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Abstract
Introduction
Remote sensed information on growth, vigor, and dynamics from terrestrial vegetation can provide useful

insights for applications in environmental monitoring, biodiversity conservation, agriculture, forestry, urban
green infrastructures, and other related fields. Specifically, these types of information applied to agriculture
provide not only an objective basis (depending on resolution) for the macro- and micro-management of
agricultural production but also on many occasions the necessary information for yield estimation of crops.
Vegetation indices (VIs) obtained from the vegetation canopy in remote sensing are simple and effective
algorithms for quantitative and qualitative evaluations of vegetation cover, vigor, and growth dynamics, among
other applications. These indicators are used in remote sensing applications and satellite systems. To date, there
is no unified mathematical expression that defines all VIs due to the complexity of different combinations of
light spectra, instrumentation, platforms, and resolutions used. Therefore, special algorithms have been
developed for different applications according to the specific mathematical expressions in the range of the visible
light radiation spectrum, mainly the green spectrum region, from vegetation, and invisible spectra to
quantitatively determine the level of vegetation cover. In this article, the spectral characteristics of vegetation
and vegetation indices, the advantages and disadvantages of various developed indices, and their application are
discussed according to the characteristics of vegetation, environment, and accuracy of implementation.

Materials and Methods
Remote sensing of vegetation is primarily performed by getting the electromagnetic wave reflectance data from

canopies utilizing passive sensors. It is well known that the reflectance of light spectra from plants changes with
plant sort, water substance inside tissues, and other natural components. The reflectance from vegetation to the
electromagnetic range (spectral reflectance or emanation characteristics of vegetation) is decided by chemical
and morphological characteristics of the surface of organs or clears out. Most applications for inaccessible
detecting of vegetation are based on the taking after light spectra: (i) the bright locale (UV), which goes from 10
fr 380 nm; (ii) the apparent spectra, which are composed of the blue (450-495 nm), green (495—570 nm), and
ruddy (620-750 nm) wavelength districts; and (iii) the close and mid-infrared band (850-1700 nm). The
emissivity rate of the surface of takes off (equivalent to the absorptivity within the warm waveband) of a
completely developed green arrange.

Results and Discussion
Many studies have constrained this translation by extricating vegetation data utilizing person light spectra groups

or a bunch of single groups for information investigation. Hence, analysts regularly combine the information
from near-infrared (0.7-1.1 m) and ruddy (0.6-0.7 m) groups in humerous ways concurring with their particular
targets. These sorts of combinations display many disadvantages (e.g., need for affectability) by employing a
single or restricted gathering of groups to detect, for case, vegetation biomass. These impediments are especially
apparent when attempting to apply these sorts of VI on heterogeneous canopies, such as green tree ranches. A
blended combination of soils, weeds, and cover crops within the interrow. The plants of intrigued make the
segregation locales of intrigued and extraction of straightforward VI exceptionally troublesome, particularly,
when the vegetation of intrigued has distinctive VIs due to spatial inconstancy, or VIs compared to other
vegetation (weeds and cover edit), which can be compared to those of intrigued. The last mentioned will
complicate imaging denoising and sifting forms. A few picture examination procedures and calculations have
been created to go around these issues, which can be depicted afterward. Indeed in spite of the fact that there are
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numerous contemplations as portrayed sometime recently, the development of a straightforward VI calculation
seems numerous times to render basic and compelling apparatuses to degree vegetation status on the surface of
the soil. Vegetation data from remotely detected pictures is primarily translated by contrasts and changes within
the green clears out from plants and canopy ghastly characteristics. The foremost common approval preparation
is through coordinate or backhanded relationships between VIs gotten and the vegetation characteristics of
intrigued measured in situ, such as vegetation cover, leaf area index (LAI), biomass, development, and vigor
evaluation. More set-up strategies are utilized to evaluate VIs utilizing coordinate and georeferenced strategies
by checking sentinel plants to be compared with VIs gotten from the same plants for calibration purposes.
Conclusion

Basic vegetation records combining obvious and near-infrared groups have essentially moved forward the
affectability of green vegetation discovery. Diverse situations have their variable and complex characteristics
that must be considered when utilizing distinctive plant lists. Hence, each vegetation list has its claim definition
of green vegetation, its reasonableness for particular applications, and a few restricting variables. Subsequently,
for commonsense applications, the choice of a particular vegetation file ought to be done carefully by
considering and comprehensively analyzing the points of interest and confinements of existing vegetation
records and after that combining them for application in a particular environment. In this way, the utilization of
plant markers can be custom-fitted to particular applications, instruments, and stages. With the advancement of
hyperspectral and multispectral further detecting innovation, it is conceivable to create unused plant markers that
grow investigative areas.
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ARV = ————— V)
OSARV (NIR + R + X) M)

3 e st |y aiej SB b Wl g 0,0 (Saw S
0358 OSAVI (03,5 cladoliyy o Jls cpl b oy oy
Slgize ¢ oyo e Bdgicuw; duwlw Sl Baes —
dedise ol opé o Jdg)lS lgime o Sy o5ex

(Huete, 1988; Qi et al., 1994)

PSSy i padld Qs Joas -F-Y
A5y, Jnlp ab (o9 Kauth and Thomas (1976)
o8 Sbal oS ) ol g 03 adllae |, 2lS by
bas olidgy bS5 awe; S OUL des I wSael
F s degerme 4 poal S Lol sla)ly s Sulus
d)‘.)))w d‘)’ FUSII W o_oa):u )uLJ b Lm)]y
Sl 5"l edlatel b CEMLS i ol Mbo aLS jidg
e 5l & @5 e plonl (Lol gl claaily " s
s (j 4 & Cul opxiodins ooy Judoo 4 aus
clodls Wl o Salus 55 o (PCA) Lol (claadlse

! Modified secondary soil- adjusted vegetation index
(MSAVI2)

2 Scattering from arbitrarily inclined leaves (SAIL)

3 Spike cap



PAA L YAY Sloxiio AF+Y Jlo &F oylesd & 0593 S5 5 O o 9 (53l Jdo 4 puti /5 ol Yof

L dllio 3 a8 sl YU (Sloj g (S0 2959 9 @y
el slmojfsle (loodly  (itso 590 tomius (slasyglid
anp 8Mle Ll LUAV j9 5l o (gpglop pils Sl 0
LS iy oyl cidisee cllllas )3 lagSes ) 5l edlitd
Lietal, ) S o ] olon y93 5l yiomimw &isej )3 oo (il
sl €8l s 4 bgyye biac UAV les (glad )5 (2012
b lomygd & oLl jiod oy (RGB) (po slosly
Jan (Jlo bl o5 059 9 CoB b lodon 3 Vb 299
5 b 2z )l s gl P g oty
P 4Sysbolen i3s3 SasS 5 ol Ll jad ogole
2 padld ool g1l ol (oS Jide glaasls 300
A9 sl S35 338 gl 9 (S s Sk oS el
L 035 i sLiimd 059y y Ngdi e odlisl Loy oSl
Gl S35 508 (ygale Lk ol oS L9d o0 g VL 909
Li etal., 2012; ) dad_e il |, UAV Lo 3,8 &8
5 oslisl L Ysase U3k g5 ol (Honkavaara et al., 2013
e Bgdge 5 Solasl (AblS g (dbodiz (Sye slacugd
oSy il SO NDVI Gagoet al. (2015) L.
ey (VA) ksl 51 g 039 UAV (sland )8 (ol o yasls

D90

R - R
NDVI = (Rgoo 680) (VA)

(Rgoo + Rego)
FA‘ ).) R;/\. 9 ):-09.;1.; A“ ).3 LOJL)‘L R/\.. fih’l) L')JI ).)

Vb (NIR) oo 3o)8 (pgale CU3L Jioey wcunl gl
solitl LS s adeis gl pasls ol 5l udeylS
Ollles 5| Sy > (Zarco-Tejada et al., 2012) >4 0
loojlgale 5 (abriz laomes L 1) UAV jl oslial &
(S oo 23L8) LAD ass (gl YU 2905 b iboiz
Berni et al., 2009; Fuentes) 15,5 o,Lsl NDVI 5, |
J(etal., 2012
il SUk > Jg)lS da Jas 8ad fas jadls
Jessi (alS (aslalolil pasls 53 oad oas Juby S
2 asls olygsa (TCARI/OSAVI) Sk L o
H o ol sl oad 2l Ji39)IST lgizes 4 5ol
25le 5 IS 58b QUL palie il ge o (6)S0d Jelse
clial o)lse plo ple » SB UL 5 Lids gb UL
buwg & (5,55 esls (Gago et al., 2015) >4 .0
&l seme asls W &) Zarco-Tejada et al. (2013)
Jebgily it (a3l ) sl (PRI) obesdgd bl
29 b bl 0S5l 3]y ol 15 4 by (Sp d,))

3 Photochemical reflectance index (PRI)

MSBI = 0.406 MSS, + 0.60 MSS;
+ 0.645 MSS,
+ 0.243MSS,

MGVI = —0.386 MSS, — 0.53MSSs
+ 0.535MSS, (V%)
+ 0.532MSS,

MYVI = 0.723 MSS, — 0.597 MSS;
+ 0.206 MSSq
— 0.278MSS,

350 cos hid NDVI oS cul oad Lastie oS ol ol

gNDVI oy e (Stused S5 05 00 )8 S ol
Sgdien iy Sloj Cute (Nhrad 9000 03 S (b
(b bl 0 )l U NDVI 5 con ol ) s oS
L& )38 o b NDVI s oy (o) 4 yiuuedl 5 SB-
Amiri and Tabatabaie, ) cowl Jolss j> alS i b
slaShy polwl o (BUS by 9 el oplpli (2021
il 9 35,35 e LS NDVI ¢ o me 53 (55,5 )3 5 S
9 SL3 Gl gly Sl Liu and Huete (1995) L.,
sl Loyl o) o 1) g &3l daws? (clo bl
A5 (2515 (ARVI) (ol s 3 sl 5 i
P i el s (sl 1y (SAVI) s 805 o
5 SIS oo Jolbss dons 0 a8 sl Hlobsl bl 501> dmwgs
Ay Ll 1) %05 sl 3Sas o] 5l S SialS g g
eMo) el el sloml b 1y 563 1 peilSn S o]
9k (BUS by paSld & W38 (B g2 9 SK Ol

<l (EVI) assly
— (TM, — TM3)(1 + L)
~ TM, — C;TM; + C,TM + L ()
EVI = 2.5 X P~ Pr

pn+ Cipr — Copy + L
(NIR) 355 3o,8 pole yalio ol EVI YU dla, o
L 95 0 gumnad yhued] bawg a5 ol (B) ol 5 (R) o8
5 cuwl Ll ol Jade g SB usS s sl el )b
Sl VIO g il Jolee Coli polie b o say W jiel s

Omiys (g (2lop )93 31 lomius (alS Jhdey (slayadld —0-F

Sy b dalais > (UAV)
ELis)) 53 599 oly l toxiw (ygle8 SOUAV 93 1 ot
Laosly d)ﬁié-‘“? .\»]).9 Jﬁ]o ) aS ol (/wa Voo 5 &') uul;
S 5l ol 28 o 5 s Jelse 53k o 58
Lg)lb).g)g.s_.a.'f sy w0l uL.L,:, Y 45)4.04.; 05)'“ du)n

I Atmosphere antivegetation index (ARVI)
2 Enhanced vegetation index (EV1)
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Jioglh SV- |, Gl g Qietal. (1994) bl ol
i) i 3 Ve Sl Qi i 5 53,5 (6Seils
Copd gaLE g 233)S Lo po oy |) (209l DO+ 5 Ve
CAR x (?)

670
|(a x670+Rg70 +b)|

2 0.5
(a7 +1) )
— (R700 - RSOO)
(150)

b = Rss0 — (@ % 550)

I, CARI e=3ls Daughtry et al. (2000) «
Jdo S o Caws bl Mol a3ls 5 W) M
(YY) daly) 23,5 1) 1, (MCARI)

CAR =

MCARI
_ 1.5 X [2.5 (Rggo — Re70) — 1.3 (Rgoo — Rs; (¥Y)

V(2Rgep + 1)% — (6Rggo — 5Rg70) — 0.

2l gosles Sy Udg)S clile 4 MCARI
taw asls oS audl,> Daughtry et al. (2000) ¢ iagh
Sy ogaw padld — b5 ASerp g JBg)lS Sy
Jols 1y MCARI &lpss 5l dopd W 5 VY &0 Cuipa
NIR sl L MCARI dal, » Sl o> .sd e
I slaginpis ol cpl il wily (Staes
sy Jpaze 13 ((55liS 3 e dl) (LS b
oS oKin .l Lasyo b8 Ol Cundy g o ol b paiiane
il G cos glals wals B SOl 5,80
O 3l g Jpaze 38les a4 xie &S X, o
bil cplply Dgd(e wad (Sid llps > Jpaxe (53,
A6 &S el oo s Jpazme Of Cundg 385 5 cdges,
Sdls 3 )l Jyame cutS 5 3o ) p (sorione
Ol Gyl 508 gl y93 3l o (6yglh dnug o]
h Jyae gl ©lpss g (ladg g6 slod Slyess (550511
i oyl (Elsheikh et al., 2013) cusl 03,8 ool
Foghs (S w59y JSl Gy g QLS 35 Copuay
S Cundy G Gy oS by g6 g Sp by a0
(O'Shaughnessy et al., 2011) cuwl o oslitwl Joae
Idso et ¢ yids zU slod (slacsypSojlul (6)5 5l jslatea
i) @l |y (CWSI) Jpamo o (i (a3l al. (1981)

23,8 &) Jgamo Ol Cunidg
(Tcanopy — Taws)

(Tary — Taws)

CWSI = (¥¥)

! Chlorophyll absorption ratio index (CARI)
2 Modified chlorophyll absorption ratio index (MCARI)

bias &5 S sy b o 218 5 byl (slyiomn
e gl Jhoay 90 oy sl gl 15 36 oo
el WAV polas ulul p alS jide cledlbl 38 4
Jb o cepuwds oo mle o)l 0 UAV I solacl
sl S5e Wang etal. (2015) « aagh 5o Cosl Lil5él
i Sl Sizg 3 03l b 1y L s S by i
N sl (B) e 3 31 gl 55,5 olj)| UAV sl
2535 odlatwl NDVI dpoles (gly (NIR) 05 50,8 g0l
g JINDVIE a3ls 5 (R) jod Sl oy opizen
Pios E3970 3> 93 @y J1(G) s 3k slo 9 0 i + 1
Sy Sl gl alS jadls (ol 53,8 oozl p_j +

(0 ) 15 &1)) 5 ye 555 53k aw ol (VDVI)
(2 X Pgreen = Pred — Pblue)

(2 X pgreen + Pred + pblue)
Db S g SO e Bdgie ) VDV asli yiolis

VDVI = (V)

S YL VDV (el wlel p alS jide gl sl cés
Sbog Sy 9 Bb p e (2LS jide slapadls ple
cd> Wang et al. (2015) (gladlas 5 .l (G)

353,85l aop3 e il i |, VDVI asls

Ay Cundy slaasls —F-Y
o9l sl LBl sl NDVI i ply o jsbples
(Gago et al., 2015) s> o Lilj8l ) R ;0,8 o NIR ;0,8
SNIR polis s dad e bl Ky asls ol ) comlplis
Seslyd &y alS asls Gitelson (2004) .oyl
(Ve dlayly) 5,8 slpsiay |y (WDRVI 00,25
(O( Pnir — pred) (Y~)
(O( Pnir T pred)
ol 5 Jles! b |y NDVI &lyis aiels WDRVI
5008 ygle Condd b )gl)g a ;1 .cuwl NDVI J.)l;w WDRVI

WDRVI =

Jobo §) e el yio WDRVI sl po; + pisy
Qb 3 @ ups Glp e (pfcalio (x)lie]
obis Gitelson (2004) adlas .cusl /Y- Hlaie WDRVI
ot s Uil y WDRVI asls & s
L (LAL >Y) ol conlia Vb 355 b plbdoe
Gy NDVI (LA V) a8l oS odgicam o5 5
b CUiL 4 a2 bl Powlie a5 idy auail
b QB cal de olgise (yiegl BB:=V:+) olS (slas
bl piie Sy J3g)lS ol ST g )5 )5 > ol
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sl s Yl SSE L b 3>l ) eslizl |
by g cul (il b 55 593 5l Liomiw bwgs sdel Cunday
[(Honkavaara et al., 2013) cusl 0 5SOL b 5o b
sz Sl &S olbpadls sy 5l (S
joR oo g o3 sl o oad by Cand Gl
AUl s oy edli Opd e dmlbre S
(Karnieli et al., 2010) cuwl (NDVI) _als iig
Soahly lie b ady 3,8 jasuie ¢l NDVI I oslazl
b1y ol lallae 51 (gl gyl 51 sl 2lS iy gl
4wlio (Sripada et al., 2005) (LAI) Sy mew 2sls
5 e s 0 Sy paw glgiea LAL o] j3 oS wiled,S
oMbl (Zhang et al., 2012) sad 0 iy S
5 bl b Baee jo 5l o polas I alS iy,
Oibyy gU i s SRy 9 QLS I juw Sy iy
ol [(Amiri and Tabatabaie, 2020) e o s
R L 3 S5 I W R
G Shy 5 eslcwsn  alSdy  slajesls
(P pdy wle @ope > pSojlul 3y (LS LS
3 sl (5yglaly sl g by @395 oSy s a3
b 2lS by sbuadls b)) sl 538> slagby,
Al lS Gl b Gl 5 e slagty) I eslin
ol 3l sdelcunsdy alS ibe sl jaslis b awlis 4y
Nourgolipour ) sg o edliiwl (swly jolaieds oS 4lalS
Sogagll slaceuSojlul 50> slajbg, ;I (et al., 2015a
gaw oSwl (lp o5 slagbyy @ by, cpl )2 & cul
0SS e gl cEp Lol e 0 Sy Sl asie
o ss, J(AMif, 2021) cwl (LAI) S, g
b glase il 3685 Il 1 ooliial b waditis jod (ocin s
2 gl e Cusdse & i GlalS bl lp alie
B9y Rede pbol cul ol aSuie (o) 9 n9a 59)
3 oodel Cusday (LS hds slapasls awlis (dly ped
Oloisds g Ad wles g Gl a4 a5 Llao)lgale
QS o Joo e glo)sS ()50 Cusday (sl (sl
Il ol p pae plteeyd by ool St
g R Sy e by gl S Glp by
oliwl Slogsl s slabgy NSy slaasls

Sled S

2 Clumping index

5)'1@15 L)““”’?’ CL dh‘bj).: dLo.) Tcanopy ‘ckhg‘) u)‘ 5
Wl by b Sy by Thws (°C) pSolsl
5> 4) ol G5 g Jpame &5 cul o; (°C) LS A
NolS” gy g sl slod Tary ol (sl 00 ()l
2 o 39S Uidsay Jgame &5 sl loj (°C) LSkl
s> i Tgry 5 Thws ool o 205 (15 cos SB
CWSI sl (il loy sl & sid oYL 5 b &b
Ol o Casb) dop glod) Llame Ll gl cou
B b gl by ey p (b Cope g siedysS
Jie oyl Juo 55 CWSI g0 0dlisiwl Teanopy
S gl ol o)l Jo gylai Jae Sy (29
cog.l).gtq o OLJ L:a)l,ol)l,i Og.l ‘_’)3)91 Cuddy g Cawl d3l:’.}
dgd o odlawl  Jladss Ol gly lid gyl Jas
Lol o ) s Js (Lebourgeois et al., 2010)
lga gl glas g lsn (lod ¢ aLS g zU (slod 3l edlatul
B adlas 500 ke 225 Jde alaln Dyl Cussay
W5 ool 3y50 Jgaze (b3 )55l (gilows 5 9 48)S
ople il 5 oozl yesde (ANda, 2009) caul 43,5
b (Sye Cuond olS o A5 skl Gy )l je)3
Jolis oyl el wbe o) a5 pmdg) ek glp o
gy Jsb > ol p jSyete sbadls i eolivl
Llys b cov e balss, o ;5 a8 cwl ok
Sk pale WS JE Jdel wnle ) s
Gl &S sl oyl (2dls S lseas (PRI olosdsid

Do oo 03laiu! ‘j hesylom @M awsuis

(R531 - R570)

PRI = 231 5707 (¥¥)
(R531 - R570)

S M5 e S Gy (LUE) 15 Gy 3
pla ol ol o3> LS (NPP) Lalb &gl g (pesss
LUE (slac,Sojlul o sleel b cds )] cunda

e 1) Sl lsp 9 o St g (3l i Olgise
» SB35l LS pasls s Jly cglis SO PRI S
b cov wb g ol QUL g cewl yiegl AVe 4 OF)
S S LUE L (oo byl 5 o)l )8 Ldgulids
wy e &l Sy LUE I o8 owess PRI oyl pls
5l slaods (Haxeltine, 1996; Ruimy et al., 1999)

o

I Light use efficiency (LUE)
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Table 1- A summary of vegetation index expression in the land cover assessment

& aally oadls
Gitelson et al. (2001) GVI - (1 +0.018GVI) x YVI - ? AGVI
1 1
Gitelson et al. (2001) ( ) - ( ) AR
R5501 R7001
Gitelson et al. (2001) Rago [(—) - ( )] ARI2
RSSO R700
Kaufman and Tanre (1992) (M) ARVI
NIR + RB
Jackson (1983) 0.2YVI ASBI
[a (NIR— aRed—b)]
Baret and Guyot (1991) [a NIR + Red — ab + X (1 +a 2)] ATSAVI
X=0.08,a=1.22,b=0.03
Ashburn (1979) 2.0 MSS, — MSS; AVI
1 ()\3_)\2) 1 -1 ()Lz_)\1) -1
Plummer (1994) tan™? {[—2—2Z| (NIR-R)"!{ + tan™* {[-—2—2°|(G—R) AVI
A 2 A 2
. R400
Zarco-Tejada et al. (2005) BGI1
RSSO
. R450
Zarco-Tejada et al. (2005) — BGI2
ESSO
Zarco-Tejada et al. (2012) 400 BRI1
R690
Zarco-Tejada et al. (2012) 450 BRI2
R690
Daughtry (2001) 0.5 (Rz000 + R2200) — Ra100 CAl
— 2
Qi et al. (1994) V(@a—670 +670nm +b)* (M) CARI
(a? +1)0° Ré70
. NDRE — NDRE_;
Li et al. (2014) ( min) cccl
(NDRE,,x — NDRE;in)
Broge and Leblanc (2001) 1 - prin CRCWD
(1/R515)
Gitelson et al. (2006) 1 CRI500
( /Rsso)
(1/R515)
Gitelson et al. (2006) RV CRI700
( /R700)
((Tc - Ta) - (Tc - Ta)u)
Idso et al. (1981) (T — T = (T.= Ty CWsI
Buschmann and Nagel (1993) Rgoo = Rsso DIl
A1 d
. P da
Demetriades-Shah et al. (1990) L \d, DVI
Richardson and Weigand (1977) 2.4MSS; — MSS; DVI
[(TM, — TM;) (1+L)]
Huete et al. (2002) (TM, — C,TM; + C,TM + L) EVI
Pinty and Verstraete (1992) 2X P een™ Prea” Phlue EXG
{NIR — [Green — v (Blue — Red)]}
Zhang et al. (2012) {NIR T [Green ~ Y (Blue— Red)]} GARI
Sripada et al. (2005) NIR - Green GDVI
(R—0.125)
1-0.2 -—
n(1-025n) a-B
Pinty and Verstraete (1992) GEMI

_ [2(NIR? — R?) + 1.5NIR + 0.5R]
B (NIR+ R+ 0.5)

o (2R;— R, — Ry)
Louhaichi et al. (2001) —(ZR TR+ Rb) GLI
g r
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Table 1 Continued
&uie ) oasld
itelson and Merzlyak Rrso
Gitelson and Merzlyak (1996) Reco GM1
Gitelson and Merzlyak (1996 Rrso GM2
itelson and Merzlyak ( ) R0
o (p NR T P G)
Louhaichi et al. (2001) N GNDVI
(D NIR + P G)
Kanemasu et al. (1977) GVI-0.09178SBI + 5.58959 GRABS
) NIR
Sripada et al. (2005) Green GRVI
ith | Rssy i
Smith et al. (1995) Rery Greenness index (G)
Kauth and Thomas (1976) (—0.283MSS, — 0.66MSS; + 0.577MSS, + 0.388MSS,) GVI
GVI
Badhwar (1981) SBI GVSB
. Raoo
Lichtenthaler et al. (1996) R LIC3
740
[2 (p nir - P red)]
Zhang et al. (2011) HIVI
(p.+6p —-75p +1)
nir red blue
Mahlein et al. (2013 Rse = Rese) _ 5 HI
ahlein etal. (2013) (Rs34 + Rgog) 7o
{pnir_ [pr_ Y(pb_ pr)]}
Ren-hua et al. (1996) IAVI
{pnir+ [pr_ Y(pb_ pr)]}
. ) TMs
Musick and Pelletier (1988) ™, 1
_ ™,
Crippen (1990) (TM, + TM;) IPVI
R700
Daughtry et al. (2000) [(R700 — Re70) — 0.2 (R700 = Rsso)] (m) MCARI
1.5 x [2.5 (Rgpo — Rg70) — 1.3 (Rgoo — Rsso)]

H 1. (2004 MGVI
aboudane et al. (2004) m — (6Rggo — 5Reyg) — 0.5 G
Misra and Wheeler (1977) (—0.386MSS, — 0.53MSSs + 0.535MSS¢ + 0.532MSS.) MGVI

[(NIR? — Red) (1 + L)]
Yang et al. (2008) (NIRZ+ Red + 1) MNLI
Misra and Wheeler (1977) (—0.404MSS, — 0.039MSS; — 0.505MSS, + 0.762MSS,) MNSI
(p 750 P 705)
Sims and Gamon (2002) MRENDVI
(p750+ 05" 2X% p445)
(p 750 ° 445)
Sims and Gamon (2002) N MRESR
(p 705~ P 445)
Chen (1996) 05 x [(2NIR+ 1) - /@NIR+ )2 =8 (NIR— R)| MSAVI2
Misra and Wheeler (1977) (0.406MSS, + 0.60MSS; + 0.645MSS, + 0.243MSS,) MSBI
Qi et al. (1994) 0.5 X {2Rggo + 1 — SQRT[(2Rggo + 1)* — 8 (Rggo — Re70)1} MSAVI
h [(Rsoo - R670) - 1]
Chen (1996) [SQRT (Rggo/ Rezo + 1] MSR
(p 1599)
VY MSI

Hunt and Rock (1989)

( P 819)
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Table 1 Continued
&uie dkal, oasls
Haboudane et al. (2004) 1.2 x [1.2 (Rgoo — Rss0) = 2.5 (Re70 — Rsso)] MTVI
Misra and Wheeler (1977) (0.723MSS, + 0.597MSS;5 + 0.206MSS, + 0.243MSS;) MYVI
1.5 X [1.2 (Rgop — Rss0) — 2.5 (Rg79 — Rsso)]
Haboudane et al. (2004) J(2R800 1192 — (6Ryoo — 54/Rorg) — 0.5 MTVI2
(G- R)
Baret and Guyot (1991) G+ R NDGI
(NIR — MIR)
Mecnairn and Protz (1993) (NIR + MIR) NDI
Datt (1999 (Rren = Ryso) NDIL
att ( ) (R780 - Rsso)
(Rsso - R710)
Datt (1999) (Rozo = Roga) NDI2
| I (R734 - R747)
Vogelmann et al. (1993) 7@715 ~ Ry NDI3
[log (1/0 ., —log (1/ 0 ;)]
Serrano et al. (2002) NDNI
[log (1/ 0 ,.,) +1og (1/ 0 ;)]
[log (1/0 ,5,) —log (1/ 0 ;)]
Serrano et al. (2002) NDLI
[log (1/0 ) +1og (1/ 0 ;)]
Lichtenthaler et al. (1996 (Rooo — Reco) NDVI
ichtenthaler et al. ( ) (Reoo + Reao)
(p nr P R)
Rouse et al. (1974) — = NDVI
(p NIR + 0 R)
(Green — NIR)
McFeeters (1996) (Green + NIR) NDWI
(G-R)
Verrelst et al. (2008) G+R) NGBDI
(G-R)
Tucker (1979) G+R) NGRDI
[p 860 (p 1600 ° 2130)]
Wang and Qu (2007) [ + ( _ )] NMDI
e 860 p 1640 p 2130
_ (NIR? — Red)

Goel and Qin (1994) (NIRZ + Red) NLI
d | (1996 (1+0.16)(Rgpo — Re70) s
Rondeaux et al. (1996) (Reoo + Reyo + 0.61) AVI
Gamon et al. (1992 Rsa: — Rzo) PRI

amon etal. ( ) (Rs31 + Rszo)
Merzlyak et al. (1999 (Reoo ~ Rsoo) PSRI
erzlyak et al. ( ) Ryso
Blackburn (1998 (Rooo — Razo) PSND
ackburn ( ) (RSOO + R470) ¢
RSOO
Blackburn (1998) R PSSRa
680
RSOO
Blackburn (1998) Row PSSRb
635
RSOO
Blackburn (1998) R PSSRc
470

Richardson and Weigand (1977) J( O ot = P ek = (P i = P eI PVI
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Table 1 Continued
&oe dkal, oasld
(NIR—aR—Db)
Roujean and Breon (1995) W PVI
i Ry46
Gitelson et al. (2006) Rors RARS
i (Rgoo — Rg70)

Roujean and Breon (1995) [SQRT (Rggo + Rero)] RDVI
Roujean and Breon (1995) VNDIVI x DVI RDVI
Gitelson and Merzlyak (1994 Rrso = Roso) RENDVI

itelson and Merzlyak ( ) (Ryso + Ryos)
(ZiZ800 RD
Gamon and Surfus (1999) (5592, R,) RGRI
1=500
(R-G)
Pearson and Miller (1972) R®R+0G) RI
R
Pearson and Miller (1972) NIR RVI
(P wn= #o)
NIR G
Huete (1988) — = +t@@+0D) SAVI
(p srT Pt L)
Haboudane et al. (2002 Rooo — Rass) SipI
aboudane et al. ( ) (Reoo + Reso)
Kauth and Thomas (1976) (—0.283MSS, — 0.66MSSs + 0.577MSS; + 0.388MSS,) SBI
Richardson and Weigand (1977) MSS; — 2.4MSSs SBL
Van Genderen (2011) Tvp (M) SDr
(NIR)
Birth and McVey (1968) (Red) SGI
RSOO
Jordan (1969) —Rm SR
RSOO
Buschmann and Nagel (1993) Reso SR2
R700
McMurtrey et al. (1994) Rero SR3
R740
Vogelmann et al. (1993) _R720 SR4
R675
Chappelle et al. (1992) (RrooReso) SR5
R672
Haboudane et al. (2002) m SR6
R86O
Datt (1998) (RazoRr0s) SR7
R700
Haboudane et al. (2002) 3 X |(Ry00 — Rgz0) — 0.2 X (Ry0 — Rsso) Rors TCARI
(NIR — Red)
Bannari et al. (2002) 0.5+ NIR + Red) TDVI
[arb (NIR - arbRB - brb)]
Bannari (1994) [RB +agNIR — a,pByp + X(1 + a5 ] TSARVI
[a(NIR — aR — B)]
Baret and Guyot (1991) m TSAVI
Rouse (1973) VNDVI + 0.5L TVI
Gitelson (2004) (G-R)(G+R-B) VARI

Y Jod aob)
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Table 1 Continued

& ) uesld
(NDVI;, — NDVI,;,))
Kogan (1995) (NDVI, .. — NDVI,_;,)) VCI
W | (2015) (2 X P green -0 red L blue) VDVI
ang et al.
(2 xe green te red +p blue)
Kogan (1995) axVCl+ (1—a)xTCI VHI
R740
Vogelmann et al. (1993) Rozo VREI1
(R734 - R747)
Vogelmann et al. (1993) Rors + Roge) VREI2
Kauth and Thomas (1976) (—0.283MSS, — 0.66MSS5 + 0.577MSS, + 0.388MSS,) YVI
R970
Wang and Qu (2007) Rooo wWBlI
(a p nir o red
Gitelson (2004) WDRVI
(a 0 nir TP red)
(NIR, — Red)
Wolf (2012) (NIR, + Red) WV-VI
i R7s0
Zarco-Tejada et al. (2005) Ryt M
A n
Elvidge and Chen (1995) Z lo" (x|, IDZ-DGVI
» 1
A n
Elvidge and Chen (1995) Z |0 (xp|ar, 2DZ-DGVI
A
1600 nm
Elvidge and Chen (1995) (NIR —0.66 m) AFRI1600
2100 nm
Elvidge and Chen (1995) NIR—0.5 NIR £ 0562100mm AFRI2100
Red
Rouse et al. (1974) NIR x Green? cVvi
NDVI + 0.5
Wang et al. (2015) INDVI T 0.5] < V [(NDVI) + 0.5] CTVI
NIR — Red
Gitelson et al. (2002) 24X NIRFRed+ 1 EVI2
NIR — Red
Gitelson et al. (2001) 2.5x NIR+ 24Red + 1 EVI22
(N1 - 025n) — 22022
Elvidge and Chen (1995) GEMI
n = (2 x (NIR? — Red?) + 1.5 x NIR + 0.5 x Red) /(NIR + Red + 0.5)
(NIR + 0.1) — (SWIR + 0.02)
Datt (1998) (NIR + 0.1) + (SWIR + 0.02) GvMI
) 2Green — Red — Blue
Bannari (1994) 2Green + red + Blue cul
G
Gamon et al. (1992) NRE+R+G Norm G
R
Gamon et al. (1992) NRE+R+G Norm R
NIR
Gamon et al. (1992) NR+R+G Norm NIR
NIR — a X Red WDVI

Elvidge and Chen (1995)

S ¥
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