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Fig- 1 Leaf reflectance simulation

SR LER BRI . AT, WA A M R i 5
TG, i 5

BRI R, 0 B S, ST SRR
LA AT R TRAL A R T 5

LA R0 BE B85 Y156 J2 52 6 S A 71 K BH K T
Fo, DTS 5 I BT S A S BE R TR A 7
£, IR T A5 ACBH B RS MR

AR TS AR [ UL A0 P T R AR

AP ESHBBEL T,
BEEWSH A XL RERUE N

0. 40, 1 (R BT £ AU 282 BESCERIUE o 81 A0
0.9985 AT Bt 1,2,3,4,5,6 f1 7,

KFZEH SRS SR E 2.2 G
L it eEecy 1.2,

2ok BIAE ) ] 9256, WER R TE K g A K 2t
PR, BTV K Bt IR SRSt 35 A T T S R
[, TR PR ) H A ARRAERY 3 Pt AR, FDA
HR SR IS SR SR SE, 3 P & 50
fiﬁﬁ%é@l’é‘l 2, Horr, Hi A Oy 1999-08-19 SifE

06 F

05 |
o4t
= 03 b
202k

0.1

400 500 600 700 800 900
& K mm
Bl 2 TR T R R
Fig-2 Reflectance of different understory



366 B

¥ F1E

HiTE - SR i, FoRRUK M B o 1999-09-29 sz
1B, HOTET A 7K K2 lem: HiTE] € 2y 1999-08-28 52
TIAE  HTETA 7K TKIRZY Bem, KT A G478 o5, T e
JE#H 80%4,

JUAFISEBESE  KFHR T AHUE S 32°,
Ty A A B R T 1) (WL K T £ R J7 06 £ 3
0%y s BAE i (WL R TH Ay 327, i fa ok 075
AR 1 (IR T £ Ay 327, 7k 907) s 6 1T I
07 1) (ORI R T £ 327, i fg iy 180°),

KB BB RRST/ MAE ST 802,

2 b g B TS| 4R R A B 20.00g/
em” 5L ] 40.00g/em”, 3 Fi A o] b 1T 75 5% 5 LAT
Sy AIEUE R 1,2,3,4,5,6 F1 7 B, 4 AR 7]
AR R BT R B, i 3 B4R E A Ry 30.0ky/
em”, LAI 9 3 b, HOTHT A 155 T @B AE LIk 4 7

2.4 FAHHAE

R LAI 9 1,3,5,7 B 58 2 I S SR AL B
3, WS g R0 7 1) ST I 26 4 B (chl) S5
JIABEK SRR (R A WK R R EBHER) &
HAE In(1/ Ra) AR s il R i £ o4k
[ 72, I SPSS k{4, R % A5 0] A 43 ik ik
By R TR K. LU F AESEAE RS ARSI
A5 ) IR 24— AN B A WA 6 1Y 525 4 K
<0.05 A}, %A RS N AR, X BB VEKE=0.10
I %A BT, i TAESERRAY R o, A
S AN B BRI 6 1 S R A B o 3
A BEAENIEBEK P IS ohl B RAEDE 2 BUR K
Yy 3 A ST 2 TC P AR,

£ ST 2 704 PR )3 7 A2, TR 4R 2
B AT TR

EELE S
0.5
ol 3 GRS
& 03 3.1 [EFAHE
% 02 P BERE, 75 4 AN RO 77 16, 43 B 4 ST
0.1 chl 5 Ras chl 5 In(1/ Ry)» chl 5 Ry 2 o2k [l
0 R PR XA — AN A AR, HR A 3 % 4 % 201 A~
400 500 600 700 800 900 (3 ﬁi%’%‘%A /I\ IAI {E’ 201 4‘”+Hfi%¢$$ﬂi§
&L{/ He Ly N 4 ) DTN — et S
e RTEE et ) BEIDUE 2 52 B, B A B AT
— AR —e— IR [ YT P B B RS i 9 1 e TR R D B 5 LR A 2 JEE
MAME, NP R I (7) A R
3 R EAEA 1%3% RMSE e 1 prs.
Fig-3 Canopy reflectance simulation W& 1 EF L FIE
x1 FSEFFTER
Table 1 Result of stepwise regression
2 NV K/ nm RMSE
ML 5 ] . ; ;
R W(/R) R, Ra In(1/ Ry) R’ Ra In(1/ Ry) R
KT 0.905  0.916  0.883 | 410*/415/705  715/410% /415 585" /555/420 1.79 1.68 1.99
By ] 0.774  0.962  0.747 | 720/875* /860  710*/700/715  555/715/585" 2.75 1.13 2.92
AR H) 0.563  0.941  0.572 | 715/720%/725 ~ 715%/720/700  725/765/660" 3.83 141 3.80
R A | 0.881  0.937  0.883 | 400/445* /615 710™ /720/410 710/565* /520 2.00 1.45 1.98

(NIEW A N7 R A7 )4 T80 2R B R T * S5 An iy, RMSE=

B, n BFEAHEL n=2412,)

(1) T NWR—S UL £ 32, #50A okl 5 In(1/
Ro) B 1L A RO R IR ( 7 B A, RMSE. 85 /1) s
chl 5 Ry Fll chl 5 Ry B9RLB 80 I — B xit

3 (SIM,— REG)/ n . SIM; SEMUI{EL . REG, o] B

[ 77 BRI E A B F e B35 S v X AT REJE AL
3 FhS LR SRR LR B AN C D B
ALY AR, BTS2 e —



%5 W

MR  ZRPE ] B A A SRR I A AR R R A B AT 367

Brist o BT S ORI AN B

(2) BARYTE, RT3 [ag L3I 4 [ )9 5 R 1Y)
WA BRI BT mgs . X2 R O B LI 77 17 i
BRI ), AN R TRA ML, dit
J7HE I 22 IR X T 2O R R SR 1, TR, e )2
JERERR T 2 E AL e AR A, B 2 2 F
HBE 2 st B 4 R R R
{8 300/ em” Bt 7682 SR SR 2R A TR TH 77 ) i R 7
[l LAT Z2AE i £k, 22 UM LAT 7250 1,2, e, 7
3 MO LT ST, [/ 07, [ B B
JZ R R BORE SR /IMAR 22, B4 FBEF, R
BT 1) (4 2 A AR A S AR M 5 1) Y A2 AL (L

0.5 [‘
—— RTAH A
< 04 T Y S
03 F
Y
= 02
=
0.1 |
0 A A
400 500 600 700 800 800
P /nm

Bl 4 TR R A AER 5 1 MU TT 1 BE LAT 224 ith £
Fig-4 The change curve of canopy reflectance with different
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Table 2 Predicted result on nadir direction

. HIXIIRFE RE RMSE

LRI R In(1/Ry) R Ra In(1/Ry) R’
TAI=2 0.04 0.04 0.03 1.81 1.53 1.29

+4E A IAI=4 0.03 0.03 0.03 1.23 1.11 1.18
TAI=6 0.03 0.02 0.04 1.25 0.77 1.35

IAI=2 0.04 0.04 0.07 1.60 1.67 2.37

+1% B IAI=4 0.03 0.01 0.04 1.08 0.65 1.41
TAI=6 0.04 0.03 0.04 1.34 0.94 1.25

IAI=2 0.34 0.09 0.05 10.43 3.22 1.99

T+ ¢ TA[=14 0.15 0.08 0.03 1.52 2.43 1.28
TAL=6 0.09 0.07 0.0 2.88 2.25 1.48
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Table 3 Predicted result on other direction
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TEN R
o AR 17 BT S 5 77 ) o A7 15 BT S5
1AI=1 0.06 0.27 0.51 2.11 8.44 16.28
TAI=3 0.07 0.46 0.87 2.07 13.73 26.21
4% A
TAI=5 0.03 0.43 0.89 0.90 12.90 26.74
TAI=T 0.01 0.39 0.87 9.75 11.86 26.23
TAI=1 0.07 0.09 0.5 5.59 3.50 8.70
TAT=3 0.03 0.34 0.85 3.03 10.09 22.66
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1AI=1 0.16 0.26 0.27 2.56 8.20 15.32
TAI=3 0.1 0.44 0.76 1.16 13.11 25.64
ot 0
TAI=5 0.06 0.42 0.85 0.50 12.60 26.52
TAI=T 0.03 0.39 0.86 0.46 11.73 26.15
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Table 4 Predicted by measured data

LA M4 2 A RS/ (Mg/em®)
() @) 3) (1) @) 3
Seg 1 2.5 22.5 19.4 20.0 30.4 0.14 0.11 0.35
Sy 2 3.7 28.5 25.7 27.1 35.3 0.10 0.05 0.24
W] 4.3 30.5 29.2 32.0 35.4 0.04 0.05 0.16

4 g Hihe

AR SO LB BEAVL B T7 3 BEAULIH i 2 K 2
T RRR R PR S AL 5 1) AN Teid o KA e
JEBZH AL, K I 28 [V 747 75125 AN (7] WL

W51, ST Radn(L/ Ra) L R ) BEet i 4 %
BRI S TCRAPE I AR, X TR TR 1 8 7 ]
YARETED, BT LTI RS B2, % 05V R % o IR 5236y o 52
VRS AS /0 f edi, T 128 RS HAR 1 43 BT R AL B, e —
P S ROE = R TR, 2 2% 2
ISR, A 3P X KR B Bk 48 A LI R T AR Y



370 ® OB ¥ i E1E
%/ﬂﬁ%, ‘]&ﬁ:}_/g LJ‘TK; ;J: JX%. ?Xj‘ﬁ%}i%{l‘ [8] Kuusk A- A Multispectral Canopy Reflectance Model [J]- Remote
A R, (R —EiTe S Hgwipon:« 8 3D

[9] Kuusk A- A Fast Invertible Canopy Reflectance Model [J]- Remote

£ % 37 # (References) Sens- Emiron- » 1995,5(3), 342—350.

[10]  Kuusk A- Determination of Vegetation Canopy Parameters from Optical

[1] GastelluEtchegorry J P. BruniquelPinel V- A Modeling Approach to Measurements[J]- Remote Sens- Emiron-, 1991, 37(3) 207—218.
Assess the Robustness of Spectrometric Predictive Equations for Canopy [11] LiYM., Wang X Z. ShenZ Q- et al- Simulating Rice Canopy Struc-
Chemistry [J]- Remote Sensing of Emsironment, 2001, 76(1),1—15 ture by Elliptic Model [J]- Journal of Biomathematics, 2002, 18(1),

[2] CurranP J. Remote Sensing of Foliar Chemistry[J]- Remote Sensing of 105—108. [ZZHg EFL PhE R M7 73 A ek B K TS
Enironment» 1989, 30(3). 271—278. R[] EPBEESENR, 2002, 18(1) , 105—108. ]

[3] LiYM. Wang R C, Wang X Z- Simulation of Bidirectional Reflectance [12] LiuX Y. Yuan CX. Duan BF. e al- SPSS 10.0 Statistic Analysis
on Rice Canopy and Its Inversion[J ] Chinese Journal of Rice Science Software and Application [ M ] Beijing: National Defence Industry
2002,16(3) ,291—294. [ ZHg. AW EHL. KIEHRRE K Press. 2002. [ X %58, K. Be 48, i - spss10.0 et
SR R B R [T ] P E KRS RS2, 2002, 16(3) ,291—294. ] Sy A5 R [M] - [ B Doll ik » 2002. ]

[4] LiYM. Wang X Z. Shen Z Q. e al- Simulation of Rice Leaf Re- [13] Hruschka W R- Data Analysis: Wavelength Selection Methods[A ]-
flectance[J 1. Journal of Zhejiang University ( Agric- & Life Sci-) Williams, P C- Norries K H- Near Infrared Technology in the Agricul~
2002,28(2) . 195—198. [Z= =My, EHE IWERE - KBTI tural and Food industries[ M]- St- Paul, MN. American Association of
SERREIL[T] BT K2 24 ROk 5 2 fr B 22 i) 2002, 28 Cereal Chemists ; 1987
(2), 195—198.] [14] Li Y M, Wang R C; Wang X Z et al- Fffect of Rice Canopy Struc-

[5] Wang R C» Wang K: ShenZ Q. et al- A Studying on Moleling of Rice tural Changes on Bi-directional Reflectance [J]- Chinese Journal of Ap~
Yield Estimation by Remote Sensing [J]- Journal of Remote Sensing - plied Fcology, 2001, 12(3) 401 —404. [ XM, EAW. EFH
1998,2(2) 19— 124. [F A, £ F], PLE 2. /KRG 7 1B I 8 KRR L I 5 A R AN % i S A S [T]- N A A
BRI ] B 1998,2(2), 119—124. ] i, 2001, 12(3) ; 401404 ]

[6] Jacquemoud S, Baret F- Prospect: A Model of Leaf Optical Properties [15] Li Y M. Wang R C. Wang X Z. et al- Dynamics of Rice Canopy Bi-
Spectra[J]- Remote Sens- of Emiron-, 1990, 34(1),75—91. directional Reflectance [J]- Journal of Zhejiang University ( Agric - &

[ 7] Jacquemoud S. Ustin S L. Verdebout J. e al- Estimating Leaf Bio~ Life Sci- )2001, 27(3), 37—42. [Z &M, AW, EFBF. K
chemistry Using the Prospect Leaf Optical Properties Model[J]- Remote FegeE 2 1 2 SR 3 35 2R A [T TN R 52 S 4 (Rl 5 A=
Sens- of Emiron- > 1996, 56(3), 194—202. REAR) . 2001,27(3) , 37—42. ]

The Robustness of Linear Regression Model in Rice Leaf Chlorophyll
Concentration Prediction
LI Yunmei'» NI Shao“xiangl,WANG Xiuzhen
(1. College of Geography Science, Nanjing Normal University, Nanjing, 210097, China;
2. Zhejiang University» Hangzhou 310029, China)
Abstract: We present a modeling approach to assess the robustness of remotely derived spectrometric equations predic-

tive of rice leaf chlorophyll concentration to the view direction- Our methodology uses two radiative transfer models that

operate at leaf (PROSPECT ) and canopy (FCR)levels- It includes three stages: (1)Simulation canopy bi-directional re-

flectance on varies leaf chlorophyll concentration, varies leaf area index ( LAl )and varies understory ; (2)establishment of

predictive relationships of chlorophyll concentration with stepwise regression (3)assessment of the robustness of these re-

lationships - First, we simulate rice leaf spectrum by PROSPECT model - The parameters used in the model are: protein

concentration (0. 00089/ em”)s cellulose concentration (0- 00499/ em”) s water equivalent thick (0.02e¢m)and leaf structure

parameter (1-7), while chlorophyll concentration varises from ZOF‘g/ em” to 40Vg/ em’. the change step is O-lﬁ’g/ em’;

simulate rice canopy. hirdirectional reflectance by FCR model -. The parameters used in the model are ; leaf relative linear

size(0.40), model inclination(81), model eccentricity (0-9985), sun zenith angle ( 32°), sun azimuth angle ( 0%, and

sun direct radiation/total radiation (80%0). the changed parameters are LAl view direction and understory spectrum
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character- LAl varies from 1 to 7. The change step is 1. There are four view directions: nadir view direction(both view
zenith angle and azimuth angle equal to 0%), hot spot view direction (view zenith angle equals to 32°, azimuth angle
equals to 0°), oblique view direction (view zenith angle equals to 32°, azimuth angle equals to 90”)and specular view di-
rection(view zenith angle equals to 32° azimuth angle equals to 1800)- The reflectance of three types of understory are
measured in 1999. Second. the established multiple linear regression model by stepwise regression analysis uses simulation
values( IAI are 1,3,5 and 7, chlorophyll concentration varies from Zof‘g/ em’ to 40P’g/ em’s three types of understory )on
different directions to predict chlorophyll concentrations- The considered factors are canopy reflectance Rx: derived In(1/
Ry)and R'x- The regression equations are established by SPSS software. The selected wavelengths are upon F probability
and Toot mean square error( RMSE) - Only when rejection probability is less than 0.05, the wavelength can be selected - To
make the equation simple, we just chose three wavelengths which partial correlation index is the biggest for each regression
equation- Then, the robustness is valued by compound coefficient of correlation ( r*)and RMSE- For the equations estab~
lishment by the three factors( R In(1/Ry). and R/}\) . on nadir view direction are 0.905, 0.916 and 0.883, on hot
spot view direction are 0.774, 0.962 and 0.747, on oblique view direction are 0.963, 0.941 and 0.572, on specular
view direction are 0.881, 0.937 and 0.883, RMSE on nadir direction are 1.97, 1.68 and 1.99, on hot spot view di-
rection are 2.75, 1.13 and 2.92, on oblique view direction are 3.83, 1.41 and 3.80, on specular view direction are
2.00, 1.45 and 1.98. Those stress that the robustness are strongest on In( 1/ Rx)and nadir direction- The equations on

nadir direction are .

chl= 19. 882+5747 . 957R4w—3770. 78OR415_414 .002 R705 ( 1)
chl=T74.631—224.236In(1/ Ruwo) T190.960In(1/ Rus) +39.24In(1/ Rnis) (2)
chl="59.526—149370.7R 1501 131394.74 R 555+ 28899. 908 R 565 (3)

in the equations, chl indices chlorophyll concentration- We predict chlorophyll concentrations by nadir direction equa-
tions use simulated reflectance on other directions and see bigger RMSE occurred (for example, the biggest RSME is
26.74 on specular view direction) - It stresses that the equations built on nadir view direction are unsuitable for other di-
rections " prediction- When we predict chlorophyll concentrations by nadir direction equations use simulated reflectance on
nadir direction( LAl equal to 2, 4 and 6. chlorophyll concentration varies from 20}’9/ em” to 40F’g/ em’. three types of
understory ) » we find that the predictive accuracy is affected by different understoy, but tends to be robust when Al in-
creases (for example. on understory A, the RSME of equation (1) equals to 1.81, 1.23 and 1.25 when IAI equals to
2, 4 and 6, but on understory B it s 0.34, 0.15 and 0.09). The prediction made by measured rice canopy reflectance
proves this result too-

Key words: linear regression; chlorophyll concentration; robustness analysis



