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ABSTRACT

Recently the various applications and spectral indices development of airborne
hyperspectral imagery (A—HSI) has been increased. Especially the vegetation indices
(VIs) were used to verify stress and vigor of vegetation. The VIs needs two or more
spectral bands selectively to calculate as NIR(near infrared) and red wavelength. The
A—HIS has specific band characteristics as narrow, continues and many. The A—HIS
has narrow, continues and many specific band characteristics. That could be make it
confuse which of bands could be explained for appropriate vegetation characteristics. If
the A—HIS bands is not the same the wavelength with VIs' development band setting,
then it need a selection adequate for spectral characteristics of target vegetation.
Therefore we set 4 substitute bands for NIR and red wavelength respectively and
calculated two VIs combined with substitute bands such as NDVI(normalized difference
vegetation index) and MSRI(modified simple ratio index). To consider the variation of
each VIs, we adapted the image differencing method of change detection technique.
Also, we used spectral derivative to identify appropriate bands for spectral
characteristics of digital forest cover type map. The result of adequate bands for two
VIs selected red #3 as 680.2nm and NIR #2 as 801.7nm. This wavelength was good
for any forest type in low variations.

KEYWORDS : Airborne Hyperspectral Imagery, Band Selection, Vegetation Index, /mage
Differencing, Spectral Derivative
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TABLE 1. Substitute bands for Vis

: Vegetation
substitute bands  wavelength(nm) ndices
Red #1 665.9 NDVI 11
Red #2 673.1 NDVI 12
Red #3 680.2 NDVI 13
Red #4 Mean(red 1-3) NDVI 14
NIR #1 794.5
NIR #2 801.7
NIR #3 808.8 NDVI 43
NDVI 44
NIR #4 Mean(NIR1—-3)  MSRI has same

cases as above

Hyperspectral imagery
P (CASI-1500)
+
Preprocessing
(radiometric. geometric)

Adjacenm
for]\'is
P , e ¥
4

Substitute
NIR bands(1~4)
| VIs Calculation & correlation analysis |

I
| Image differencing & spectral derivate |

Substitute
Red bands(1~4)

[ Comparison each Bands has low wvariation ]
( Adequate Bands for Vis

\in case of the CAST operating setting

FIGURE 2. Work flow to find adequate bands
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FIGURE 4. NDVIs histogram of
distinguishable amplitude(left is large
amplitude, right is small amplitude)
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TABLE 2. Substitute bands combination of
NDVI Image differencing with
different amplitude

Large amplitude Samll amplitude

layer _ NOVI  layer _ NDVI
no. from to no. from to
5 41 43 7 34 44
14 33 4 12 33 43

23 31 43 18 32 42

27 31 33 25 31 4

40 23 4 29 24 44

44 23 31 38 23 43

57 21 43 48 22 42

61 21 33 59 21 4

65 21 23 67 14 44

82 13 4 80 13 43

86 13 31 94 12 42

90 13 21 109 11 41

107 11 43 Most used above substitute

111 11 33 bands were 41, 42, 43, 44

115 11 23 as 3 times equally

119 11 13 (41: using NIR #4 and red

Al of above vegetation #1 to calculate NDVI.
index were used 4 times 1,2,3,4 is substitute band

equally numbers)
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NDVIs(dotted red rectangle) and
MSRIs(solid blue plus)
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FIGURE 6. Distinguishable image

differencing results of NDVI by
classification (y—axis unit: %)
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TABLE 4. Attribute code of digital forest

cover type map

No. Tyoe Code  Area(m] No.Type Code  Avea(w)

AAMH-01A 364745 21 NCA-39C  5762.28

1
7 H-120 700965 22 NEB—24C_ 3300.71
3 1130 7% 2 . NEB-250 200(6.5b
O AAH-RC 1960165 24N NEB-368 36866.98
5 MH3C 9570 % NEB-36C_ 91876.72
6 AEC2IC_ 21360 2% NEB=36C_ 44162.
7 AL 19r1 o NEB=30C_10641.60
T8 ALLC 2588310 %8 NMM2IC 307547
79 ALSC 147739 29 NMM=25B_ 2004584
90 g AL=SIC 1801330 NWM=250 147758
11 COMeT APk =050 31897.10 31 mixed NMM=26B_ 32526.90
12 APK-2RC_ 133002 NMM=368_ 123.65
13 APK=29C 3006456 33 NMM=36C 49173.73
4 TAPK=36C 4043.00 34 NMM=38C__2131.86
5 eK3iC_4igia7r % NOQ-IC 15004
16 APK=38C_ 8950.%9 36 oV NQQ-25C 21767
A7 APK=30A 533419 37 NQQ-36C_15747.90
8 APKS3C 9603 B T E 120078
19 APR-2IC_179%B.60 30 N 17443
20

APR-25C  1079.12

% Detail description of attribute code shown in the FGIS web site

(fois.forest.go.kr)

FIGURE 8. Mean spectral reflectance
classified by difference forest type(Left : 37

classes in attribute code, right : forest type)
A42) SgE WL 548 ol 8ale] B3
u s AgggozH ARG AEst e
o] Adgle] #&8g 4 9l& Fojth. I1¥ 8
(right) of A wk7lan QJL A4
= 2070 4o ® JEHYEY Y BE FAo

o
=

S L1 R 1 R e B R R
2 10709 99= 7, "]
A AL 7Y EEE FYoltt Hnt
2 o680mYTE wA4% T/ Holtrt
F750mol M= dutst S7HE Ktk dRkH
o= 5ol redst NIRGH NS WALE
ztol7b el vls) A Jvehta Ead
o] ¥Ral=rAdol = de] s WAl vEhs
AL FAF 4 9ty I 89 #FIHEE
IDLY] deriv ®&5% o|&3sl] Z+7 12, 23
m2Stleh(2E 9). o] BES FHA 37 M=
¢} Lagrange interpolatione ©]-83] x|u|&
= AAlgitt

o
o
nz i
il 2

o
rlo
r

A fo ) o

i
[o

P)= 21, 22 %

P(x): clx”71+021‘”72+....+Cn,1I+Cn (2)

Al (2)= Lagrange FHQ] B
(D& I8 Ar-yde=z 14
A xE =S 9u)s) =
o] wARgeOlH k=(1,..,n) & WE S (n=08)
£ ovstd Alg e g7E 2ok Figure 9
o} #o] 1aF wli-& F3lA 665.9nmoll A F-E
680.2m7HA  71&717F sl AlEERe]
701.7m7HA 23k, 730.2mEE s
Al&yate] 773.7nmolS- BHA] okAEHAl 7] 7|7t
Azt 801.7melA ‘0 Ftell The 71
71E Rolg A& T 4 Qi 17 vEE
FalA EEHAITA Y] wstel oist 7E7E
B T Utk 7IE717F Avkd AFE ez
o] WslFo] At A ou|sit)

7repakAel Al

Zoltt. o7

s
ALy o A

#6679 —|l i

2
deciduous ] #2673.1 i iduous
d 1 £ ——+mixed
i '\‘ 7
| #1795
i \é #8017
‘ % {— s mean

T 3 1 £ #48088 |
L od e o 1

#4680.2
i /
W 4 o f M
680.2 7945 T Vv w,,,:\ﬁm &\/\yﬁ[

7017 7737 T el

FIGURE 9. 1st spectral derivative
(left 37 classes, right: mean of forest type)



24  An Adequate Band Selection for Vegefation Index of CASI=1500 Airbome Hyperspectral Imagery Using Image Differencing and Spectrdl Derivative

13 10& F¥ (forest type) & £37Fo| w2
iAo A e 12k v AIE HolFErh
redgoE red #1, #2+ L9 32 714
I red #3, #4+ Fo FOE FAst 7]&7]
ZtolE KRtk AME red #1~#44F0]9]
Holgh HAaHe #oli= AR 0.489,
0.376, 0.162, 0.318% red #3°l4 7}& =
< Hes Hol FHE TRl & dFE WA
e AoR SMT 4 gtk g2 FAHo=R
A sk st o yehgelch &4
ol H2zks 7 red #13 HU#e
7M1= red #42 #o)7F 1.419% 71 A3,
HAYsdy Ead2 247 0.812, 0.825%F H]
sBtE. NIRY A= e diAMEEo]
ool e e 71e7] WEtE HolwA, H
AeoflMnt 13k vlitghe] Ajaoz oz
= s g s Btk I %2 NIR #40f
A 7V A3 NIR #27F 713 2kl NIR #1
2 FA5H EadolA] NIR #3¢] vlal] oF
= 7175 7o HAsHAA vlA
3k 2po]A|k NIR #30] <FF =& 3he 7HA4
A0 71877 ot GelbdS HSl
Fdo] WE gAMESS] HES 295
oAl 1.036, AAFHAM 0.772, EaHeolA
0.9192 FAGFdaA 71 2k

o

“NIR#1 =NIR#2 =NIR#3  NIR#4

de

d

FIGURE 10. 1st spectral derivative at the
different forest type (left : red bands, right:
NIR bands)

22F mEe EFFAY 718719 7IEV1E,
718719 S on|ste] 22 wEdt ghol £
TE 7|E717F 348 "tk AE Sesith
I 119 A2 AR FxaAddM 1 Wi
55 g F vk NIRY red¥elA
peak® nadir: 687.4mme} 737.4mmeflA LAY
sto] 1zF wlte] S7keh RS 4] B &
9] o7 HAF reddPoME=E BF 7}

= FA1E BAT NIRHE S 794.5molA]
= 3719 R gHelA BF 0 olsk
71€7] A WS RoHEY 0.00135,
2 0.0039). 801.7miellAE #H2A 0.0044~
Aol 0.016032] 71€7] S7F W3S BHelo
], 808.8mmellA1E H24 0.0002~FH ] 0.0036
o] W3} F7kEE RStk

o it 794.5 /\\,N
—— conifer ¥ A7 s017| 8088
===+ deciduous ;Q,/
~—+—t-mixed g
A AMA__a. |
{\J N

687.4 7374

FIGURE 11. 2nd spectral derivative
(upper right: zoom in NIR band, lower right:
mean spectral reflectance by forest type)

S0 W giAmESe] 23 v)Ed dut
= I3 129 YERIATE redd ol 0 #k
i} 2 55 7o) Qo] EegmbalarA
2 % olgl& EE(concave up)dt FHEE
Fg Aot 13 v} w7 A 2 ZF oAl
oA Hol-F 23k Aole red #1, #2¢
0.2159F 0.2719] WEoZ {AFSE Wb red
#41= ol wEt T Fog Fio] Wslehs
Zlo] Holt}, 7} FRlofA] MEzke] Ho—FHA
el zjol= FgolA] 3.019, FA5Hol
A 1.877, EEHNA 2.1960.% I olA
red #4+= Ux] wi=9le] & AxE Helt)

#NIR#1 #NIR#2 ~NIR#3 *NIR #4

FIGURE 12. 2nd spectral derivative at the
different forest type (left : red bands, right:
NIR bands)



25

NIRG 9o A&= NIR #1°] 59 & 714
Aol FEHkAleAo] 92 EE3(concave
down) &Ejo]al NIR #33} #4+&= ko] gro=
ofzt S12 EES FElE 7Hd Aotk ZF Al
Mool Ho-HAagke]  Zpol= 0.148,
0.034, 0.132, 0.1002.2 NIR #27} ‘0" kol

A 71871 WEI A Qo aa e
S Qe 7 SelelMe] HArj-Hagke) Aot

ggrdelA 1.123, AGTHAA 0.841,
aHelA 0.995% Fg5Helre] 71&7] Wst
7F Vg 2 Zlo® YERgth & 5ol 13F v
7 22t wte] Ael WEs FAE Rd
T} red #3°0] HFHRARTA] digh 13} vl
ox 71e77t 7P A A0E el 23

71719 Wglgo] AL thAME red #3%
NIR #2Z o]&3t NDVI 233 MSRI 23¢] tj
A FRJNEE Fxd AF, 75, B,
G, TR diEiA AESSITE X 62
NDVI 233} MSRI 232 A3} gk oA sk
570k, 39l 570l dislA AT ARE
vehd Zlolt) Axjzow e SAFER
59 37719 45 NDVI 233 MSRI 23
o] ko] ®xeol & AbmAdo] Holx| 9kgkth

TABLE 6. The top/bottom 5 of NDVI 23
and MSLI 23 related to the
dugital forest cover type map

Type DBH AgeDﬁCS Species Avea(m)

Attribute
NDVI s

el 718719 Wstdel A UERAA 04 W28 med 2 6 B LSO s
o ool= 1% mioz My e 7879 0439 APK-3%A confer 3 9 A nutpine 533419
Watgo] Avke A vtk NIR #28& 1 o409 W28 meg 2 5 B el of opspy
~ o — HSL]—H]—/\}SIJ\-LO/] 7] 07] ‘ SOft an HT.WOO
Ap vltell A 7HE A A Ve 0509 ALL-37C confer 37 C_lach k) 9180.13
2 73 23F n|ES EdA] 7 WstEe = _ . mixed forest of
QQU;L?;} OL} gl L Wik 0548 N8 mied 3 6 B e g 12065
TEomE A 0703 NeA-3C %% 3 9 ¢ cresnt 76228
. 0.711 APK-36C conifer 3 6 C nut pine 4043.00
TABLE 5. The variation result of 1st and 0712 ARH-12C confer 1 2 G needle fr 702965
2nd spectral derivative at the 0.713 AAH-13C conifr 1 3 C  needle fir  7936.52
different forest type 0.723 APKjZSC conifer 2 5 C nut pine 31897.10
Tst spectral derivative MR Ao e paH AP Spegies Area
Ist Dev.  Deciduous __ Conifer Mixed  Max=Min code ly T
ed# 000312 0333 0043708 0480 0807 NUM-268 mixed 2 6 B (VST O 3062690
red #2  -0.504484 —0.301191 0.14867  0.376 083 APK=39A confer 3 9 A nuitpne 533419
od #3 00%62 019986 0.382123  (0.162 : , e e
od #4 0786304 046845 0676462 (0318 1005 NMM-28 mbed 2 5 B (JHPOCTVES S 2004584
Max=in 1419 0812 08% 1,088 ALL-37C confer 3 7 C larch (ariy) 918013
NR# 188 077013 0SBIe 0419 e fath Joy
NR#2 07999 051973 0.64378 0.274 1158 NUM-368 mied 3 6 B u"ond hardwood 12309
NR#3 _ 1.170635  0.805016 09563 0.3 o 060
NR#& 183008 120043 156507 0.5 1848 NCA-3C "y 3 9 € chestnut 576228
Max=Min 1.036 0.772 0.919 1.888 APK-36C conifer 3 6 C nut pine 4043.00
2nd spectral derivative 1.897 AAH-12C conifer 1 2 C neede fir  7029.65
ed #1 0467882 0271911 025098 0215 1,003 MH=13C conifer 13 C__ neede fr 793652
ed #2065 0808 0412514 0.7 1.050 APK=25C conifer 2 5 C___ nuipne _ 31897.10
red #3 1.626063  1.084761 1.26554 0.541 % DBH - diameter at breast height
red #4 348600 210883  2.048807 1338
Max=Min 3019 1877 21%
NR# 060352 045 -053% 0.8 H=2ql E9|
NR#2 _ -00008 0017439 -0.01699  0.034
NR#3 058139 09916 0450414 013 B ool ZHIeIAS olast A Ab
NR# 040594  0.308608 0408734 0.100 T f”%" o ]%ZQ‘H ]T_ N
Max=Min 112 0.841 0.9% EA] AMEEE s AE J]ES EASH)




26  An Adequate Bond Selection for Vegefation Index of CASI=1500° Airbome Hyperspectrdl Imagery Using Image Differencing and Specrdl Derivative

3 FREUG. 71E AT At BRdE
oy 71Eol AAEA kAl Q7] wiEel
e WMES JHE ;%%ogww ofw g
g Adusheike] #AE Fasith 44
2 gAMES A sto] Ol% of egt 248
Ais i ow vtk vl
RS A8sisith
Aatel o M e SARINRS el

b A HEE ARE WA AME
sol A2 MEE HESISI ANt
B ERE 9 BHAMe A4

=
_ur

crfr A o & o Ao
il

=
I
8 |
o g
=
=
o
LN,
N
5 2
2
EY)
Y
o>
)
X
ro
gi

EARE djAeiglnt 1 éﬂr EHxﬂHH
E = Sl NDVIOIA red #33% NIR #2,
MSRIGIA red #2, red #48} NIR #10] &
A5 B3, NDVI® MSRI 5ol red
#33 NIR #1°] £ A¥yE wch sA|q
tﬂ%ﬁﬂ#oﬂ oJ%t e Htol ot TFAAL

W57t debt Herkes sk 2o®
@91 A7 K Folth wepA Adsitke
7ol HA Xatal VlEEeE WEAST i
Aok 2L ety vl Wigo] A
o7 F AR FE A drtal = 9l
th e e A sk nirbkA o)tk 55%
olgteh= s doE AAtANE e o
gt 2AE ofds] F=etrh ARt o] F3
A ARG Ao FQE MEMEIS BT A

VI— "
Aed AL WES 5 Aok £ NIR3}

red GYolA 1xwE 2
FEofl met dalardol] Wskele A4 (I
9 YAE AT F QlQlT) ol 54 WEE
/‘P% SHS we] ®ol } AL AR Fa

7@24—5} EHXJ]HH‘:E éx :‘,: U
FulRs EaA HsHAlE red
7} 73 Yo NIR #4004 ¥AL= 7 7H8 =
of ARG Aol gho] FH3 A Zon}
AANAY FRle] webs] AEAF W]
A e HEo] AL Aow gotE=

H

==

Ei-red #39%) NIR #2092 she}s|gick, )
719ke] AAA T redF oMo WIALETL
T5 NIRFYIA S WAterE 245 1
=43 FEd Aotk skANE ZF 9y
Al ojugh METE Aol e] AAe] A
X—1 L—’FE = ““ﬂo}b ZAAe] gt 3
bl tleksly kel 2| AHEAtEv)
@EQCHO]E 6“:} ok AR St E
HES FolA Wso] A AT
Sotes o= AdEd MEE AEehs
o] EfgE &O]U}E}w 7Hg stell A8AT=E
o 2= )ik,
o 04?01]/‘1 AAeE R
%eé(operatlon setting) o]gh= A
wEch tE AAolglvkd Aot gt
ofAe- & F gtk FUHERL
1:5,000 21973 %s} 1.25m 313 =]
Al FEdde] F1H dAdel tha Aol
£ Holil, FaHY 59} FYGAlel tdA

ox X o M é e o

ofr
ﬂF

Lmlmo'n%ﬁnﬂnﬁrzﬁnqor
[

1o

oy ¥ BN
ot |o o
N K XN 9 e

9 APREATT RES] WRolet An

Hoh vE 2 deda A48 a5 |
FAEIY HE RS TPAARE 289 %}
grgl AEYA, F2EE vE 59 9

Rz 2 AA4017] U%Oﬂ Aol 4
/\1/\ 94 A .%a]x%

e R D R e S L
= vl ol Fel et
7 el ouls 20 MYPHES AT
g waol dddor @ WAz el
Redst NIRE AHshs AAAG9] #i

.ﬂ%

W
A9 A FF R Al U 3
ARG vl @Y AFAREe] Fuankd

o geet daE a2 g e AoR T

o gkt

%

REFERENCES

Asner, G.P., J.A. Hicke and D.B. Lobell.



e HEWE 4 /RS HEA - M-8R 27

2003. Per—pixel analysis of forest
structure—vegetation indices, spectral
mixture analysis, and canopy

reflectance modeling. In: M.A. Wulder
and S.E. Franklin(ed.). Remote Sensing
of Forest Environments: Concepts and
Case Studies.
Publishers, Stanford, California,
pp.209—254.

Asrar, G., M. Fuchs, E.T. Kanemasu and
J.L. Hatfield. 1984. Estimating absorbed
photosynthetic radiation and leaf area

Academic
USA.

Kluwer

index from spectral reflectance in
wheat. Agronomy Journal 76(2):300—
306.

Avery, T.E. and G.L. Berlin. 1992.
Fundamentals of Remote Sensing and
Airphoto Interpretation(5th). Macmillan
Publishing Company, New York, 476pp.

Bannari, A., D. Morin, F. Bonn and A.R.

Hute. 1995. A review of vegetation
indices. Remote Sensing Review 13
(1-2):95-120.
Broge, N.H. and E. Leblanc. 2000.

Comparing prediction power an stability
of broadband and hyperspectral
vegetation indices for estimating of

green leaf area index and canopy
chlorophyll density. Remote Sensing of

Environment 76(2):156—172.

S.M.,, E.J.
2003.
assessment of

De Jong, Pebesma and B.

Lacaze. Aboveground biomass
Mediterranean forest
using airborne imagine spectrometry

the DAIS Peyne experiment. Journal of

Remote Sensing 24(7):1505—1520.

Gao, X., A.R. Huete, W. Ni and T. Miura.
2000. Optical—biophysical relationships

of vegetation spectra without

background contamination. Remote
Sensing of Environment. 74(3):609—
620.

Haboudane, D., J.R. Miller, E. Pattey, P.
Zarco—Tejada and [.B. Strachan. 2004.
Hyperspectral
novel algorithms for predicting green
LAI of crop canopies: modeling and
validation in the context of precision

vegetation indices and

agriculture. Remote Sensing of
Environment 90(3):337—352.

Huang, F., J. Ling, A. Shi and L. Xu.
2010. A band selection method for
choquet
fuzzy integral. Journal of Computers

5(7):1019-1026.

Jang, G.S., K.A. Sudduth, S.Y. Hong, N.R.
Kitchen and H.L. Palm. 2006. Relating
hyperspectral

hyperspectral 1images using

image bands and
vegetation indices to corn and soybean
yield. Korean Journal of Remote

Sensing 22(3):183-197.

Jensen, J.R. 2005.
Image Processing: A Remote Sensing
Perspective (3rd). SIGMA Press, Seoul,
580pp.

Kim, G.S. and T.K. Yim, 2005. Analysis of
the spatial and temporal variability of
NDVI time series in South Korea. The
Proceeding of Korea Water Resources
Association 2005 Conference. pp.1—4
(334, dE7. 2005, E3A] ArAA
A0 AF7r W3te B4, dharaeaiel el
sheaban)s] 1-4%).

Kim, T.W., D.J. Choi, G.J. We and Y.C.
Suh. 2013. Detection of small green

Introductory Digital

space In an urban area using airborne
spectral
Korean

hyperspectral imagery and

angle mapper. Journal of



28  An Adequate Band Selection for Vegefation Index of CASI=1500° Airbome Hyperspecral Imagery Using Image Differencing and Specrdl Derivative

Association of geographic information
Studies 16(2):88—100 (HH$, FHEH,
JA), HeH. 2013 EA7 T)Ee
Hga G397 eAl 2EYIP] AR
A F3F GRS A Y 1Eks) ] 16(2):88
—100).

Kim, T.W., G.J. We and Y.C. Suh. 2012.
Correlation vegetation
indices and vegetation— endmembers

analysis  with

from airborne hyperspectral data in

forest area. Journal of  Korean

Association of geographic information
Studies 15(3):52-65 (ZIEl-5-, <1441, Al
3. 2012. 2HHAIS e &37] ©A stolH
AHEY GAo digt 44 endmember$}
A AA RO AATREA. SR KstE] A
15(3):52—-65).

Mpyneni, R.B., F.G. Hall, P.J. Sellers and
A.L. Marshark. 1995. The interpretation
of spectral vegetation indexes. IEEE

Transactions on Geoscience and Remote
Sensing 33(2):481—486.

and F.M. Breon. 1995.
Estimating PAR absorbed by vegetation
from bidirectional

measurements. Remote
Environment 51:375—384.

Rouse, J.W., R.H. Haas, J.A. Schell and
D.W. Deering. 1974.
vegetation systems in the Great Plains
with ERTS. Proceeding of Third
ERTS—1 Symposium, NASA Goddard,
NASA SP—-351 pp.309—317.

Sellers, P.J., J.A. Berry, G.J. Collatz, C.B.
Field and F.G. Hall. 1992.
reflectance,

Roujean, J.L.

reflectance
Sensing  of

Monitoring

Canopy
photosysnthetisis and
transpiration, III a reanalysis using
improved leaf models and a new canopy
integration scheme. Remote Sensing of

Environment 42:187—216.
Shin. S.H., G.H. Koh, D.S. Kim and M.W.

Pyeon. 2011. Band aggregation of
hyperspectral images to detect
vegetation information for U-—City,

proceeding of ICCC. pp.393—394.
Sritakae, A. 2006. Predictive relations of

forest stand parameters from
hyperspectral remote sensing at
Thetford forest, the UK. Master Thesis,
International institute for Geo—
Information Science and Earth
Obsevationm Enschede, The

Netherlands. 75pp.

Thenkabali, P.S., R.B. Smith and E. De
Pauw. 2000. Hyperspectral vegetation
indices and their relationships with
agricultural crop characteristics. Remote
Sensing of Environment 71(2):158—182.

Tucker, C.J. 1979. Red and photographic

infrared linear combination for
monitoring vegetation. Remote Sensing

of Environment 8(2):127-150.

Zarco—Tejada, P.J., A. Berjon and J.R.
Miller. 2004. Stress detection in crops
with hyperspectral remote sensing and
physical simulation models. Airborne
Imaging Spectroscopy Workshop, &
October 2004, Bruges, Belgium.

Zarco—Tejada, P.J., J.R. Miller, T.L.
Noland, G.H. Mohanmmed and P.H.
Sampson. 2001. Scaling—up and model
inverson methods with narrow—band

optical indices for chlorophyll content

estimation in closed forest canopies
with hyperspectral data. IEEE

Transactions on  Geosciences  and

Remote  Sensing 39(7):1491—-1507.

KAGIS



