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&% ;W | LOPEX'93 ( Leaf Optical Properties Experiment ) 3% , 4347 T Gt [0 A 45 50 £6 #0474 B -4 3 R K 43 S 3 P 1 33835
SO RE ST BRI SEOr B R T St R AR AT 2 Sk (o B AR B AHPTE4L, 78 LOPEX'93 U4 12 A A 4 B 3t v 43l
JA 10% —90% HI S + 566355 B B 8 v 5 HIERR GG, I IR Aot B g E R A i ma i, 25 SRR . N H
S 55 35 T AR AL T A TR o 4325 SR L) 730nm T 400nm 25 1 2 SR R I B St S AR ER  X R SR R ) B B v Y
oS A 78 IR ST & AR MR B i A s A AR R DL T RS R A N S AR R 5 - R B R SR BB, IR AR
FELE 0. 645 BT, DL SO SR BB X BN S 800 A1 5 A8 4 4 2 R RE 6 R BRI AE 0. 650 BiEIT 3 o7 A S 38 3% T LR Ak
AR 8 S K 2 U I, DL 1100, 1170, 1000, 1040, 1080nm 2H 45 (14 2 551 5% S S50 ML A1 L K& L) 1170,960, 1210, 1090, 1080,
950,1220,1210nm S5 RAEE XA A 0SB ARLBAG B iR e v, A8 3B A R fb i R v DL AR SR A K
FIA I R BT E R T 0. 99 X F 6T B AR B 4 v | LALL - -1 25 20 6 A B0 5 4 ol o 4 R 5 B LA 350 i L
FRE MM R B, 76 T4 S5 o5 LU AR R I DL T, A DG SR BB E #E 0. 53 BT ; 76 1 FAB B 38 I A7 i 4 B i B R
REBEFEE S T4 2R A A 5 3R 807 3875 50T o L AR Ak 5 0 AR A K, B B SR A BB T Y 4 2 5 T O AR 4 25k A 7 Rl
BEIK 5B R R BT, LUK 984X Ratio975 #1 Ratiol200 AHIC R B =, HLAEA [ Lo M) + 3895 5o A8 fb N, MG R0 43 A
TE 0. 980 FFHEFN 0. 960 BT, 255 vl FH T35 5 [ RSB 78 25 S 14 T M bk et )2 5 50 0 B, 42 v 3 A0 s e P R 12
K4BIA AR A 5 R R R AR o s BT T e

Anti-soil background capacity with vegetation biochemical component spectral

model

SUN Lin" ,CHENG Lijuan
Geomatics College, Shandong University of Science and Technology, Qingdao 266510, China

Abstract: The main biochemical components of vegetations, such as chlorophyll and water, are directly involved in the
major ecological processes and function of terrestrial ecosystem. Remote sensing of vegetation biochemical components may
have important applications in the fields of agriculture and forestry. Many nonlinear or linear models have been developed
for quantitatively retrieving vegetation biochemical components from satellite remotely sensed data. But it is often difficult to
retrieve the biochemical components with satisfied accuracy, especially in sparsely vegetated areas because of the influence
of the soil background. To select the better models that can resistance soil influence, in this paper, LOPEX'93 ( Leaf
Optical Properties Experiment) dataset was used to analyze the anti-soil capacity of the spectral models in retrieving the
vegetation chlorophyll and water content. The parameters used in the model include reflectance and its variants, spectral
position variables and vegetation indices. The correlation coefficient between the vegetation biochemical component and the
mixed spectra, which were produced by weighting vegetation spectra and the soil spectra with area ratio, has been analyzed.
The results show that the models composed of the spectral parameters of the reflectance and its variants to inverse vegetation
chlorophyll, the reflectance and the logarithm of reciprocal reflectance of 730 nm and 400 nm combination can keep a high

correlation coefficient while the area ratio of soil component changes from 10 percent to 90 percent, the correlation

EE£WE . EZK“863" 1Tl B (2009AA127147) ; EZE B #1415 B (2008BAC34B03 ) ; F K A SR Bl 3L ¥ Bh 4101 H (40701112)
rfE B #9:2010-11-04; f&1T HEA:2011-01-12
# W IRAER Corresponding author. E-mail ; sunlin6@ 126. com
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coefficient between the reflectance and chlorophyll was around 0. 645, and the correlation coefficient between the logarithm
of reciprocal reflectance and chlorophyll was 0. 650. To inverse water content, the combination of 1100 nm, 1170 nm, 1000
nm, 1040 nm, 1080 nm reflectance, and the combination of 1170 nm, 960 nm, 1210 nm,1090 nm, 1080 nm, 950 nm,
1220 nm, 1210 nm logarithm of reciprocal reflectance show a strong anti-soil capacity, the correlation coefficients between
the two models and water content were all larger than 0. 99. In the models composed of the spectral parameters of the
spectral position variables, the parameter of red edge-green peak-red valley was selected as the strongest Anti-soil capacity
parameter, the correlation coefficients were distributed around 0. 530. In the models composed of the vegetation index to
retrieve vegetation chlorophyll, the anti-soil capacity was poor but when the model is used to retrieve vegetation water
content the correlation is stable though the soil area ratio is changable and the correlation coefficients are as high as 0. 980
and 0.960 at the two typical water indices of Ratio 975 and Ratiol1200, respectively. These conclusions can be used to

guide the vegetation biochemical component inversion for sparsely vegetated regions.

Key Words: biochemical component ;quantitative remote sensing;model parameters; anti-soil capacity

TR T & A P53 KA Bk R O R D R R ORI R SR g Akl o . AHpEE
P G5 T 2 o ) 2 14 5 R B B A A, 2 3RO B VR I AT, oK OO &V IR ZE I 7 T 1 A
Jit, Bl A BRBRAG R A 2 Z KB N 72— B RO 1 A Ji , I v G 1 S AR AN AT LR I 22 Y
MG 2R, SRy R 35 0 R AU B A A S B T T AR D 1 S D AR R M S
Brar BT AR, i 2 A ST 0 R SRR S AR R T B R T 2 R 2 B T e R T, A
TR S A S R P S R PRI L T PSS R SR A A A b B S T R (1 {1 S
PR AR TS AR P25 2R 5 FR TS R0 S50 19 52 2% 1k RN A el 23 I B s AR 58 A e | I TORS BE AR AR
B G TR A A A S BOSE rh R R IZ AE FA J 1  INFH R R R AR I 2 S A A
FRE B R B SHAE M 2 BB A8 AT R AR S s 45 5, A0t 108 R0 25 107 T 32 2 456 2 Bk 5 1 R e B R 2
FR TR AT T ik R P 2 S i R REL R I O A A, I8 S AR G 3 B A RS 23 A S0 e T AR S S RO S
AL Z 1) 5 H DGR ARG R AR 0.8 LLEY iG55 40 T L0 S Rt ik R 5 AU B G
P8 LA 8 AT LA R IA M e AU i i sh A28 1, 20 W8 1 T BR BE N7 it i e R 2R i DA A AR
B, BRRAHOC RS 510 0. 854,0. 803" 5 3 i 5 40t 1 ik J S /K B AR B0 O &R L 8 1 L 975nm
F11200nm A0 AY Ratio975 F1 Ratiol200 5 EWT ( Equivalent Water Thickness ) 22 8] 55 B 281 AH G
B Toet 2 2 R T 52 3 R3S Sy T80, FH DL 280 A e A A 2 3l A 2 AN E PR, A
Dawson 55 48 H R FHGE T3 W07 vk i 57 S 3 3 B AR 305 WO J2 35 K i A S, 25 A8 7 2 B IR
i, S 27K A3 i 5 AR A AR B 2 ) A AR OGRS s B RS FE A DGR SO TR BOE J2 R B4R
SBURS 45 H A A L, SRR SR T R T R R LI R | 2500 SR W i )2 R DL /M T R
XS R ML R T S EUE e 2 R R B R SR RE 7, AR SR ] LOPEX' 93 ( Leaf Optical
Properties Experiment ) %045 , 73 W I 52 58 38 K HAR I 2 O 1% 07 '8 748 1 A 998 50, A5 B ge it [l A 2347 7
2, 0 T AR T2 U RE S AR A H o A B A9 2% 07 1 AR EAT AR I 2 3 K 73 BT R e - 365 3R I B9 E
1 AT RSB S | 32 8 S RS PEATER M
1 HEESRAE
1.1 LOPEX'93 ¥ffifk

LOPEX'93 ¥4 4 & 1993 4F tH A TR KA Ispra IEEAAFGEH 0 (JRC) FF I IR & FERIFIE 5 Y615 4L
I8 S A ) BRAL S BT AT VR RIS BE (0 SIS 2238 50 FhRBL 75 R AE I B it AT T IR A Y
DG WL FNERAL ZH0 5 | (245 4 FPERT-HEY) 9 Fh 7 HHAE A AN 37 RS- AEY)
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1.2 PRV S

5T LOPEX'93 Bl & 4t Ge it o M Bt 389 S ie 1, St o M oy s e Y B 28 s A0 4 . ROt %
RIAIE X kA A DG ie BrE e, Horh, RO F R HAIE A F A5G RO R RO LS
FBRTE RN BOR B SRR E A X S R — B S8 OGS AR R RS S RS
AR SHEE, MDGIEE UM B R S s A R B2, 1T DR s e 0k B o B AL S

(1) g3 B AR R X

PR R R A A AR 27 B VE R 25 5, W ZEXTR  18 B 1) i S8 RN AT 5 0 B3 1 R A, ol A5 A i
TELR G I 77 A/ INIY ISRV FE B N ZL I By A AIRAT 5 W2 R TR £ 3 B 118 W AT TR 45 &4 D 45 ) 3 A )
M LT AN B 5 SR, AR E 680—750nm Z B BRBEYE . AEH K 7 i W e 32 B4 v AE I 21 A BN
KL ANB B, 11960, 1400, 1900,2700nm #fA27K 43 () s MWy o PRI, S SR 2R AE AN ] i B i A8 Ak AT DA Jsg ke
T A SEUE R

SEOETE SR RS20, AT DB RA B H = SR 22 A SR E T — B 20 i Bk
BOERIT ST TERMEE f(x) ,0=0,1,2,-+ ,n=1, AZEEL KR b, EARTTE A K RIS AH SR I K A E] B
H— S8 H AR,

1
ﬂ(—3f(0)+4f(1)—f(2)) x=0
S (x)= i(—f(x—1)+f(x+l)) 0<x<n-1
1
55 (f(n=3)=4f(n=2)+3f(n-1)) x=n-I

17 & v d Bl V1 @A O N R N S o' iy T D S 8 2 o S e T2 R DL G e i 2
M0 9B 7 A BT WA B 1 P E R | R 7 A A T A ™ A I B AR AR | HLR — s i 3RS e
Wi A BETT .

HELEST 25 R0 A B R BE TSR i TR R S S i 2 A T e (RS ) RSB . HAATHE
AR AT LA TSR S R I B AR OR AR, T IO R T 180° MY s R SR S, JE LR 58 L BROLIG AE
AL R B LB AR AR A > T 22 B T R A A2 43 v R s Al 2 B A Bapi i i sk ™, e 1
IR R | T LASRA A MRS SR ELZO IO T R o A WSCREAE | 76— R 3
T WSCR R, P BIREEIE 1 HIESRGE L BRE A2 1, 2 MERUL T RIS IR, AR T 2R 48 X R
PRk BUR B —1F %

J S 3R (R A T R X AR S S 9 B R A 4, BRIV YeoR SO R A 1550, SR O B, RS R 81 %
B8 — B S U X S S AR BB St L AT — B R THE., SR TR RE RS S B R B Ak . RO R
B EC B log (1/R) ) RSB — B S ECCBIXE 1/R SEAT — B sy ) , # mT LAAR G ) B e ] A= 4k
A3 AW ISCRFAE o I R 5 7K U

(2) Jeilfr AR

YL B A RIS BOC S R R AL E L WO B AR R R AR RSB Ak S
B, LD PRNE 2000 Sk B AL TR SR, 4L R HRDEIE AL B R RSO 680—
750nm ZIA] 455 0, PEREE - 2R B i N S0 200 s L DR A iR B i th TAE TR
ZR G BN 253 2R A LS T3 08— >/ B2 SR 0 | £ 45 o 1R T I 2 20 0 21000 1 WS T 3 1 ) RO UC 4 o 28
1 BRI LTSRN b i T SRR A IR B AR R AL B4 F A BRI S AR B e 1 R B
SRR, EERRW EBGR N BOTE F AR AR RS OT, R R B ST RS BB s
Reo BURDERE AR B XY B AR IS g L SRR T AR L, /NP2 AR B LY
W /N, 130 I (R0 T ARURE 1 R LR B 8
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(3) iR EUE &

T B A e 1 AN ] B 24, K e B0 1 AR B D R R R 7 B A T 43 W BCRRAE T
1 RVI (Ratio vegetation index, R;;/R,, ) , NDVI( Normalized Difference Vegetation Index, (R,,, —R;)/ (R, +
Rgy)) , EATTHIE T IR LL AN T 6 (580 BT 5 20 5 B s A 14 22 53 V0 5 RS S M s g g i =05 s fik P
T2 ek B WAl 945 50 WI( Water Index, Ry/Rorg  Rosy/ Rogy ) 5 Fo o 900nm 2 Fb I BE, 970nm ,
950nm 4351 A 7K o3 W MSCHS , PRI AT LS BRAS [R] ) A= AR 2 A5 8. . A A e 50 o A R I sl R R
S R, R J Ry — ok S0 S i MR P 25 A AR A - IR R R AR £ SAVI( Soil Adjusted
Vegetation Index, (1 +L) X ( Ry = Rgzo )/ ( Rygo + Rego + L) ), FT KA 4% 75 2L ARVI ( Atmospherically resistant
vegetation index, (Ryy—Ryy )/ (Ryp+Rpy) ) o THBOGIEIEEC S Mg Pt 4 R K& S SHEF VI G, W LA
WIAE B 14 A A 2 032 | 28 W] TRE R A AR 0 ) 18 B S v
1.3 iirik

SBRa AT AR TE 64 D EEREAC R BEALI 50 MAEA AL 14 DREARYGUE  FEAR GETHRRAE LR 1, JF 2
KO R P<0.05, M HIRGETT o A8 i, 200 SOt A8 S AR A8 (0 B0 o B, S S 3480 Ay
— B TE S AR — B BRI B A SR G R BRI AR B BE 5 G A e R BRI 1 2050 - U
YIAY LIRS URIE S0 oy A58 ik 0F TR AR 207 nh 4 R 43 TR BT Carter2 ( Carter Indices2) , ND
(Normalized Difference ) , CTVI ( Corrected Transformed Vegetation Index ), ZM ( Zarco-Tejada & Milller) , TTVI
(Thiam's Transformed Vegetation Index) , MND( Modified Normalized Difference) , LCI( Leaf Chlorophyll Index) ;7K
AYEI T E B T WI2 ( Water Index 2) , NDWI ( Normalized Difference Water Index) , WI1 ( Water Index 1) ,1I
(In-frared Index) , Ratiol200 , Ratio975 , 3 #6385 $507E N FH 4l A 8 G ik i 47 ik 2 R AK 43 18 81 H 43 BT s, A 5€ R
Byiks 0.6 LI,

RO AT G RR AN 2 R R S S B ), TR SR O MR 7E LOPEX'93 £ 48 2 1Y
FEREBE P o A 109% —90% F SN 1306185 B AR B o5 TS AIR GOLIE , P B iR & OE s X He #
A ARZR S (R 7, P25 SR RS E MR IE T RO OC R B (BT T SRR AR E (R R AR AL g
JE ) SANEESE PR A R AT

&1 LOPEX'93 #iRERFASWIER RS IHHE
Table 1 Statistical attributes of modeling samples and validation samples of LOPEX'93 dataset

A BT MR Koy
Sample Statistical characteristics Chlorophyll/ (mg/g) Water content/ ( g/cm?)
ARFEA Modeling sample SENE 0.305 0.001941
f/MHE 3.615 0.035644
F-H{H 1.903 0.010968
BEUFREZR Validation sample IGON] 0.007 0.00462
i /IME 4.775 0.024595
F-H{H 1.776 0.010460

2 TERIEIENRIES
2.1 R FILAIE A

(1) BT EHEF SRS 04

B Ry B 385 S AR S A 2 28 AN [R] E 4 9 375 5 R ARBUW A O R 8, AR T4 3%
X R A I 1 52 M) ) 0% B3 91 L, 4 400—750nm Z ()X A G IE 54T 10nm 8] B % 51 RAT %) 81 RAE S5 19 42 £
HEATB A Z e A 8T
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—— R —— RGTRELR L
—A— ROPRESN IR —e— E8s LR

—— ESEFRMS RS —e— W% N
—— BB —o— “HE% —m— —a— RAPREIR R

—B— RAFE2 —o— RATRMEHH— S50
—h— RATEREHHNE] —o— RHREBH—MFH2
§ C, 3.000
2 £
k=) T 2.500
8 g
g 5 2.000
3 8 2. -
= = [
:
S g
e =
4 (@)
0.500 |
#*®
&
t 0 L 1 Il 1 Il Il 1 J
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
3 Soil proportion/% +- 8 A Soil proportion/%
1 FAETEEGHTERHETESHEENHEXREY B2 AELELHTEDFEITREHTNE
Fig. 1 The correlation coefficient between reflectance variants Fig.2 The prediction of chlorophyll under different soil proportion
and chlorophyll under different soil proportion of each method

TER 1 R R AT AT RO DU 38 B B RS 28 1R X80 T bt 387 552 e 1Y g
IS, Bt 3T 5O R 3G I B SR R0 S S AR RO XS R B i DA OC R B A TR AR TR
0.65 P I, BEAS B W e AE B 2R AU SO BRG FE . HL 38 5 S M DG B e A TRl 9 R S LU ) R
FE 420 730nm F 400nm , BRI AS [R] A1) A9 H 35 5%, 52 S 258 Rz S 23 80 0 00 X 650 o i A% i B 65 15 21 LE
FE BN R SRR — B S S SR R i A0 AE G R ERRE S S BT o A 3G n, AR fk R
K ARACIR AR T o S50 25 BRI 5 1 AN B TR BE 1 0 1k R R O R B AR fb i 3B A — B0, — 38 e R3S
s BI/INT R8T 60% B A DG R B G218 98/ N B i 35 B A OC RBUEANAE 0. 45 247, M HIEE Stk T
60% i, A0 5C R B8/ N BE N . — B S 800 O VA AE R8T S LB/ N T 10% B A OC R B0, Bl 14
T LU B0, AH G R EGI RN, 2 375 5 Ll ik 3] 30% B, AL BOR B , I 38 T 7 = %
BEAR DM DX AT A B SR R R R R A O A A S /N T 30% B RH G R B A R B
fard , HKT 0.8, Y T HEFF 5t LU K T-55 T 40% B, AH G R B0 35 k)N, > 35895 52 LU A9 R T 70% B, AR X
A TR BCG SRR SR A R R, R P B S R A T R R R R A ST R, R R S
JIT i Lo A TR A B, 4 25 380 AN ] R R G ZR 005 70 AT 58— b DXAB Bl 5 3K 5 1Y) B B SR - 438
7 H BT 40% B, 7 FH 9 S 500 7 vk T REAS A5 B BRAR 1) 25

REGUE LR 5 A SR R A A S KA B TP R A RE T, B HLE L LOPEX 93 #di 4 -4
RS 0.07me/g 1 2.985me/g 1Y 2 MEAS il IS0 T Bt 3R Iy ikt + 588 S RE ) A TR
WE, M EA A O i 300 R 4N g R S B N p0Aa e . N 1 s BOR o e B
SR P, SO SR B KRR SO R R SR AR ) — B A A T IR, NISTEZE SR 2 mTRLE Y, (R
S REE SR 1, SRR — B A L AR SR B i 2. 985 my/g MR A U 2,
ST AR EL 2, R B — B 54 2 AR SR ZE 18 0. 00T mg/g MYRHERERFEA) | IS 58 s S
BB X vk  FER TR F B ) - 3815 52 T IR AR e, S Bk, T S S SR AR A — B S 4, 7 PR
ANFEPMERR ST, MORE L S & ] 5 5 B E AN F R , AN B B Pt H 3 S RE T .

FEIK A3 S B S T, 25 6 38 7 A1 K Y00 5 J2 S0 3% J6 e 21 A1 D8 B 1) R i), 5 BT 21 41 8 Bt (750—
1300nm ) #HA7GIEHY 10nm HRFE R Z TR 4T, 7EE 3 X HES K 2 AT 7 A, — B 8 i A 33
S, ANRRS KA T AR R B RO D7 iR T ST BN T 20% B LA 25 R AR E
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AR R T 1, Y S ST 5 e BIR T 20% i A R BUE B T AR E M, RIS bR FH A 2k 7
o, R RO D VR R R L DX S A R AT X R BRI A N . RS SR — B S A
07 FH AR B 08 1 A AR A O R BGA 3 0.9 LLE, 2SIIA 10% 1) - 3852 i, A 56 R 80 E R AR, /N T
0.6, H KA H 3T 50T 5 Ll 34 m  AHOC RBOATR S, TRtk P4 S b S e B 3207 1k Az B BR . S
BRI B R BE RS R AR X ESOR R AR B AR AN [ 1) SR LB A S 0 R, S RE RS AR S AR O R 8, 1
K5 0.988 LI b FE 3T A7 FLBIl/NT 50% B I B I S 2B AR f A OC BB Ak AR R e, Y+
BT 7 He B KT 50% B, FH G Z 85088 T A3 Ay it J3E A T] DAL S it sz 3 st U8 BB R B A 8 5 2 B AR i v
DA% 18 A M ST o LA R /N DX S A T AR B K 43 5 P ST, S S SRR AR ) X 8O i S AR B B A
e s G R BB A K, H 5K 50 A8 S I B e e, B 3848 1 557K 43 A8 & Ik B 43 il A 1100,
1170,1000,1040 , 1080nm , [ 5 Z& 48] %5 i % 45, 55 7K 43 A0 5C 1 3% B 43 51 1 1170, 960, 1210, 1090, 1080, 950,
1220,1210nm , A1 RELIITE 0. 996 Z2 A7, 26 W KL S 28 S S 2 (B0 85 ) 5o 87 AN ] 38 e B S5 B o0 T,
JETZ R R B 5 /K i S T 3 BB AR AR A R i &5

N —a— iF 2 1 —a— i 2.2
A ESGER o WRRE s R xim
—n— EAPRERR Y e RAPKESH B S A EMRARMNE  Th RAEAMNN
g eyias Lo Ches —o— REPREHI—M PRI —o— KB —Hr FH2
0.998 1200 0.700 [~
- - 0.600
g 09% 1000 § _
g 0994 5 E 0500 |
8 0.800 S K}
g 0992 £ £ 0400
ks g =
© 0.600 % M
g 099 g % 0300
= 0.400 ; ﬁ
W 0988 % g 0200
K i K
= 0.986 0200 = 0.100
0984 LA _A_A_A0 R
10 20 30 40 5‘0 60 70 80 90 10 20 20 50 50 7 20
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3 AELELFTERFETESKIHEXRY 4 AETEILHTENFTETEKE EWT HERE
Fig.3 The correlation coefficient between reflectance variants Fig.4 The prediction of EWT under different soil proportion of
and water content under different soil proportion each method

J S AR B — B S ORI A B S B A D A

SRR SR S H AR AR R o B B DL TP - 75 A RE 7, REMLIEEE LOPEX'93 HRK4r 1%
i EWT 439028 0. 001941 g/cm® F1 0. 035644 g/ cm” FIREAS 38 3 AN [R] Ho 451 1) 38 52 0 T K 43 0000 A 18 28 A 1%
OLHEATRCEESSTIE , & 4 of RO 1, OB R BIE R 1, RS R BB — B 401 3R EWT 2 0. 035644
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