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Al

A MR T P8 A A B IR (CARFG YR AT 55 )i B i) SOSHR P » DRI BR800 A 17 S a8 2
U EdEME R MES T REFBIALA R BOEI T E M R BT IE » A BR18 2 IE R IR I 51 8R
BHE o THIFFERE TE RS A SR AG EFEREEBREEE FAWERLT SN EnEE
AVERE » &R TIREZBEERER TGI8 o BRIERJ7E— R Y & 1n) BT RO IR HE
TR > SOR A (A —3h 5 R [ E 6 50 H BB A 2 R BR TR o Ross(1981)FE Hi & 7] R GF 2514 43
i BU(BRDF - bidirectional reflectance distribution function)™] LA/E R {6 I 28 O SRR & f] A E R IE - T
#%38 BDRF 737 AT 4R (55 15 B o2 & FEAE A T 1 B T RO DA R R T R A A TS Al 2= B BRI LR
(Sandmeier et al. 1998 ; Sandmeier & Deering 1999) °

JERE R B (BURERST LA o i SRR ER )R E (EYE N RIGHI AT RS - R & X
F K & AR A A/ E 2 (Baton & Dirmhirn 1979 5 Cierniewski 1987 5 Jackson e al.1990 3
Gemmell & McDonald 2000) > FLA& I 25 A & (9 E1H A B & B #5222 W FY R 8§28 5K Jackson et
al.1990 ; Gemmell & McDonald 2000) » F I » F7£ 1970 FEVE £ L HilE FHEBREREE - KN E RN
Hm LT3 RE (Colwell 1974 Coulson & Reynolds 1971 Kimes 1983 ; Deering 1989 Deering et al. 1992)
BIE BB EHNEF I E B RIANE it & Hl(Coulson ef al.1965 : Breece & Holmes 1971 ; Walter-Shea ef al.
1989 ; Brakke et al. 1989) » f/0 /5 EI¢ 4 & H A E B 22 B A AHRAEAES © 48 Kimes(1983) ~ Kimes et
al.(1985) 2 Deering et al. (1989) 2 5e4g i » T EEREAFTEMIUVE M R STEE - FE FEBE I AKIE
2% o Deering et al. (1989) Jackson et al. (1990 & thERHEA » ERRIIKE AU AT » ENHE
IR B Em A KRN o Nioer al. (1999)F] A I E FSEENFMER - UREEEN
GO(geometric optica)fR = SGHE EE [a] R TR M ATE I BER = > EMRSHEZGIBREE - I T#
B LR E (Zurich University)—5TE 1994-1995 S AR » 35T HBE 09 H RDH € £ & (FIGOS, field
goniometer) 5K & I HH FET AN [R] 4 BE RO 88 [a] S5 FH2EE S AT OCEh @ SRR A I E BRDF i@ X
AR I — B 20F Lambertain {BRER7 7 7 SO 2 B R AVIR IE#5 B (Sandmeier & Itten 1997) °

R b R A S SRR ER R SR % U] Pinter e al.(1990) ELERTE R EIEHIT & (£ ~ R
LB EGRENENEREZG > SREANSERFARE FZLERH LS o Shibayama &
Weigand(1985)ffF SCER I £ [ 82 K F5 75 10 A8 B/ NS R B I B EL D B2 28 » 6 SRR AL RBE AL LR g
teabE KRG AR - J5 AR RO A AR RIS AT B S BRI N o Kirchner er al. (1982)f5¢
et BT M KGR 7T M - HRETHEEEK - O er al. (1994) TR 5 3& IS & 10 S AT L EE
ERINED - TR PRz R E R - K5I ANEZERPEEIAE - Wenge e al. (1999)1E A EAET
MROMETRBEEET T 190 09 S B PSS - BB A 0y 2 R B S M0 S B LAV - TEERE ~ HhaK
HtEY) L RIEEE » Solheim er al. (20003 3R & REAEAY) PT35S 12 BUH 743 B2 A AT ROE BORAL /L ERI R
STt » Solheim & Engelsen(1998) Rl 37 3t 7 AHHEY) LA &£ (Landsat TMYERIFRAMRIE ST 1k -

AR R 5 77 LA K/ NEHEY R ST R SR 2 B2 » B H LK TR AR 1 SR MR B 15 (Deering
et al. 1992 : Duchemin 1999) » 48 BRI R A E i =& MG E BT AR ZERT ~ SRR K2R
BRI A S DO RTER I ER > [T LUEEWRELUES BEEEE - B KB EZE IR mE
HEMEERSIERTEY - sHEKEEITHLEREA+ 2 58% - H L EREETKIEE I m R 5t
Filt o MR ATATE & > B LA PG RIS 5 R AN RIERE 77 72 /K R Y 47 B8 % BA R M 2 a1 A =
REER » PRITICELERAYER I A B A BB 1 S 5 ELRRBAGR © b — 3B AS RARHE T OV A8 15 1 i 5 11 K
15 SER oz A [T ERE £ R S R K A S B B R 22 2 o0 - SO st ~ o2 88 B AR B R Ik A e T Ol
B 1) G R TR B S A RR R E AR UG B B -
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AHFFE 2 H AR EN R Z R F IR TR R R B g REHBARS(24°02'N, 120°42°E,
VB EE 85 m)» KA S EE 67 9R(Oryza sativa L. cv. TNG 67)° HIREES 0.5 AE 12 2002
T HARR R A A P 0 34 T 50 AR AT O 3 AR R £ P 2 K R IR R 5 S 1 3% - 2002 2 — A
FEVETE 2 A 26 HI%HE - 6 A 28 KUk » £B HE 123 K » 2002 5 —HARBIELE 7 A 30 HE&H > 11
A 26 HIHE - £F HE 118 K - (BB ARSI A RAEITE - 15 3-4 ZEfRR i DA A e PR AR FR -
F# 3-5 Bk ITHREERIES 0.30 m x 0.18 m > FERLZHRBEZE LS 185,000 hills ha' - H[& R
Fluvaquentic Dystrochrept * FEHG{ES pH 4.78 » HIREEES 1.64% - PHEEMAT 5 KiiH G 39 58
(N:P,05:K,0=12%:18%:12% » BEALRIAF] » B HE7)300 kg ha ' BHEEAR » 55 —ZGEAEFERE 1 581
EYEE 2 SE(—HAVE) . HEF 2B 1 98 (N:P,05:K,0=20%:5%:10% » AR AT » @ i#ifi)100 kg ha™' » 5
OB R 3 B (CHAME) S 4 B (— BB HE R EAE 1 9% 200 kg ha' - FORSHIAEAT 20 KA
§5(21% N » ZEAHEIAF] - B ) 160 kg ha' BT o RIEEHE GRS S A RITE - RATZEE
W EMRERR CEYREFMROOHERNE R HEEME s WL 6 % 5 FH KB (cartap,
1,3-bis-(carbamoylthio)-2- (N,N-dimethylamino)-propane hydrochloride)30 kg ha™ Ffi 5 —1LIE & K B2 %7
485> L 40 % R KRB (carbofuran, 2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate)#i 2 800
%2 1.2 Lha' FA & K& 50 % 4 FI|#(32 (Validamycin A, 50% S) TEFERZ 1 Lha FI 1A ke H
=g o BREBEIRLL 5% T ZhI E R B (butachlor, 2-Chloro-2',6'-diethyl-N-(butoxymethyl) acetate)30 kg
ha™! AR — 3 P9 5 R B R R AR R ) B AR % 3 B ) L 44.1 % ASE 2 ¥R (bentazon, sodium
salt of 3-isopropyl-1H-2,1,3-benzothiadiazin-4-(3H)-One-2,2- dioxide) 3 L ha™' T & 200 {ZH B PAFRIE T
HREEFHE -

B 4% 7 R AT B O B LA T R R A 2R B O B 49 A £ (spectroradiometer, model GER-2600 °
Geophysical & Environmental Research Crop., Millbrook, NY, U.S.A )17 X ERET (radiance) I E > EHIIK
R #iE 330-2600 nm ° T EHAFHEIEEE 10 E1R A (field-of-view)ERET LAE 7 i ~ FREM -
B PCEBEERS - HAoeitE.2 512 (AMEMPES] silicon detectors £ 330-1050 nm R Z I iR
(bandwidth)1.5 nm> 128 {E4E/E HEF PbS detectors 7E 1050-2600 nm J¥ E¥ 2 4 HE 11.5 nm (GER-2600 User
Manual 1996) » # & & 7 EEEE K FRME 54D 5.8 m 2= E{EHE P EEET DI EN > A4 1 m B
FyEEm il B E mEfE (B EE) - KB RE P EERG A AR > o B BRI e - =i
FATERE AL L - A b5 B B5 M /9 o) 2 A (R B 6 Ml 5 S B Rl © TR DS s A el 2 &% %2
P B O EY R B > ELEE A 350-2400 nm 357 55 40 BIAY & EOEEE LA BR O35 R i ) T A AR RG T
}—,E °

FIREM LN GER-2600  FH#RE AT LUK E B 15 1 YE AL % 5 1 Ay ¥ 35 6 [ % 72 I BR Y DG i 5
il > W& B ARG BRI 2% ET&(‘Spectmlon', Labsphere, Inc., North Sutton, NH, USAERETE
B A SRR HOCER ST 8 B S 5T PR o B — PG E 5 THER B A 4 AR DTS 2 o) W) EaE R
> EEIT2ZARK G EHEMEAETHERNFERE > 5-8lAEELVEH 4 X - BAIKRHE
DA 1 min > B¥EBIETE 10:00 F 12:00 FrER A0S SR FEHERCE - DAY KB AST A R E R T8 © 3ot
T e AR AT AL A0 2 B S/ Bl A SSE 42 T W BARA VE Y 73 BE B H (active tillering stage) S Wi#Hfi(dough stage)fH]
HETT » 2002 F=—HAIE A RIS ERUE 53 & 92 K » ZHAERI A B HEIR % 64 KK 96 K » REFR ALY
TR [ ARG Y 75 (50 A G T A S ER R B A 1 k1m0 55 1 1) R 5 [] % 0-30 JE2 36 B P 0 Al 3 38
EAEEE0~5~10~15~20~25~30 EELE » QFpiE AR DB 4 58 - 4 XEHE
I AR » UFEESSBINABENRSE  EITHHEKE 2 - St niRb
Statistical Analysis System version 8.1 BXH#(SAS 1998)K Sigmaplot 2000 #EA & E ¥ (SPSS ASC BV,
The NetherlandsE1TE FHREHE -
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50 AT RE AR 3L 2 45 BRI EX (broad  bands)fY I B EL 8B L » TS I 51 38 1R 43 5 4R 48 (U,
350-400 nm) ~ FEIE(V, 400-425 nm) ~ §5 (B, 425-490 nm) ~ & IE(G, 490-560 nm) ~ F (Y, 560-585 nm)
(0, 585-640 nm) ~ LK (R, 640-740nm) ~ 3 #LIF H(NIR, 740-1300 nm) ~ 53 AT 7+ H (SWIR, 1300-1800
nm) & FHELHE(MIR, 1800-2400 nm)ZF 10 1 BLEARY B » if Fh ik R P R 22 I ER B0 IR S EL IR DL %S i B 8
HEHEBWER 2 T RGTEL  HAREIR AR RE A I S D38 P9 42 7 ER TE AN () Ak R s A i o [ 8500801 1 2 1 o3
b e TMKERVEB] SPOT 147 52 R B LS b T 2838 2 7 R 3 Bl P LA 8 > 85 Simwulated SPOT »
BIERRICER (G, 500-590 nm) ~ FLYEER(R, 610-680 nm) ~ STALIFEER(NIR, 790-890 nm) K 55 I T /4L B
(SWIR, 1580-1750 nm)PYFE o T = BT L 3L 2 A0 B FE 42 Uk B R DAL SR ik » - rh kot 22 I BB B
BB R BT LA - RLEAE I B BB e B 2 AR R L - TS AL S A3 U B R S T o
TR ER A ADE & 32 W B 2 e KRBT LT » H BRI B ERENE -

fm R

LK R HE A 20 R AT S B SR A G B A [ 1 > —HARRE 2 D BE R B 64 K) K W BAHA (FERL 1% 96 K)
EHWEHAREGE 2 SRR EGRIFBAEERER - FRBIHA ST B E R et » H1E%
R RS L R — A & -

St A B 350-2400 nm RE 1 5 2841 B 3 BRI EUV) ~ BEV) ~ BERB) ~ #OEG)
BOL(Y) ~ f&E(0) ~ ALER) ~ SEALYFE(NIR) ~ KG I ALIF E(SWIR) B AL /4 e (MIR)ZE 10 (B & S8
B AEHFRRFRG » DB KRS RS AMEE - Ho . 2002 F— - ZHBIEZS
BE X IITE 1) 53 b T 5 00 A i = U 0 BR 2P 29 I B LA A AT 3 - FRAIRE 1 & 480 S ) 5 FEF ) i BB 2R
IS ELERE T 4 0 SRR AN RIS A R E O o BR 2P P I B e B3R — R AU s > BT ZHARATE
IYEERLHAZ NIR JEER R —HATEMIZAZ V ~ B B2 MIR JRER I » 5552 F /K ¥E (P<0.04) o —RYBEZ#1
78 L S0 - G e K5 (LE A8 A BB B B (B E A ) 77 1) > IS EL RS & 778 » T 28 [ I 59 #4 ¥ (angle
OORIHIMEE R A - FHhE 3 KE 4 %3 > — - “HIRFRRBREY RS CHTEEZE » BBr
IR E 2 M TR > TR FETE I B ey 2 R |- -

SO > LU st T B8 Y ) T AT I B O3 9 BB B R SR SPOT 87 2 PU{E I ER (G ~ R ~ NIR ~ SWIR)
W78 L - BC & B AE 1 HE 2 B AR IR B P 35 S BT L R B — AR IR BRI ST L > DU TE R ~ TR
17 &% B3 T = 78 5 W 7 15 2 A T A (R A P o o2 S B B i 88 - 2002 4E — ~ —HARSVEAE Sy BERLHA K
RIS AR S GOEEZORL 3 BIANIE 5~ T8 6 » H 0BT 2 47 48 LA VI — e g L ik » SRtk = F&
P B BRI IR B R AT Z R ERFEE R RIRER » R THDEZI » B LR EBRIIK
SHLUIER S > KRB ARHEE SPOT 2 M ER R ESAM ERE o b =R 75 15 1 R0 B 0P 188 0 o8 5% 2 5 HE
2B K7 SRR RS SR > IR LUAE I BRI SO EU B AR 5 » % SWIRCE AT 94 )k B3 7E — HATAIE R
RIEEAE -

¥y

EIAHSELE 2002 F — ~ “HARGIE 2 /Y BRI BB HERL S 53 Kk 64 K) BMIBIH (/) Bl B iRk
% 92 K B 96 )53 bt T B 14 A ) B0 VD 4 K REEL o v ARAVT I Bt Y3 (I 1~ R 2) - BB R R
A A R B KR AL B R AR A BRI Al AR o T EL AR AR I (8 e 30 e R A T AR ) o
e —Hfa B A B — AR (R 2 505 77 1 A B 2 A R A AT B R - — RS2 0 #
S T T LE 59 4 12 (angle 0 ° )31 - B A8 B0 K B3 2 It L A th s o

=[[]
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Fig. 1. Changes in reflectance spectra of rice canopies taken from different viewing angles at 53 days (maximum tillering
stage) and 92 days (dough stage) after transplanting of rice growth in the first cropping season of 2002. The
spectral curves plotted in (a) and (c) are measured from angles face to the sun, and in (b) and (d) are measured

from angles back to the sun.
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Fig. 2. Changes in reflectance spectra of rice canopies taken from different viewing angles at 64 days (active tillering
stage) and 96 days (dough stage) after transplanting (DAT) of rice growth in the second cropping season of
2002.The spectral curves plotted in (a) and (c) are measured from angles face to the sun, and in (b) and (d) are

measured from angles back to the sun.
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3. 7 2002 FERWHIEIE 2 D BEEIA(— ZHIE Y BHME 53 XK 64 R)B I Z R W B S8R BT 15 K & e i
Bl 284t - UV: 350-400 nm, V:400-425 nm, B: 425-490 nm, G: 490-560 nm, Y: 560-585 nm, O: 585-640 nm,
R: 640-740nm, NIR: 740-1300 nm, SWIR: 1300-1800 nm, and MIR: 1800-2400 nm.

Fig. 3. Changes of waveband mean reflectance in response to viewing angles at active tillering stage of rice growth in the
first (53 days after transplanting(DAT)) and the second (64 DAT) cropping seasons of 2002; UV: 350-400 nm; V:
400-425 nm; B: 425-490 nm; G: 490-560 nm; Y: 560-585 nm; 0:585-640 nm; R: 640-740nm; NIR: 740-1300 nm;
SWIR: 1300-1800 nm; and MIR: 1800-2400 nm.
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4. 7F 2002 FEMERTGTE Z WIBHA(— ZHIE S BRI 92 Kk 96 R)E M2 [F B SR ER T 15 5 G LLREZ B
F & 2 8 - UV: 350-400 nm, V: 400-425 nm, B: 425-490 nm, G: 490-560 nm, Y: 560-585 nm, O: 585-640 nm, R:
640-740nm, NIR: 740-1300 nm, SWIR: 1300-1800 nm, and MIR: 1800-2400 nm.

Fig. 4. Changes of waveband mean reflectance in response to viewing angles at dough stage of rice growth in the first (92

days after transplanting (DAT)) and the second (96 DAT) cropping seasons of 2002. UV: 350-400 nm; V: 400-425 nm;
B: 425-490 nm; G: 490-560 nm; Y: 560-585 nm; O: 585-640 nm; R: 640-740nm; NIR: 740-1300 nm; SWIR:
1300-1800 nm; arid MIR: 1800-2400 nm.
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Fig. 5. Changes of waveband mean reflectance in narrow band, broad band and simulated SPOT wavebands in response
to viewing angles at active tillering stage of rice growth in the first (53 days after transplanting (DAT)) and the
second (64 DAT) cropping seasons of 2002. (Gss: 500-590 nm, Ggg: 490-560 nm, Gyg: green light maximum;
Rss: 610-680 nm, Rpp: 640-740 nm, Ryg: red light minimum; NIRss: 790-890 nm, NIRgg: 740-1300 nm, NIRyg:
near infrared maximum; SWIRsg: 1580-1750 nm, SWIRgp: 1300-1800 nm, SWIRyz: short wave infrared

maximum.)
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Fig. 6. Changes of waveband mean reflectance in narrow band, broad band and simulated SPOT wavebands in response
to viewing angles at dough stage (92days after transplanting (DAT) in First Crop and 96 DAT in Second Crop) of

rice growth in the first and the second cropping seasons of 2002. (Gss: 500-590 nm, Ggg: 490-560 nm, Gyp: green

light maximum; Rgss: 610-680 nm, Rpp: 640-740 nm, Ryg: red light minimum; NIRgs: 790-890 nm, NIRpg:
740-1300 nm, NIRyg: near infrared maximum; SWIRss: 1580-1750 nm, SWIRgg: 1300-1800 nm, SWIRyz: short

wave infrared maximum.)
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Changes of Canopy Reflectance Spectrum and
Spectral Characteristics to Viewing Angles of
Spectroradiometer: A Case Study in Rice

Yuh-Jyuan Lee” and Chwen-Ming Yang2’3

Summary

Lee, Y. J. and C. M. Yang. 2003. Changes of canopy reflectance spectrum and spectral characteristics to
viewing angles of spectroradiometer: A case study in rice. J. Agric. Res. China 52:297-310.

Field experiments were conducted in the experimental farm of Taiwan Agricultural Research Institute at
Wufeng, Taiwan to study changes of canopy reflectance spectrum and spectral characteristics to viewing
angles of spectroradiometer for rice plants grown in the first and the second cropping seasons of 2002. By
analysis of the ground-based remotely sensed hyperspectral reflectance data, it was found that curves of
reflectance spectrum were affected by the viewing angles in both maximum tillering and dough stages in
both crops. In general, reflectance was lower at nadir viewing and was increased with the increasing viewing
angles. When further divided the measured spectral domain (350-2500 nm) into 10 broad bands, i.e.,
UV(350-400 nm), V(400-425 nm), B(425-490 nm), G(490-560 nm), Y(560-585 nm), O(585-640 nm),
R(640-740nm), NIR(740-1300 nm), SWIR(1300-1800 nm), and MIR(1800-2400 nm), it was shown a
quadratic function for the relationships between waveband mean reflectance and viewing angles. Again,
generally reflectance was elevated with the increase of viewing angle, either face to or back to the sun. By
calculating the simulated wavebands(G, R, NIR and SWIR)mean reflectance of SPOT satellite and
comparing to the corresponded broad-band and narrow-band values, it indicated that usually reflectances of
narrow bands were greater than values of SPOT and broad bands and were all exhibited a curvilinear trend to
the viewing angles.

Key words : Oryza sativa L., Solar zenith angle, Viewing zenith angle, Narrow band, Broad band.
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