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Y3IrOKEHICTb OLITHOK IIJIOII]I JIICIB 3A JAHUMHU I'/IOBAJIBHOI KAPTH 3MIH
JIICOBOT'O ITIOKPUBY 1 MYJIbTUCIIEKTPAJ/IbHUX CYITYTHUKOBUX 3HIMKIB

Po3risiHyTO METOMIYHI 3acau BUKOPHUCTAHHS TI100aIbHOI KapTH 3MiH JricoBoro nokpusy Global Forest Change (GFC) mst xap-
TorpadyBaHHs Ta BU3HAYCHHS IUIOMII JICIB Ha BiTHOCHO HEBEIUKHUX TEPUTOPIAX B yMoBax YkpaiHcpkoro [lomices. st mboro BUKO-
HaHO TOPIBHSHHS TOYHOCTI KJIacH]ikarii Ta IHTepBAIIBHMIX OLIHOK ILIOIII JIICOBOTO IMOKPHBY, OTPUMAHHX 3a Pe3yIbTaTaMH ACIIH(d-
PYBaHHS MYJIbTHCIEKTPAIBHOr0 CyIyTHHKOBOro 3HiMKa RapidEye ta xapru GFC. [lst CTBOpeHHS OIopHOT0 HAabopy JaHHUX 3aCTOCO-
BaHO BUMAAKOBY BHOipKy oO0csrom noHan 4000 crioctepexeHs 1 HemapaMmeTpraHuil Merox kinacudikarii Random Forest (RF). 3a pe-
3yIbTaTaMH CTATUCTHYHOTO aHAII3y BCTAHOBJICHO, 1[0 HA TOYHICTH KIacH(ikarii HalHOUIBIIIIA BIUTUB MAlOTh TPH CIIEKTPaJIbHI KaHa-
mu cymyraukoBoro 3HiMKa (NIR, Red, Red-Edge) i wornpu nomomixui Tomorpadiani 3minni (X, Y, BUCOTa H.p.M., yxwi). Jlyis ori-
HIOBAaHHS ITOKa3HUKIB TOYHOCTI KJIAcH(]iKaIllii BUKOPHUCTAHO IOJATKOBUH HaOip maHux obcsrom Ommspko 2000 croctepexens. Lle
JIO3BOJIMJIO BCTAHOBUTH IOMUJIKY KJIacH (iKamiiHOi Mozeti, sika CTaHOBHTH 1,6 %. IliqTBepmKeHo, M0 MyJIbTHCIEKTPAIBHI CYITyTHH-
koBi 3HIMKE RapidEye € BaxIMBUM [DKEpesoM TeonpocTopoBoi iHpOpMalii Ipo JTiCOBI €KOCHCTEMH 1 TaIOTh 3MOTY CTBOPIOBATH Te-
MaTH4HI KapTH 3 BICOKOI TOYHICTIO. BHACTIIOK TIPOBECHOTO TOCIiKEHHS BUsIBICHO, 1m0 kKapta GFC 3abe3neuye 1OCHTH BUCOKY
TOUHICTB (OMH3BK0 75-85 %) memmdpyBaHHS BKPUTHX JIICOBOIO POCIMHHICTIO JUISHOK, a ii JaHi y3rO/KyIOTECS 3 (haKTHIHUMH T10-
Ka3HHKaMH 31MKHYTOCTI AepeBocTaHiB. Ha 0OCHOBI IbOro MoXHa CTBEpKYBATH IIPO MOXKIIUBICTB 1 JOMIJIBHICTH 3aCTOCYBAHHS KapTH
GFC s xaprorpadyBaHHS JIICOBOTO MOKPHUBY Ha TepuTopii Ykpaiucekoro [lomices. 3aramom Tpeba BU3HATH, IO CTBOPEHI HA OCHO-

Bi manux GFC nicoBi kapTi MOXXyTh OyTH JOPEUHIMU 3a BiICYTHOCTI TOUHIIINX KapTOrpadidHuX MaTepiaiis.
Knrouogi cnosa: nicoa macka; Tounicts; Global Forest Change; RapidEye; Random Forest.

Beryn. Texsomorii qucTaHIifHOrO 30HAYBaHHS 3eMili
(J133) € HEBiT'€MHOIO YaCTHHOO TOCIIKCHD CTaHY H JIHA-
MIKH JTicOBOro nokpuBy. OTpuMany iH(oOpMamniio MHMPOKO
3aCTOCOBYIOTH JUIS 3aBJlaHb TEMAaTHYHOTO KapTorpadysaH-
HS JIiCiB, cTpaTndikamii TepuTopii A MpoBeaeHHS BHOIp-
KOBHX CTaTHCTHYHHX JOCIIKEHb, BUBEJCHHS OLIHOK ILIO-
i Ta JeTanbHUX 010(i3WYHMX HapaMeTpiB JIICOBHX Haca-
JOKEHb, HacaMIlepe/l IOKa3HHKIB 3aracy AepeBHUX CTOBOY-
piB i Ha3emHoi 6iomacu (Myroniuk & Heorhiian, 2017; Chi-
rici et al., 2016; McRoberts, Liknes, & Domke, 2014; Latifi
et al., 2016). BignpaBHUM IYHKTOM JAemIM(pyBaHHS TaKca-
LIHNX TOKa3HWKIB JIICOBUX HACA/PKEHb € CTBOPEHHS TaK
3BaHOI "MicoBOi Macku'", SIKy OTPHUMYIOTh BHACJIIOK BiJIOK-
pEeMJICHHS BKPUTHX 1 HEBKPUTHX JIICOBOIO POCIMHHICTIO Ji-
nsrHOK. HuHI HabyTO 3HAYHOTO JOCBITY CTOCOBHO BHpIIIICH-
HS IIbOTO MMUTAHHS 13 3aCTOCYBAHHAM MYJIbTHUCIICKTPAIBHUX
CYITyTHUKOBHX 3HIMKiB, @ TaKOX IIIOOAIBHUX HaOOpiB Te-
OITPOCTOPOBUX JIAHHX IPO JIICH, SIKi OTPUMYIOTh Ha OCHOBI
3niMkiB MODIS, Landsat, pagapuux nannx PALSAR Tomo
(Coulston et al., 2012; Lakyda, Myroniuk, & Hilitukha,
2014; Myroniuk & Heorhiian, 2017; Schepaschenko et al.,
2015; Sexton, Song, & Feng, 2013; Shimada et al., 2014).

Henomikom mogiOHUX KapT JIiCOBOTO IIOKPUBY € HEY3TO-
JUKCHICTh MK TOHATTAMH "tree cover" (3IMKHYTICTH Aepe-

IHpopmaLia npo asTopiB:

BOCTaHiB), SIKHMH BOHHM OIIEPYIOTb, 1 3arajbHONPUHHATAM
HAllOHAJLHUM BH3HAYEHHSAM ITOHATTA "mic". AJpke 10
HBOT'O TiJ Yac Kiracu(ikamii BUCYBAIOTHCS YiTKi BHMOTH
CTOCOBHO MiHIMAJIBHOI TIIOMII 1 3IMKHYTOCTi. SIK CBim4aTh
JIOCITI/DKEHHS, B OKPEMHUX BHIAJIKaX MIX MOHATTAMH "free
cover" 1 "forest cover" icuye ictorHa pizHUIA (Sche-
paschenko et al., 2015). Jocmimkenns BueHnx MixxHapon-
HOTO IHCTUTYTY HPHUKJIAAHOTO cucteMHoro aHaiizy (ITASA)
BKa3yIOTh Ha JIOIIBHICTh MOEIHAHHS PI3HHUX TII00ANTBHUX
KapT JICOBOTO IIOKPHBY y BHIVIAAI TiOPHIHHUX IPOAYKTIB
METO/IOM TeorpadiuHo 3BaKEHOI perpecii, Mo Crpuse -
BUIIEHHIO IXHBOI TOYHOCTI. BifAMOBIAHO 10 BUCHOBKIB OC-
TaHHIX HAYKOBHX IIOIIYKIB CTOCOBHO IOIUIBHOCTI BHKO-
pHucTaHHS TJI00AIFHUX MPOJYKTIB, JIaHi 3 BiAHOCHO BHCO-
KM TIPOCTOpoBHUM po3pizHeHHsIM (30-60 M) 3a0e3neuyioTh
HEeoOXiHI pe3yibTaTH KapTrorpadyBaHHS JICOBOrO IOKPH-
BY Ta OLIIHKHM Horo miomnii B ymoBax Ykpainu (Myroniuk, &
Hilitukha, 2014).

I'mob6anbha kapra 3MiH sicoBoro nokpusy Global Forest
Change (GFC) (Hansen et al., 2013), sixy omyOuikyBanu y
2013 p. yueni yniBepcurery mraty Mepinenn (CIIA), cra-
Jla TPOJIOBXKEHHSAM po3novaroi HanpukiHmi 1990-x poki
TEXHOJIOT1i NPe/ICTaBIEHHS 36MHOTO OKPHUBY Y BHTJISIII He-
nepepBHEX KapT Vegetation Continuous Fields (VCF). lani
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GFC 3a0e3neuyioTh MOIIKCEIbHY OLIHKY JIICOBOTO ITOKPH-
BY y Bizcotkax Bix 0 no 100 %. OueBnano, 1mo s nepe-
BOCTaHIB el MMOKa3HUK BiIOBigaTUME 3IMKHYTOCTI iXHBO-
rO HaMeTy. 3a OCTAHHE JECATUPIYYS yBara A0 Kiacugikarii
JIICOBOTO TMOKPUBY Y BUTJIS/II HETIEPEPBHUX KapT 32 JaHUMHU
J33 pisHOro mpocropoBoro po3pisHeHHS 3pocia (Berbe-
roglu et al., 2008; McRoberts et al., 2016). JlocmimKkeHHs,
sKi 3aificany s ymoB Ilomicess Ykpainu, BKa3yloTh Ha
TiCHHH 3B'A30K (PAKTUYHOI 3IMKHYTOCTI JIICOBUX Haca/KEHb
i mannx GFC, mo nae 3Mory BUKOPHCTOBYBATH ii JJIsI Kap-
TorpadgyBaHHs JIICOBOrO (DOHIY, 3aCTOCOBYIOUM IIif[ 4Yac
Kiacudikamii moporoBe 3HaYeHHs 3IMKHYTOCTI B Jiana3oHi
20-40 % (Lakyda, Myroniuk, & Hilitukha, 2014).

OxpiMm 3ama4 knacugikamii JiCOBOro MoKpuBy, rirodas-
Ha kapta GFC 3HaxomuTh CBO€ 3aCTOCYBAHHS IJISI OL[IHKH
IUTONII JTiCiB BHOIPKOBUMH METOAaMH. 30KpeMa, BOHA Ja€
3MOT'y BUKOHYBAaTH CTpaTH(IKallilo TEepUTOpPii 3a IEBHUMHU
iHTEepBaJaMHu 3IMKHYTOCTI HacapKeHb abo Oe3rmocepeaHbo
BHKOPHCTOBYBATHCS B IMOBIpHICHO-TEOPETUYHUX (MOJIEIb-
HUX) MiIX0Jax Ul PO3paxyHKY CepeiHIX 3Ha4eHb IOKa3-
HUKIB JicoBoro ¢onxy (McRoberts, Liknes, & Domke,
2014; McRoberts et al., 2016). {i poas B oTpumansi gomo-
MiXHOI i1H(opMamii Ui BHBEIECHHS BUOIPKOBUX OILIIHOK
IOl CyOTpONIYHNX Ta €KBaTOPIiaJIbHUX JICIB TOCHTIIKEHO
B poborax (McRoberts, Liknes, & Domke, 2014; Sannier,
Mcroberts, & Fichet, 2016). CrpatndikoBany BHUIAIKOBY
BHOIpKY B MoeHaHHI 3 riiodansHoo kaproto GFC 3acToco-
BaHO TaKOX JIJIS PETi0HABHOI OLIHKHY TUTOII JIiciB YKpaiHu
(Myroniuk & Heorhiian, 2017). Otpumani pe3yabTaTté He
JIAIOTh 3MOT'y 3pOOWTH OZHO3HAYHMI BUCHOBOK IIpO ii TOU-
HICTh, OCKIJIBKM BOHA KOJIMBAETHCSI B 3HAUHOMY Jiara3oHi.
Tak, HaOUIBII Y3TOUKEHUMH 3 O(IIiHHOI0 CTAaTHCTHUKOIO
BUSIBUIIMCSL PE3YNIbTaTh Uil HU3KHM obiyacterd [lomices Y-
paiHu, TOMi AK IS MMiBICHHO-CXiTHUX PETiOHIB 13 HU3BKUM
MOKAa3HMUKOM JIICHCTOCTI TEpPHUTOpii OTPUMAaHO 3MilIeHi
OLIIHKH. BayKIIMBUM NHTaHHAM 3IHIMIAETHCS JTOCIIHKESHHS
edexruBHocTi Kapti GFC ms kaprorpadyBaHHS J1icOBOTO
MIOKPHBY VISl BITHOCHO HEBEIIMKUX TEPUTOPIH.

Mema po6omu TionsATae B aHANI31 HA PUKIIAJI JTOKATh-
Horo oO'exta Teputopii [lomiccss Ykpainu y3romxeHocTi
MIDX OI[IHKaMH IUIOLIi JIICOBOTO HOKPHBY, OIEP>KaHUMH 32
JIAHAMH MYJIBTHCIICKTPAJIBHAX CYNYTHUKOBHX 3HIMKIB Ta
JTAHVMH TII00aIIbHOI KapTu 3MiH JricoBoro mokpuBy GFC.

Marepianu Ta MeTOTUKA TOCTiTzKeHHA. [lOCTiHKEeHHS
npoBoamiK Ha Teputopii CHOBCBHKOTO paiioHy UepHiriBch-
Koi 00J1., 16 CTBOPEHO TECTOBHH IIOJIITOH 3arajibHOIO ILIO-
1miero Gm3bko 45 kM”. I3 BUKOPHCTAHHAM YMHHHX JICOBIIO-
psamHUX IHCTpYKUil mpotrsirom 2014 p. B Mexax HOJITOHY
BHKOHAHO KOMIUJIEKC JIiCOTAaKCaliiHUX POOIT Ta BIOPAIKY-
BaHHS TepuTopii. BHacninok crBopeno 14 kBaprainis, B Me-
KaxX SKUX OpTaHi30BaHO TakcamiiHi Buminy. [1ix gac micos-
MOPSITHAX POOIT 3aCTOCOBYBAIM METOJM HATYPHOI OKOMIip-
HO-BUMIPIOBAJILHOI Takcamii. BHacTiJok HallOBHEHHS aTpH-
OyTuBHOI iH(OpMaLii 0 KO)KHOMY BUIIITYy CTBOPEHO LiU(]-
POBY T€OIpPOCTOPOBY 0a3y NaHWX 3E€MEIBHOTO HOKPHBY
JIOCITIJTHOTO TIOJIroHy. BimmomimHo 10 HEl TepuTOpilo Ha
67,2 % mnpencraBieHO JICOBUMH 3EMIISIMH, a peImTy —
clIbChKOTOCTIONApChKUMHU  yrigmsimu (23,9 %),  Bomamu
(0,3 %), 6omoramu (5,3 %), camubamu i ciopynamu (3,3 %)
Ta iHMMH 3eMIsIMHA. JIicOBI JUISTHKM, BKPHUTI JIICOBOIO poOcC-
JIMHHICTIO y 3araJibHii CTPYKTYPpI IUIOLII ITOJIITOHY CTaHOB-
nth 41,8 %, 30kpema micoBi KyapTypu — 17,9 %.

3a manumu Takcanii Ha nostirosi 3poctae 1881,0 ra -
COBHX HacaJpKEHb, 30Kpema: cocHOBi (44,7 %), Oepe3osi

(39,8 %), xnetikoBinbxosi (13,1 %), ocukosi (0,7 %), my6o-
Bi (0,6 %), sicenei (0,5 %), axamiesi (0,3 %), suTMHOBI
(0,1 %), xnenosi (0,1 %) Ta numosi i Tomonesi (0,1 %).
Oco0nmBicTIO TOCTITHOT TepHUTOpii € 3HaYHA IUIOIIA Haca-
JOKEHb COCHM 3BHYANHOI Ta Oepe3u 3BHYaitHOI, SIKi 3'IBUIIH-
Cs TPOTATOM OCTAHHBOTO JAECATHPIUYS Ha KOJHIIHIX
CLIBCHKOTOCTIONNAPCHKUX YriAMaX 1 He BigHeceHi B odi-
LiffHOMY MOpsAKY 0 miomi JicoBoro ¢honay. Bonu xapak-
TEPU3YIOTHCS HEPIBHOMIPDHUM PO3TALIYBaHHIM JEPEB, IIPO-
T€ BUCOKOIO 3IMKHYTICTIO I€PEBHOTO HAMETY.

VY nocniKeHHSIX BUKOPHCTaHO HAOIp reornpocTOpOBHX
JIaHMX, SKAH CKJIQAABCsl 3 IT'SITHKaHAJIBHOTO KOCMIYHOTO
3niMKka RapidEye (naTa 3tiomxn — 17.06.2011 p., mpoctopo-
BE PO3pI3HEHHS — 5 M), 3 YOTHPUKAHAIBHOI'O KOCMIYHOTO
3HiMKa IKONOS (maTa 3tiomku — 12.08.2011 p., mpoctopo-
BE po3pi3HEeHHS — 3,2 M, maxpoMarnyHuii kanai — 80 cm),
mudposoi Momeni perabedy (LIMP) TepuTopii mociimkeHs
(mpoctopoBe po3pisaenHs — 10 M) Ta Habopy nannx GFC
cranoM Ha 2015 p. i3 TppOMa TEMaTHYHUMH ILIAPAMHU: tre-
ecover2000 — iadopmaniss po 3IMKHYTICTh JEPEBOCTaHIB
cranoMm Ha 2000 p. y ¢opmi HenepepBHOTO 300paXKEeHHS i3
3Ha4eHHAMU pactpy Big 0 mo 100 %; loss — GiHapHUI KaHAT
3 indopMmarielo mpo BTparu JiciB mpotsirom 2000-
2015 pp.; gain — aHajoriyHMi KaHan 3 iHQopmaliero mpo
JIICOB1THOBJICHHS JIJIS 3a3HA4EHOT0 Tiepiony. Bei gaHi crpo-
€KTOBaHO B cucteMy koopauHat EPSG: 32636.

1106 onepxxaru omopHy iH(GOPMALIO PO IUIONLY JIico-
BOT'O ITOKPHBY, CTBOPEHO JIICOBY MacKy Ha OCHOBI Kiracudi-
Karii cyrmyrHukoBoro 3HiMKa RapidEye merogom Random-
Forest (RF). RF € ogaum 3 HalieeKTUBHIIINX METO/IB Ma-
IIMHHOTO HAaBYaHHA [yt kinacudikarii ganux J133. Iett me-
TOJ| HE Ma€ Crenu(pivHuX BUMOT J0 PO3MOJIUTY TOCITIIKY-
BaHMX ITapaMeTpiB 1 MOXKE BUKOPHUCTOBYBATHUCS SIK JUIS 3a-
nad xiacugikamii, Tak i perpecii. B oro ocHoBi JeXHUTh
CTaTHUCTUYHA TpoLeaypa OaraTokpaTHoro (JOpMyBaHHS BH-
6ipok meronoM MoHTe-Kapio, BHACTIZOK SIKOi HAa KOXHO-
My erani (opMyeThesl BiAoBiHa KiacuikariiHa MoJeib
(nepeBo mpuitHATTA pimens). [loegHyounch, BOHH YTBO-
proroTh "aHcaMONp" KmacudikamiiHUX JepeB, 3BLAKH H IMO-
XOJUTH Ha3Ba "BHmNaaKoOBuil Jic". [HIa migqMHOXKHA (TTPHUO-
ym3Ho 1/3 Bix oOcsiry BUOIpkn), sika He Oepe yJacTi y Kia-
cudikarlii, BUKOPUCTOBYETHCS Ul OLIHKKA TOYHOCTI Mojie-
mi. ITapamerpamu anropurmy RF € ntrees — xinbkictb Bubi-
POk abo KiNbKICTh AEpEB pillleHb Ta mfry — KUIbKICTh (ak-
TOpiB, OOpaHUX IJISi CTBOPEHHS PO3TAyXEeHb KiIachdika-
LifHUX JepeB.

Mogens RF ompanpoBaHo Ha OCHOBI aTpHOYTHBHOI iH-
(dopmartii 3 JTicoBOpsTHOI 6a3u maHWX y cepemopumli R 3a
noriomororo makera {randomForest}. HaBuaneHy BHOIpKY
JUTS PO3MEXYBaHHS BKPUTHX 1 HEBKPUTHUX JIICOBOIO POCIIHH-
HICTIO JIJITHOK CTBOPEHO 3 YpaxXyBaHHSIM TaKHX KaTeropii
3eMHOT0 MOKpHBY, fK: Jic (2 kareropii), ClIBCHKOTOCHO-
Japebki yriaas (2 xareropii), JIykd, BOAHO-O0JIOTHI Yrifuisa
(2 xareropii) Ta inmi 3emii. Y 3B'SI3Ky 3 BHUCOKOIO MIHIIU-
BICTIO CIIEKTPAJIbHO-BIIOMBHUX XapaKTEPUCTUK B KOXKHOMY
KJIacl BHAUTIOCS KiJbKa OUTBIT ONHOPIAHUX KaTeTopil,
HaNpHKJIaL Jic 3 IEepeBaKaHHAM JIMCTSIHUX ab0 XBOHHHX
BHJIB, CIJILCHKOTOCIIONAPCHKI KyJIbTYpU abo MamHi 3emii,
HU3UMHHE a00 BepxoBe 0ojyoTo Tomo. HaBuanbHa BnOipka
o6csirom 4000 BHITaIKOBUX TOYOK PiBHOMIPHO PO3IOJLIIS-
Jlacst IO BCiH TepuTOpii HoCipKens, 3 akux 1729 norpanu-
JIO Ha JIICOBI HAaca KEHHS.

[epen mowyaTtkoM AOCIHiIKEHb BUKOHAHO pajioOMETpHy-
Hy KOPEKIiIo cynmyTHHKOBOro 3HiMka RapidEye 3 meperBo-
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peHHsAM uncioBux 3HadeHb (DN) mikcelniB KOXKHOTO KaHaa
mo BemuumHH Bimbourts Ha ceHcopi TOA (Top of At-
mosphere) 3a meroxukoto DOS. IIMP npuseneHo o npoc-
TOPOBOTO PO3pi3HEHHS 5 M. SIK He3anexHi 3MiHHI B KJIacH-
¢ikauiiiniii mozmeni RF Bukopucrano indopmarito 3 m'atu
KaHaJIiB CyITyTHUKOBOT'O 3HIMKa (puc. 1), BUCOTY H.p.M. (M)
ta yxui (%) Bignmosigao 1o [IMP, a Takox 1Ba JOJaTKOBUX
KaHaJH 3 KoopauHaTaMu X Ta Y KOXKHOTO IKCENS B CHCTE-
Mmi EPSG: 32636.

Mertouka 00po0IeHHS TI100aIbHOI KapTH TUHAMIKH JIi-
copux ekocucteM GFC moB's3aHa 3 HEOOXiMHICTIO iHTEp-
npeTanii HenepepBHOTo Mapy 3IMKHYTOCTI HAaca/pKEHb fre-
ecover2000 cranom Ha 2000 p. Ta HOro CHOJIYYEHHSIM i3
JIBOMa JOaTKOBUMH IapaMu — BTPAT ([0ss) Ta BiJHOBIICH-
HS JiciB (gain). BpaxoBytoun momnepeaniii m1ocBig oOpoo-
nenHs nporo npoxaykty (Lakyda, Myroniuk, & Hilitukha,
2014; Myroniuk & Heorhiian, 2017), mis po3mMexyBaHHS
BKPHUTHX 1 HEBKPHTHUX JIICOBOIO POCIMHHICTIO IIJISTHOK Ka-
Han treecover2(00 knacudikoBaHO i3 HOPOrOBUM 3HAYEH-
HSAM 3IMKHYTOCTI HacajpkeHb 40 %. AKTyaii3amiio InIonii
JiciB cranoM Ha 2015 pik IpoBeeHO NUITXOM BHIAJICHHS 3
JIICOBOI MacK AUISHOK, Je 3Ha4eHHS [oss=1, i qomaBaHHS
BiIMOBIMHOI TUTOMI JTicoBimHOBIEHHS (gain=1). IlooguHOKI
TPYyIM MIKCENiB, IUIOMIA SKUX HE BiIOBiNA€ MiHIMAJIEHO
TPUHHATIH A7 JUITHOK JlicoBoro gouay 0,1 ra, Oyio Buiy-
4yeHo 3 kaptu. Lle mo3Bommino no30yrucs "urymis", moB's3a-
HUX 13 (parMeHTapHUM pO3MILICHHSIM JICiB, 1 ITOMMJIOK
knacudikamii. Pospaxynku mis nanux GFC BukonyBanmcs
B nporpamHomy cepenouli Google Earth Engine API 3a
CreLiaJbHO OIpalboBaHUM Ha MOBI Java ckpunTamu.

PesyabraTtu pocaimxenns. Haii6insm iHGopmaTHBHU-
MU 3MIHHUMH Uil ACIIU(QPYBAaHHS CYITyTHUKOBOTO 3HIMKa
RapidEye BusBnncs mani ingpauepsonoro xkanary (NIR),
IBOX KaHAIIB BHIVMOTO [ialla30HY CIEKTpa (YEPBOHOTO
(Red) i xpaitaporo uepBonoro (Red Edge)), a Takox Tortor-
padiuni nokasuuku X, Y, LIIMP Ta yxuin. IctoTHO MeHmmit
BIUIMB Ha TOYHICTH Ki1acH]ikariiiHoi MoJesi MaloTh KaHaIN
3esneHoro (Green) i 6makutHOTO (Blue) niamaszonis. BigHoc-
HUH BHECOK KOJKHOTO ITOKa3HWKA B TOYHICTh MOJEJI OIliHe-
HO Ha OCHOBI po3paxyHKy kpurepito MDA (mean decrease
in accuracy) i BimoOpaxeHno Ha puc. 1. 3aranpHa ifes Kpu-
tepito MDA mossirae B paHKyBaHHI 3MiHHUX 32 BEJIHYH-
HOIO TXHBOTO BHECKY B CEPEIHIO KBaJPAaTHYHY HOMHIIKY
Kiacudikamii y pa3i IXHbOr0 BUKJITIOUEHHS 3 MOZEIII.

401

Blue Green Red Vxmt Red Y IIMP X B5NIR

Edge He3samexmi 3MiHHI
Puc. 1. BB pi3HUX HOKa3HHKIB HAa TOYHICTH KiIacHpikariifHol

Mozei

[Momumiiky mMozedi ouiHeHo mif Yac kiacugikarii Ha oc-
HOBI YaCTHHH CIIOCTEPEKEHB, IKi He Opanu ydacTi B mo0y-
IoBi epeB pimenb. Bona cranoButh Tinbku 1,6 %. [Ipote
JUIS. OTPUMAaHHSI JJOCTOBIPHIIIOI OLIHKK 3aCTOCYBaJIN OKpe-
MUl Baijaniiauii HaGip obcsirom 2300 BUITAAKOBHX TO-
YOK, sIKi Bi3yanpHO nemudpyBamu 3a 3HIMKOM [IKONOS
(TIoKpaiene IpocTopoBe po3pizHeHHs craHOBWIO 80 cMm).
Ha ocHOBi MaTpwuIli MOMUIIOK 32 BiIOBiTHUMH CTaTHCTHY-

HuMHU Metoaukamu (Sexton, Song, & Feng, 2013; Olofsson
et al., 2014) po3paxoByBasu MOKa3HUKHA TOYHOCTI KiIacui-
Kallii, a TaKoX JOBipdYi iHTEpBaIX JUIS OIIHOK IUIOIII JIiCO-
BOT'0 OKpHBY (Ta0dI1.).

Ta6s. TouHicTh TEMATHYHHX KAPT JJIsI TEPUTOPIi TOCTiTKEHD

[Troma . Ckopuro- | J{oBipumnit
. User's | Produ- :
Hacip (P00 s | cory”| o | npeas
JTAHUX racy, | accu- ; .
s (M) | pusy, v o, | BOTO IOK- | BIPHOCTI
o |racy, %

ra puBy, ra | 0,95, ra

apidEye| 5x5 | 1594 [ 99 97 1657 36

GFC |30x30| 1571 86 77 1594 90

Orxe, Tpeba 3a3HaunTH, M0 rTobamsHa kKapra GFC Bi-
Jo0paskae JiCOBHH MTOKPUB TEPUTOPIi TOCIHIHKEHB 13 T0ITyc-
TUMOIO TOYHICTIO. /)51 HET THITOBUMH € TIOMHJIKH IIPOITYCKY
JIaHMX, 3BIJICKM — BIJHOCHO HHM3bKE 3HAYEHHS IOKa3HUKA
producer's accuracy (77 %). IlpoBeneHuii aHaii3 MmiaTBEp-
JIMB TIOTIEpeHHO 3pO0JIeHI BHCHOBKHM Mia 4Yac 1moOynoBU
KiacudikamifHoi MOAeNi MPO BHCOKY TOYHICTH JIICOBOL
mackn RapidEye. 3 metoro Bisyamizarii 3po0iieHO Hakia-
JIaHHSI PO3POOJICHNX TEMAaTUYHHWX KapT Ha CYIMYTHUKOBHH
3HiIMOK IKONOS (puc. 2).
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I nicosuit nokpus [l Brpatv nicis [l NicosinHoenenns
Puc. 2. JTicoBuii MOKPHB TOCIIHOTO MOJITOHY BiITOBIIHO 110 /1a-
HHX CyITyTHHKOBOro 3HiMKa RapidEye Ta riobansnoi kaptu GFC
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Ha ocHoBI Bi3yaslbHOTO aHaji3y TeX Tpeba BiI3HAYUTH
BHCOKY y3TO/DKEHICTh 000X TEeMAaTHYHHUX KapT.

OOroBOpeHHsI OTPUMaHUX pe3yibTaTiB. Takox moci-
JOKEHO Ha CKIJIbKH Y3TO/KYIOThCS (DAaKTHUHI ITOKa3HUKH
rinobansHoi kaptH GFC i3 QakTHYHMMU DaHUMH, OTpUMA-
HUMH BHACITIJIOK AemH(PYBaHHSI CYIIYTHHKOBOTO 3HIMKa
RapidEye. 11106 3MeHIIUTH BILTHB TE€OMETPHYHUX TTOMHUIOK
KaHan treecover2((0() pUBEACHO O MPOCTOPOBOTO PO3Pi3-
HeHHs 90 M. [l AiNSHOK, Ne BimOYJIOCS BiJHOBIICHHS JIi-
ciB, mpumcano 3HaueHHs 3iMkHyTOCTI 40 %, a BTparu Ji-
ciB — 0 %. PaxkTHyHy 3IMKHYTICTh Haca/KeHb OOYHCIICHO
SIK BIANOBIZHY 30HAJIBHY CTATUCTHKY JUIS KOXKHOTO TIKCEIIs
nmaanx GFC posmipom 90 x 90 M. OTpumani pe3ynbTaTu Ha
OCHOBI BHOIpkH o0Ocsirom 5694 criocTepeskeHb HaBEICHO Ha

puc. 3.
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Puc. 3. CriBBiTHOIIICHHS MiX 3IMKHYTICTIO ISPEBOCTaHIB Ta pe-
3yIbTaTaMH ii OIIHKY 3a JAHIMH TI00IBHOI KapTH JIICOBOTO TOK-
puBy GFC

100

3aranom HaBeseHa Ha puc. 3 iHpopMmanis BiATBOPIOE pa-
Hilme 3pobiyieHi BHCHOBKM s JticiB Ilomices Ykpainm
(Lakyda, Myroniuk, & Hilitukha, 2014). He3paxaroun Ha
TiCHUI 3B'SI30K, IS TII00AEHOI KapTH 3MiH JIICOBOTO ITOK-
puBy GFC xapakTepHuM € TeBHE 3aHMKEHHS (DaKTHIHOL
3IMKHYTOCTI HacapKeHb y Aiana3oHi Bix 0 mo 60 %. Ipore
111 00CTaBMHA iICTOTHO HE ITO3HAYAETHCS HA TOYHOCTI TeMa-
TUYHOTO Aemn(pyBaHHS JTICOBUX HAaCa/KEHb METOJOM MO-
poroBoi kiracudikamii. OTpuMaHi pe3yabTaTH MiATBEPIKY-
I0Th CHPOMOKHICTh TJIOOABHOI KapTH JWHAMIKH JICOBHX
exocucteM GFC omiHrOBaTH IDIONTY JIiCiB HABITH IS JIO-
kanmpHUX 00'ekTiB [lomices Ykpainu.

BucHoBku. 3a pe3ynpTaTaMy BHKOHAHHX JIOCIIJDKEHb
MOXHa 3pOOMTH KiJIbKa BaXXIMBHX BUCHOBKIB. Ilo-mepiue,
MYJIBTHUCTIEKTPAIBHI CynmyTHHKOBI 3HIMKH RapidEye € Bax-
JIMBUM JDKEPEJIOM T'eONpocTOpoBoi iHpopMamii mpo jic i
JIAIOTH 3MOT'Yy CTBOPIOBaTM TEMaTH4HI KapTH 3 BHCOKOIO
touHicTio. Kiacugikaris cylmyTHUKOBHUX 3HIMKIB METOJIOM
RF xapakrepu3yoThcs IPOCTOTOIO Y OPMYBaHHI HaBYaJIb-
HOI BUOIPKH 1 J]a€ 3MOTY ITOETHYBATH, OKPIM CIIEKTPaJIbHUX,
JIOTIOMIXHI HaOOpHM JaHMX, IO IiJBHUILYE 3arajbHy TOY-
HICTB pe3ynbTaTiB. [ 100anpHa Kapra 3MiH JIICOBOTO IIOKPH-
By GFC y minomy anekBaTHO BimoOpaxkae CTaH JIiCOBOTO
MoKpuBY [uist yMoB Ilomiccs Ykpainu, a TOMy MOXE BHKO-
PHUCTOBYBATHCS JUIS MiIrOTOBKH TEMAaTHYHUX KapTorpadid-
HHUX MarepiaiB pi3HOTO MPOCTOPOBOTO po3pizHeHHs. OmiH-
KM IUTOI JTicOBOTO (DOHIY Ha TEPUTOPil TECTOBOTO HOJIro-
HY BUSIBHJIHMCS Y3TO/KCHHUMH i3 JaHHUMH, OTPUMaHMMH 3a
CyIyTHUKOBMMH 3HiIMKamu RapidEye.

IMoasaku

HaykoBa po©oTta BUKOHaHa 3a miATPUMKH MiHicTepcTBa
OCBITH 1 HaykH YKpainu Ta JlepkaBHoro hoHIY QyHIaMEH-
TAIBHUX JOCIHIIKeHb Y KpaiHu.
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Hayuonanvnuiii ynusepcumem 6uopecypcos u npupooononsbsoganus Yxpaunul, e. Kues, Yxpauna

COTJIACOBAHHOCTB OLIEHOK IIJIOIIA/IH JIECOB 110 JAHHBIM I'JIOBAJIBHOM KAPTHI
U3MEHEHUH JIECHOTO ITOKPOBA U MYJIbTUCIEKTPAJIBHBIX CIIYTHUKOBBLIX CHUMKOB

Paccmorpena MeTouKa MCIoIb30BaHMs TII00aIbHOM Kap Tl M3MeHeHu ! tecHoro nokposa Global Forest Change (GFC) mns xap-
THPOBAHMUS U ONPEAEICHHNS IUIOIIA/IH JIECOB Ha OTHOCHTEIIFHO HEOONBIINX TEPPUTOPHSX. [IJIsl 3TOTO BEIIOIHEHO CPAaBHEHHE TOUYHOC-
TH KJIACCH(PHUKAINK ¥ HHTEPBATHHBIX OI[CHOK IUIOMIAAN JICCHOTO ITOKPOBA, MOTYYSHHBIM II0 Pe3ylIbTaTaM JemU(pPOBKH MYITbTUCIICK-
TpanbHOro crryraukoBoro cauMka RapidEye u xaptsr GFC. C mensio co3maHust onopHOro HabOpa JaHHBIX NIPUMEHEHBI CTydaiHast
BEIOOpKa 00beMoM Oornee 4000 Habmonenuit u HemapaMmeTprdeckuil Meror knaccuukanum Random Forest (RF). Ha ocHoBanum
CTATHUCTHYECKOTO aHAJIN3a YCTAHOBJIEHO, YTO HAa TOYHOCTH KITACCU(HUKAIN HAaHOOJIbINee BIMSIHUAE HMEIOT TPH CIIEKTPAJIbHBIC KAaHAJIBI
crryraukoBoro cauMKa (NIR, Red, Red-Edge) u ueTsipe BcmomorarensHbIX Tonorpadmaeckue nepeMeHnsie (X, Y, BEICOTa Ha/l ypOB-
HEeM Mopsi, YKJIOH). /Iyl OLCHKHM IoKa3aTelael TOYHOCTH KJIACCH(HUKAIMU MCIIONB30BaH JOMOIHUTEIBHBIH HA00p JaHHBIX 00bEMOM
okono 2000 HabmromeHmid. OmnpenencHa ommoka KiaccupuranuonHoi moxaenu (1,6 %) Ha 0OCHOBe YacTH HAONIOICHUH, KOTOPBIC HE
MIPUHAMAIN yJacTHE B IOCTPOCHHUHN ACPEBLEB perreHui. [loaTBepkaeHo, 9TO MYyIbTHCIEKTPAIBHBIE CITyTHUKOBEIE cHUMKH RapidE-
ye SIBIISIFOTCSI BYKHBIM HCTOYHHKOM T'€OMPOCTPAHCTBEHHON MH(OPMAINK O JECHBIX KOCHCTEMaxX U MO3BOJSAIOT CO37aBaTh TEMAaTH-
YecKHe KapThl ¢ BEICOKOH TOYHOCTBIO. B pesynmpTare ycranoBieno, uro kapra GFC obecrieunBaeT BBICOKYIO TOYHOCTH (OKOJIO 75-
85 %) memmpoBKM MOKPHITHIX JICCHOH PacTUTENBHOCTHIO YJacTKOB, a €€ JAHHBIE COINIAcyIOTCS ¢ (PAKTHUECKUMHM MOKA3aTeNIsIMH
COMKHYTOCTH JIpEBOCTOEB. Ha 0CHOBE 3TOr0 MOXXHO yTBEPKIAaTh O menecoodpasHocTu npumeHeHus kapTel GFC mis kaprorpadupo-
BaHMS JICCHOTO TTOKpoBa Ha Tepputopun [loneckss Ykpaunsl. B mienoM Hago mpu3HATH, 9TO CO3aHHBIe HA ocHOBEe maHHBIX GFC nec-
HBI€ KapThl MOT'YT OBITH YMECTHBIMHU TP OTCYTCTBHH TOYHBIX KapTOrpa(uaeckux MaTepHaioB.

Kniouesvie cnoga: necnas macka, Toqaaocts, Global Forest Change, Rapid Eye, Random Forest.
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CONSISTENCY OF FOREST AREA ESTIMATES ACCORDING TO GLOBAL FOREST CHANGE DATA
AND MULTISPECTRAL SATELLITE IMAGE

The paper desribes the technique of application of Global Forest Change (GFC) data for mapping and assessment of forested area
for relatively small areas. For a study area of 45 km® established in the Chernigov region of Ukraine, the utilities of global and local
forest maps were compared. In order to create a reference dataset, we used 4000 randomly distributed sampling points and nonpara-
metric classification method Random Forest (RF) applied to RapidEye image. The influence of each predictor variable was estima-
ted, so that we found three spectral bands (NIR, Red, Red-Edge) and four topographic ancillary variables (X, Y, elevation, slope) ha-
ve the greatest impact on accuracy of the classification. The forest inventory database which includes the stand level variables as well
as land cover information was used to distinguish forested and non-forested lands. The RF classifier was trained up using such land
cover categories like forests (two classes), agricultural lands (two classes), grasslands, wetlands (two classes) and other lands. We as-
sessed the performance of classification applying error matrix using additional 2000 random validation points. We have estimated the
classification error to be 1.6 %, thus we have concluded that forestry-related thematic maps based on RapidEye images have high ac-
curacy. GFC data were processed in Google Earth Engine API by custom java-scripts. We applied 40 % threshold for treecover2000
layer of GFC data to separate forested and non-forested areas. Afterwards we removed from the map all pixels where loss = 1 and ad-
ded those with gain =1. We estimated classification accuracy and confidential intervals of forested area both for maps derived from
multispectral satellite image RapidEye and GFC data. The result demonstrated that the GFC data provided high accuracy (about 75—
85 %) for delineating forested area, thus percent tree cover of GFC data are consistent with actual canopy cover of forest stands. We
found that GFC data tends to have omission errors because of coarse spatial resolution. Finally, we concluded the feasibility of appli-
cation of GFC data for mapping forests across Polissia of Ukraine. Thus, the CFC maps may be an attractive if local maps are not
available or cannot be constructed.

Keywords: forest mask; accuracy; Global Forest Change; Rapid Eye; Random Forest.
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