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Vcp,dalioll vip,m 01 c.ovcI stat LIs is c.uIIclilly nmlilorccl p,lolmlly usin{j, had-lmtld
vc[~,cla~ion ildicm (c.[1,.N] JVI, I’V1, RVI, aII(l SAVl de). ‘JIKx d VCISUS mar-i]]ftatcd (N1R)
vc[’,ctatiotl ildiccs o~mtatu by C.olltlas[illp, lhc cllloIoplIyll ])ifgllcld almljdiml it) llIc ]c(l with llm
IIi[’11IcilcctaTK.c of g,IccII lcaws iII tlIc NI R. 1Inch c.mditimls of’low (<3(W) g,IccII caIIoI)y cOWY,

hackp,t Outid rock, soil, ali(l liltu materials ]IIoducc a rans,c of vcg,clation index valws,
dmlnatical]y dcp,tading, tl~c accuIacy of had bald vcp,ctatioll indices. llIotid-lmKl data ale unal)lc
10 dislil~~,ilish slope vaI kitims fi~]il the Icxl to N]]{ in backp, touncl Inatcv ials from tlIc Id VCISHS
NJ R sip,t)al of [gNII ]cavcs at p,tcct) vc[~,ctatioll COVCIICWCISof tyl)ical al id aIId set ni-al id rcg,i(ms.
~)ul ]Mcvious field cxpcrimcl~t, condudcd by hiph s])cctl:il-1-csollltiol~”ASI Ys 1’S-? mflcdaIIcc data
with IJaldwidtl] of 4 litl~, slIowc.d that the na~lmv-t)atd cxmwt Itimial vc[!,ctation ildicc.s (1)\Tl,
N] )V], I’VI, RV1, SAV1, SAV12, ad ‘1’SAV1) have hi~lm accuracy tlmll the cor~cs]~oll(lil~p,”
silnulatcd broad-bald vcp,ctation imlicm cm quantifying, vcp.dation cover, especially Ihc low
(<30% p,lccli cover) aid wry low (<1 O% p,iccm cowl) f,iwli covm coliditions. 1lowcwr,
dct i}’ativc-basd p,rtm vc[’,ctalion iidiccs (1Xi\T1) dcvivcd floln cmtilluous 1’S-2 d_lcclalIcc
s]wcdr:i proved to k the kst amonp, all of the Icstccl broad- ad Iianow-bald vcp,ctalioli ilidiccs.
1)(iVl was UI) to scwval times l)CIICI than bloa(i-l~alld NI)V1 aIId I<V1 iii pdictioli accliiacy. ‘1’IIc
higln( ]mxlic{iml acc.mwy of low S,icmI cowl ]cvcls by 1Xi\Tl is clue to 1)(i\T1’s oldin]al]y

mit iiini~inp, lmk:~,t ound impacts (hrig,htncss aIKl Icd-Nl 1< slope cfkds) on g,tcm vcp,ctation
sip,ilals cci~lHLd at tljc clIloIo]dIyll Icd-cd~,c. l)(i\71 is dcfltd as the ititc[[i ation of 1stOnd ordu
drrivaliw spcct m across c.l~loroplly]l Id-cdp,c spmlIal I-aiIp,Cill Icfclclmc 10 a local m Y,cIo
basclilw ald fcniscs oli limasutil)g, the amplitude ofthc Chloro]hy]l rcd-cd(J,c. (hi ]mwious stucly
with AV11<1S data also rcvcald IIInt tlm chlorophyll rcd-dp,c fcalut c of h4011tc.Icypines cat) h
~cdily ktcdcd ili the hi@ s]mctt al rcw]iitioli AV1 R] S ~dlcclal]cc spcxtia f{u g,iccII C.OVCJICVCIS
>~ .8%. ‘]’JIC1~.,f(~l~, illtlc)dll~tiol~ of ])(i\~] to Av] ]<]S ~~ataCOIIl(l]cacl to ma])])iil~, ]OWCOVCIICVC]S
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ofp,tccnvcg,c.laticm with higher accuracy at larg,cr scale.

2. Alctlio(ls

Racticmclric.ally calibratcct AVIRIS data, which wm acquiwcl cm October 3 of 1990 over
a commercially opcra(cxl h40ntcrcy pine plantation in .laspcr Ridge, California, were usccl for this
study. ‘J’hc Mcmtcrcy pine plantation had ncar]y ictcntic,a] background soil and sing]c h40ntcrcy
pine spccics Q’itms rm/if//fJ). I)ue to pcrioctic cultivation, unclerstory wcxxts were basically
rcmovecl, liiclct check found only a little dry grass present in the plantation. 1mw altitude atria]
phc)top,raphy of the plantation was acquirccl before the AVIR1 S flight and used in assisting
ctctcrminaticm of locations and percent green cover levels of 22 sampling sites (I;igurc 1).

lintire AVIRIS scene of the study area was ccmvcrtccl to 1st and 2ncl order I)GVI values
on Ihc pixel by pixc] basis. Raw lIN spectrum of each AVIRIS pixel was calibrated 10 grouncl
rcflcctancc in the full AVIRIS spcclral range using a series of calibraiicm targets ranging from
dark to bri{:ht in brightness. ‘1’hcreflectance spectrum of each pixel was subsequently smoothed
by a low pass filter to remove high ficc]uency noise. Usin~ equations (1) and (2), the 1st and 2ncl
order clcrivat ivc reflectance spectra were then generated separate] y, l;ina]ly, the 1st order IIGV1
with local baseline correction (11)1, IIGVI) and 2nd order 1X+VI using zero baseline
(21)%- lXiVl) values of the pine plantatkn were calculated using equations (3) and (4). No local
baseline correction is necessary for calculating 21)7,_IKiVI,

P’(aj+, ) - p’(~j-~)
P1’(kj) = ‘------- _ ~---

j+l i]

(1)

(2)

(4)

in equations (1) to (4), i rcprcscnts band number and Ii represents center wavelength at
the ith bancl. k,= 626.1 nm (band 24) and Ln=795.8 m (band 45). ‘l’he p, p’, and p“ represent
reflectance, 1st and 2nd order derivative reflectance, respectively,

3. l{csulis

Vegetation signals centered at chlorophyll red-edge were enhanced in both 1st and 2ncl
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order derivative reflectance spectra. l’he red-edge feature for the site with 2°/0 green cover level
was more recognizable in its derivative reflectance than in the reflectance spectra, Higher linear
regression coefficients (r? values) were acquired for percent green cover levels of the 22 sampling
sites with corresponding 1DL_DGVl and 2DZ_DGV1 values (Figure 2).

Roth 1D] ,_DGV1 and 2DZ_IlGVI maps quantitatively delineated spatial variations of
green cover conditions of the plantation and adjacent areas. Based on the existing strong linear
relationship bctwccn the DGV1 values and green cover densities of 22 sample sites from the pine
plantation, the percent green cover levels of entire Monterey pine plantation were inversely
estimated, including the areas with <1 YO cover level. The two percent green cover maps generated
from 1D] ._llGV1 and 2DZ_DGVl showed very similar green distribution patterns. Visual
examination of these two percent green cover maps showed that all of the 22 sample sites fall
in the correct range of green cover (Figure 3).

4. Conclusion

Monitoring of green vegetation in arid and semi-arid lands will be substantially improved
using imaging spectrometer data (e.g. AVIRIS data) with a continuous series of narrow bands
across the chlorophyll red-edge region, Detection limit of low green cover levels can be further
enhanced in derivative reflectance spectra of AVIRIS data. DGV1, which is developed on the
basis of minimizing the linearly mixed background impacts on green vegetation signals, is a very
effective and practical way to observe variations in green vegetation cover in arid and semi-arid
regions.
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Figure 1.

Airborne Visible/Infrared Imaging Spectrometer (AVIRIS)
(Jas~er Ridae Biological preserve, CA; October 3,1990)

Red:

Green:

Blue:

805.4 nm (CH. 46)

557.4 nm (CH. 17)

449.5 nrn (CH. 6)

AVIRIS 3-band false color composite of Jasper Ridge Biological Preserve, CA. The
bottom image contains the Monterey pine plantation with 21 sample stands inside. The no. 22
stand is outside the plantation,
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Percent Green Cover vs 2nd Order DGVIT~f

(Monterey Pine Plantation in Jasper Ridge, CA)
40 L“’’I’’’’ I1ll’”l’III’’” I’ “’1’’’’ 1’’’ 1’1’’”1

35

30

-s
:10
&
0

Linear RegressionC oefficient (/) = 0.9034 ~ :

Y.-irjter.ce~L .(Constant). >.-.l~5~56762{2{. . . . ...{..... .. :......:1

L

.,

.,

. . . . .

.,,..,

. . . .

. M. . . . - .

.. . . . . . . . . .

X–coefficient (Sl~pe) = ~06.074836 ~

Number of Samples (n) = 22 ~ ~ ,
. . . . . . . . .

.; ..., . ,. ..-, ., .,... . . . . .. . . .. . . . . .
.

,,,,
. . . . . . . . .. . . . . . . . . . .

I

J‘ . ,
,. i --:,,,,, ,,, , .,,,,,

: T :“’f= -i

10 “’”’:’

~ .,, , .:.....,. ,, ,, fi

;,+:
,, ‘i””” ,----- -. -,. . . . . :----- . .. . . . . .
.

,“t-ki ;
* . ; .,.,’. . . . . . . . . . . ... . . . . . . ..

,.
‘.,

,’

.,

–5 tll(li( l(lilll jllllll llllill llilllllllll Iltlli
o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

2nd Order DGVIT,j (Zero Baseline)

Figure 2. Percent green cover levels of 22 sampling sites versus 2nd order DGW calculated from
AVIRIS reflectance in reference to zero baseline (2DZ_DGVI). Horizontal and vertical bars
represent standard deviations of the 2DZ_DGVI and percent green cover data,
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2nd Order DGVI Distribution
Derived From Reflectance Spectra Using Zero Baseline)
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Figure 3.@: 2DZ_DGVI (2nd order derivative-based green vegetation index derived using zero
baseline) distribution pattern of Monterey pine plantation and adjacent areas in Jasper Ridge; CA;
Bottom: Percent green cover of Monterey pine plantation estimated from the 2DZ_DGVI values.
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