK
nepiof], MPOTATOM SKOTO Y PO3IIIAHYTIHM KpaiHi 3000B’ A3yIOThCSI 3SMIHUTH €MICii:

5]
B.

[IpoBeneno anami3 HeBu3HaueHocTed MoTokiB CO, HazeMHUX exocucTeM €Bpasii A
1988-1992pp. i3 3acTOCyBaHHSM OMYOJIIKOBAHUX PE3YJbTATIB JOAATKOBUX JIOCIIIKEHb,
npoBenenux Ticias 2000p. 3okpema, BUKOPUCTAHO PE3yJbTaTH MOACIIOBAHHS YHCTOI
MEPBUHHOT MPOAYKIii 17 TIo0aTbHUMU MOJEISIMH Ta CHEIAIbHOIO MOJEIUTIO JIICOBUX
€KOCHUCTEM; JIOMOBHEHO 0a3y JaHHWX BUMIPIOBaHb IOBHOTO Ta aBTOTPO(HOTO JAMXaHHS
IPYHTIB; Yy pe3yJbTaTi aHalizy METOIB BHUMIPIOBAHHS JUXaHHsS IPYHTIB BH3HAYCHO Ta
YCYHEHO CHCTeMaTU4Hl IMOXMOKM BHMIPIOBaHb;, PO3POOJICHO METOJ aHali3y CKJIAJI0OBUX
MOTOKIB JMXaHHSA TIPYHTIB JUIS BEJIUKUX TEPUTOPI 3 BHUKOPUCTAHHSIM MAaTpPHIIL
«OlOKTIMaTUYHA 30HAa — BUAUT TIPYHTY — POCIMHHICTH», IO Ja€ MOKJIMBICTh
CHCTEMAaTU3yBaTH CIIOPAJMYHI BUMIPIOBAHHSA, OOYUCIUTH MOTOKU, KOPEJSLI0 O0UHCICHUX
3HAa4YeHb Ta OLIIHUTH HEBU3HAYEHOCTI; 3 BUKOPUCTAHHSIM OTPUMAHHUX PE3YJIbTATIB OHOBJICHO
6ananc atmocdeproro CO, mus IliBaiunoi Asii y 3BiTi IPCC (oHOBNIEHE 3HAUYEHHS "3HU3Y

Reyie =
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Bropy" cranoButh -850 TrC/pik, mpotu mnomepenuboro 3HaueHHs -360 TrC/pik, Ta
BIANOBTHUM 1HTepBa HeBu3HaueHocTi [-1700 - O] mpotu [-730-0] TrC/pik), mo mactb
MO>KJIMBICTh BUKOPHCTOBYBAaTH Y OOYHCICHHSAX «3TOPU-BHU3» OLIBIN JOCTOBIPHHUM 1HTEPBAJ
HEBU3HAUYEHOCTI.

I3 BukOpuCTaHHSAM PO3poOIeHOT MaTeMaTiyHOi Moaeni G4M, cxeM MOJIENIOBaHHs Ta
MACC Big 33JII' po3poOieHO METOJ aHamily IepeBar BIOCKOHAICHHS CHCTEMH
MOHITOpUHTY emiciii CO, ajist ABUIIICHHS TOYHOCTI BUBHAUEHHS eMICii. 3T1JTHO pe3yJIbTaTiB
MOJICJIIOBaHHS TpU 3MEHIICHHI TEeNepilHboi HeBU3HaueHocTi Herro eMicii CO, Bix
sHemicHeHHs, 40-50%, mo Minimym 30% mpu BOpPOBaPKEHHI BIOCKOHAJICHOI CHCTEMHU
MOHITOPHUHTY, MO’KHA JTOCATHYTH 3HAYHOTO CKOPOYCHHS BHUTPAT HA 3MEHIICHHS eMICild Bij
3HENICHEeHHS, Y TIOPIBHAHHI 13 BUTpaTaMy Ha BIOCKOHAJIEHHS CUCTEMU MOHITOPUHTY (pHC. 8).
Tak, g bpaszunii, mo6 3menmmTu emicii CO, Bin 3uenmicHeHHs Ha 40%, HEOOXiaHA IiHA
emiciit CO, Bix 5 10 9.8 $/1CO,, o npusBeae 10 3MeHIIeHHs eMicii Ha 7.9-9.3 I'tCO, y
2026-2050 pp., a 3aranpHi BuTpatu ckaaayTh 39.5-91.1 minesapau nonapiB. Y Toif ke yac,
11100 3menImTH eMicii Ha 30%, HeoOxiaHa miHa CO, Bix 3.7 10 9.1 $/1CO,, mo npussee 10
3MeHIeHHs emiciii Ha 5.92-6.98 I'TCO, y 2026-2050 pp., 3aranpHi BUTpaTH CKIaayTh 21.9-
63.5 mipa. AojapiB, e€KOHOMIs cTaHoBuTUMEe 17.6-27.8 wmupa. nonapiB. BpaxoByrouu
S pO3rISTHYTUX KpaiH, y SKUX BiAOYBa€ThCS HAMOLIbIIE 3HETICHEHHS, €KOHOMIS KOIITIB 3a
nepion 2026-2050 pp. cranoButume 49-70 MUIBSpIAIB AONAPIB, IO 3HAYHO MEPEBUIILYE
BUTPATU HA OHOBJICHHSI CHCTEMHU MOHITOPUHTY O10MacH Ta IUIOIII JIiCIB.

Over-compliance to
ensure that target
(m) is met with 68%
confidence

Probability

Carbon flux
=  from deforestation

o (post)
o (prior)
Puc. 8. CxemaTuune 300pakeHHsI MPOOIEMU JOCATHEHHS 11T 3MeHIeHHs emiciit CO,,

SIKIIIO OOYMCIICHHS EMiCii XapaKTePU3y€EThCS CYTTEBOIO HEBU3HAUYCHICTIO,
a TaKOX MOTEHIIHHOT KOPUCTI B/l 3SMEHIIIEHHS HEBU3HAYECHOCTI

BUCHOBKHA

VY nucepraniitHiii poOOTI po3B’s3aHO KOMIUIEKC 3ajad, AKl y CYKYIMHOCTI BUPILIUIH
HAyKOBO-IIPUKJIAHY MPOOIeMy MaTEMaTHUYHOTO MOJEIIOBAHHS MPOIECIB eMICii Ta CTOKY
CO, y nicoBoMy TOCIIOAAPCTBI Ta IpU 3MiHAX 3eMJICKOPUCTYBAHHS, 110 JaJI0 MOXKIUBICTbH
MIIBUIIUTH €(DEKTUBHICTh MPUUHATTS MPUPOJOOXOPOHHUX YIPABIIHCHKUX PIIICHBb MO0
MOM SKIICHHS 3MIHM KJIIMary Ha TJ00ajJbHOMY, PETiOHAJIbHOMY Ta HAaI[lOHAJTbHOMY
piBHSIX. 3a pe3ynbTaTaMu AUCepTaIiiiHOi poOOTH MOKHA 3pOOUTH TaKi BUCHOBKHU:

1. Po3pobneHo MeTon MOJENIOBaHHS BYIJIELEBOTO OallaHCy JIICOBOi €KOCHCTEMH, KN
MOEIHYE MPOLIECH KPYyrooOiry BYIJICIIO Ta TaKCalliliHI mapamMeTpu JiepeBocTtaHy. BiH
BKJIIOUAE YJIOCKOHAJIEHY CTPYKTYpy MaTeMaTHYHOi MOJedl BYTJELEeBOro OajaHCy
JICOBOT E€KOCHCTEMM 3 BpaxyBaHHSM HasBHUX JaHUX IPO JICOBI E€KOCUCTEMHU B



28

VYkpaiHi, JOMTOBHEHY MaTEMaTUYHOIO MOJEITIO (PEHOJOTTYHHUX MPOLECiB Y OyKOBHUX Ta
AyOOBHX Jicax, siKi 0a3yr0ThCsl HA JAHUX CIIOCTEPEkKEHb Ta BPaXOBYIOTh YaCOBUH 3CYB
[IMX TPOIIECIB MPH 3MiHI KJIiMaTy. 3aBIsKU TaKOMY MOE€JHAHHIO MOKJIMBO BPaxyBaTH
BIKOBY JIMHAMIKy JI€peBOCTaHy IIPHU MOJEIOBaHHI HOro ByrieneBoro 6auaHcy. 3ampo-
MOHOBAaHUN METOJ] BUKOPUCTAHO MPU PO3pOOILIl MaTEMAaTHUYHUX MOJENEH BYIJIELIEBOTO
6aJ1chy 6y1(OBI/IX nyOOBHX Ta SUTMHOBHX JICiB, $KI 3aCTOCOBAHO st aHaJnsy
JAMHAMIKH 3aI1aciB BYTJICLIO y KOMIIOHEHTAX JIICOBOI €KOCUCTEMH IPH 3aJ1iICHEHHI.

. Po3po6iieHo MeTon reonmpoCTOPOBOrO MOEIIOBAaHHS MPOLIECIB JIICOKOPUCTYBAaHHS Ta
3MIHU THIIB 3e€MJICKOPUCTYBaHHS Ha TJIOOAJIbHOMY DPIiBHI, SKWM, Ha BIIAMIHY BIJ
BIJIOMHX, BPAaXOBY€ B3a€MHMI BIUIMB IIUX IPOIIECIB, a TaKOX IPOIECIB TOPTiBJII Ta
NEepeMIIEeHHS 3aTOTOBJIEHOI JEPEBUHHU, MPOIIECIB 3aJIICHEHHS Ta 3HEIICHEHHS, 10 J1a€
MOJKJIMBICTh CYMICHO aHaNi3yBaTH 1 MPOTHO3YBATH III MPOIECH Y 3aJEKHOCTI BIJ
€KOHOMIYHOI CUTYaIllil Ta BCTAHOBJICHMX OOMEKEHb Ha €MICII0 TAPHUKOBUX T'a3iB.

. Po3pobieno mMetroa MoAeTIOBaHHS MPOLECY MPOCTOPOBOTO MOLIMPEHHS 3HENICHEHHS
U1 TI00abHOI reonpOCTopOBo'i mozeni G4M nusixom BpaxXyBaHHs IHTEHCUBHOCTI
3HEJIICHEHHS B JaHId KIITHHII pacTpy Ha monepesHboMy KpOILll MOJEJIIOBaHHS Ta
MiHIMaJIbHOI IO Jncy y CYCIIHIX KIIITUHKax, a TaKOX TPaHCIIOPTHOT MEpPEexKi, 110
Jla€ MO>KJIMBICTh TOYHIIIE BIATBOPUTU MIPOCTOPOBY CTPYKTYPY 3HETICHEHHS.

. Po3pobneHo MeTo MoJIeNIOBaHHS MPOLIECY MPUUHATTS PIllICHb 11010 3arOTiBII 3a/1aHOT
KUJIBKOCTI IEpeBUHU Ta 3MeHIIeHHs eMiciii CO, Bif JIICOKOPUCTYBaHHS P 30epeKeHH1
3aroTiBJIl 33J1aHO1 KUJIBKOCTI JIEPEBUHU HA PIBHI KpPaiHU YU PETIOHY, JJIs F€ONPOCTOPOBOT
MOJIEJI1 MPOIIECIB JTICOKOPUCTYBAHHS Ta 3MIHU 3eMileKOopucTyBaHHs (Mojem G4M), skuit
IPYHTYETbCS Ha MPHUHLMII MaKcHUMi3allli YUCTOI MPUBEICHOI BapTOCTi, IMOE€THAHHI
iH(popMaIll PO 3aroTiBIIO JAEPEBMHU HA PI3HUX TEOMPOCTOPOBUX PIBHIX (PErioHH,
KpaiHM Ta OKpeMi KJIITHHKH pPacTpy) Ta Ja€ MOXJIMBICTb MPOBOJUTH IMiTalliiiHe
MO/IETIOBAHHS TTPOLIECIB JIICO3aroTiBIIl Ta BIPOBAHKEHHSI MPUPOJOOXOPOHHUX CTpaTEerii.

3 BUKOPHUCTaHHSAM 3a3HAYEHOTO y MyHKTax 2-4 po3po0sieHO rI00aibHYy TeorpOoCTOPOBY
MaTeMaTU4YHy MOJIeNb TMPOIECIB 3aJICHEHHS, 3HEJIICHEHHS, 3aroTiBlll JIEPEBUHHU Ta
BignoBimHux emicii CO, (Momens G4M). Y mozeni mporiecu TpuiHATTS PIIIeHb 010
3MIHU 3eMJICKOPHCTYBAHHS Ta napaMeTplB chKOpI/ICTyBaHHﬂ PO3TIISMAIOTHECS 3 TOYKH
30py BJIACHHKIB AIJISTHOK 3€MJIi, SIKi 3HAXOAAThCS y KiiTuHKax pactpy 0.5x0.5 rpagyca.
Taxox po3pobsieHo Bepciro Monem G4M amst reputopii €Bporeiicbkoro Corosy, y sKii
J0JATKOBO BUKOPHCTAHO HAsBHI T'€OMPOCTOPOBI JaHi, IO Jajl0 MOJIMBICTH BIOCKO-
HAJIUTH METOJl MOJICNIIOBAHHS MPOILIECY MPUMHATTS PILIEeHb ILIOJO0 3aroTiBil 3aJaHOi
KUIBKOCTI JIEPEBUHU Ha PIBHI KpaiHM Ta Metoj KamiopyBanHs emiciii CO, 3 Giomacu
JIiCiB. 3ampPONOHOBAHO MMApaMETPH Ta JIaHi, sSIKi HeoOX1/THI JIJIs alanTarlii TeompoCcTOpOBOi
MO/IEJTl TIPOLIECIB JIICOKOPUCTYBAHHS Ta 3MIHH 3€MJICKOPUCTYBAHHS AJIs1 Y KpaiHu.

. Po3pobneno metox inentudikamii mapamerpiB moaeni G4M, ski BiANOBIAAIOTH 3a
MOJICJIIOBAHHS MPOIIECIB 3MIHU 3eMJIEKOpHUCTYBaHHS, 3a qaHuMu PAO Ta 3BiTIB KpaiH
1o PK3K OOH Ha HauioHanbHOMY piBHI, 1[0 AaJI0 MOXJIUBICTb BIATBOPUTH 1CTOPUYHI
emicii CO, kpaiH y CEKTOpi JIICOBOTO T'OCMHOIApCTBa Ta 3MiHU 3€MJICKOPUCTYBAHHS Ta
MIPOTHO3YBAaTH €Micii 3a PI3HUX CILEHApiiB COI1aIbHO-EKOHOMIYHOTO PO3BUTKY Ta
MOJIaTKy Ha eMicii MapHUKOBUX Ta3iB.

. Y pe3ymbTaTi aHajgizy HETOYHOCTEH BXIMHHUX JaHUX po3pobsienoi moneni G4M
BUSIBJICHO, IO JJaH1 XapaKTEepPHU3YyIOThCS IOCUTh BUCOKOIO HEBH3HAUEHICTIO, OCOOJIMBO
Ha PIBHI KIITHHOK pacTpy. Y pe3ylbTaTi aHamily 4yTiauBocTi mozeni G4M no 3MiHu



29

OKpEMUX MapaMeTpiB BUSABJICHO, IO PE3YyIbTATH MOJICIIOBAHHS IIBUIKOCTI 3aJ1iCHEHHS
Ta 3HENICHEHHs Oe3 BIUIMBY MOJATKy Ha BYIVIEb HaWOUIbII YYyTJIMBI A0 3MIHH
BaJIOBOTO BHYTPILIHBOTO MPOJYKTY, koedirienTa NMePEepaxyHKy BYIIEIIO Y 00’em
JnepeBUHU (KOMOIHAIlIS IIUIBHOCTI JEPEeBMHU Ta BMICTY BYIVICHIO Y ,Z[CpCBI/IHl)
IPUPOCTY JIEPEBUHM (3QJICKUTHh B YKUCTOI TEPBUHHOI TPOIYKINi), MIIIHHOCTI
pPO3MIIIIEHHSI HACEJICHHsI, I[IHW Ha JEPEeBUHY, NPHUIATHOCTI 3€MJI I BEICHHS
CLIICHKOT'O TOCIIOJIAPCTBA Ta BapTOCTI 3allicHeHHs. Peakiis emiciit CO, Ha 3MIHY IIHU
Ha ClIbCHKOTOCIIOAAPCHKY 3eMitto ayske Bucoka mpu miHi CO, 3-10 $/1CO,, npuuomy
CUMETpPUYHA Ha HETATUBHI Ta MO3UTHBHI BIIXWJICHHS ITapaMeTpa.

8. Ilpu mopiBHSAHHI pe3yhbTaTiB MojemoBaHHI G4M 3 CTaTUCTUYHUMHU JIaHUMH Ta
pe3yibTaTaMu IHIIUX MOJENed TOKa3aHo, Mo y cepeaaboMy 3a 1999-2015pp.
CEpeTHLOKBAPATUYHE BIIXWICHHS 3MOJCIbOBAHUX 3HAYCHb 3aroTiBIl JEPEBUHH
cknano 0.5% nns €C; ms OUIBIIOCT! KpaiH BIAXWICHHS CTaHOBUTH Ot 1%, ane nis
KUTbKOX Kpain Outbie 7%. B 3arampHOMy, mist €C cepemHbOKBaapaTUIHE BIIXUICHHS
MoJienboBaHuX 3HaueHb emicii CO, 3 GloMacu Bia JICOKOPUCTYBAHHS BiJl 3HA4Y€Hb
PK3K OOH cranoButh 17%, a nns okpemux KkpaiH BiaxwieHHs ckiagae 30-90%.
[TopiBHSIHHS pe3yabTaTIB MOJENEN MoKasye, 1mo pe3yabTatu G4M e parioHanbHUMH, a
pI3HUISL y pe3ylbTaTax MOJENEeH MOACHIOEThCS BIAMIHHOCTSIMHU Y MIAXOAAaX [0
MOJICITFOBAHHS BIJMOBITHUX MIPOLIECIB 1 BX1IHUX JIAHUX, @ TAKOXK T€, IO SKICTh BXITHUX
JTAaHUX MOXe OYyTH TaKOIO K BaKJIMBOIO NIPH CTBOPEHHI KPUBUX IPAHWYHUX BHUTpAT HA
3MeHIIeHHs emiciii CO, BijI 3HETICHEHHS, K 1 3aCTOCYBaHHS JEKUIBKOX PI3HUX MOJeen
JUTsl TOOYI0BH KPUBUX IPAHUYHHUX BUTpAT.

9. Po3pobnena matemarnuna moaens G4M mpusHaueHa sl pO3B’sI3yBaHHS IIMPOKOTO
KJIacy 3ajay, MOB’s3aHUX 13 MPOTHO3YBAHHSIM JWHAMIKH IUIOIII JIICY (4epe3 MpoIecu
3aJIICHEHHSI Ta 3HEJICHEHHs), OloMacu Jiicy, 3aroTiBii JepeBuHU Ta emiciii CO,,
COPUYMHEHUX LMMHU MpPOLECaMH, a TaKOX BIATYKY Ha 3aXOJH MO 3MEHILIEHHIO eMICii
CO,. BnactuBocTi MOJielli ITal0Th MOXKJIMBICTh BUKOPUCTOBYBATH PE3YJIbTATH MOJICIIIO-
BaHHS ISl TIATPUMKH IPUUHATTS PIlICHb 100 Mpobiaemu 3meHIeHHs emiciii CO,.

10.Po3po6iieno cxemu B3aeMo3B’ 13Ky Mojieni G4M 3 eKOHOMIYHOIO MOJCILII0 OiopecypciB
GLOBIOM nns  BpaxyBaHHS e(deKTIB TOpriBiali ToBapaMH Ta TMOTpeOu y
CUIbCBKOTOCTIONIAPChKIA  3eMiti; MojensaMu  eHepretuuHoi cucremu MESSAGE,
makpoekoHoMikn MACRO, xmimarnunoi cuctemu MAGICC Ta iH. s dopmyBaHHS
KOMITJIEKCIB MOJIEJeH IHTETPaJIbHO1 OIIHKHU. [3 BUKOPUCTAHHSIM PO3pPOOJIEHUX CXEM
B3a€MO3B 13Ky MOJENeNd MPOBEACHO OOYMCIEHHS pedepeHTHUX pIBHIB eMicii
NapHUKOBHX Ta3iB st 14 kpain-uneniB €C, axi moaani mumu kpainamu 10 PK3K OOH;
po3pobieHo mporuo3 6azoBux emicii CO, Bia JICOKOPUCTYBAHHS, 3aJliICHEHHS Ta
3HENICHEHHS, a TaKOXK MOTEHI[laly 3MEHIIEHHS eMiCii Ha TJI00albHOMY pIBHI Ta IJis
OKpEeMHUX KpaiH; MpOBEACHO OOYMCICHHS JAWHAMIKH 3aJICHEHHS, 3HENICHEHHA Ta
JICOKOPUCTYBAHHS, a TakoXX BiAmoBigHuX emicii CO, nans creHapiiB CHUTBHHUX
COLIIAIbHO-€KOHOMIYHUX UUIAXIB Ta PENpPe3eHTATUBHUX UUIAXIB KOHIEHTpalii
NapHUKOBHX Ta3iB 1 pajlamiiiHoro BIUIMBY Ha KiimatudHy cuctemy (SSP/RCP);
MIPOBEJICHO aHai3 CHHEPrii 3axoiiB Mo 3MeHmeHHIo emicii CO, Bij 3HETICHEHHS Ta
PU3HKY 3HUKHEHHS BUIB TBApUH y KpaiHaxX, II0 PO3BUBAIOTHCS; 31ICHEHO OOYUCIICHHS
JTMHAMIKY 3aJTICHEHHSI, 3HETICHEHHS Ta JIICOKOPUCTYBAHHS, 4 TAKOXX BIATOBITHUX €MiCiid
CO, oy xpain €C.
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AHOTANI

TI'ycmi M.I. MatemMaTu4Hi Mo/ieJ1i MPOLeCiB eMicii Ta CTOKY BYIJIEKMCJIOTO ra3y B
JiCOBOMY roOCHOJAPCTBI Ta NPH 3MiHAX 3eMileKopHCTYBaHHs. — Ha mpaBax pykomucy.

Jucepramisi Ha 3100yTTs HAyKOBOIO CTYIeHs JOKTOpPA TEXHIYHHX HayK 3a
cunermanpHicTIO 01.05.02 — "MaremaTtuune MO/ICITIIOBAHHS Ta 00YHCITIOBAJILHI MCTO,Z[I/I
HamionaneHuii yHiBepcuteT «JIbBIBChKa TMOJIITEXHIKAa» MiHICTEpCTBA OCBITH 1 HayKu
VYkpainu, JIsBiB, 2018.

P0O3B’s13aHO  KOMIUIGKC 3a1ad, sKi y CYKyIHOCTI BPIplIHI/IJII/I HAYKOBO-IIPHKJIATHY
npoOjaeMy MaTeMaTUYHOrO MOJETIOBaHHA mporeciB emicii ta croky CO, y micoBomy
rOCHOAAPCTBI Ta HpU 3MIHAX 3E€MJIEKOPUCTYBaHHS JUIsl IIJABHUILECHHSA C(bCKTI/IBHOCTl
NPUAHATTS IPUPOAOOXOPOHHUX YIPABIIHCEKHX PIllIeHb MO0 MOM SIKIICHHS 3MIHH KIIIMaTy
Ha TJI00ATBHOMY, PETIOHAILHOMY Ta HaHIOHaJ'IBHOMy piBHSX. 30KpeMa, po3pO0IJICHO METOJ
MOJIC/IIOBAHHS BYIJICLIEBOTO OalaHCy JiCOBOI GKOCHCTEMH, 3 BPaXyBaHHIM TaKCALIHHX
MapaMeTpiB IePEBOCTaHY; METOJ] ICOMPOCTOPOBOrO MOJICIIOBAHHS MPOLECIB TiCOKOPHCTY-
BaHHS Ta 3MiHM 3eMJICKOPHCTYBAaHHS Ha IIOOANbHOMY DiBHI i3 BpaxyBaHHSAM B3a€MHOIO
BIUIMBY IMX IIPOLECIB; METOJ MOJCMIOBAHHS IPOLECY MPOCTOPOBOIO MOMIMPCHHS
3HEICHEHHS AJIsl T100aIbHOT reonpocTopoBoi mozerm GAM; MeTos MOZeTIOBaHHS nporieCy
INPUNHATTS PilIEHb 1010 3arOTiBII 3a/1aHOI KUIBKOCTI JIEpEBUHM Ta 3MeHIIeHHs eMiciii CO,
B1J JIICOKODHCTYBAHHS NPU 30CPEeKCHHI 3arOTiBII ICPEBUHM HA DPIBHI PEriOHY; METOX
meHTH(blKauu napametpiBe G4M (11 MOJICITIOBAHHST MPOIIECIB 3MIHU 3eMJICKOPUCTYBAHHS)
33 JIAHMMH MDKHAPOIHMX OpraHisauiil. 3 BUKOPUCTAHHIM p03pO6JICHI/IX METO/IIB CTBOPEHO
MaTeMaTH4HI MOZEII Ta IPOBEICHO aHaNm3 MOXHOOK Mozerneil. PospobieHo cxemu
B3aeMO3B 513Ky G4M 3 1HIIMMH MoAeIsIMH Uil (OpMYBaHHS KOMIUIEKCIB MOJENEN s
IHTErpaIbHOI OIIHKHY.

Knrouoei cnosa: mareMatnyHa MOJEIb, T€ONPOCTOPOBE MOJIEIIOBAHHS, BYIJIELIEBUI
OayaHC, JIICOBa €KOCHUCTEMA, MOJIENIOBAHHS JIICOKOPUCTYBAaHHS, MOJEIIOBAHHS 3MIHU
3€MJIEKOPUCTYBaHHS.

I'yctu ML.U. MaremaTu4eckue MOAeIM MPOLECCOB SIMUCCHUU M CTOKA YIJIEKHCJIOT0
ra3a B JIeCHOM XO3SICTBe U IIPU U3MEHEHMAX 3eMJIenoJib30Banust. — Ha npaBax pykonucu.

Juccepransi Ha COHMCKaHHME YUYEHOM CTENEeHM JOKTOpa TEXHUYECKMX HayK II0
cnequainbHoct 01.05.02 — "MaremaTtuyeckoe MOAECIUPOBAHUE W BBIUYMCIUTEIbHbBIC
metoabl'. — HammoHanbHbIA yHUBEpCUTET «JIbBUBChKA MOJIMTIXHUKA», MUHHCTEPCTBO
oOpa3oBaHus 1 HayKu YKpaunsl, JIbBoB, 2018.
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Pemien xommiiekc 3aj1ady, KOTOPbIE B COBOKYIHOCTH Pa3peIIid HAyYHO-TPUKIIAJIHYIO
npo0JaeMy MaTeMaTH4ecKOro MOAEIMPOBAaHUs MpoleccoB smuccu U croka CO, B jecHOM
XO3SMCTBE W TIPU W3MEHEHHSIX 3€MJICTIONBG30BAHMS JUIS TOBBITICHUS J(PPEKTUBHOCTH
MPUHATUS TPUPOJIOOXPAHHBIX YIPABJICHYECKUX PEUICHUH MO CMSTYCHHI0 W3MEHEHUS
KMMaTa Ha TJO0OATBHOM, DPETHOHAIBHOM W HAIMOHAILHOM YpOBHsAX. B wacTHOCTH,
pa3paboTaH METOJ MOJEIUPOBAHUS YIIIEPOJHOTO OajlaHCca JIECHOM 3KOCHCTEMBI C YYETOM
TAaKCAl[MOHHBIX I1apaMETPOB JIPEBOCTOS; METOJ T'€ONPOCTPAHCTBEHHOIO MOJIEIUPOBAHUS
MPOIIECCOB JIECOMONIB30BaHUS U W3MEHEHHUS! 3€MJICHIONb30BaHMsI Ha TIIOOAILHOM YpPOBHE C
y4E€TOM B3aMMHOTO BJIMSHHUS OSTHX [POLIECCOB; METOJ MOJEIUPOBAHUS Ipoliecca
POCTPAHCTBEHHOTO pacrnpocTpaHeHus BBIPYOKHU JIECOB IS r7100aIbHOM
reonpocTpaHcTBeHHOM Mojaenn G4M; MeTo; MOIETIMPOBaHUS TPoLIecca MPUHSATUSL pEIIeHUN
[0 3aroTOBKE 3aJlaHHOTO KOJMYECTBa JApPEBECHMHbl MU yMeHblleHus smuccuii CO, oT
JIECONOIb30BAHUA TPU  COXPAHEHUHM 3aroTOBKM JIPEBECUHbI B  PETHOHE;  METOJI
uaeHtudukanun  napamerpoB  G4M  (uis  MOIENMpPOBAHUSA — IPOLECCOB  M3MEHEHHUS
3eMJICTIONIb30BaHus) 32 JaHHBIMH MEXIYHAPOJIHBIX opraHu3zauuid. C HCIOIb30BaHUEM
pa3paboOTaHHBIX METOAOB CO3/aHbl MAaTEeMAaTUUYECKHE MOJENUM U TMPOBEACH AaHaIW3
norpenrHocTeit mozeneit. Pazpabotansl cxembl B3auMocBsizu G4M ¢ Apyrumul MOACTISIMU JIJIst
(hopMUPOBaHUS KOMITIEKCOB MOJIEIICH JIJIsl HHTETPATbHOU OIICHKH.

Knrouegvie cnosa: mareMaTHdeckas MOZEINb, T€ONPOCTPAHCTBEHHOE MOJEIUPOBAHUE,
yIAepOAHBI  OaynaHc, JiecHass  OKOCHUCTeMa,  MOJAEIMPOBAHUE  JIECOMOJIb30BaHMUS,
MOJEJIMPOBAHUE U3MEHEHUS 3€MJICTIOJIb30BAHMUSL.

Gusti M.I. Mathematical models of processes of carbon dioxide emissions and
sinks in forestry and land use change. — On the rights of manuscript.

Dissertation submitted in fulfillment of the requirements for the degree of Doctor of
Sciences by specialty 01.05.02 "Mathematical modeling and computational methods". —
Lviv Polytechnic National University, Ministry of Education and Science of Ukraine, Lviv,
2018.

The dissertation is devoted to the actual scientific and applied problem of
mathematical modeling of CO, emissions and sinks in land use change and forestry
(LUCF) in order to increase the effectiveness of decisions on climate change mitigation at
the global, regional and national levels. The 1* chapter analyzes the global CO, budget, the
main processes of carbon cycle in forest ecosystems and mathematical models used for
studying processes related to CO, budget. The 2™ chapter is devoted to development of
methods and mathematical models for modeling the carbon budget of forest ecosystems.
The 3™ chapter considers the mathematical modeling of forest management (FM) and land
use change (LUC) processes and the development of the geospatial mathematical model of
FM and LUC - G4M. The 4™ chapter describes the validation of the G4M model. In the 5"
chapter we give examples of the practical application of the G4M model, describe the
schemes of data exchange between G4M and other models for the formation of modelling
frameworks for integrated assessments. The 6™ chapter considers methods for estimating
emission uncertainties and the effect of uncertainties on decision making. Based on the
models developed in the 2" and 3™ chapters computer simulation tools were elaborated.

A method for modeling of carbon budget of a forest ecosystem combining processes of
carbon cycle and tree-stand taxation parameters is developed. The structure of the
mathematical model of the carbon budget of a forest ecosystem has been improved taking
into account the available data on forest ecosystems and climatic conditions in Ukraine by
introducing additional reservoirs and flows of carbon that makes it possible to account for
the dependence of the intensity of the carbon cycle processes on age of the tree stands, as
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well as reproduce the age and seasonal dynamics of the carbon cycle processes more
adequately. A mathematical model of phenological processes in beech and oak forests of the
Ukrainian Carpathians is developed based on observational data; the model takes into
account the time shift of these processes due to climate change and gives an opportunity to
reproduce the seasonal dynamics of carbon cycle processes more adequately. These
developments are used for creation of mathematical models of tree stands, which are used to
analyze the dynamics of carbon stocks in the components of forest ecosystem during
afforestation.

A method for geospatial modeling of FM and LUC processes at the global level is
developed. The method takes into account the interdependence of these processes, as well as
trade in harvested wood, and afforestation and deforestation, making it possible to
consistently analyze and project these processes depending on the economic development
and CO, emission limitations. A method for modeling the process of decision-making on
harvesting a given amount of wood and reducing FM CO, emissions while preserving the
harvest amount at the country or region level is developed for G4M; it is based on the
principle of maximizing net present value, combining information on the harvesting of wood
at various geospatial levels (regions, countries and individual raster cells) and gives an
opportunity to simulate logging process and implementation of environmental policies. A
method for identification of the G4M parameters reflecting the processes of afforestation and
deforestation at the local level and taking into account data on afforestation, deforestation
and the trend of changes in forest area at the national level is developed; the method makes it
possible to reproduce historical LUC CO, emissions in countries, as well as projecting
emissions for different scenarios of socioeconomic development and CO, prices. The
methods and an algorithm for estimating the CO, emissions from biomass, litter, soil and
wetlands are used to improve the G4M model.

G4M is used to analyze strategies of CO, emission reduction at global, regional and
national scales. In particular, G4M was applied to assess the effectiveness of the CO,
emission reduction policy for Ukrainian forests under various socio-economic scenarios; for
numerical assessment of the Shared Socio-economic Pathways together with scenarios of
Representative Concentration Pathways; for the analysis of the potential and costs of using
land and forest resources by EU countries; creation of a reference scenario for LULUCF
greenhouse gas (GHG) emissions by 2050 for EU countries; for preparation of the European
Commission (EC) assessment of the impact of sustainable bloenergy use in EU countries; to
support the decision of the EC to reduce LULUCF GHG emissions; preparing scenarios for
enhanced emission reduction measures for countries that emit most of the GHGs;
preparation of an integrated assessment of climate change mitigation and adaptation in
developing countries for the World Bank; analysis of synergy measures to reduce CO,
emissions from deforestation and the risk of species extinction, etc.

Keywords: mathematical model, geospatial modeling, carbon budget, forest
ecosystem, modeling of forest management, modeling of land use change.
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