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AHAJII3 OCHOBHUX XAPAKTEPUCTHUK
HAHWMOIIUPEHIIINX CIIEKTPAJIBHUX BETETAIIIMHUX IHAEKCIB
JJISA OTHKHU BMICTY XJIOPO®LTY Y JEPEB

VY crarTi po3MIITHYTO CHEKTPaTbHI BeTeTarliiHi 1HICKCH, 3aBISKUM SKUM MOXKHA
3IIHCHIOBAaTH OLIHKY BMIiCTy xXiopodimy B HazemHid ¢itomaci. [IpoBeneno anami3
XapaKTePUCTHK 1HAEKCIB Ta iX MPUAATHOCTI JIO TEBHUX YMOB (ypaxyBaHHS 3HAYHOTO
(hOHOBOTO TITyMy: OCOOJMBOCTI IPYHTOBOTO Ta POCIMHHOIO TIOKPWBY; HHU3BKOI BHICOTH
sHiMaHHs TomO). OOpano 19 mereramiiinux iHgekcis (NDVI, SAVI, MSAVI, Clgreen,
Clrededge, CVI, WDVI, GNDVI, GOSAVI, GSAVI, EVI2, ARVI2, CCCI, MSRNir/Red,
TSAVI, TNDVI, TVI, TCARI/OSAVI, TCARI), sxi Mo’kHa €(pEKTUBHO 3aCTOCOBYBAaTH B
JOCTI/PKEHHSIX JJIsI MOHITOPHHIY €KOJIOTIYHMX Ta (Di3I0NOTIYHMX MmapaMeTpiB po3pimKeHOT
nepeBHoi pocauHHOCTL. OOrpyHToBaHO BuOip iHAekciB, Takux sk NDVI, SAVI, Clgreen,
Clrededge Ta WDVI, sKki € cyMiCHUMHA 3 HAHTIOMMPEHIITIUMH CITEKTPATEHIMH KaHAJIAMH Ta
e(eKTHBHIMH [JTs1 MOHITOPHHTY HEMILUTFHOTO POCIMHHOTO MOKpUBY. OTprMaHi pe3ysbTaTi
CBiUaTh, IO OOpaHi CHEKTpajbHI IHICKCH MAarOTh 3a0€3MCUUTH HAMIHHY OLIHKY
(DOTOCHHTETUYHIN aKTUBHOCTI JIEPEBHHUX POCIIHH, IO € KIIFOUOBUMH JJIsI 0araThoX 3aBIaHb
€KOJIOTIYHOTO MOHITOPHHTY.

Knrouosi crnosa: cieKTpalibHI 1HIEKCH, BEreTalliifHI IHACKCH, XJIOpodis, OIliHKa
BMICTY XJIOpO(]isly, MOHITOPUHT €KOJOTTYHOTO CTaHy JI€peB.
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ANALYSIS OF THE MAIN CHARACTERISTICS
OF THE MOST COMMON SPECTRAL VEGETATION INDICES
FOR ASSESSING CHLOROPHYLL CONTENT IN TREES

The article considers spectral vegetation indices (SVIs)that make it possible to
assess the chlorophyll content within terrestrial phytomass. The characteristics of the
indices and their suitability for certain conditions (including substantial background
noise arising from soil and vegetation heterogeneity, low-altitude imaging, and related
factors) were systematicallyanalyzed. Nineteen vegetation indices (NDVI, SAVI,
MSAVI, Cigreen, Clrededge, CVI, WDVI, GNDVI, GOSAVI, GSAVI, EVI2,
ARVI12, CCCI, MSRNiIr/Red, TSAVI, TNDVI, TVI, TCARI/OSAVI, TCARI) were
selected as suitable for monitoring ecological and physiological parameters of sparse
woody vegetation. The analysis of the indices was performed considering the technical
specifications of commonly employed multispectral sensors, such as the Parrot
Sequoia+ (Parrot SA, France), which operate primarily in the Green, Red, Red Edge,
and Near-Infrared (NIR) spectral wavebands. In most applications, data acquisition is
conducted from low altitudes using unmanned aerial vehicles (UAVs). The presence
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of substantial background noise (e.g., from soil surface, herbaceous cover, or
extraneous elements) necessitates the use of indices incorporating background
correction mechanisms. Based on an extensive review of the literature and available
empirical data, vegetation indices were selected that correspond to the spectral
configuration of widely used multispectral sensors, exhibit sensitivity to chlorophyll
content, and demonstrate compatibility with Leaf Area Index (LAI) estimation. The
evaluation was conducted by assessing spectral compatibility, robustness to
background interference, and efficiency in characterizing sparse woody vegetation
typical of the Steppe Zone of Ukraine. As a result of this comparative analysis,
nineteen vegetation indices were determined to be the most appropriate for monitoring
the physiological and ecological status of sparse tree stands. These indices are
compatible with the majority of multispectral systems operating in the Green, Red,
Red Edge, and NIR wave length channels. All selected vegetation indices are capable
of providing a reliable assessment of the photosynthetic activity. Indices such as the
Soil Adjusted Vegetation Index (SAVI), the Modified Soil Adjusted Vegetation Index
(MSAVI), and the Green Chlorophyll Index (Clgreen) take into account the influence
of soil background and increase sensitivity to chlorophyll. Indices that use the Red
Edge waveband, such as the Red Chlorophyll Index (Clrededge), showed high
efficiency in assessing photosynthetic activity. However, most studies focus on dense
vegetation or agricultural crops, while young trees with small crowns remain
insufficiently studied.

Keywords: spectral indices, vegetation indices, chlorophyll, chlorophyll content
estimation, trees state ecological monitoring.

Beryn

HaranpHoro mpo0ieMoro Uisi MOHITOPUHTY OYIb-SIKOTO THIy €KOCHCTEM €
3MIHCHEHHSI eKOJIOTIYHOI OIIHKK CTaHy pociuHHOCTI [15]. Exomoriuna oriHka mae
0a3yBaTuCs Ha yHIBepCaJIbHHUX MpHUHIHUIAX [14], ski MOXKHA 3aCTOCYBATH JJIsi 3HAYHOL
TepuTOpii OJHOYACHO B JaHMW Yac Ta B MaWOYTHbOMY, CHHPAarOYUCh Ha
peTtpocriektuBHI Bimomocti. Came maHi JUCTAaHIIHHOTO 30HAYBaHHS BiIIOBIAIOTh
TakuM BHUMOraMm. Tomy po3poOka IHCTPYMEHTIB, SKi O3BOJATH JemupyBaTH
JUCTaHIIHHY 1H(GOpPMAII0 JIJIi BCTAHOBJICHHS CKOJIOTIYHOTO CTaHy POCIHH, €
BXUIMBOIO Ta aKTyajdbHOI 3amadero [16]. Opniero i3 TOJOBHUX MpobieM
nemrpyBaHHs aepo(OTO3HIMKIB € BIACYTHICTh IOCTYNHHX IHCTPYMEHTIB, IIIO
JI03BOJISITH YCTAHOBUTH (Di310JIOTIYHUE cTaH 300pasKeHUX POCIMHHHUX 00’ €KTIB.

Ha croroani Bimomo nonaj 150 iHAEKCIB POCIMHHOCTI, OJTHAK JIUIIEC HE3HAYHA
YacTWHA 3 HUX MAa€ pealbHe MpakThuyHe 3acrtocyBaHHs [21]. Tomy mig wac
JVCTaHIIHHOI OLIHKKM POCIMHHOTO TOKPHBY TIOCTae HeOOXimHICTh y BHOOpI
BiJMIOBIAHOTO 1HAEKCY, aKe iCHY€ IUPOKHHA CHEKTp crelu}iyHux 3aBIaHb Ta YMOB
ix BukopuctanHa [l1]. Y 3B’A3Ky 3 IIUM BHHHKAae TOTpeba y TIpOBeICHHI
MOPIBHAJIBHOTO aHaNi3y, SKWH OW HaWOUTBII TOBHO OXOIUTIOBAB YCI I1HAEKCH
POCIIMHHOCTi, IO 3aCTOCOBYIOTbCS Ha TIPaKTHI, IJs OLIHKH CTaHy JepeBHOI
POCIUHHOCTI.

MeToro HaIIoOro JOCIiKEHHS OYJIO IPOBECTH aHAIII3 OCHOBHHX XapaKTEPUCTHK
HAUNONIMPEHIIINX CIEKTPAIbHUX BETeTAI[ifHUX IHAEKCIB Ui OIIHKH BMICTY
xJiopodiny y aepes.
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Marepiaiu Ta MeTOAU A0CTiIZKEHb

AHami3 BereTamiiHUX 1HAEKCIB 3OIHCHEHO 3 ypaxyBaHHSIM HaHOUIbII
MOUIMPEHUX TEXHIYHUX BUMOT, L0 3a0€3MeUyIOThCSI HAHOUIbII HIMPOKO BXXKUBaHUMHU
MYJIBTHCIEKTPAIbHUMH CeHcopaMmM, Hampukiax Parrot Sequoia+ (Parrot SA,
Opanmisn). [lig gac 3OMKH TIepeBaXHO BUKOPHCTOBYIOThCA KaHamu Green (550 HM),
Red (660 um), Red Edge (735 uM) ta NIR (790 HM). V OiNbIIOCTI BUIAJIKIB
MOHITOPHHI' 3IiHCHIOETbCS Ha HEBEJIMKUX BHCOTaX 3a JOIMOMOIol0 Oe3miIOTHOrO
JTaTRHOTO amapary. 3Ha4YHUH (OHOBHM IIyM (ITPYHTOBHH ITOKPHB, TpaB'sSTHUCTHI
MOKPUB, CTOPOHHI MPEAMETH TOLIO) BUMAarac BUKOPUCTAHHs iHAEKCIB i3 KOPEKIi€lo
¢ony 3iiomku. Ha ocHOBI miTepaTypHOro aHaji3y Ta HaJaHUX JaHHUX OyJo BiniOpaHO
BereTaIliiiHi iHIeKCH, SKi BIAIOBIMAIOTH CIIEKTPATFHAM KaHajaM HaHTOMyJISpHIIINX
CEHCOpIB Ta € YYTIIMBUMH JI0 XJIOPO(iTy, CyMICHUMH i3 OIIHKOIO 1HJEKCY JIMCTKOBOI
noBepxHi (LAI). AHani3 mpoBOAMBCS LUIIXOM OLIHKH CIEKTPaJIbHOI CYMICHOCTI Ta
CTIMKOCTI 10 ()OHOBOTO HIyMy Ta €(eKTHBHOCTI I BapiaHTiB PO3PiAKEHOI AepeBHOI
POCIIMHHOCTI, IO BiATIOBiIa€ IPUPOIHIM YMOBAM CTETIOBOi 30HUA Y KpaiHU.

Pe3ynbTaTu Ta iX 00roBOpeHHs

PesynpraroM 3milicHEHOro aHadi3y XapaKTEepUCTUK ICHYIOUMX BereTalliiHuX
iHgekciB Oynmo oOpaHHs 19 HaAWOUTEII ONTUMANBHWX IJI1 BHUKOPHUCTAHHA Y
MOHITOPHHTY CTaHy pO3pi[UKeHol aepeBHOi pocimHHOCTI (Tabn. 1). LI ingexcu
CYMICHI 13 OUIBIIICTIO MYJIBTHCIEKTPAIbHUX CEHCOPIB, AKi BUKOPUCTOBYIOTH KaHAIN
Green (550 um), Red (660 ™), Red Edge (735 am) ta NIR (790 HM). Yci oOpani
BEreTaIlifiHi 1HAEKCH 31aTHI 3a0e3MeYuTH HaAiiiHy OIHKY (OTOCHHTETHIHOL
AKTUBHOCTI JiepeBa.

JochimkeHHsT BereTaliftHuX iHAEKCIB Uil OIiHKK Xiopodimy Ta LAI maroTh
JABHIO 1CTOPIIO Ta TOYWHAIOTHCS 3 PO3POOKH TH(PEPEHIIIMHOTO BETeTAIlifHOTO 1HACKCY
(NDVI) [18]. CywuacHi imgekcu, Taki sk Bererauniitnuii innexc rpynty (SAVI),
MoaudikoBanuil iHAEKC POCIWHHOCTI, CKOPErOBaHUI IO IPYHTOBOMY IOKPHBY
(MSAVI), ta Innexc 3enenoro Xnopodiny (Clgreen), ypaxoBYIOTh BILTUB IPyHTOBOTO
(oHY Ta MIABHMIIYIOTH YYTIHMBICTH A0 Xjopodimy. [Hmexkcw, 1m0 BHKOPHCTOBYIOTH
kanan Red Edge, nanpuknan Iagekc Yepsonoro Xiopodiny (Clrededge), mokasanu
BHCOKY €(DeKTHBHICTh JJISl OLIHKH (POTOCHHTETHYHOI akTWBHOCTI. IIpoTe OinbiricTh
JOCITIKEHb 30CEpPEeDKCHI Ha TIUIBHIM POCTMHHOCTI ab0 CUTBCHKOTOCTIONAPCHKUX
TPaB'SIHUCTHX KYJbTypaxX, TOHi SK MOJIOJI JepeBa 3 HEBEJIMKUMH KpPOHAMHU
3aJMIIAI0THCS HEAOCTaTHHO BHBUCHUMH. BukopucTaHHs criequdiuHOro objaagHaHHS
MYJBTHCHEKTPAIbHUX CEHCOPiB, Takux sk Parrot Sequoia+, ans aHamizy BMICTY
XJIOpOdily B TAKMX YMOBaX NOTpeOye J0aTKOBOrO OOIPYyHTYBaHHS BUOOPY 1HJICKCIB.

BucHoBku

Y pobGoti 3AilicCHEHO aHalli3 TEXHIYHUX T[apaMeTpiB HaiOLIbIl MIHPOKO
BKMBAaHMX BETeTalliiHMX I1HAEKCIB, O[O0 BHUKOPHCTOBYIOTHCS IS MOHITOPHUHTY
HazeMHoi ¢itomacu. O6paHo 19 Bereramiiinux iHaekcie (NDVI, SAVI, MSAVI,
Clgreen, Clrededge, CVI, WDVI, GNDVI, GOSAVI, GSAVI, EVI2, ARVI2, CCCI,
MSRNir/Red, TSAVI, TNDVI, TVI, TCARI/OSAVI, TCARI), sxi moxxHa e(heKTHBHO
3aCTOCOBYBATH Y IOCTIDKCHHSX JJIsi MOHITOPHHTY EKOJOTIYHHMX Ta (i3i0JIoTiYHUX
napameTpiB po3pimkeHoli nepeBHOi pocnuHHOCTI. [lomaHo omuc iX ocoOnuBOCTEH,
HaBeleHO (OpMyJIM pO3paxyHKy Ta OCHOBHI XapakTepucTHKH. Pospobiena
TIOPIBHSUTPHA XapaKTEPUCTUKA y3arajdbHIOE HAWOIIBIN IMMPOKOBXUBAHI 1HICKCH
POCIIMHHOCTI, SIKi BAKOPUCTOBYIOTHCSI HA MPAKTHUL U1 MOHITOPUHTY CTaHy AEpPEeBHOL
POCIUHHOCTI.
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