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BHacniiok pociiichko-yKpaiHChKoi BifiHH Jlick YKpaiHM 3a3Haid 3HAYHHX MOMIKO/KEHb. 3a JBAa POKH BiffHM Ha OKYINOBaHHX
TepuTopisx Oyno 3HHIIEHO MoHax 60 Tuc. ra micy. Jlumie 36UTKM BiJl BTpaTH JCPEBHHHU MEPEBHUIIYIOTh 14 MIpA TPH, a 3arajbHi
BUTPATH HA BiJHOBJICHHS €KOJOrIYHOro OaaHcy MOXYTh OyTu 3HauHO BHIIMMH. OpHi€0 3 HAWOUTBII MOCTpaXKIaaux ooOnacTed €
XapkiBcebka. [TpubmnzHo 40-45 % uiciB Ha ii TepuTopii MOCTpaKAaM 4epe3 JiCOBI MOXKEXi, BUKIMKAHI aKTUBHUMH BOEHHUMH
JisiMU. 3arajbHOBIIOMO, 110 MOIIKO/KEHHs a00 BTpara JIiCiB IPH3BOTH 10 0araThoX HEraTUBHUX HACHIAKIB. Y Liil poOOTi OLIHEHO
TMOIIKO/DKeHHs JiiciB yactuHu Kym’sHebkoro sicrocmy XapkiBcbkoi obnacti. byno obpaHo Tpu iHAMKaTopu Ajsl OL[HIOBaHHS
TMOIIKO/DKEHB JICIB: IUIOIIA JICiB, iXHill cTaH Ta JicoBi moexi. BpaxoByrouu Te, 110 yepes 3aMiHyBaHHsS HA3eMHI JOCIiDKCHHS
HEMOXITUBI, JIaHi I KO)KHOTO 3 IUX IHAUKATOpiB Oynu OTpHMaHi BHKIIOYHO 3 JDKEpeN AWCTaHLiitHoro 3oHayBaHHs 3emu ([33).
[Tnomy miciB Oys0 omiHeHO 3a JormoMoror kapt kiacudikamiii Dynamic World, siki 6a3ytoTbest Ha 6araToCIEKTpalbHUX 3HIMKax
Sentinel-2. [Ins ouiHiOBaHHS CTaHy JIiCIB BUKOPHCTaHO iHAEKC sucToBoi moBepxHi (LAI), sikuii orpumano 3 mpoaykry MODIS.
Leii moka3HUK BimoOpakae, sIKy YaCTHHY IUIOLII IKCeNa IOKPHUBA€E JIUCTOBA MoBepxHs. To0To, LAl Moxke Oyt BHKOpPHCTAHHMI IUIs
OL[IHIOBAHHS T'YCTOTH POCIMHHOrO NMOKpHUBY. /sl BUSBICHHS JIICOBUX IHOXKex Oyno 3acrocoBaHo mpoxnykr FIRMS. V pesynbrari
MPOBEACHOr0 EKCIIEPUMEHTY OyJ0 BUSBJICHO Taki 3MIHH Ha TEpHTOpIi AOCHipKeHHs: Iuioma iciB y 2024 pori 3meHnmmwiacs B
1,7 pa3y nopiBusiHo 3 2021 pokom; 3HauenHs LAI miciB 3mMentmocst B 1,92 pa3y 3a Toit camuii nepiox; 3a nepion BeICHHsS. BOEHHUX
niit (3 24 nrororo 2022 no 22 yepBHs 2024 poKy) KUNBKICTh JIICOBUX HNOXEX y 7,6 pa3y Oinblla, HXK 3a aHAJIOTTYHUIA Mepioa 10
MOYaTKy MOBHOMACIITAOHOr0 BTOPrHeHHs (3 24 nrororo 2019 no 22 yepsHs 2021 poky).

KitrouoBi ci10Ba: OL[iHIOBaHH MOIIKO/DKEHb JIICIB, KapTH Kiacu@ikarii, iHIeKC JIMCTOBOI OBEPXHi, I'YCTOTa POCIMHHOTO [TOKPUBY.
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Beryn

3a mamumm [lepxiticareHTCTBa  YKpaiHH, Maike
TpeTWHa JiciB KpaiHM MOCTpa)kiaixa  BHACTIIOK
pocificeKo-yKpaiHChKOi BifiHH. Jlumre 30UTKU Bix BTpatu
JEpEBUHH OLIHIOIOTHCS B ToHan 14 mupn rpH. OpHAak,
3araibHi BUTPATH HA BiJHOBJICHHS €KOJOTIYHOI HIKOIM
MOXYTh OYTH 3HAYHO BHUIIMMHU. 3a JIBA POKH BifHH
HAa OKYIOBAaHUX TEPUTOPISIX OYIIO 3HHUIIEHO IMOHAM
60 Twc. ra jicy. XapKkiBcbka 00JaCTh € OTHUM 13 PETiOHIB,
sIKi HalOLIBIIIe TOCTPaXKAAIH THi [T Yac MTOBHOMACIITAOHOTO
pociiicekoro BTOpTHEHHS B Ykpainy. Ha ii tepuropii
nomkomkeHo Big 40 1o 45 % niciB BHACIIOK IOXKEXK,
CIIPHYNHEHHX AKTUBHUMH BOECHHUMH JisIMA
(Trofymchuk et al., 2022; Tomchenko et al., 2023;
Matsala et al., 2024). Opsuum 3 [pPUKIAdIB €
Ky’ siacpkuit microcn. Ile rocmomapcTBo BiTHOBHIIO
cBol0 pobory B xkoBTHI 2022 poky. OpHak, uepe3
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3aMiHyBaHHS TEpHUTOpii Hapa3i HEMOXIHUBO TOYHO
BU3HAYUTH OOCSTH 3HHUIIEHOTO JICy Ta OLIHUTH BCi
3aB/1aHl 30UTKH.

[MomkomkenHnss abo BTpaTa JIiCiB MPHU3BOAATH [0
HETaTHBHUX HACNIJIKIB: €KOJIOTi4Ha Ierpaiamis (3MiHa

KiaimMary, 30OiTbIIeHHA epo3ii IPYHTIB, 3HIDKEHHA
O0iOpi3HOMAHITTS Ta TMOTIPIIEHHS SKOCTI  BOIM),
T IBUILICHHS PHBHKY TIPUPOTHUX KaTacTpod

(361mpITy€eTRCST HMOBIPHICTD TTOBEHEH, 3CYBIB Ta CEIEBUX
NOTOKIB, aJpKe JiepeBa JIOIIOMAararoTh yTPUMYBaTH
BOIOTY B TIPyHTI ¥  3MEHIIYIOTh  IIBHAKICTH
MOBEPXHEBOTO CTOKY BOIM TiJ dYac [OMIiB) Ta
eKOHOMIYHI 30WTKH (30KpeMa, CTPakKJaroTh Taki raiysi
eKOHOMIKH, SIK JICO3aroTiBIIf, CITBCHKE TOCIIOAApCTBO,
TYpPHU3M TOIIIO).

ToMy OIiHFOBaHHS TTOIITKOKEHB JIICIB € aKTyaTbHUM
3apmaHasaM (Popov et al., 2024; Kozlova et al., 2021;
Zaitseva et al., 2021). OnmHax, yepe3 aKTUBHI BOEHHI IIii
Ta 3aMiHyBaHHSA Ha3eMHI OOCTeXEHHsS Hapasi €
HeOe3neunnMu abo HemoxuuBuMu (Popov et al., 2022).
3 1i€i MPUYMHU JOMITHHO BUKOPHCTOBYBATH 3acO0H Ta
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METOIM JucTaHuiitHoro 3oHAyBaHHS 3emii (33) mns
JOCITKEHHSI L€l TpoOIIeMH.

OTxe, METOH I[LOTO MOCTIHKEHHS € OI[iHIOBAHHS
TTOIITKO/KEHB JIICIB HAa JTOCHIDKYBaHIH TEPUTOPIi, MO €
yactuHOlO Kym’sHCBKOro Jicrocmy B XapKiBCBKiH
obmacti. BoHO BKJIFOUa€e BHSBICHHSA 3MiH K Y IUIOII
JiciB, Tak 1 B IXHhOMY cTaHi. BpaxoByrouw, ™10
OesrocepenHiM  (akTopoM, KM BIUIMHYB  Ha
MIOIITKO/DKCHHS JIICIB, € TOXEXi, TO B POOOTI TaKOK
OIIIHEHO KUIBKICTh TMOXEXK, SKi OyJU BHUSBJICHI O Ta
MTiCJIS TOYAaTKY BOEHHUX JTiH.

Marepianu Ta MeTOAH

Y 1upoMy JoCHiKeHHI 00paHo 3 iHIUKATOpH s
OI[IHIOBAHHS MMOIIKOKEHb JICIB, a caMme: IJIolia JiCiB,
CTaH JICIiB Ta JICOBI MOXeXi, sKi OynM BHSABJICHI Ha
o0OpaHniii TepuTopii AochimkeHHs. [JlaHi, HEOOXiTHI s
KO)KHOTO 3 IMX I1HJIUKATOPiB, OTPHUMAaHO BUKIIIOYHO 3
moxepen J133. briok-cxema 3anporoHOBAHOTO alrOPUTMY
OLIIHIOBAHHS MOIIKOKEHb JIiciB rTogaHa Ha Puc. 1.

Dynamic World MODIS LAI FIRMS
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Puc. 1. brok-cxema aaropuTMy OLiHIOBaHHS
TMOIIKO/DKEHHSI JIiCiB

Jns  ouiHOBaHHA  CTaHy JiciB B poOoTi
BHUKOPUCTOBYETHCS iHAeke JucToBOi moBepxHi (LAI)
(Stankevich et al., 2017). Ile#t noka3Huk BimoOpaxae,
SKy 4YacTHHY IDIOMII IIKCella TIOKPHUBAE JIMCTOBA
moBepxHs. LAl BHKOpHUCTOBYETBCSI MMl OLIHIOBAHHS
TYCTOTH POCIMHHOTO NMOKPUBY Ta CTaHy POCIHHHOCTI.
Takoxx LAI € miporo ¢orocuHTeTHuHOi Oiomacu. Llei
iHaekc Mmae 3Hauvends Bix "0" mo "1". 3mauenHs "1"
O3Hauae, MO IUIOMA IiKCeNa MOBHICTIO BKPUTA JUCTSIM.
3ragenHs "0" CBIIUYNTH PO MOBHY BiJCYTHICTh JINCTOBOL
moBepxHi. [lpomixkni 3mawenHs LAI mix "0" 1 "1"
03HAYalOTh YAaCTKOBE MOKPHUTTS IUIONII IMIKCENIa JHUCTSM.
i mani orpumani 3 npoxykry MOD15A2H.061: Terra
Leaf Area Index (Myneni et al., 2021). IIpoctopose
pO3pi3HEHHS ILLOTO MPOAYKTY craHoBuTh 500 M, a
mwioma ofHoro mikcena — 250 000 M? abo 25 ra. s
PO3paxyHKy JIUCTOBOi MOBEPXHI BHUKIIIOYHO JICiB Tpeba
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PO3TIISAIATH JIMINE Ti TMIKCENH, sSKi HAJeXKaTh JO JICIB.
Taki mikcenmu MOXKHa BU3HAYUTH 33 JOIOMOTOIO
oTpuMaHOi BuIle Macku JiciB. Ilicias mporo MoxHa
po3paxyBaTH WJIONIy JIMCTOBOI MOBepxXHi JiiciB Bciel
TEpUTOPIT TOCHIPKEHHSI.

Jisi BUSIBIIGHHS TOXKEX BUKOPUCTOBYIOTHCS JaHi,
orpumani 3 nponykry FIRMS (MODIS). IIpocropose
PO3pi3HEHHA WBOrO MpPOAYKTYy cTaHoBuTh 1000 M, a
IIoma OgHOro mikcema — 1 km? a6o 100 ra, wacose
pospizHenns — 1 menb. Illap npoaykry FIRMS nae nani
HE TpO HasBHICTh TOXKEXKi, a BKa3ye TeMIleparypy
3eMHOI TIOBEpXHi, J¢ 3adikcoBaHa Toxexa. ToMmy st
OTPHMAaHHS KapTH MOXeX 3a | JeHb (II0JeHHAa KapTa
MoXKekK) HeoOXimHO TpaHCHOpMYBATH BXIAHHN MIap
FIRMS y 6inapHy Macky, 1e 3HadeHHs “‘1” — HasBHICTh
MIOKEXI B TIKCeNi, a 3HaueHHs “0”” — BIICYTHICTh TTOXKEX1
B mikceni. TakuMm 4MHOM 1S ineHTH(DIKAIl MoXex 3a
BECh IepioJ] AOCIIHKEHHs TpeOa BUKOHATH TTOMIKCEIbHY
CyMY BCIX IIOJICHHUX KapT MOKexX. J[yisi BUSIBIECHHS came
JICOBHX TIOXKEX Tpeda pO3rIIAaTH JIMILE Ti MIKCENH, 110
HaJIeKaTh 10 JjiciB. Takl ImiKcead MOXKHA BU3HAYUTHU 34
JIOTIOMOTOK0  OTPHMAaHOi BHIlle Macku JiciB. ToOTo, B
KOXXHOMY TiKcen Oyae BKa3aHO KiJIBbKICTh JIiCOBUX
MOXEeX, ska Oyna BHsBIEHAa B ILOMY KBaJpaTHOMY
KiJJOMeTpi 32  BKa3aHMW  MepioJ  JOCIIKEHHs.
OtpumaHuii pe3yabTaT MOXHAa BBaXAaTH KapTOK
YaCTOTH JICOBHX IOKENK.

Excnepument

ExcriepumenT  mnepenbadae  TOpIBHSHHS — JICIB
yactiHu Kym’siHCbKOro Jticrocrmy A0 1 MiCHs MOYaTKy
BOEHHUX Jil. OCKUIBKH CTaH Jicy HalOIIbII MOKA30BUI
BJITKY, Uil JOCIHi/pKeHHs Oyno obOpano sito 2021 i
2024 pokis.

Jlyis oLiHIOBaHHS IUIOLI JICIB BHKOPHCTaHO KapTH
kiacudikanii Dynamic World. ¥V 3B’s3ky 3 TuMm, 1o
oOpaHi JaHi 0a3ylOTbCsd HAa ONTHUYHHX 3HIMKaX, IS
JIOCITIJPKEHHS] He0OX1THO 0OMpaTy BUKIIOYHO Oe3XMapHi
3HIMKHA. 3 OISy Ha 1 s aHamizy Oyino oOpaHo
3HiMKH Sentinel-2 3a 22 uepBHs 2021 poky Ta 29 yepBHs
2024 poky. 3o0paxenHs Sentinel-2 s 1mMx jgat
noka3aHi Ha Puc. 2.

a) 0)

Puc. 2. 3nimMku Sentinel-2:
a) 22 gepsHs 2021 poky; 6) 29 uepsHs 2024 poky

Ha ocHoBi 3a3Hauenmx 3HIMKIiB Sentinel-2 Oymo
oTpuMmaHo 1Bi Kapth Kiacugikanii Dynamic World
(Puc. 3).
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Puc. 3. Kapru knacugikanii Dynamic World:
a) 22 yepsHs 2021 poky; 6) 29 uepBus 2024 poxy

3riiHO 3 OTPUMaHUMH KapTaMu Kiacudikamid Oymo
BCTaHOBJICHO, IO IwUIomia Jiicy B 2021 poui cTaHOBMIA
3953 ra, a B 2024 porti — 2357 ra. Takum 4uHOM, TUIONMIA
Jicy 3MeHmmnacs B 1,7 pasis.

OriHIOBaHHS CTaHy JIiCiB mependadano 3alydeHHS
mapiB LAI 3a 18 wepBus 2021 poky ta 25 uepBHs 2024
poky. Jlnsi KOXKHOrO 3 LMX IIapiB OylO 3aCTOCOBaHO
MAacKy JICiB, OoTpuMaHy 3 KapTu kiacudikamii. ITicis
ObOr0 I KOXKHOIO  OTPUMaHoro Imapy Oyio
po3paxoBaHo cymaphe 3HaueHHs LAl. ToOro, 3aranbHa
IUIOIa JIUCTOBOI IOBEpXHIi JiiciB cTaHoBMna 1100 ra y
2021 poui ta 573 ra y 2024 poui. OTxke, HOKa3HHK
smeHmmBess B 1,9 pasis. 3mina LAl y 2024 poui
BigHOCHO 2021 poky BinoOpakena Ha Puc. 4.

I:' He micu
- BincyTne 3menmenns LAI
- 3menmenns LAT

Puc. 4. Kapra 3min LAl y 2024 poui BizHocHO 2021 poky

BpaxoBytoun Te, IO OCHOBHOIO IPUYHUHOIO
TMOIIKO/DKEHB JIICIB € MOXKEeXi, TAKOK OYJI0 MPOBEACHO
MOHITOPUHT JIICOBUX TMOXEK Yy pamkKax oOpaHoi
JocipKyBaHol Teputopii. s mporo Oynu oTpuMmai
OIOACHHI KapTH JHCOBHX TOXEX 3a 2 Tepiogu:
1) 3 24 mororo 2019 mo 22 wepBusa 2021 poky;
2) 3 24 mororo 2022 mo 22 wuepBHs 2024 poky.
Ha ocHoBi mmx maHmx Oynao po3paxoBaHO 2 KapTH
YaCTOTH JIICOBHX MOXEX 3TiAHO 13 3alpOMOHOBAaHIM
anroputMoM. OTpuUMaHi KapTu Moka3adi Ha Puc. 5.

‘ ’ KinbKicTh BUSIBICHHX

' JIICOBHX TIOMKEHK

4 - A |:|He:licu
; ’ ‘f

0)

Puc. 5. KapTut 4acTOTH JIiCOBHX MOXKEXK:
a) 3a mepiox 3 24 motoro 2019 mo 22 uepsus 2021 poky;
6) 3a mepiox 3 24 mororo 2022 no 22 uepsus 2024 poky
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3riqHO 3 HaJaHUMH KapTaMH 4YacTOTH JICOBUX
TMOXKEK OYIIO pO3paxOBaHO 3arajibHY KUIBKICTh TIOXKEXK,
AKi OynmM BHSBJIEHI 3a KOXEH 3 OOpaHHX IIepiofiB
mocmimpkeHHs. 3a mepiom 3 24 mrororo 2019 no
22 gepBHs 2021 poky BusiBiIeHO 33 moxexi, a 3a mepion
3 24 mororo 2022 nmo 22 wuepBHsa 2024 poky —
252 moxkexi. Omke, 3a Tepiof BeACHHS BOEHHUX il
KUTBKICTh JIICOBHX TIOXEX B 7,6 pa3iB Oulblna, HiX 3a
AHAJIOTIYHUHN Tepioa J0 IMOYaTKy ITOBHOMACIITAOHOTO
BTOPTHCHHSL.

BucHoBkn

VY 1poMy AOCTiKEHHI 0yJI0 OI[iHEHO MOIIKOIKCHHS
JiciB Ha dactuHi Teputopii Kym’sHCbkoro microcmy
XapkiBcbkoi oOnacTi BHachinok BoeHHMX aid. Lle
nependavano po3paxyHOK 3MiH SK IUIOHI JICY, Tak i
inaekcy mucroBoi moBepxHi (LAI), mo Bkasye Ha
TYCTOTY KPOH Ta (POTOCHHTETHYHY OioMacy sicy. Takox
0yJI0 pO3pPaxOBaHO Ta MOPIBHSIHO KIIBKICTh MOXKEXK JI0 Ta
ITiJT Yac BEAEHHSI BOCHHUX JIii.

Hdus  po3paxyHKy 3MiH Iwioni Jicy  Oyrno
BUKOpUCTaHO I1Bi KapTu Kiacudikanii Dynamic World,
1m0 0a3yroThCsl Ha CYIMYTHUKOBUX 3HIMKax Sentinel-2 3a
22 wyepBHa 2021 poky Ta 29 uepHa 2024 poky.
Pesynbrat mokasanu, mo Imwioma Jgicy y 2024 poui
3meHInunacs B 1,7 pasiB nopiBHsHO 3 2021 pokoM.

Hdus  pospaxynky 3miH LAl Oyno orpumano
BiamoBinHi naui 3a 18 uepHst 2021 poky Ta 25 yepBHS
2024 poky. PesynbraTH mOKa3zajaM, IO 3arajibHe
3nHayeHHs LAl niciB y pamkax oOpaHoi TepuTopii
JIOCITI/DKeHHsT 3MeHnniocss B 1,92 pasiB, 1m0 CBIAYHTH
PO 3HIKEHHS OioMacHu JIicy.

Takox 0yJI0 MPOBEJEHO MOHITOPHHT JTICOBHX ITOXKEX
3a 2 mepiogu (0 Ta MiJ Yac BEIEHHS BOEHHUX Jii):
1) 3 24 mororo 2019 mo 22 wuepBHa 2021 poky;
2) 3 24 mororo 2022 pmo 22 wuyepBHs 2024 poky.
BcraHoBneHo, MmO 3a Tepiol BEACHHS BOEHHUX i
KIJIBKICTh JIICOBUX TOXEX B 7,6 pasiB Ouiblia, HiX 3a
aHAJIOTIYHUI TIepio /0 TOYaTKy MOBHOMACIITAOHOIO
BTOPTHEHHS.

OTprMaHi B IbOMY JOCII/DKEHHI JJaHI MOXYTh OyTH
BUKOPHCTaHI B  MalOyTHIX  [IOCTIDKCHHSX U
OLIIHFIOBAHHSI MOIIKO/KEHb Ta pu3uKiB (Stankevich et al.,

2023).

Author Contributions:Conceptualization — M. O. Popov and
A. A. Andreiev; methodology — M. O. Popov and A. A. Andreiev;
formal analysis — S. I. Alpert; investigation — A. A. Andreiev
and S. I. Alpert; data curation — A. A. Andreiev, A. R. Lysenko
and S.l. Golubov; writing — original draft preparation —
A. A. Andreiev and M. O. Popov; writing-review and editing:
S. I. Alpert, A. R. Lysenko and S. I. Golubov; visualization —
A. R. Lysenko and S. I. Golubov. All authors have read and
agreed to the published version of the manuscript.

Funding: This research funded by Grant of the National
Academy of Sciences of Ukraine to research
laboratories/groups of young scientists of the National
Academy of Sciences of Ukraine for conducting research in
priority areas of science and technology (2025-2026) for the
project "Development of a geoinformation toolbox for remote
assessment of shelterbelts damaged by military actions"
No. State Registration 0125U001511.

Data Availability Statement: Data available on reasonable
request from the authors.



M. O. ITonos ma in. Ykpaincokuil scypran oucmanyitinozo 3onoyeanns 3emni, 2025, 12(1), 4-8

Acknowledgments: The authors are grateful to the National
Academy of Sciences of Ukraine for supporting this research.
We are also grateful to the reviewers and editors for their
valuable comments, recommendations, and attention to the
work.

Conflicts of Interest: The authors declare no conflict of
interest

Buecox aBtopiB: Konmenrtyamizamis — M. O. Ilomos;
Metononorist — A. A. AHzapeeB, GopManbHUI aHam3 —
M. O. IlomnoB Ta A. A. AHnpees; nocmipkeHHS — A.A. AHIpeeB
ta C.I. Anmpmepr; oOpoOieHHs manux — A. A. AHzpees,
A. P. Jlucenko ta C. I T'oxy0OoB; migroroBka TEKCTy CTaTTi:
aBTOpchkuii pykormuc — A. A. AnnpeeB Ta C. 1 Aunbnepr;
perien3yBanHs Ta peaaryBanus — C. 1. Ansnept, A. P. JIucenko
ta C. I. Tomy0OoB; Bisyamizaris — A. P. JIucenko Ta C. L. T'ory6oB.
Bci aBropm mpoudTanM Ta TOTOAWIINCS 3 OITYOJIKOBaHOIO
BEPCIEI0 PYKOIIHCY.

®@inancyBanns: Lle mocmimkeHHs npogiHaHCOBaHE T'PaHTOM
HAH Vkpaium  pocnigauiekuM  JrabopaTopism / rpymam
monoaux BueHnX HAH Ykpainu i nmpoBeneHHs TOCIiKEHb
3a TPIOPUTETHHMH HAampsSMaMH PO3BHTKY HAyKH 1 TEXHIKH y
2025-2026 pp. y pamkax TpoekTy ‘“’Po3pobka Habopy
reoiHpopMalifHUX  IHCTPyMEHTIB Il  JAUCTAaHLIHHOrO
OLIIHIOBAaHHS CTaHy JICOCMYT, MOIIKO/DKEHUX BHACIIJIOK
BOEHHHUX 11ii1” Ne nepik. peecrpauii 0125U001511.
JoctynHicTs ganunx: Jlani MoxyTb OyTH HaJaHi aBTOpaMu 3a
OOIPYHTOBaHHUM 3aITUTOM.

Monsixkm: Asropu Brsuni HarjonaneHili akagemii Hayk
VYkpalHu 3a MiATPUMKY BOTO JOCIHIIKEHHS. MU TakoX BISTYHI
peueH3eHTaM 1 pejakTopaM 3a iXHI IHiHHI KOMeHTapi,
peKoMeHallii Ta yBary 10 poOoTH.

Konduiktn inTepeciB: ABTOpU 3asBISIOTH, 0 HE MAalOTh
KOHQJIIKTY iHTEepeciB

Jlireparypa / References

Andreiev, A., Artiushyn, L. (2024). Improvement of land cover
classification accuracy by training sample clustering.
Radioelectronic and Computer Systems, 66(2), 66-72.
https://doi.org/10.32620/reks.2024.2.06.

Brown, C. et al. (2022). Dynamic World, Near real-time global
10 m land use land cover mapping. Scientific Data, 9(251).
https://doi.org/10.1038/s41597-022-01307-4.

Buchhorn, M., Lesiv, M., Tsendbazar, N., Herold, M., Bertels,
L., & Smets, B. (2020). Copernicus Global Land Cover
Layers — Collection 2. Remote Sensing, 12(6), 1044.
https://doi.org/10.3390/rs12061044.

Friedl, M., Sulla-Menashe, D. (2022). MODIS/Terra+Aqua
land cover type yearly L3 global 500m SIN grid V061
[Data set]. NASA EOSDIS Land Processes DAAC.
https://doi.org/10.5067/MODIS/MCD12Q1.061.

Kokhan, S. (2007). Classification of remotely sensed data.
NATO science for peace and security. Series C.
Environmental security, 239-247. https://doi.org/10.1007/
978-1-4020-6438-8_14.

Kozlova, A., Stankevich, S., Svideniuk, M., Andreiev, A.
(2021). Quantitative Assessment of Forest Disturbance

with C-Band SAR Data for Decision Making Support in
Forest Management. In Lecture notes on data engineering
and communications technologies (pp. 548-562).
https://doi.org/10.1007/978-3-030-82014-5_37.

Matsala, M., Odruzhenko, A., Hinchuk, T. et al. (2024)
War drives forest fire risks and highlights the need for
more  ecologically-sound  forest management in
post-war  Ukraine. Scientific  Reports, 14, 4131
https://doi.org/10.1038/s41598-024-54811-5.

MODIS Collection 6 NRT Hotspot / Active Fire Detections
MCD14DL. URL.: https://earthdata.nasa.gov/firms.

Myneni, R., Knyazikhin, Y., Park, T. (2021). MODIS / Terra
Leaf Area Index/FPAR 8-Day L4 Global 500 m
SIN Grid V061 [Data set]. NASA EOSDIS Land
Processes  Distributed  Active  Archive  Center.
https://doi.org/10.5067/MODIS/MOD15A2H.061.

Popov, M., Stankevich, S., Mosov, S., Titarenko, O., Dugin, S.,
Golubov, S., & Andreiev, A. (2022). Method for
Minefields Mapping by Imagery from Unmanned Aerial
Vehicle. Advances in Military Technology, 17(2), 211-229.
https://doi.org/10.3849/aimt.01722.

Popov, M., Andreiev, A., Alpert, S., Golubov, S., Lysenko, A.
(2024). Damage Assessment of the Kupiansk Forest Farm
as a Result of Military Actions by Remotely Sensed Data.
International  Conference of Young Professionals
“GeoTerrace-2024”, 1-5. https://doi.org/10.3997/2214-
4609.2024510058.

Stankevich, S., Kozlova, A., Zaitseva, E. Levashenko, V.
(2023). Multivariate risk assessment of land degradation by
remotely sensed data. International Conference on
Information and Digital Technologies (IDT), 45-50.
https://doi.org/10.1109/1DT59031.2023.10194398.

Stankevich, S. A., Kozlova, A. A., Piestova, I. O., Lubskyi, M. S.
(2017) Leaf area index estimation of forest using sentinel-1
C-band SAR data. MRRS 2017 — 2017 IEEE Microwaves,
Radar and Remote Sensing Symposium, Proceedings,
8075075, 253-256. https://doi.org/10.1109/MRRS.2017.
8075075.

Tomchenko, O.V., Khyzhniak, A.V., Sheviakina, N. A,
Zahorodnia, S. A., Yelistratova, L. A., Yakovenko, M. I., &
Stakhiv, I. R. (2023). Assessment and monitoring of fires
caused by the War in Ukraine on Landscape scale. Journal
of Landscape Ecology, 16(2), 76-97. https://doi.org/
10.2478/ jlecol-2023-0011.

Trofymchuk, O., Vishnyakov, V., Sheviakina, N., Klymenko,
V., & Tomchenko, O. (2022). Detection of thermal
anomalies as a result of military actions in Ukraine
by remote sensing methods. SGEM International
Multidisciplinary Scientific GeoConference.
https://doi.org/10.5593/sgem2022/2.1/s10.35.

Zanaga, D., Van De Kerchove, R., De Keersmaecker, W.,
Souverijns, N., Brockmann, C., Quast, R., ... Arino, O.
(2021). ESA WorldCover 10 m 2020 v100 [Dataset]. In
Zenodo (CERN European Organization for Nuclear
Research). https://doi.org/10.5281/zenodo.5571936.

FOREST DAMAGE ASSESSMENT OF A PART OF KUPYANSK FORESTRY DUE TO FIRES CAUSED BY MILITARY

ACTIONS
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The Russian-Ukrainian war has led to considerable damage to Ukraine's forests. Over two years of war, more than 60,000 hectares of
forest have been destroyed in the occupied territories. The losses from timber destruction alone exceed 14 billion hryvnias, while the
total cost of restoring environmental damage could be significantly higher. Particularly in the Kharkiv region, where approximately
40-45 % of the forested areas have been impacted by wildfires triggered by ongoing military operations. It is well-established that
the destruction or loss of forests has significant negative implications. In this study, we have assessed the damage to a part of
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Kupyansk Forestry in the Kharkiv region. Three indicators were selected to assess forest damage: forest area, their condition, and
wildfires. Data for these indicators were sourced exclusively from Earth observation (EO) technologies. The forest area was
evaluated using Dynamic World classification maps, while the Leaf Area Index (LAI) from MODIS products was utilized to assess
forest conditions. Given that ground-based research is impossible due to landmines, the data for each of these indicators was obtained
only from remote sensing sources. This indicator reflects what part of the leaf surface covers the pixel area. Thus, LAI can be used to
estimate the canopy density. Wildfires were detected using the FIRMS product. The analysis indicated the following changes in the
study area: As of 2024, the forest area decreased by 1,7 times compared to 2021; LAI values for the forests fell by 1,92 times over
the same period; and the number of wildfires during the military conflict (from February 24, 2022, to June 22, 2024) was 7,6 times
higher than in the corresponding timeframe before the full-scale invasion (from February 24, 2019, to June 22, 2021).

Keywords: forest damage assessment, classification maps, Leaf Area Index, canopy density.

Pykxonuc cmammi ompumano 21.10.2024

Haoxooocenns ocmamounoi éepcii: 10.03.2025
Ilybnixayis cmammi: 30.03.2025

Online ISSN 2313-2132 8



