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OIIEHKA PACTUTEJBHOI'O IOKPOBA HAXUYEBAHCKOM ABTOHOMHOM
PECIIYBJIMKH 11O JAHHBIM NDVI

I'.’X. 'ypbanos
Hannonansnas Akagemust Hayk AzepOaiimxana, AzepOaiikan

Baoicnvim nokasamenem cocmosanus pacmumenbHo20 NOKpO8a Meppumopuii A61AI0Mcs 6e2emayoHHble
uHoexkcvl. B OauHou pabome aumanusupyemcsi NpoCMpAHCMBEHHOE pacnpedeieHue pacmumenbHo20
noxposa Haxuuesanckou Asmonomnoti Pecnybonuku Azepbaiidocana Ha ocHoge OAHHBIX U300PAdICeHUs.
secemayuonnozo unoexca NDVI, nonyueHuvix ¢ ucnonwb3o8anuem pecuoHaibHO20 KOCMULECKO20 CHUMKA
Landsat 8 u npoepammor QGIS. B pe3yiomame memamuyecko2o KApmozpa@uposauus 6bloejieHbl U
BUZYANUSUPOBAHBL 0OACMU C PAZTIUYHBIM NPOCMPAHCMBEHHbIM PACHpedeNeHueM pacmumeibHOCmu, Ymo
NPOOEMOHCMPUPOBAHO Ha Kapmozpaghuueckux mamepuanax NDVI. Yemanoeneno, umo naubonee gvicoxast
NIOMHOCHb PACMUMETbHOCTHY HAOTI00AeMCs 8 CPEOHE2OPHBIX U BbICOKOZOPHBIX PALIOHAX, M020a KAK HA
PABHUHHBIX YYACMKAX OHA HU3KAS, 4O Bbl3bleaem HeoOX0OUMOCHb 8 NPO8edeHUU COOMBENCIEYIOUUX
meponpusmuil. [lonyyennas kapma NDVI umeem gasicnoe snauenue 05 RAAHUPOBAHUSL NPUPOOOOXPAHHBIX
MepOnpUAmul, 8KII0Yas PeKyIbmuU8ayuto U Meauopayuio.

Knroueswvie cnosa: Landsat, kapma NDVI, QGIS pacmumenvHbiil noKpos, ammocghepras KOppeKyus,
Haxuuesano

ASSESSMENT OF VEGETATION COVER
OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC BASED ON NDVI DATA

G.H. Gurbanov
National Academy of Sciences of Azerbaijan, Azerbaijan

Vegetation indices are an important indicator of the state of vegetation cover of territories. This paper
analyzes the spatial distribution of vegetation cover of the Nakhchivan Autonomous Republic of Azerbaijan
based on the NDVI vegetation index image data obtained using the regional Landsat 8 space image and
the QGIS program. As a result of thematic mapping, areas with different spatial distribution of vegetation
were identified and visualized, which is demonstrated in the NDVI cartographic materials. It was found
that the highest vegetation density is observed in mid-mountain and high-mountain areas, while in flat
areas it is low, which necessitates the implementation of appropriate measures. The resulting NDVI map
is important for planning environmental measures, including reclamation and melioration.
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BBenenue

HccnenoBanne COCTOSIHUS TPHUPOAHOM cpenbl Ha OCHOBe HHUQPOBOM  00pabOTKU
CIIEKTPO30HATBHBIX CITYTHUKOBBIX CHUMKOB SIBJISIETCS aKTyaJbHON HAYYHOU 3a7a4eil /711 TOPHBIX
pailoHOB, OTIUYAIOIIUXCS CIOXHBIMH SKO-TeorpadUyecKUMHU yCIOBUSIMU. MHOTHE Hay4dHbBIC
WCCJICIOBAHUS TIOCBSIIEHBI JTOMY HANpPABJICHHUIO, paccMaTpuBasi COCTOSHHE OTIEIbHBIX
KOMIIOHEHTOB okpyxatoien cpeasl (Kozonepos, Eropos, 2010; Araes u np., 2016; MapaaHos,
20006).

HaxuueBanckass ABtronomHass Pecrybmmka (HAP) AszepOaiimxkana pacmoliioskeHa Ha IOTO-
BocTOKe mockoropes IOxxuHoro Kaskasa. Knumat HAP B 0cCHOBHOM Xapakrepusyercs CyXuMu 1
PE3KO-KOHTHHEHTATBHBIMU YCIOBUSMHU. B pecnyOiuKke BBIISISIOTCS KOHTPACTHBIC JTaH A THI:
HU3KOTOpPHBIE, CPEAHETOPHBIE U BHICOKOTOPHBIE PaliOHBI (B CEBEPHOM YaCTH), a TAK)KE paBHUHHBIC
TEPPUTOPUH, IPEUMYILIECTBEHHO B0JIb pek Apa3 (Apakc) — ri1aBHOU BOJIHOM apTEpUH PETUOHA.
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OTU pe3Kue KOHTPACThl MPUPOIHO-KIMMATUYECKUX YCIOBUH, €CTECTBEHHO, OTPaKalOTCs M Ha
pacTUTeNbHOM TOKpoBe. B permone HaOMOMaroTCs MOJMYMYCTBIHU, CTEMHAs PAaCTHTEIBHOCTD,
TOpHBIE JTyTa U CTEIH, a TAKXkKe CyOanblHiiCKie 1 alIbIIUACKHE JTyra, THTPa30HaIbHbIE JaH A ThI
1 HeOoubIue Jieca B1oib pek (TansiboB u np., 2017).

s omepaTUBHOrO CPaBHUTEIBHOIO aHAM3a M W3YYEHUS DPa3HOOOpas3us pPacTUTEILHOTO
MOKPOBa 3€MHOM MOBEPXHOCTH CO CIIOKHBIM pelbe()OM Ha TMPAKTHKE YacTO NPUMEHSIOTCS
pEervoHalIbHbIE CIIYTHUKOBBIE CHHUMKH, 0Opa0OTaHHBIE U TNPEACTABICHHBIE B BHUJE PACTPOBBIX
n300pakeHuii. PU3NMUECKON OCHOBOW MACHTHU(DHUKAIIMN PA3IUYAN B PACTUTEILHOCTH SIBIISIETCS €€
CHEKTpaJibHas OTpa)kaTelbHasi CIOCOOHOCTh, KOTOpas XapaKTepHU3yeTcs 3HAuUTEIbHBIMU
pa3auuusIMU B OTPAXEHUM MH3JIyYE€HHUs pPa3HbIX JJIUH BOJH. OTO IO3BOJIIET HCIOJIB30BaTh
CIYTHUKOBBIE CHUMKH Ji OINpEAENCHUS TUIIOB PACTHUTEIBHOCTH U OLEHKU HMX COCTOSHUS
(Kyp6anos, Bopobses, 2020).

BaxxupiM TOKa3aTeleM COCTOSHUSI PACTHUTENBHOTO IOKPOBa SIBISIOTCS BETreTAlMOHHbBIC
MHJEKCBI, pacyeThl KOTOPhIX OCHOBBIBAIOTCS Ha JBYX HaumOosee CTaOMWIbHBIX Y4acTKaX KpUBOMN
CIIEKTPAJILHOM OTpakaTeJIbHOW CITOCOOHOCTH pacTeHMIA: KpacHOM 30He criekTpa (0,62—0,75 Mkm),
r7Ie TPOMCXOJUT MAKCUMAJIbHOE TOTJIOIIEHHE COJHEYHOW pagualud XJI0popWuIoM, H
uH(ppakpacuoit 3oue (0,75—1,3 MKM), B KOTOpOH 3a(MKCUPOBAHO MaKCHUMAaJbHOE OTpaKeHUE
3enénoro nucTBeHHOTro mokposa (https://gis-lab.infoyndvi) (Mcmawmnos, 2023).

B coBpeMeHHBIX HCCIeI0BaHUAX HanOoJee pacnpoCTpaHEHHBIM BET€TAMOHHBIM HHJIEKCOM
sinsiercs NDVI (amrn. Normalized Difference Vegetation Index), xoTopslii mnpuHUMaeT
MOJIOKUTEJIbHBIE 3HAYEHUS JUIsl pACTUTEIBHOrO MOKpoBa. B nmaHHOW paboTe paccMmarpuBaeTcs
METOJMYECKUN TOAXOJ K CO3JaHUI0 KapThl 3HAYEHUW BEreTalMOHHOTO uHIekca NDVI,
XapaKTEePU3YIOIIETO INIOTHOCTh paclpe/iesieHns paCTUTENbHOCTU Ha TeppuTopun HaxuueBanckoi
ABTOoHOMHOU PecmyOnuku.

MeTtoauka padoTsl

HcxonHble CIYTHUKOBBIE CHUMKH OOBIUHO TPEACTaBISAIOT cOO0N HeoOpaOoTaHHBIE T€O-
JaHHbIE, KOTOpble TPEeOyIOT TMO3TAMHOW MpEeIBApUTENbHON M TeMaTH4YeCKOW 0O0pabOTKH.
[IpenBaputensHas o0pabOTKa BKJIIOYAET KOPPEKIUIO CHYTHUKOBBIX H300paKeHUU C LENbI0
YIYUHICHUA UX Ka4€CTBa IJId PCIICHWA KOHKPETHBIX 3ada4. O)IHOI\/’I N3 CaMbIX CJIOKHBIX 3a1a4 B
Mpolecce KOPPEKIUU CIYTHUKOBBIX CHHUMKOB SIBISIETCSl paguOMETpUYecKas KOpPpEKIus
aTMOC(bepHOFO BJIMAHUA, KOTOpasd 3aBUCHUT OT PCETUOHAJIBHBIX yCHOBI/Iﬁ, (01481571 (51 $20:0)11150,€
dbopMupoBaHUE OTPAKEHHOTO U3IyUEHHsI, BOCIIPUHIUMaeMoro Ha 6opTy cnytHuka (Yanapa, [Nom,
2008).

ATMocdepHas KOppeKIrs B IaHHOI paboTe mpoBoauiIachk MyTéM Mpeodpa3oBaHus 3HAUCHUN
UKcenei CITYTHUKOBOI'O CHUMKA M3 SHEPIrCTUUCCKUX CAUHUILL B 3HAUYCHUA APKOCTU OTpa)KéHHOFO
conneunoro msnydenus L(0;u, @) [Bm/(m*> - mxm - cp)] Ha BepxHeid TpaHuie armocdepsl,
MIpUHUMAs BO BHUMaHHUE ONTUYECKYIO TI1yOUHY 7 :

L(O; , ) = p(T; o, 1)~ So - o (1)

I7ie TpenarnojiaraeTcs, 4YTo OTpaKeHHE IPOUCXOIUT H30TPONHO IO 3akoHy Jlambepra
(Ucmamnos, 2023), p(t; po, 4)- cruextpanbhbiii kodddunuent sproctu (CKS) armochepst 10
ONTUYECKOH ITyOUHBI 7, TPU KOCHHYCaX YIila HaKJIOHA [y COJTHEYHBIX JIyuell U yriia HaOIoJeHUs
3€MHOM MOBEPXHOCTH U, Sy - APKOCTH COJTHEYHOTO M3ITyYeHHs Ha BEepXHEW rpaHuile arMochepsl
npu 1=0 (crexTpaibHas COTHEYHAasl MOCTOSIHHAS; HUXKE JJISl IPOCTOTHI HHAEKC A OIyCKaeTcs).

B ¢opmyne (1) atmochepa mpencraBisieT ONTUYECKYIO HEOJHOPOIHOCTD ISl IPUXOISIIETO
M3IydeHus cBeTa. JJis pasiuvHbIX aTMOC(EpHBIX CoEB Ge3pasmepHyro BemuuuHy p(T; Uo, 1)
MOYKHO TTPEICTaBUTh CIEIYIONIM 00pa3oM:
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P(T; o, 1) = Par(T; ko, 1) + TH(T, )T (T, 1) po (T7; o, 1) 2

rae Pa;(f; Hy» ,u) - CK4 armocdepbl 10 onTtudeckod riayOuHbl T, 1’ ‘ (7, 44) " d (z, 1)
IPO3PauyHOCTH arMoc(ephbl, COOTBETCTBEHHO, B HANPABICHUAX fi, U U po(r*; Hos ,u)- CKA

ES
cucTeMbl aTMocdepa — MOJCTHIIAIOMIAs IOBEPXHOCTh; 7 = 7(0) —7(h,)

Ha puc. 1 npeacraBinena ynpomniéHHas

750 %P cxemMa  (GOpMHUPOBAaHUA  OTPAKEHHOTO

h=ho =0 HU3JIy4EHUsI COJIHEYHOI'O0 M3JYYECHUS B

Dat atMocdepe. [Ipeanonaraercs, 4TO

h __}l{_xZ __________________ ) peanbHbIe BEPTHUKAJIbHBIE npoduim

Ty / Po ONTUYECKON  IUIOTHOCTH  aTMocdepbl
h=0 Ti=Ti0

UCTBITBIBAIOT ~ CIydalHbIC  OTKJIOHCHUS
At(h) ot cpegnux mpodmieirt Tt (h),
Puc. 1. Cxema paccesinusi cBeTa B aTMocdepe OIMCHIBAEMBIE YPABHECHUEM:

o(h) = 7(h) + At(h) 3)

Onenka 3nauenus At(h) mpoBoauTcs myTéM pelieHus: ypaBHEHUS IEPEeHOCa U3ITyUYeHUS:

Pat[T(h) + AT(h); o, u] = p(T(h); o, 1) 4)
rue p(t(h); g, 1) - cnyraukosbie naunbie CKS Ha ontuueckoit rnyoune (k) = r(h)+ Az(h) -

Ha puc. 2 nmpencraBieHsl pe3ysbTaThl ONpEAEIeHUsT BEPTUKAIBHBIX Mpoduiel onTHuecKon
TOJILIMHBI C HCIOJb30BaHUEM MpukiIagHoid nporpammel MATLAB u ontuueckoil moznenu
aTMocdepsl A1 KpacHbIX U MH(PpaKpacHbIX KaHaIOB ciiyTHUKaA Landsat 8 3a 2022 rop (KypOanos
u ap., 2014; T'oncanec u ap., 2006). Otu naHHble OBUIM MCIIOJB30BaHbBI B paboTe s
npeoOpa3zoBanus 3HaueHul sipkoctu ucxoanoro GeoTIFF B CKS 3emHOI MOBEpPXHOCTH TNpHU
pacuére BererauuoHHOro uuaekca NDVIL

30 a 30 o

25 25

20 20

0 0

10 10

Puc. 2. BeprukanbHble NIPo(uUIN ONTHYECKO TOMUHBI aTMOCheps! 7 (/): a-110 AAaHHBIM CHUMKA
LCO08_L1TP_169033_20240715_20240715_02_RT_B4, -0 1aHHBIM CHUMKA
LC08_L1TP_169033_20240715_20240715_02_RT_BS.

[Tpuaumast Bo BHuMaHue, 4tro CKSl Hambonee MOTHO ompenensieT CBOWCTBA OTPAKAOIIMX
MOBEPXHOCTEH, 11eTIecoo0pa3Ho BerIuciaTh HHACKC NDVI, nucnons3ys cymmy u paznocts CKA B
KpacHOM U ONmKHeM HMH(paKpacHOM JHMANa30HaX CIEAYIOIIIM 00pa3oM:

NDVI = PNIR — pRED

, 5
PNIR + pRED ©)

rae pNIR — ko3ddunmeHT orpaxkeHus B OnkHeW WH(pakpacHOW obiactu cnekrpa, pRED —
KOX((UIIMEHT OTPAKEHUS B KPACHOK 00JIaCTH CIEKTpA.

68



Forest ecosystems under climate change:
biological productivity and remote monitoring, Nel(, 2024

Pe3yabTarsl

Pe3ynbrarhl MO3TAanHbBIX BBIYUCICHUN, BBINOJHEHHBIX B paMKaxX YKa3aHHOW TEMaTHYECKOM
00pabOTKH pernoHATBHBIX KOCMHUYECKHX CHUMKOB, IPEACTABICHBI HA pucyHKe 3. [l momy4deHus
nzobpaxennit 3a u 31 ObUIO  HMCHOJB30BaHO mporpammHoe obecrneuenue QGIS
(https://www.osgeo.org/projects/qgis/), B To Bpemsi Kak m300pakeHus Ha puc. 3a u puc. 30, a
TaKke pacy€Thl Ha puC. 31 ObUIH BhIMOJHEHBI ¢ mpuMeHenneM MATLAB (Mcmaunios, 2021).

CHauvana npoBesieHa aTMOc(epHasi KOPPEKIUs CIyTHUKOBOro cHuMKa Landsat mo ¢opmymnam
(1-4), mocne yero 6b110 TOMy4YeHO 1BeTHOE U300pakeHue HAP (puc. 3a). 3arem ObuH CO3/1aHBI
n300paxeHus B KpacHoi (puc. 30) u undpakpacHoii 30Hax (puc. 3B) cHUMKA. J{71s1 3TUX 30H OBLIO
OTIpe/IeNIEHO JIBYMEPHOE MPOCTPAHCTBO CHEKTPaIbHBIX Mpu3HakoB Teppuropun HAP (puc. 3r),
YTO yKa3bIBaeT HA 3HAYUTEIBHYIO Pa3peKEHHOCTh U OETHOCTh €€ pacTUTEeNLHOro MmokpoBa. Ha
pHC. 31 MpencTaBiIeHO OKOHYATeIbHOE H300pakeHue (KapTa) pacmpeeleHus] BereTalnoOHHOro
unaexkca NDVI ms Beelt Teppuropun HaxmueBanckoit ABTOHOMHOM PecmyOmuku.

[TonydyeHHas kapTa SICHO JEMOHCTPHPYET XapaKTepHble 0COOEHHOCTH MPOCTPAHCTBEHHOTO
pacnpenenenus 3HadyeHu naaexca NDVI, a takxke pactutensHoro nokposa HAP 3a 2022 rog.
MakcumanbHas  (OTOCHHTETHYECKAass AaKTUBHOCTb, YTO CBHUJAETEILCTBYET O Ooratom
pacTUTENILHOM TOKPOBE, HAOMIONAETCS B TOPHBIX PallOHAaX, OCOOCHHO B CPEJIHEM M BEPXHEM
TEYEHHUH MPHUTOKOB peku Apas (Apakc). B To xe BpeMs B LIEHTpaIbHON YacTH, HA TEPPUTOPUU
Apa3ckoil HU3MEHHOCTH, BBISIBIICHBI YYaCTKH ¢ O€HOU PACTUTEILHOCTHIO, BBIJICIICHHBIC KPACHBIM
I[BETOM.

Mear Infrared Band

Visible Red Band
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Puc. 3. [loaTanHoe MOCTpOeHHE TEMATHYECKOH KAPThI BereTAHOHHOI0 HHIEKCA: a - IBETOBbIE
npeodpasoBanus; 0, B - BeigeaeHue NIR u RED n3o0paxennii; r — aHaau3 AByMepHOro NpocTPaHCTBa
CIEKTPAJbHBIX IPU3HAKOB; 1 — KapTa pacnpejejleHus BereranuoHHoro unjaexca NDVIL

3akarouenne. COCTOSIHUE PACTUTENILHOCTH MPEACTABIAET COOOH KIH0UEBOI MOKA3aTeNb KO-
reorpa)MuecKuxX YyCIOBHH apUIHBIX U CEMHAPHUJHBIX TEPPUTOPHM, K KOTOPBIM OTHOCHUTCS
tepputopuss HaxuueBanckoit ABToHOMHOM PecnyOmuku. s 3TOW TEppUTOpPUH TPOBEICHA
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TemMaTudyeckas o0paboTka KOCMHuYecKoro CcHuMMKa Landsat ¢ menbto  moiydeHus
IPOCTPAHCTBEHHOI0 M300pakeHus: BereranmonHoro NDVI. Jlns moaroToBKH CHUMKa Obuia
UCIOJIb30BaHa METOIMKA aTMOC(EPHON KOPPEKIIUN PErHOHAIBHOIO KOCMUYECKOTI'0 CHUMKA.

B xone wuccnenoBanusi Ha OcHOBe monydeHHoW Kaptel NDVI 3a 2022 rox Owuio
IIPOAHAIIU3UPOBAHO IIPOCTPAHCTBEHHOE pacnpezneneHue PacCTUTEIBLHOTO IIOKPOBa
paccMaTpuBaeMOW TEPPUTOPHUH. BBIABIEHO, YTO 3a MCKIOYEHUEM BBICOKOIOPHBIX PAalilOHOB W
BEPXOBUN IIPUTOKOB pPEKM Apa3, JaHHAas TEPPUTOPHUS XapaKTEPU3YEeTCs HU3KHM YPOBHEM
pactutensHOCTH. B cpenneii yactu ABTroHOMHOM PecniyOiinky B OCHOBHOM MPeo01aaeT CKyaHas
pPACTUTENBHOCTh. OJTO OOCTOATENBCTBO MMEET Ba)KHOE 3HAUYE€HUE JJI  IUIAHUPOBAHMS
IIPUPOJOOXPAHHBIX MEPOIPUATUHN, BKIIFOYAsl PEKYJIbTUBALIMIO U METUOPALIUIO.

BBICOKOTOpHBIE U CPEIHETOpPHBIE PAallOHBI JaHHON TEPPUTOPUM XapPaKTEPU3YIOTCS MEHBIIUM
YPOBHEM aHTPOIOT€HHBIM BO3/ICHCTBUEM M 00Jiee BBICOKOW OTHOCHTEIBHON BIIAXKHOCTBIO.
HanpotuB, npearopbs U yuacTKH BJI0JIb pycia peku Apas, rie HabaroaaeTcs CKyAHas pUpoIHas
PacCTUTENBbHOCTb, HAaNOO0JIEE HY)KJAIOTCS B pealin3alui (PUTOMEINOPATUBHBIX MEPOIIPUATHIA. DTH
MEpONPUATHS CIIOCOOHBI 3HAYUTEIBHO YIYUIIUTh MOYBEHHO-3KOJIOTHYECKYI0 M B LIEJIOM 3KO-
reorpauueckyto 00CTaHOBKY B PETHOHE.
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