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B pabote mpencraBieHbl pe3yabTaThl MOISIMPOBAHMS PUCKAa BO3HUKHOBEHUS JICCHBIX IOXapOB Ha 3arane
npoBuHIIMY HreaH (ceBepo-lieHTpabHas YacTb BheTHama), moyyeHHbIe Ha OCHOBE JaHHBIX TUCTaHIIMOHHO-
ro 3oHaupoBaHus u T'MC. C moMo1Ipio MeTOI0B MalIMHHOTO 00ydeHus : ciydaitHoro jieca (Random Forest),
ornopHbIX BekTopoB (Support Vector Machine), nepeBbeB kinaccudukaunu u perpeccun (Classification and
Regression Trees) ObITM MOCTPOECHBI MOAETN BO3HUKHOBEHMS JIECHBIX MOXApOB. B Momensix y4uTwIBaaucCh
NEBATb OCHOBHBIX (haKTOPOB, OMPENENSIIONINX BEPOSITHOCTb BOSHUKHOBEHUSI JIECHBIX MOXAPOB, CPEAN HUX:
KOJINYECTBO (pUTOMACCHI pACTUTEILHOTO TTOKPOBA, MIOBEPXHOCTHAS 9BallOTPAHCITUPALIUs, BHICOTA MECTHOCTHU
HaJl YpPOBHEM MOpSsI, HAKJIOH W SKCTO3UIINS CKJIOHA, CKOPOCTh BeTpa, TeMIlepaTypa 3eMHOM TTOBEPXHOCTH,
CpeIHEMECTIYHOE KOJTMYECTBO OCANKOB, TJIOTHOCTh HACeJIeHUS Ha TepPUTOPUU. PaszmmyHble 3HAYeHUS Ta-
paMeTPOB B aJITOPUTMAaX MAIIMHHOIO 00y4YeHUsI ObLIM MCCIed0BaHbI ISl BIOOpa MojaeaM, Hanboiee TOYHO
NpenckasbiBaollell BOSHUKHOBEHME JIECHBIX MTOXAapOB. YCTAHOBJEHO, UTO METOJI, CJTy4aiiHOTO Jieca Co 3Haye-
HUEM TapaMeTpa “KOoJM4YecTBO AepeBbeB pelleHuii”, paBHbIM 100, nMeeT HauOOJIbIITYI0 TOYHOCTh MPOTHO3M -
pPOBaHMS pUCKa JIECHBIX MTOXAPOB Ha UCCIIENyeMOI TEPPUTOPUH.

Karouesole croga: necHble IOXaphl, OLIEHKM pHCKa BO3HMKHOBEHUS, TUCTAaHIIMOHHOE 3oHmupoBanue, [UC,
METObl MalIMHHOIO 00y4YeHusI, TpoBUHLMS Hrean
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BBEJAEHUE

BbetHaMm — cTpaHa, 9eTBEpPTh TEPPUTOPUN KOTOPOI
COCTAaBIITIOT TOPHBIE PANOHBI C JIECHCTOCTBIO Oojiee
42%. Jleca ABIISIIOTCS BaXKHBIM SKOJIOTUIECKUM PECyp-
COM CTpaHbl, HEOOXOMUMBIM UISI COIMATbHO-3KOHO-
MMYECKOIo pa3BuUTHs oOliecTBa. B nocnenHee Bpems
BCJIENICTBUE AESITEIbHOCTU YeIoBeKa, a TakKe U3MeHe-
HUsI KJIMMaTa KOJWYECTBO JIECHBIX MOXapoB BO BreT-
HaMme BO3pOCJIO, YBEIWYWICS U YylepOd, HAHOCUMBIi
MOXapaMu JIECHbIM PECYpCaM.

JlecHoil moxap mpencrabisgeT co0oif KaTacTpo-
(buueckoe sBIEHHE, C KOTOPbIM TPYOIHO OOpPOTHCH.
BosropaHuio u pacnpocTpaHEHUIO JIECHBIX MOXapOB
CIIOCOOCTBYET MHOXECTBO IPUYMH, CPEAU KOTOPBIX
MPUCYTCTBYET YeloBeUeCKMid (pakTop, Tomorpadmye-
CKME€ M METEOPOJIOTMYECKUE XapaKTEPUCTUKU TeppHu-
Topuu. Pa3paboTka Mozesiei IIpOorHO3UPOBaHUS JIECO-
MOXKAPHOM OIMACHOCTHU SIBJISIETCS aKTyaJlbHOM 3amayeid.

I'eorpocTpancTBEHHBIE TEXHOIOTUN 3(PHEKTUBHO HC-
TTOJTB3YIOTCS TIPU TIOCTPOSHUM MOIEJeil IIPOrHO3UPO-
BaHUS PUCKa JIECHBIX TTOXapoB. IMcTaHIIMOHHOE 30H-
IupoBaHMe U reorHpopmalmoHHble cuctembl (ITMC)
IO3BOJISIIOT  OIlEpaTMBHO coOMpaTh MH(MOPMALIIIO
0 JIECHOM TIOKpPOBE JUIS aHaJIu3a, YIPaBIeHUs Teppu-
TOPUSIMU B LIEJISIX PAHHETO MPEayNpEeKIeHUS JIECHBIX
noxapoB (bounyp u np., 2016; bouayp, I'opmo, 2018)
1 WX HEraTUBHBIX MOCJEACTBUII, B TOM YUCJIEe CBSI3aH-
HBIX C BMUCCHUSIMU BpEIHBIX MpuMeceil B aTMocdepy
(bonayp, 2015; Bounyp, [mH306ypr. 2016).

HccnemoBaHue JecoIoXapHoil OITacHOCTH 0OHApY-
JKMBAeT TECHYIO CBSI3b MEXIY IOIOMIHBIMU YCIOBUSIMU,
BJIaXXHOCTBIO PACTUTEJILHOTO IIOKPOBa, (akTtopamu
penbeda U BEPOSITHOCTBIO BO3HUKHOBEHUSI JIECHBIX
noxapoB (Beals E.A., 1914). IToMMMO Takux MeTeO-
poJiorn4ecKux (HakTOpPOB, KaK KOJIMYECTBO OCAIKOB,
TeMrepaTypa M BIaxHOCTh Bozayxa (Williams, 1993),
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BaXHYIO pOJIb B BO3HMKHOBEHWHM JIECHBIX ITOXAapOB
WUIPAIOT CKOPOCTh BETPa, IVIOTHOCTh HACEIEHMSI, KOTO-
pble YBEIMYMBAIOT PUCK BOSHUKHOBEHMS JIECHBIX I10-
xkaposB (Dong, 2005).

HucranunonHoe 3oHaupoBaHue u ['MC-texHo-
JIOTUM TIPUMEHSUIUCh BO MHOTUX MCCJENOBAHUSX IS
MOCTPOEHUS MoJeieil MPOrHO3UPOBAHUST MOXKapPOO-
MAcCHOCTHU Jieca Ha OCHOBE COYETaHMSI TPAAULIMOHHBIX
METOIOB U COBPEMEHHBIX METOIOB OOpPaOOTKM IIpO-
CTPAHCTBEHHbBIX JaHHbIX. ONHNM U3 TIEPBbIX TPOEKTOB
B 00JIaCTU TIpUMEHEHUs AUCTAHLIMOHHOTO 30HAUPO-
BaHust U TMIC 11 mporHo3MpoBaHUs pUCKa JIECHBIX
noxapoB siBisietcsi EBponeiickas nHdopMalMoHHast
cucrema no JjecHoiM noxapaM (EFFIS), co3manHas
EBponeiickiuM 1IEeHTPOM Hay4YHO-MCCJIEI0BATEbCKOTO
corpynandectBa B 2000 romy. Cucrema EFFIS mo3Bo-
JIsIeT TIPOTrHO3UPOBATh MOXAPHYIO OMAacHOCTh, CBOEB-
pEMEHHO OOHapyXuBaTh JIECHBIE MOXaphl, KapTorpa-
(bupoBath oyaru rmoxapon, a Takxe OlLlEeHUBATh yilepo
OT JIECHBIX TOXapoB. JJaHHbIe TUCTAHLIMOHHOIO 30H-
JUPOBAHMS, UCTIOJIb3yEMbIE B 3TOI CUCTEME, PENCTAB-
JIS0T coboit cmytHuKoBble cHUMKU MODIS, VIIRS
u Sentinel 2 MSI (https://effis.jrc.ec.europa.eu/apps).

Yassemi u np. (2008) oObeOMHUINU TEXHOJOTUIO
TNC, momenu oKpyxKarolleil cpeabl U KIECTOUHbIE aB-
toMatbl Mypa (CA) st co3naHusi MOIEIU MPOTHO3U-
pOBaHUS JIECHBIX TOXapoB Ha Tepputopuu Hopaerr
AnvOepra (Kanana). IlosydyeHHbIEe pe3yabTaThl MOKa-
3bIBAlOT COOTBETCTBUE MEXIY pe3yJbTaTaMu MOIEIU-
pOBaHUSI U JaHHBIMU O MoXapax B paiioHe McClaeno-
BaHus. MHterpanus texHonorun GIS-CA mo3BossieT
PEATUCTUYHO MOJENIUPOBATh CLIEHAPUHU JIECHBIX TMOXa-
poB (Yassemi et al., 2008). B uccnenoanuu (Wimberly
et al., 2007) KCIIOJIb30BAINCh PA3HOBPEMEHHBIE CITYT-
HuKoBble cHUMKU Landsat mjis KaprorpacdupoBaHUs
MHTEHCUBHOCTHU JIECHBIX MOXApOB B I0XKHBIX ATaia-
yax (Cemepnast Kapomuna, CIIA). HopmanmnzoBaH-
Helit uHaeke rapeii (NBR), paccunrtaHHbIli 1O 130-
OopaxeHussM Landsat B O1>KHEM M KOPOTKOBOJTHOBOM
WHOpaKpacCHOM IMarna3oHax, IPUMEHSIICS I OLIeH-
KM M3MEHEHMSI 36MHOIO TOKpOBa 10 W MOCje TMoXa-
pa. Chowdhury u ap. (2013) ucronb3oBaiu CIyTHU-
koBble cHUMKM MODIS 151 omnpeneneHnsT BXOTHBIX
napaMeTpoB, TakKUX KaK TemIlepaTypa IOBEpXHOCTH,
HOPMAaJIM30BaHHBIII MHOTOKAHAJbHBIA MHAEKC 3aCyXu
(NMDI), unnexc TemnepaTypbl M BJIaXKHOCTA PacTH-
teapHocT (TVWI) ¢ 11ebio nocTpoeHusT KapThl IIPOo-
THO3UPOBaHUS pucKa JiecHbIX noxapoB (Chowdhury
et al., 2013). ITomydeHHBIE pe3yabTaThl ITOKA3aIH, 9TO
moutr 92 % NecHBIX OXapOB IMTPOM3OIILITN Ha TEPPUTO-
pyM, OTHECEHHOM K KaTEropuu OY€Hb BBICOKON TOXa-
POOITaCHOCTH.

B Hacrosmee BpeMs METOIBI MAITMHHOTO M TIIy00-
Koro odyueHus (artificial neural network, random forest,
support vector machine) UCIOIB3YIOTCS [IJIsI TIOBbIIIIE-
HUST TOYHOCTH MOMIENe IPOTHO3MPOBAHMS JIECHBIX
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noxapoB (Vasilakos et al., 2009; Oliveira et al., 2012;
Bui et al., 2016, 2017). HanpuMep, u3y4ainch METOIbI
MHoOXecTBeHHOIT perpeccun (Oliveira et al., 2012), 10-
ructudeckoi perpeccuu (Pourghasemi, 2015), reorpa-
¢uuecku B3BemeHHoU perpeccun (GWR) (Fernandez
etal., 2012), METOObI MHTEJUIEKTYaILHOTO aHAIM3a JaH-
HbIX (Arpaci et al., 2014).

Iban u Sekertekin (2022) MCIIOIb30BaIM TEIIOBLIC
aHomanuu usoopaxkeHuit MODIS u Takue MeTonbl
mTyOOKOro oOydeHHUs, KaK METOI OIOPHBIX BEKTOPOB,
JTUCKPUMWHAHTHBIN JIMHEHHBIA aHaJu3, METOM CJIy-
YJalfHOTrO Jieca JJIs1 IIPOrHO3MPOBAHMS JIECHBIX TT0KapOB
Ha Tepputopuu Agana u Mepcun (Typuwmst). Uccneno-
BaHMe M0KAa3aji0, UTO Takue (haKTOphl, KaK BbICOTA HaJl
YPOBHEM MOpsI, VKIIOH CKJIOHA U TeMIlepaTypa, OKa3bl-
BaJii HauOOJIbllIee BIMSIHNE Ha PUCK BO3ZHUKHOBEHUS
JIECHBIX II0XapoB B paitoHe HaOmopenmii (Iban and
Sekertekin, 2022).

B pa6ore Ruano u ap. (2022) BereTallMOHHbIIA UH-
nexkc NDVI u manHbie 0 penbede TeppuTopmu, 3ara-
cax IOXapooIacHBIX MaTepuaJioB M TPaHCIIOPTHOM
MHPACTPYKTYpe, UCIIONB30BATUCH UISI TIOCTPOEHMS
MoreNneii BO3HUKHOBEHMS JIECHBIX TOXapoB. B xome
BKCIEPUMEHTOB UCCIEA0BAIUCh O000IIEHHBIEC JIMHEH-
Hele Moaenu (GLM), 0600111eHHbIe aAAUTUBHBIE MOE-
g (GAM) 1181 OLIeHKY BEPOSITHOCTH JIECHBIX TTOXAPOB
(Ruano et al., 2022). UMeroTcst TaKKe U ApyTrre padoThl
(Jaiswal et al., 2002; Enod et al., 2021; Herrera et al.,
2022; Sivrikaya, Kucuk, 2022), B KOTOpbIX ITPOrHO3U-
poBaJicsl PUCK BO3HUKHOBEHMSI JIECHBIX TOXApOB Ha
OCHOBE COBMECTHOTO MCTIOJIb30BaHUS JAHHBIX TUCTaH-
muoHHoro 3oHgupoBanust, [MC u MeTonoB MalllMHHO-
ro ¥ IITyOoKoro ooy4yeHwusl.

HccnenoBaHust 1o MpOrHO3MPOBAHUIO JIECHBIX TTO-
KapoB MpoBoAsATCSI BO BheTHame ¢ KoHlla XX Beka,
MepBOHAYAILHO HA OCHOBE MMPUMEHEHMSI COBOKYITHOTO
unaekca Hecrepopa (Pham, 1988; Vo, 1995; Tran et al.,
2010). ITo3xe, mpu MPOrHO3UPOBAHUM JIECHBIX ITOXa-
pPOB, CTajJlu UCIOJIb30BAThCSl JAHHBIE O TeMIlepaType
MOBEPXHOCTH, PACCUYUTAHHBIE MO KOCMHYECKUM HU30-
OpaxkeHUsSIM B TEILUIOBOM HMH(MpaKpacHOM Auana3oHe
(n3o0paxenust Landsat, MODIS), pe3yabratel Impo-
THO3UPOBAHUSI BU3yaIU3UPOBAIUCH ¢ TTomolibio [TNC
(Vuong, 2005; Doan, 2007; Tran et al., 2016). JlanHbie
Ter1oBoro nHdpakpacHoro kaHana Landsat mpumeHsi-
JINCH JJ151 OOHAPYKEHMUSI TTOA3EMHBIX TTOXKApOB B YTOJib-
Heix maxrtax (Trinh, 2014; Trinh, Zablotskii, 2017).
B nocnenHee BpeMsl Ipy OLIEHKE pUCKa JIECHBIX MOXa-
POB B CeBEpHBIX F'OpHBIX paiioHax BreTHama (Nguyen
et al., 2018; Dang, 2021; Hoang et al., 2020) ucmnonb-
30BajiiCh METOAbl MAIIMHHOTO OOY4YeHUSI Ha OCHOBE
JAHHBIX AUCTAHIIMOHHOTO 30HIWPOBAHUS. YCTaHOB-
JIEHO, YTO METOAbI MAIIIMHHOTO OOYyYEHUsI MO3BOJISIOT
MPOTHO3UPOBATh PUCKM JIECHBIX MTOXAPOB C OOJbIIEH
TOYHOCTBIO, YeM TPaAULIMOHHBIE METOIbI C UCIIOJIB30-
BaHMEM TEXHMKHN HMepapXxMUecKoro aHanmusa. B memom

Nel 2024
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BBIIIIEYKAa3aHHbIE PabOTHl MPOIEMOHCTPUPOBAIN 3(]-
(EeKTUBHOCTh IUCTAHIIMOHHBIX MeTonoB u I'MC-Ttex-
HOJIOTUM TIpU pa3paboTKe MoeIeit OLleHK! prcKa BO3-
HUKHOBEHMSI JIECHBIX MTOXXAPOB.

B nmanHoit paboTe Tpu MOMyJISIpHBIX alTOpUTMa Ma-
IIMHHOTO O0y4YeHMs: MeTon ciydaitHoro yieca (RF),
METOJI ONOPHBIX BeKTOpoB (SVM) u MeTon NepeBbeB
knaccupuxkanym u perpeccun (CART) nmpuMeHsuuch
JIUIS1 pallOHUPOBAHMS MOXKAPOOIACHOCTHU JIECHOI Tep-
putopun. B pesynsraTe MomeIMpoBaHUS ITOTydYeHa
KapTocxema JIeCOMoXapHOi OMacHOCTU 3aragHoi Ja-
ctu ipoBuHUMU Hrean BrerHama.

MNCXOAHBLIE AAHHBIE U METOIMKA
OBPABOTKHN JAHHDBIX

Hccnedyemasn meppumopus u danHvle
OUCMaHyUOHHO020 30HOUPOBAHUS

Hccnenyemasi tepputopus. Wcciemyemass Teppu-
TOpHUS pacrnoyioXeHa Ha 3amaie npoBMHUMM HreaH,
B CEBEepO-lLEHTpalbHOU 4yactu BheTHama, ¢ reorpa-
(pmueckumu koopmuHatamu ot 18°33' mo 20°01" c.m.

G S Ll
B L\-i
N L

u ot 103°52' mo 105°48' B.4. (puc. 1). MecTHOCTb MMeeT
CJIOKHBIN penbed, CHIBHO pacuyjieHeHHBI XOJIMaMu,
ropaMu, CUCTEMOM peK U Py4IbeB.

ITnomane 1ecoB 1 TecHBIX yroguii mpoBuHLIMKY Hre-
aH 3aHuMaeT 6osiee 58%, (MHUHUCTEPCTBO CEIHLCKOIO
XO34ICTBA U Pa3BUTUS CEIbCKUX paiiloHOB, BreTHaM,
2021 r.). XOTsI JIECHOI TIOKPOB TEPPUTOPUN UMEET TEH-
JIEHLIMIO K YBEJIMYEHMIO B IIOCJIEIHUE TOAbI, OOIbIIasK
YacTh HOBBIX JICCHBIX TUIOINAACH IIPOBUHILIMUA — 3TO Jie-
cornocanku. EcTecTBeHHBII Jiec UMeeT 3aMETHOE CHU-
XKeHMe KaK KayeCTBa, TaK 1 IJIOIIAIN.

IIpoBuHLIMS pacroiokeHa B 30HE TPOIMYECKOTO
MYCCOHHOI'O KJIMMaTa C KapKuUM, BJI&XXHBIM M JOXI-
JIMBBIM JIETOM (C Masl MO OKTSIOpPb) M XOJOAHOM, Me-
Hee MOXIIMBOIT 3uMOil (¢ HOSIOps 110 ampenb). M3-3a
cyxoro BeTpa (E€H, MYIOILIEro ¢ rop Ha paBHUHY U Je-
SITETBHOCTU 4esioBeka HreaH siBisieTcsl paiiloHOM CO
CJIO)KHBIMU JIECHBIMU MOXapaMU U BLICOKMM YPOBHEM
(V — upe3BbIUaiiHO OMACHBIN YPOBEHb) PUCKOB UX BO3-
HUKHOBEHHS.

JlanHble JMCTAHIMOHHOTO 3OHIMPOBAHMS. MyJib-
TUCTIEKTpaJibHble u300paxeHusi Sentinel 2 MSI wuc-
TOJIb30BAJIMCH IS pacyeTa BEreTalliOHHOTO MHAEKCA,
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Puc. 1. MecronosioxeHue uccienyemoii reppuropuu. CripaBa BBEpXy — aIMUHUCTpAaTUBHAs KapTa, BHU3y — Landsat uzo-

OpaxeHue npoBUHLUUK HreaH.
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n3obpaxkeHus: Landsat 8 — mJist BBIYMCIEHUST TeMIiepa-
TYpbI 3¢eMHOI1 TOBEpPXHOCTU. JIaHHBIE TUCTAHLIMOHHOTO
30HIMPOBAHUS COOMpaICh U 00padaThIBAIUCh HETIO-
CPEICTBEHHO Ha TuiaTdhopMe OO0JIaYHBIX BbIYMCIECHU
Google Earth Engine (GEE).

g co3gaHusg  0e300j1a4HOTO  M300pakeHUs
ObI10 0TOOpaHo 65 cueH Sentinel 2 MSI (Sentinel 2A
u Sentinel 2B), caenmaHHbIX 3a mepuon ¢ 15 HOsIOPs
2021 1. o 16 suBaps 2022 1., 3aTeM BBIUKUCIISICS HOP-
MaJTM30BaHHBIM Pa3HOCTHBINM MHAECKC PACTUTEITEHOCTH
(NDVI). dna pacuyera TeMmIepaTypbl 3eMHOI MOBEpPX-
HOCTH UCTOJIb30BAINCh MYJIBTUCTICKTPAIbHbIE CHUMKU
Landsat 8 OLI_TIRS (tpacca/psim: 127/047, 127/046
n 128/046, cnenanuble 3a nepuoxn ¢ 15 Hostops 2021 1.
no 16 susaps 2022 r). Ha puc. 2 npenctaBieHbl U30-
opaxenus Landsat 8 1 Sentinel 2 MSI 3ananHoii yactu
npoBuHIIMKM HreaH.

Memooduka obpabomku darubix

B Monensix mporHo3upoBaHMsl pUcKa BOBHUKHOBE-
HUS JIECHBIX TTOXapOB Ha WMCCIIEAyeMOM TeppUTOPUU
HCTIOB30BAINCH CIICAYIONINE TTApAMETPHI:

1. Bereraumonnsrii uaaekc NDVI;

2. IloBepxHOCTHasI 3BanoTpaHcnupauys (Mo JaH-
HeiM MODIS);

3. Boicota MecTtHOCcTU Han ypoBHeM Mops (DEM
SRTM);

4. HakJtoH CKJIOHA;

5. DKCIO3UIINS CKJIOHA;

6. CKopoCTh BETpA;

7. Temriepatypa 3¢MHOI1 IOBEPXHOCTH;

104°0'0"E 105°0'0"E

20°0'0"N 20°0'0"N

Landsat 8

8. CpemHeMecsIIHOe KOJIMIECTBO OCAIKOB;
9. I1mOTHOCTD HaceIeHHS.

HMugexkc NDVI (Rouse et al., 1973) xapakTepuso-
BaJl KOJIMYECTBO (PUTOMACCHI PACTUTEIIBHOIO TTOKPOBa
B MOJZEJISIX TPOTHO3MPOBAHUS JIECHBIX TTOXKAPOB U pac-
CUYMTBIBAJICS U3 3HAYEHUI CIIEKTPAIBHOM OTpaKaTeib-
HOIf CITOCOOHOCTH B KpaCHOM M OJIVKHEM MHGpaKpac-
HoM KaHanax Sentinel 2 MSI.

DBanoTpaHCIUpalrs MOBEPXHOCTU BHIYUCIAIACH
13 Habopa CIYTHUKOBBIX M300paxeHuii MODIS Ha
miatgopme GEE ¢ mpocTpaHCTBEHHBIM pa3pelleHueM
1000 wm.

TeMmepaTypa 3eMHOIl MOBEPXHOCTH DPAaCCUMTHIBA-
JlaCh M3 IAHHBIX TEIUIOBOr0 MH(OPAaKpacHOro KaHaja
crytHuKa Landsat 8 Ha ocHoBe monenn HACA (https://
www.usgs.gov/landsat-missions/landsat-8-data-users-
handbook):

Ty=—p>— (1)
K bl
In(=—+1
n(L )

8

rae T — ApKocTHas TeMItepaTypa moBepxHocTH (K);
K, n K, — nepBast 1 BTOpast KaTMOPOBOYHBIE KOHCTAH-
THI, 3allCaHHbIE B (hailyie MeTagaHHbIX U300pakKeHUS
Landsat.

st pacyera TemIiepaTypbl MOBEPXHOCTU HCHOJIb-
30Bajicsl BereTallMoHHBI MHAeKC NDVI ¢ ydetom
Ko3(ppulMeHTa U3Iy4eHUs] TTOBEPXHOCTU B COOTBET-
CTBUM C METOIOM, IpemnoxkeHHbIM Valor m Caseless
(Valor u Caseless, 1996):
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a Landsat 8

19°00"N

19°0'0"N [

0510 20 30 4
-zn::—ol(jlometers
L

104°0'0"E

Puc. 2. 3o6paxenus Landsat 8 u Sentinel 2 paitoHa ncciaenoBaHMsI.
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e=¢pP, te(l-P), (2)

rae € — Ko3(pOUIIMEeHT U3IydeHUs] OT HEOTHOPOTHOM
MOBEPXHOCTH;

€, — KO3(p(PUILIMEHT U3TyYeHUs] YUCTOTO PACTUTENbHO-
IO TTIOKPOBA;

&, — KO3 DULIMEHT U3JIy4eHUSI OTKPBHITOMN MOYBHI;

P, — oTHOIIIEHNWE TIIOMIAAN PACTUTEILHOCTH M TIOYBBI
B MUKCEJIE, PACCYUTAHHOE O (hopmyIie:

2
» NDVI — NDVI,;. 3)

v =\ NDVI_..— NDVI . |

B 3akimoynTeNbHON YacTW aJiropuTMa OO0pabOTKU
JAHHBIX OCYIIECTBJISUIOCh BBIYMCIIEHWE MOBEPXHOCT-
Hoii Temnepatypsl (LST) mo opmyie:

LST = BV , “4)

1+ pBlns

e A — JUIMHA BOJIHBL,
p — KoHcTtaHTa (1.438:1072 M- K).

Ludposast monenb penbeda, ITOCTPOSHHAs Ha OC-
HoBe Shuttle Radar Topography Mission (DEM SRTM)
C IPOCTPAHCTBEHHBIM paspemieHrueM 30M, mpume-
Hsutach 111 co3manust [IC cimoeB TomorpagpuiecKux
JaHHBIX. [ToayyeHHbIe TaHHbBIE OBIIA COXpaHEHBI U OT-
pedakTUPOBAHEI C ITOMOIIBIO IPOTpaMMHOTIO obecre-
yenus ArcGIS10.

JlaHHBIE O TUIOTHOCTHA HACEJIEHMST Ha UCCIeayeMOoi
TeppUTOPUN TTOJydeHBI U3 0a3bl AaHHBIX WorldPop
(https://data.worldpop.org/). JlaHHbBIE O CKOpPOCTHU
BeTpa, CpeAHEMECIYHOM KOJWYECTBE OCAIKOB, U TIO-
BEPXHOCTHAs 3BAINlOTPaHCHUPALIMS MOJydeHbl U3 0a3bl
gaHHbix  WorldClim  (https://data.worldclim.org/).
Paszpemenue m3obOpaxkeHUit, B3SITHIX U3 0a3 TaHHBIX
WorldPop 1 WorldClime, coctapstizo 1000 M.

Bcee neBsate TYIC cnoeB JaHHBIX MOJEIU ITPOTHO-
3UPOBAHUS JIECHBIX IIOXAPOB WMHTEPIOINPOBAIUCH
JI0 TIPOCTPAHCTBEHHOTO pa3peieHus B 10 M 11 obe-
CIIeYeHUsI COIJIaCOBAHHOCTU IO pas3pellieHUI0 C U30-
opaxenussmu Sentinel 2 MSI. laHHbBIe TPUBOIMIMCH
K OIWHAKOBOMY IIPOCTPAHCTBEHHOMY pa3pelIeHUIO
C TOMOIIIBIO aJITOPUTMA MHTEPIIOJSIIUM OJIMKANIIEro
cocena.

Hab6op mannHbIX 0 moxapax Bkjtodai 120 Touek, co-
6panHHbIX B iepuo ¢ 2019 o 2023 rox Ha OCHOBE 3aITH-
ceit o moxapax lemapraMeHTa oxpaHbI JlecoB, MUHU-
CTepCTBA CEJBLCKOTO XO351CTBA M Pa3BUTUS CEJIbCKUX
paiiloHoB BbeTHamMa M MaHHBIX O MOXapax CHUCTEMBI
FIRMS (NASA) 1 204 Touk#, Ha KOTOPBIX JIECHBIX I10-
>KapoB B 3TOT Iepuoj He Habonanoch. M3 Bcero Ha-
6opa JaHHBIX O JIeCHBIX TToxapax 70% To4eK WCITOJb-

HNCCIEJOBAHME 3EMJIM U3 KOCMOCA  Nel

30BAJIKCh TSI OOYUEHMSI MOJIENTH, a ocTaabHbie 30% mist
MPOBEPKU TOUHOCTU MOJIENHU.

O06paboTKa BXOAHBIX JAHHBIX MOIE/IM MPOBOIUIIACH
Ha miatdopme Google Earth Engine (GEE), npenHa-
3HAYEHHONM I aHajau3a JaHHBIX JUCTAHIIMOHHOIO
3oHaupoBaHus. Pesymbratel, monydeHHble B GEE,
coBMecTuMbl ¢ TakumMu I'MIC kak, Hanpumep, QGIS,
ArcGIS, Foris. IIpu 00paboTke MCIIOIB30BAJICS SI3BIK
nporpaMmMupoBaHus JavaScript u pegakrop koaa (Code
Editor), 4ToOBI TlepeHecTH HaHHbIe M300paxkKeHM
Landsat 8/9 u Sentinel 2 MSI Ha mitatopmy 1 BBIIOJ-
HUTB 3Tanbl 00pabOTKM, aHAIM3a, OTOOpPaXKeHUS U Bbl-
BoZa pe3ynsraToB. Bee neBITh ClIoeB TaHHBIX CO3aBa-
JIMch U obpabateiBanuch Ha TiaTrdopMme GEE u 3arem
HCIIOJIb30BAINCH B MOJIEJIH.

brok-cxema MeTonuku KapTorpadupoBaHUsI pucKa
JIECHBIX TTOXXApPOB C MCIOIb30BaHUEM JAHHBIX TUCTaH-
uuoHHoro 3oHaupoBaHusi U I'MC mpencraBieHa Ha
puc. 3.

B BBIYMCITUTETLHOM 3KCIEPUMEHTE BBLIMIOIHSIIOCH
o0yuyeHHe KOMIIbIOTEpHBIX Mojesield, COOTBETCTBYIO-
LIMX TPeM BBIOPAHHBIM aJTOPUTMaM MAIIMHHOTO 00-
yuenust (RF, SVM, CART). Kaxnrbiit U3 mpeacraBieH-
HBIX aJITOPUTMOB MUHUMU3UPOBAI (PYHKIIUIO TOTEPD,
o0yyasich Ha TecToBOM Habope Touek. I1pu oneHke pu-
CKa JieCHBIX oxapoB 1o aeBsatu [ MC-cnosim Kaxkaomy
MUKCcey U300paxkeHUil MprcBauBajach BEpOSITHOCTD
BO3HUKHOBEHUS TOXapa, co 3HadeHueM oT 0 mo 1,
YTO COOTBETCTBYET PUCKY BOZHUKHOBEHUS MoXapa OT
HU3KOTO 10 BbICOKOro. OlieHKa TOYHOCTU OOY4YeHUS
OCYILECTBIISIACh Ha KOHTPOJLHOM Habope TOYeK IBY-
MsI CIToco0aMM: BU3YaJIbHO 1 HA OCHOBE METPUYECKOIO
noka3zatesisi ROC-AUC. Bapwupys mapaMmerpaMu Mo-
neneit, Obula BbIOpaHa Haubosiee oOydeHHas MOIEeib
(RF 100), ¢ moMo11bi0 KOTOPOIA BHITIOJIHEHO paiioHU-
pOBaHMe HCCIIEAyeMOil TeppUTOPUM Ha ITOXapOoorac-
HOCTb. BeposSITHOCTh MOXapHOU OMAaCHOCTH Jieca s
KaxKI0ro IMKcelia Obula pa3ouTa Ha 5 YpOBHEMH: “O4eHb
Huskasg” (0.1—-0.4), “amskaga” (0.4—0.65), “cpeqHsasn”
(0.65—0.8), “Bbicokass” (0.8—0.9) u “oueHb BbICOKas”
(0.9—1.0), npuyem NoporoBbie 3HAYEHMST BHIOPAHBI CO-
acHo ucciaenoBanuio (Nguyen et al., 2018). Pe3ynbsrar
paliloHUPOBAHUSI TEPPUTOPUN TMPEIACTABICH HAa LIBET-
HOW KapTocxeMe.

PE3VIIBTATHI 1 ObCYKIEHUE

Ha puc. 4 npencrasieHa mudpoBas MoOIEIb pe-
Jgbea SRTM uccienyemoit TeppuTopun ¢ MpoCcTpaH-
CTBEHHBIM paspeiieHueM 30 M. Pesynbrathl mocrpoe-
HUS1 MH(QOPMAIIMOHHBIX CJIOEB BbICOTA MECTHOCTHU Hal
YPOBHEM MOPSI, HAKJIOH 1 9KCIO3UIIMSI CKJIOHA TTOKa3a-
HBI Ha puc. 5a, 56 u 56. Ha puc. 5e npencrapieH nuHdop-
MAaLIMOHHBINA CJIOI MMOBEPXHOCTHOI 3BamoTpaHCIIMpa-
uuu. Croii pacTuTeNbHOro nmokposa (nHaekc NDVI)
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C060p BXOTHBIX JAHHBIX

|

T[aHHBIE JHCT: OHHOTO
ut AHCTAHIH | Uugposai nozems JIpyTHE HCXOIHBIE JAHHEIE
30HIPOBAHHA peaseda (DEM)
e |
| |
Hzobpaenne Hsodpaxenme TToBepXHOCTHAA TliotHocts || CkopocTs CpeanenecTaHOe JauHste 0 :
PN '
Landsat 8 Sentine] 2 MSI 3BANOTPAHCITHPATHA HaCeTeHHA BeTpa KOJIHYeCTBO OC3IKOB TeCHBIX IOKApax ||
| v ‘ '
Hnaexc Tenmepatypa . DKCIOHIHA Bricota !
. ) VKI10H i
NDVI MIOBEPXHOCTH 3eMIH CKIIOHa pemseda ||

JECHBIX ITIOZKapOB

Hocrpoe}me MOJEIH MPOrHO3HPOBAHHA PHCKA

Random Forest Support Vector Machine
RF) (SVM)

Classification and Regression
Trees (CART)

I

JECHBIX IIOXapoB

OneHKa TOYHOCTH MoJeeH TIPOTHOZHPOBAHHA

Brrdop HanOo0Iee TOYHOH MOJRTH 1A
MIPOrHO3HPOBAHHA JTeCHBIX M0JKapOB

OMaCHOCTH

KaprorpadrpoeaHue pHCKa JeCHOH MOKapHOH

Puc. 3. biiok-cxeMa MeTonuku KapTOFpa(l)I/IpOBaHI/IH PpUCKa JIECHBIX ITOXapOB C UCITOJIb30BAHUEM JaHHBIX TUCTAHLIMOHHOI'O

3oHnupoBanus u I'MC.

U CJIO TaHHBIX O TeMIlepaType 3eMHOM MOBEPXHOCTU
npeacTaBieHbl Ha puc. 50 u Se. VI3 puc. 50 cnenyer, 4To
3HaueHne mHAekca NDVI mccinemyemoii Teppuropun
n3MeHsieTcd B nuamna3oHe oT —0.74 mo 0.85, mpu 3ToM
pPACTUTEIBLHOCTh HMEET IIOJIOXMUTEIbHbIE 3HAYCHMS
NDVI, 6onbime, yem 0,2. OTKpbITast IIOBEPXHOCTH Xa-
paktepusyetcs 3HaueHusiMu NDVI ot 0 1o 0.2, BonHas
MOBEPXHOCTh UMEET OTpUlIaTebHbIe 3HaueHuss NDVI.

W3 puc. 5e cienyet, 4To Ha MCCIEIyeMO TEPPUTO-
puHu TeMmIlepaTrypa IIOBEpXHOCTU KOJIeOIeTCsl B auara-
30He oT 15.1°C nmo 35.5°C. YuacTku ¢ HU3KOIi TeMIiepa-
TYpPOW COCPENOTOYEHBI B TOPHON MECTHOCTHU C T'yCThIM
PaCTUTENbLHBIM ITOKPOBOM, YYaCTKM C BBICOKOM TeM-
nepaTypoit xapakTepHbI ISl HACEIeHHbBIX TEPPUTOPUIA
M OTKPHITOI ITOBepXHOCTU. Bech MHTEpBas TeMIieparty-
pBI 3eMHOM MOBEPXHOCTH pa3lejcH Ha IeBATh Auaria-
30HOB.

MHdopMaLIMOHHBIN CJIOM CKOPOCTh BeTpa MoKa3aH
Ha puc. Sxc. I3 pucyHka cienyeT, 4YTO CKOPOCTh BeTpa

BapbUpYyeT B AuarasoHe oT 1.5 1o 2.9 m/c. Ha 6omblueii
YacTHU MCCIIEAYeMO TEpPUTOPUM CKOPOCTh BeTpa He
npeBbinana 1.9 m/c. PaitoHbI co CKOpOCTBIO BeTpa 60-
Jlee 2 M/C COCPeIOTOYEHBI B I0XKHOM YacTH MCCIIemye-
MOU TEPPUTOPUMU.

MHbopMallMOHHBIN cJIoit  “cpeqHeMecsIdHOe KO-
JIMYECTBO OCAIKOB” IMOKa3aH Ha puc. 53. KomuuectBo
ocazikoB BapbupyeT oT 113 Mmm/Mec. mo 164 mm/mec. U3
PUCYHKa CJIeAyeT, YTO B paiioHe MCCIeIOBaHUS KOIU-
YeCTBO OCAKOB B OCHOBHOM HIke 130 mM/Mec. Paiio-
HbI CO CpEIHEMECSTYHBIM KOJIMYECTBOM OCaIKOB OoJiee
130 MM/Mec cocpeaoTOYSHBI Ha FOTe U3y4yaeMoi TeppU-
TOPUH.

HMudopmalinoHHbINA CI0M “TIJIOTHOCTh HACeAeHMS”’
TpefcTaBieH Ha puc. Su. Kak criemyer w3 pucyHKa,
IJIOTHOCTh HAacCeJIeHUsT KoJjiebjieTcss OoT 3 4ei./KM? 1o
627 gein./xkm>. Bosblast 9acTh MCCIemyeMOM TepPUTOPUI
C HU3KOM TUIOTHOCTBIO HacelieHusT (MeHee 25 4en./Km?)
COCPEIOTOYEHA B BBICOKOTOPHBIX, IMOKPHITHIX JIECOM

NCCIEJOBAHHUE 3EMJIM U3 KOCMOCA  Nel 2024
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Puc. 4. lludpposas monens penbeda SRTM uccnenyeMoit TeppuToprm.

paiioHax. PailoHBI C IIJIOTHOCTBIO HaceJieHWs BbIIIE
100 yen./KmM? HAXOOATCS B OCHOBHOM Ha BOCTOKE U I0Te
U3y4aeMoii TEpPUTOPUH.

ITocne ob6yuenus moneneir RE, SVM, CART c no-
MOIIIBIO TECTOBOTO Habopa NaHHBIX O JIECHBIX ITOXKapax
OBLIO BBIMOJHEHO MPOTHO3MPOBAHNE PUCKOB BOZHUK-
HOBEHUSI JIECHBIX TIOKapoB. 7151 OIIEHKHM TOYHOCTH MO-
Jesieil TPOTHO3UPOBAHUS MCIIOIb30BAJICS KOHTPOJIb-
HbIii HaOop JaHHbIX (06a3a AaHHBIX JlemapTameHTa
OXpaHBbI Jieca), COCTOSIINIA 13 36 moXxapoomnacHbIX 1 61
HEToXapooIacHbIX yYaCTKOB MeCTHOCTU. CpaBHeHUe
pe3y/lbTaTOB MPOTHO3WPOBAHUS JIECHBIX TOXapOB,
MTOJTYYEHHBIX Pa3HBIMHU QJITOPUTMAaMU, TIPEICTABICHO
B Tabj. 1. AHaIMU3 MOJYYEHHBIX PE3YyJIbTaTOB ITOKA3bI-
BAEeT, YTO MCMOJIb30BaHUE METONA CIyYaitHOTO Jieca co
3HaYEHMEM IlapaMmeTpa “KOJIMYECTBO JEPEBbEB pellle-
Huii”, paBHbiM 100 (RF100), naet Haubonee TOUYHBIC
pe3y/nbTaThl palilOHUPOBAHUS PUCKA JIECHBIX TTOXAPOB.
W3 36 ToueK MpOIILTBIX JIECHBIX MTOXapoB, 31 ToYKa 1mo-

HNCCIEOOBAHUME 3EMJIM U3 KOCMOCA  Nel

rnaja B paiioH ¢ BBICOKOI 1 OYeHb BBICOKOI CTEIIEHbIO
JIECHOIT TIOXApHOM OMacHOCTU (YTO COOTBETCTBYET
86,11%), npuueM 23 TOYKM MOMNAIM B PAiOH C OYEHBb
BBICOKOW CTEIEHbIO MOXAPHOI OMAaCHOCTH.

Tonbko 2 Touku, Ie B MPOIUIOM IPOU3OLLIN JIeC-
HblE TMOXaphl, MOMaJd B pailoH ¢ HU3KUM YPOBHEM
TTOXapOOIMAaCHOCTH M 3 TOYKM B paiiOH CO CPEemHUM
YPOBHEM OINAacHOCTU. B 30He ¢ oueHb HM3KUM KJlac-
COM TIOXKapHOI OMAaCHOCTU TOYKU C TMPOILIBIMU JieC-
HBIMM TOXaphl HE ObLIM OOHAPYKeHBI. BOIBITMHCTBO
HETOXapOOoIacHbIX YYaCTKOB HaxONWJIKWCh B pailoHaXx
¢ oueHb HU3KOI (14/61 Toukm), HU3KOM (25/61 TOUKM)
u cpenneit (15/61 Toukun) moxapHoi onmacHocThio. Ha
TEPPUTOPUIO C BLICOKUM YPOBHEM IMOXAPHOI OMacHO-
CTH TIOMAJIO BCETo 5 TOYEK, a Ha TEPPUTOPHIO C OYEHD
BBICOKMM YPOBHEM — 2 TOUKM.

ITnomans mox kpuBoit AUC (Under the Curve) pabo-
yeil xapakTtepucTuku Kiaccuguxkaropa ROC (receiver
operating characteristic) sBISIeTCS OOILLEIPUHSATHIM

2024
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Puc. 5. UndpopmalimoHHbIe CIOM — BXOAHBIE TaHHbIE JJIS1 MOJIEJIEi TPOTrHO3MPOBaHUS JIECOMOXAPHOM OMAaCHOCTH: @ — BbI-
COTa MECTHOCTH; 6 — HAKJIOH CKJIOHA; 8 — 9KCITO3MIIUS CKJIIOHA; ¢ — ITOBEPXHOCTHAST dBANlOTPaHCIIMpPAIs; 0 — BereTaln-
oHHbI nHIeKC NDVI; e — TeMneparypa mOBEpXHOCTH; ¢ — CKOPOCTb BETPa; 3 — CPEIHEMECSIHOE KOJTMIECTBO OCAIKOB;

U — IIJIOTHOCTb HACCJICHUA.

U3MEPSEMBIM METPUYECKMM T0KA3aTeJIeM TOYHOCTHU
monenu. 3HaueHue AUC Bapbupyert ot 0 10 1, mpuyem,
yeM OoJjbiie 3HayeHue AUC, TeM Jiydileit siBsieTcst
MofeNnb KiaccubuKalvu T1aHHbIX. B Tabs. 2 mpenacras-
JIEH pe3yJibTaT OLIEHKU JIECOMOXapHOii OMTaCHOCTH, OC-
HOBaHHBIM Ha JIOTUCTUYECKOM Perpeccruu Mpu KJIacCu-
(bukanmy naHHBIX, KOTOPbIN MOATBEPKAAET, YTO METOM
RF100 umeet Haubosnbiee 3HayeHrne AUC = 0.951.

Merton ciryyaitHOTo Jieca c mapaMeTpoM “KOJIMYECTBO
JIepeBbeB pelreHuii”, paBHbIM 100, Mcionb30Bacs st
MOCTPOEHMSI KApPTOCXEMBI JIECOIOXAPHON OMaCHOCTU
3amagHoM yacTu mpoBuHIMK Hrean (puc. 6). Pe3yib-
TaThl pallOHUPOBAHUS TOXAPHON OIMACHOCTU UCCIIe-
JyeMOIi TeppUTOPUM MpeACTaBleHbl B Ta0. 3. AHAIU3

MNCCIIEAOBAHUE 3EMJIM N3 KOCMOCA

TTOJTYYEHHBIX PE3YJIETATOB ITOKA3bIBACT, YTO ITOYTH I10-
JIOBMHA TEPPUTOPUM UMeEET CPEIHUI YPOBEHD JIECOTIO-
JKapHOM OMAacCHOCTH, BBIAEJIEHHBIA HAa pUC. 6 XKEIThIM
uBetoM. Ha Tepputopuio oueHb HU3KOM ¥ HU3KOM I0-
JKapHO# omacHocTy npuxomutcs 5.75% u 30% ot 006-
1Iei TUTOILAAM, PACIIOIOXEHHOM TPEUMYIIIECTBEHHO Ha
IOr0-BOCTOKE HCCJIeAyeMOil Tepputopuu. Tepputopust
BBICOKO ITOXAPHOM OIacHOCTH cocTasisieT 16,68%
o0IIel TIIoIIAaA U HAXOOUTCS B 3aIllaHOM YacTU Ipo-
BuHIMKM HreaH. [Tpu 3TOM TeppUTOpUST O4eHb BHICOKOM
MOXKapHO# oracHoCcTU cocTaBisieT 4.63% ot obieit
TIOIIAIM Y BbIIeJIeHA KpAaCHBIM Ha puc. 6. Takue ydacr-
KM XapaKTepU3YIOTCS BBICOKOM IIOTHOCTBIO Hacele-
HMUsI, BTOPUYHBIMMU JIECAMU U JIECOHACAXKICHUSIMMU.

Nel 2024
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Taomuna 1. [TporHosupoBaHue pucka JiecHbIX ToxXapoB MetogamMu RF, SVM, CART ¢ pa3HbIMU TapaMeTpaMu

YpoBeHb JIECHOI OXKapHO OMacHOCTH
Meton Tepputopust OueHb N N ) OueHb
. Huszkuit CpenHuit Bricokuit .
HU3KUN BBICOKUH
rnoxapooracHas 0 3 6 8 19
RF3
HeToxapooracHast 1 18 21 9 2
rnoxapooriacHast 0 2 3 8 23
RF100
HeToXapooracHast 14 25 15 5
rnoxapooriacHast 2 2 9 20
RF200
HemnoxapoomnacHas 8 17 17 12
noxapoomnacHast 0 2 1 4 29
CARTS
HeroxapoornacHas 8 11 10 2 30
noxapooracHas 0 2 2 8 24
CART30
HernoXxapooracHas 10 19 1 29
rnoxapoornacHas 0 25 6
SVM30
HeroxapooIacHast 0 38 15
rnoxapoornacHast 1 11 18
SVM25
HeroxapooracHast 3 17 8 28
Taomuna 2. 3HayeHuss AUC pa3HBIX METOIOB IIPOTHO3UMPOBAHMS pUCKa JTECHBIX IMOXKApOB
Merton RF3 RF100 RF200 CARTS CART30 SVM25 SVM30
AUC 0.947 0.951 0.938 0.905 0.916 0.756 0.743

Ta6mua 3. Pe3ynbraTel paitoHUPOBaHMSI JIECOMOXAPHOI OMTACHOCTU UCCIENAYEMO TEPPUTOPUUN

Ne YpOBeHb JIeCHO MOXapHOU 0MacHOCTU ITnomans (ra) ITnomans (%)
1 OueHb HU3KUI 636.65 5.75

2 Huzkwii 3271.13 29.56

3 CpenHwmit 4800.45 43.38

4 Beicokuit 1845.96 16.68

5 OueHb BbICOKUI 511.35 4.63

BbIBO/IbI

B paborte mi1s1 oLieHKM pucKa IMOXKapHOI OIMMaCHOCTHU
Jleca ¢ TOMOUIbI0 MAllIMHHOTO O0yYeHUSsT UCTIOIb30Ba-
JIUCh METO[ CIyYaiiHOTO Jieca, METO/ OMOPHBIX BEKTO-
pPOB, METOM NepeBbeB KIacCU(MUKAIIMU U PErpeccuu.
It oOydeHUs Momeneil MpOrHO3UPOBAHUIO YIMTHI-
BaJIUCh TaKue (PaKTOpbl: HATUUKUE U COCTOSIHUE PACTU-
TEJILHOTO TTOKPOBa, TOBEPXHOCTHAS dBANlOTPaHCIIMpPa-
IIVST, BBICOTA MECTHOCTH, YKJIOH U 9KCITO3UIINSI CKJIOHA,
CKOpPOCTh BeTpa, TemIiepaTypa 3eMHOI MOBEPXHOCTH,
CpeTHEMECSIYHOE KOJIMYECTBO OCAIKOB U IIJIOTHOCTb
HaceJIeHYsI TepPUTOPUH.

HNCCIEJOBAHME 3EMJIM U3 KOCMOCA  Nel

CnyTHUKOBBIE U300paxeHuit Sentinel 2 MSI
u Landsat 8 TpuMeHsITICh TSI CO3MAaHMS CI0EB TaHHBIX
NDVI u TtemnepaTypbl MOBEpXHOCTH. BxomHble ciion
TonorpaMIecKUX JaHHBIX, TaKMe KaK YKIOH M 3KC-
MO3ULIMKU CKJIOHA, BbICOTA MECTHOCTH, U3BJIEKAIMCh U3
mudpoBoit Monenu penbeda SRTM ¢ mpocTpaHCTBEH-
HbIM paspeteHueM 30 M. [T1oTHOCTE HaceneHus, cpea-
HEeMECSTYHbIE OCaJKM, CKOPOCTb BETpa U MOBEPXHOCT-
Hasl dBarioTpaHCIMpalys ObLIU MOJTyYeHbI U3 MUPOBBIX
6a3 ganHbix WorldPop 1 WorldClim. ba3bl nanHbix Je-
TapTaMeHTa 3allUThI IeCOB MUHUCTEPCTBA CETbCKOTO
XO34MCTBa U Pa3BUTUSI CEIbCKUX pailoHOB BbeTHama
MPETOCTaBWIIA TaHHBIE O TIPOM3OIIESIINX JECHBIX TTO-
JKapax Ha UCCIIeIyeMOM TeppUTOPHH.
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Puc. 6. Kaprocxema moxapHoi ormacHOCTH Jieca (3amnanHasi yacth npoBuHLMKU HreaH). YepHble TPEyroJbHUKU — MECTO-
IIOJIOXKEHHE OBIBIIMX MIOXAPOB, CUHKE TPEYTOJIbHUKHI — OYard BO3rOpaHusl, He ePEPOCIIreE B JIECHBIE ITOXaphl OJarogapst

CBOEBPEMEHHOMY MPERYNPEXKICHUIO.

BusyanbHOe cpaBHEHUE MECTOMOIOXEHUIA, IIPOrHO-
3UPYEMBIX 1 TTIPOM3OLLIEIIINX B ITPOIILTIOM JIECHBIX ITOXKa-
POB, a TaKXKe PacCITOJIOKEHUE HEMOXAPOOITaCHbBIX Tep-
puropuii 1 Berumciaenue 3HadyeHniit AUC kpuBoit ROC
MOKa3bIBAET, UYTO METO, CIYYAHOTO JIeca ¢ TapaMeTpoOM
“KOJIMYECTBO JIepeBbeB pelieHnit”, paBHbM 100, o6ma-

JaeT HauOoJIbIIEei HpCHCKaBaTCHbHOﬁ TOYHOCTEIO.

Pa3paboTaHHbBIiI Ha OCHOBE MeToJa MAIIIMHHO-
ro o0y4eHus: croco0 pallOHMPOBAHUS PUCKA JIECHBIX
MOXapoOB C HCITOJIb30BaHMEM NAaHHBIX JUCTAaHIIUMOH-
Horo 3oHaupoBaHusI U [MIC MoxeT MCIToIb30BaThCs
IJII MOHMTOPUHTA YW PaHHETO OINOBELICHUS Hacele-
HUS O JIECOTIOXAPHOM OIMACHOCTH C 1IeJIbI0 CHYDKCHMUS
yiiep0a OT JIECHBIX ITOXapPOB.
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Paborta BeImoIHEHA B paMKax HayyHOro TpoekTa: “Hc-
cjenoBaHre MOJEU TIPOTHO3UPOBAHMSI PUCKA JIECHBIX T10-
JXapoB ¢ UCTIOJIb30BaHEM TeOMPOCTPAHCTBEHHBIX TEXHOJIO-
Tl Ha IMpUMepe 3allagfHOro peruoHa nmpoBuHuMU Hrean”,
xon: T23—38. ABTopsl O1aronapsT XaHONCKUIT YHUBEPCUTET
ropHoro aena u reosorun (HUMG — Hanoi University of
Mining and Geology) 3a puHaHCHpOBaHUE IIPOCKTA.
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A Case Study in Nghe An Province, Vietnam

Thi Nam Phuong Doan', Le Hung Trinh?, V. R. Zablotskii’, Van Trung Nguyen',
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2Le Quy Don Technical University, Hanoi, Vietnam
’Moscow State University of Geodesy and Cartography, Moscow, Russia

This paper presents the results of modeling the risk of forest fires in the west of Nghe An Province (north-central
Vietnam) using remote sensing and GIS data. The nine factors influencing the risk of forest fires, including
vegetation cover (NDVI vegetation index), surface evapotranspiration, elevation (DEM), slope (slope), aspect,
wind speed, ground surface temperature, average monthly precipitation and population density are used to build
a forest fire risk mapping model based on machine learning methods, including Random Forest (RF), Suppor
Vector Machine (SVM), and Classification and Regression Trees (CART). Various parameters are tested in the
RF, SVM, CART algorithms to select the algorithm with the highest accuracy in forest fire risk prediction. The
obtained results show that the RF algorithm with the value of the numberOfTrees parameter equal to 100 has
the highest accuracy in predicting the risk of forest fires in the study area, expressed through the location of the
distribution of forest fire points, as well as the AUC value on the ROC curve. The results obtained in the study
can be effectively used for monitoring and early warning of forest fire danger in settlements, helping to reduce

damage from forest fires.

Keywords: forest fire risk, remote sensing, GIS, support vector machine algorithm, Nghe An province
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