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Hyperspectral estimation models for plant community water content at both leaf

and canopy levels in Wild Duck Lake wetland
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Abstract: Quantitative estimation of vegetation water content with hyperspectral remote sensing technique is of great
significance for vegetation physiological status and growth trend monitoring. It also provides a theoretical foundation for
actual application of vegetation water content diagnosis using hyperspectral remote sensing images in Wild Duck Lake

wetland. The hyperspectral reflectance and corresponding water content of canopy and leaf of typical wetland vegetation were
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measured by Field-Spec 3 wild high-spectrum radiometer. We used reed as an example to prove the response mode of the
spectral reflectance in different water content levels. Then the correlation among water content, trilateral parameters, and
hyperspectral vegetation index and hyperspectral estimation models were obtained by using regression and correlation
analysis in canopy and leaf levels. In additiona, we made use of Three K-fold Cross Validation to test and inspect the
hyperspectral estimation models. The results show: a) The canopy and leaf spectral reflectance of reed in visible bands
(350—760nm) and infrared bands (760—2500nm) reflectivity tends to reduce gradually. b) We found strong correlation
between the selected spectrum characteristic parameters and different water content scales. For trilateral parameters, they
show significant correlation with a maximum correlation coefficient of 0. 906. For the hyperspectral vegetation index, they
all show significant correlation, with a minimum correlation coefficient of 0. 455 and a maximum of 0.919. Based on the
trilateral parameters and hyperspectral vegetation index, we choose the spectrum characteristic parameters that have the best
correlation in different scales to construct the water content estimation models. SDy and simple ratio water index have the
best effect at canopy level; the best models are evaluated and validated as y = —9. 462x° —2. 671x+0. 608 and y =
0.219e" "™ | respectively. SDr and water index have the best effect at leaf level; the best models are evaluated and
validated as y=0. 562x+0. 376 and y=2. 028x°-0. 476x—1. 009, respectively. According to Three K-fold Cross Validation
examination, these estimation models have the satisfactory prediction accuracy, with a minimum prediction accuracy of
94.92% and a maximum of 97.06% . Those results indicate that the parameters adopt in this paper have great reliability
and applicability for water content estimation. ¢) We make use of the hyperspectral remote sensing to analyzee and estimate
wetland vegetation water content, and this method is a new nondestructive testing technology. Compared to the traditional
physiological and biochemical analysis method in the laboratory, the remote sensing method not only gets non-point source
information, but also reduces the analysis cost greatly, and greatly improves the efficiency of the analysis. The hyperspectral
vegetation index has a higher degree of fitting than the trilateral parameters, so the spectrum characteristic parameters of
band combination are more suitable for water content discrimination. d) For future research, we need to analyze further and
systematically the relationship between spectral indexes and water content, and between the spectral indexes and any single
band or combination of two bands in ratio (SD) and the normalized (ND) from 350 to 2500 nm. We plan to use the special
handheld blade spectrum detectors to determine the leaf spectral reflectance, so that the reliability and accuracy of

estimation model will be further enhanced.

Key Words; wetland vegetation; vegetation water content; hyperspectral ; trilateral parameters; vegetation index; Wild

Duck Lake wetland, Beijing
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Fig.1 Location map of study area
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Table 1 Typical wetland vegetation types of sample area

Ak ) S Ay B E 24 [{r X 35
My SR AR M HEJ7 A PHELCH
Plant ecological . . Average height Coverage Sampling
Typical wetland vegetation Quadrat number

types /cm /% area
HEKAEY P Phragmites australis 170 95 3/4 .

KX 1.2
Emerged plant FFiili Typha orientalis Presl. 150 96 372 REFCBLL 2.3
WAEAE Y BREEVSHL Cyperus globosus All 70 90 3/3 I

7. x b
Hygrophilous plant B8 Iris tectorum 50 92 3/3 REERHT 3 4
T A A tbﬁgﬁ Ht.amarthria. sibir.ica( Gand. ) Ohwi 80 93 3/3 TR 1 2
Mesophyte plant B Medicago sativa Linn 40 94 3/3
Eh
L) BE3K Salsola collina Pall. 60 91 5 KA 12

Halophilous plant
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Fig.2 Spectral curves of typical wetland vegetation
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Table 2 Change of relative water content in canopy and leaf

FEAZK A Sample category e/ IME Min/% FKAE Max/ % Y Mean/ % FrifE22 SD BRERECV
FEZR 1. 562 Sample 1 ;canopy 42.5 77.8 63.5 0.106 0.167
BEA 2. 0F F Sample 2 leaf 49.3 79.2 67.7 0.076 0.112
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7] g B 22 S B HS AR T AT 25 AR AR 1) B ST 1 2 200 ok Al S AR e S22 0 TR AL B 4, b B e Gt
AIAHELAE FH 2 X e JZ2 06 1 7 A B B RIS, DRI, 5 7K B 22 /0 b 22 52 A ORI 5 i R B9 B
ik,

L2 e J2 M 63 B A 23 A 9] Ud Y AN ] 55 7K B AT T 9 25 S J2 A i i S 23 A i SO A8 X
P 3 730510 P2 R A AR R S KK T B S S E G A e, B 3 AT LU S5 7K K- 22 5
XF 7 2 e R AN R B G R AT 35 BRS8N, AN () 0 B DX el ) DI 1 e 7 AN (], 9 EL = =6 5 J2= - e

05

55.50% 08 r 50.14%
_— 61.16% 07 | 60.41%
o 04 _ 65.15% 64.26%
3 06 70.49%
8 03 L 05 -
8 0.4
g ol
02 03 L
01 r ﬁ /‘\ 027 /\
/\ 01 /\
0 Il Il Il Il Il Il Il O Il 1 Il
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Fig.3 Spectral curves in different relative water content levels
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SIS IR TR L AE AR R B /K K AR (L R IR R] , B & /K B /KSE 34, 5 J2 5 0 7 e
76 7] DL B (350—760 nm) S5LT4MN BE (760—2500 nm ) (15 5 R EEEAT . b7 K 390 nm 1
St 480 nm BT EH 660 nm ZIIGHEE , ARl S K AR 2ER IR 3 MIRILS | TTTE 540 nm YL/ R
SRS I B — 1~ B S B S ST 7E 700 nm BRI, JL RS ZRERIR T 7RI 2141 760—1300 nm Z [A] 2 3
AR RN R T B A S e RO R AR A N ik B 0. 38 ey, i RUE AT
ik 0.68 Zif7, Hod Al R BH 950 nm 1160 nm BRI A4 5~ FH X IR SCA AT 1060 nm (1260 nm BT 9P
10 7E 1350 nm DUS AR 5K S KSF 28 1 S A< B Bk S BEH 1650 nm BRI 2200 nm BT PG 4> AH
X S
3.3 e =l SR SR RO A K A AR

“ = BB B SRS AR A GRS REAE X KR B AR AR A R AR, T LA S K RIS T
ik, RIS =317 S50 00 18 AMGIERRE AR i S5R R RS N i &K AT AHSCHE b, R 3 e =17 5
e X,

x3 “ZH"BHMENX

Table 3 Definition of trilateral parameters

ZEH Type “ =317 %L Trilateral parameters  %E 3 Definition
FET G S Dr 2134 (680—760nm) N K —Br oA
Characteristic variable based WP_r Dr X7 )3 4 BT 300 4o 8
on spectral position Db W53 (490—530nm) Wik — B s &
WP_b Db X 7 4 5 1 B i 301 7 2
Dy B3 (560—640nm ) IR —Br A
WP_y Dy X i )ik 4 BV 8 i o7
Rg 204 I 56 . 510—560nm i [l P9 B K A I BE RO R
WP_g ESCIMAIONEN
Ro L1435 . 640—680nm 1 [l P4 IR/ N4 I8 B 2 Gt
HETF ek AR A SDr 23 9 — s i B
Characteristic variable based SDb W — B S
on spectral area SDy B — B s B
TR 0L Y A & SDr/SDb 2130 9 — B i N 5 0 501 P — B By VRIS EL(E
Characteristic variable based SDr/SDy 2150 N— B 43 R AN S 35 10 P — B il o B R EAE
on vegetation index Rg/Ro LI I SRS T 45 SRR Y LA
(SDr-SDb) /(SDr+SDb) ZL1 P — B RS S N — B iR A SN e — A (B
(SDr=SDy) / (SDr+SDy) 2130 9 — B i N 5 B N — B iy RORT I — b
(Rg—-Ro)/(Rg+Ro) LI SRS 4T 45 RS R IH — b fE

MR 4 TTUE A FRES/KE S =" SHCEUR LA SCHERCAT, S 535 A0 G, A OC R B0 Kk 3
T0.906, FETFIGIENLE AR X FREAR 1 BR T 4000 & (WP_r) 5 HARSCHE A R 80 i 3 2 41, Hidx
AR 5 EK AR ARG, L B RAEL( Dy) 5 & K & A OC REGE 2 -0. 821, M 2 Y 11 AR O 5 X
FHREA 2, Bk T BB (WP_b) EA B (WP_y) LALLM ICAT (Ro) 5 HAH M AT ik B4 3% =2 41,
FopR 7 5 5 /K 4 AR O P 20 IEAEL (D) 5 & /K A DG R BGAF 0. 892, SR i 25 1Y TEAH G
TP A AR R < =3 AR SRR K B R I A DG, S AR B S A OGRS 1 B
FU(SDy) 5 HAH KM feik , M REGAF]-0. 877 , M B ZE (W T AHDE  FEA 2, 2L IR ( SDr) 5 HAH Se M ik, A
KRBGEF]0.906 , MW E R IEAHSE, JETHPHEEOL X WA v, 2030 AR (SDr) 5 #00 mi L (SDy ) #4211
A WA R S REAS 1 A DC PR, A0 56 RBGKF] 0. 781, F M 335 1Y 1E AH 56 ; 20521 1 A1 (SDr ) 5 %% 31 i F1
(SDy ) A ER I FUAEAE B FR A S REAS 2 AOAH OGRS R, A OC R EGA 1 0. 619, AR B E M IEAC
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F4 FEREGKESE“ZHN"SHHBXRE

Table 4 Correlation coefficient between water content and trilateral parameters in different scales

Fem “ERT B A1 ) FEA 2 00
Type Trilateral parameters Samplel ; canopy Sample2 ; leaf
FE TG A Dr 0.789 ** 0.892**
Characteristic variable based WP_r 0.256 " 0.403 **
on spectral position Db 0.799 ** 0.822**
WP_b 0.469 ** 0.268 *
Dy -0.821** -0.796 **
WP_y 0.585** -0.033
Rg 0.635"* 0.491*"
WP_g 0.452"* 0.362 "
Ro 0.381"* 0.247"
BT OGS AR A A SDr 0.784 0.906 **
Characteristic variable based SDb 0.770 ** 0.801 "
on spectral area SDy -0.877** -0.846 "
BT BOE s SDr/SDb -0.157 0.081
Characteristic variable based SDr/SDy 0.064 0.619
on vegetation index Rg/Ro 0.439** 0.397
(SDr-SDb) /( SDr+SDb) -0.147 0.120
(SDr-SDy)/(SDr+SDy) 0.781** 0.536 "
(Rg-Ro)/(Rg+Ro) 0.583** 0.519 "

# FRTE 0.05 AKF LB = = FIRAE0.01 KP ERBE; HEA 1 n=115H42: n=90

B T AN R RUEE B /K 5 =30 S8R A B AR DG, T ] SR T35k S % R ik 42 6 % 5k )23 RUBE Fn i e
RUBET B AR B K A T A SR 5 (T A | DR IGR R 58 SUR 50 14 75125 (BK-CV ) EA AR S ASE L 1)
ST FAIE R FP AR A TP DG R BUR R OIS RE S EO A28 & (FRA 1. 350 MY SDy , FEAS 2. 2031 1]
FASDr ), DA 7K AR & R4 7B S 2R P S AR Gtk ( R I 48550 mIH 707, RS R® e KR IE S
MIFDGIERAESH S oK 8 BN O R K B AR AR S . 3R 5 FTLUE 6 THREA 1, ik 20X
BRI R E BB (R ) B X THREAS 2 AR 38 R R ) B oK, T LRSS RP B R JE ) HEAS 1 56 2 1
KA AN y=-9.462x° =2, 671x+0. 608 , FEAS 2 I A & /K B A AR ALl =0, 562x+0. 376, K14 K
REFPREAS TS R IE S E0 S & /K IS G 2R B B A A S AR

x5 AERERKESRMZBL"SHEIEE
Table 5 Regression model between water content and best trilateral parameters in different scales

FEAZE R JLIAR S AL [m] )=

2

Sample category Spectral parameters(x) Regression equation K

y=-2.064x+0. 605 0.770
FEAs 1) H AT SDy y=-9.46222-2. 671x+0. 608 0.796
Sample 1 : canopy

y=0.601e 197 0.744

y=0.562x+0.376 0.821
g L
FEAR 2.0 STFTRL SDr y=0.09622+0. 471x+0. 395 0.791
Sample 2 : leaf

y=0.418¢"887* 0.783

BEAR1: n=76 ;K2 n=60

EEST BRARAE SRS | O 1A 6 A B A AR Y R S R e, SR T I8 H 9 205 R 22 (RMSE) R % 22
(RE) TR (R )3 MNEAR UG AT PRAE (32 6)  FF2 il B (55 S ELZ T A9 1:1 R (1 5) , U
LWL R s A AR R U0 BE N T HEME
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10 ¢
10 y =-9.4617x2- 2.6712¢ + 0.6075 y = 0562r + 0.3761
- R?=0.7956 08 L R2=0.8206
T 081 e maye n=76 n=60 "
8 O 06 f 222 o
o} 061 L2 XN " : o
w® * >
= o04f 04 -
02} 02|
0 1 1 1 1 ] 0 1 1 1 J
012 -008 -004 O 004 008 0 02 04 06 08
SDy SDr

4 B ZH"SYERRRESKENXE

Fig.4 Regression relationship between water content and best trilateral parameters

6 ARRESKEZNE ) STNE()) A TSR

Table 6 The fit evaluation indicators of the measured values (x) and predicted values (y) in different scales

AT SEREARE S8 | I
HEARZE TEIERESEL [El.Ejﬁ{ . e RMSE RE/%
Sample category Spectral parameters Regression equation
FEA 1. 58)2 Sample 1 ; canopy H TR SDy y=0.9511x+0. 0346 0.811 0.0364 5.08
FEA 2.1 Sample 2 ; leaf Z1 T AL SDr y=0.9332x+0. 0356 0. 849 0.0330 3.14

FEAR 1: n=39; 842, n=30
10 - 10
o y = 0.9511x + 0.0346 y = 0.9332x + 0.0356
3 09} R2=0.8111 09 R2 = 0.8487
> n=39 08 | n=30 .
B 08r :
— * *
% 07k 0.7 + ;s o
T o6t 0.6 - t 5 3
05 F 05+ ; o
04 1 L L ) 04 1 1 L )
0.4 05 0.6 0.7 0.8 0.4 05 0.6 0.7 0.8
Observed value

B5 AERESKESSMEMFMERSC=H" 250

Fig.5 Comparison between the measured value and the predicted value in different scales( trilateral parameters)

G ZE LR FE T 2 A CIERRIE S B 7 AR R RUBE K Al AR 5 U T 5t A i R, 4 56
PIA T RAPE RZEU(RY) FRE] T 0.8 LUIL, #5825 (RMSE ) FIFHXTIR2E (RE) ¥5/0 , HAT 85 @ LA A
BRI AR R ZE . e LT E R (SDr) Sy AR SR g i i R RUBE S K R Al SRR R B e KU &
(R = 0.849) Fe/NHI M2 (RMSE = 0.0330) Flf/NAYAHNT IR 22 (RE =3.14% ), FUKS BE iR 5 T
96.86% .
3.4 BT RGBS B e RO S AT B % K Al SRR

AL 118 T ARSI 5 Al e 40 1) DX 65 Sk B I, 45U B R DGR e I 25 S B O B IR . i A bl s 4k
“H T EORT ¢ €20 R O S P T DL Y D BB RO St CEu A i v S S ) 3 2T A B, AT LY i B R 21 A B 2
AR B 1) BRI B, PR 6T R — A= 0 ) BRI e i i onen 10 Sz 25 W 4, I HL S AB e 2504 ol LA B 8 K
AT BLE BRI DRI R LU FH R G R R RO S B B A K AT IS W, AR S e A bl B
AR 13 AR IE AR i SRR R R A S K AT A O AT, 38 7 s YIS AE Bl s B0 a2 S

T 8 LAt AR R & 7K et 5 e T A bl g SO AR b AH DGR, 24 S A i 35 A G, A O R iR /D
K 0.455, 5 /GAFN T 0,919, 1 WG BZH A, RVSIE H1 PRI[ 531,570 ] 5 A [6] R 2 /K 5 24 52 4% i 35 4
KA REARX BN, 3 PLLAME B A SR A S A ) RUBE 5 7K it ELA R AR DG 1 | 34 SR i
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BRI FEAS 1, SRWI 5 HAH S d 5, Ao R B 3R 2 0. 919, B A% 1 35 19 1EAH G FEAS 2, W 5 HAH 56
Pt AR BOAE] 0. 891, B0 W AIIEASE . AT WG LIAMEBEAL &, DSWI SN[ U & K 5L 91
SR AR S A A AR

RT BRESHHEX

Table 7 Definition of hyperspectral parameters

o FOEH S X
Type Hyperspectral parameters Definition
ay Wk B A RVSI, Red-Edge Vegetation Stress Index [(Ryp+Ry5)/2]-Ry3,
Visible band combination PRI, Photochemical/ Physiological Reflectance Index (Rs3;—Rs70) 7/ (Rss +Rsyg)
I PN B A MSI, Moisture Stress Index Rig00” Rsio
Near and middle infrared RVIhyp , Hyperspectral Ratio VI Riggs/ Ry
band combination SRWI, Simple Ratio Water Index Rgeo/Ri240
WI, Water Index Roygo/Roro

LWVI-1, Leaf Water VI 1

LWVI-2, Leaf Water VI 2

NDII, Normalized Difference Infrared Index
NDWI,ND Water Index

SIWSI, Shortwave Infrared Water Stress Index

(Riygos —Rgo3 )/ ( Rygoy +Rgo3)
(Riygos =Rigs )/ (Ryges +Rins )
(Rgio=Ryg00 )/ ( Rggo +Ryg00)
(Rgeo=Riaa0 )/ (Rggo +R1ng9)
( RSG()_RIMU )/( RSG()+R164U )
PVI,, , Hyperspectral Perpendicular VI (Rys—aRg;=b)/(1+a?) " la=1.17,b=3.37

WG ZLAN S B
Visible and infrared

band combination

DSWI, Disease Water Stress Index (Rgoo +Rs47) 7 (Rygs57 +Resp )

RvsI? PRI, msIf® ) Ry, ), sRwI™®!, wit! o wLvI- 1021 wLvi- 2067 Npu', NDWIf® ) Stwsiil
PVl 2 DSWI!
*8 AEREQKESTRIEEEBHHEXRY
Table 8 Correlation coefficient between water content and hyperspectral vegetation index in different scales

F DI SEL BEAS 1 5e)2 BEAR 2 0 H

Type Hyperspectral parameters Samplel ; canopy Sample2 ; leaf

YU Bl RVSI -0.549 " -0.518**

Visible band combination PRI[531,570] 0.554** 0.455**

S R EAW N2 R MSI -0.777 " -0.778 **

Near and middle infrared RVIL,, 0.682** 0.808 **

band combination SRWI 0.919 ** 0.826 "
WI 0.910** 0.891 **
WLVI-1[1094,893 ] -0.890 " -0.552"*
WLVI-2[ 1094 ,1205 0.663 0.791 **
NDII[ 819,1600 ] 0.807 ** 0.794 "
NDWI[ 860,1240] 0.915*" 0.812*"
SIWSI[860,1640 ] 0.789 ** 0.791 **
PVL,,, -0.763 " -0.748 "

At LLANE B A DSWI 0,861 0.757 **

Visible and infrared band combination

% FRTE0.05 KT 1B, « + RRAE0.01 KT MR, BEAR 1, n=115;F42, =90

1T AN R R 5 KR 15 T AE B BORAT B B AR S, U IR P 3k S i i R i o X e 2 S
Fir JUBE T S 7R 30 3t R % K BEA T A S A B R Al A DRIHR 58 SRR B9 773k (BK-CV ) BEAT A S AR Y
AR S ANAIE , B RS F R OC 2R i R DI R IE S O A2 5 (REAS 1 SRWILAEAR 2. W), RAF K
MR R BT B B S AR L (R 8K 1A 3BT, R AR R R R AE 328 i U DG 3 AR AE 2
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H5 SR BUR O R R BUR ARG SREL i3k 9 T LATE X FAEA 1, 3580 R 14 E REU(R) i
R THEAS 2, “IR SR E R (R ) Bk, B LA AR RP S RSN BEAR 1 902 1) 35 /K At
BN y=0.219e" 0 FEAR 2 B A B S /KA AL y = 2. 02847 0. 476x-1.009, 18] 6 N REAhHEA G
FAIEZ 05 5 K 1 R G 2R P R B A AR

®9 FRRESKESRMATAEERIEHEIFHE
Table 9 Regression model between water content and best hyperspectral vegetation index in different scales
AR JCTERES B (x) Il 77 %
Sample category Spectral parameters( x) Regression equation
B 1 y=0.608x+0.002 0.814
N 1.0)=
JRI= SRWI y==0.051x>+0. 712x-0. 049 0.815
Sample 1 : canopy
y=0.219¢!010% 0.849
FEAs 2. y=3.717x-3.175 0.79%4
N 2.
: Wi y=2.028x2-0.477x—1.009 0.795
Sample 2 :leaf
y=0.002e> 7% 0.793
FEA 1 n=T76;F42; n=60
10 r 10
y = 0.2188¢!00%x y =2.0283x% - 0.4765x - 1.0085
= 09 R?=0.849 09} R2=07945 e
g n=76 sl n=60
g 08F ' ®
o} 4 0.7 +
B 07 »*
= 06 |
06 e 051 o
05 - 04 L
04 1 1 1 1 J 03 1 1 1 )
0.4 0.6 0.8 1.0 12 14 0.96 1.00 104 1.08 112
SRWI Wi

El6 mMBAEEFEEHSTIEREAKENXER

Fig.6 Regression relationship between water content and best hyperspectral vegetation index

ST ARG SR | O 1A 6 il A AR Y R R E T SR S8 T B9 2 05 #R 22 (RMSE ) AR 4% 22
(RE) FRFEE (R?) 3 D RFR XA ABBIHEATIEE (3£ 10) P2 BNME 5SS E Z Y 11 XRE (K 7)), L
LWL J s A SRASE Y R 4005 BE R AT S 1

F£10 FRERESKELNE(x) EHTNE(y) BEITEEIER

Table 10 The fit evaluation indicators of the measured values(x ) and predicted values(y) in different scales

oA SHFES T

HEAZE B IES R ..Hjﬁ‘q: . 2 RMSE RE/%
Sample category Spectral parameters Regression equation

FEA 1. 58)2 Sample 1 ; canopy SRWI y=0.9702x+0. 0161 0.922 0.0312 2.94
BEA 2 . iF - Sample 2 :leaf WI y=0.9125x+0. 0560 0. 869 0.0354 3.36

BEAR 1: n=39; 842, n=30

Krg 45 R0 3T 2 AOEIERAE S HCE T AN TR R S /K Al AR A | SRS T 3 s R, R
WA T FE RE(R?) BIAE T 0.86 DL b, ¥ 22 (RMSE ) FIAE XS 1% 2% (RE) #4800, BB & A
R B RSN AR 25, Horfr L SRWIT Ay 728 s ) el 1) e 2 IRUBE 7K s Al SRR A8 LA i K I U R R =
0.922) Jr/MYFIJr iR 22 (RMSE = 0.0312) Flfp /DAY R 25 (RE =2.94% ), TS BEA 2] T 97.06% .,
4 Z£i5itie

ASURBIFGE R FH PG 51 e 365 e A 5 25 0t B AP S DY i R HG 2 ) S K e 5, A T AE G40 5
A UM I G 120 A 7 i 2 gk o 30 B 114 M0 343 e MR 95 45 DO A AIE 25005 R TR R 19 5 /K i 8l
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10 - 10
S o9t y =0.9702x + 0.0161 09 y = 0.9125x + 0.056 ¢
< R2=0.9219
g 08 n=39 > 3¢ 08
©
S 07 0.7
x 0.6 0.6 -
0.5 051 b
0.4 L L L J 0.4 L L L L L J
0.4 0.5 0.6 0.7 0.8 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Observed value

E7 AERESKESSMEMFBNERRS (FOLEHEL)

Fig.7 Comparison between the measured value and the predicted value in different scales( hyperspectral vegetation index)

AT RS AN B E T W) S T R AR 1 S (OGS R IE S8, T TR R R i RUEE T 1 E K A A A
IR FHZE X35 () 3K-CV J5 G R AT T MR . 258 00F .

(1) R EE R 0 45 0 T AR TR 5 7K K 7R 31780 36 b A 5 6L J2 A 6 S S R i mi A R, ok
S KOF S 56 2 R B (6 S SRR, I ELAS )3 B XSk i i mi AN ], B & /K K SF B3, el 2
5t B GRETE ] WG B (350—760 nm ) FIZTAMNIE B (760—2500 nm ) {4 52 5 3535 #iR#AIG

(2) AR FoK i 5B RIE S B R B A DGR, 5« =307 SHOLAR AR 2 A OG,
FHOE R B KGR F] 0. 906 ; 15 55 T 15 B 430 AR B AHOG , FHOC R U/ M 0. 455, Kk #] 0. 919, UhHA R
FH IS0 G RRAE AR o) 6 22 N RE I IR S0 R 5 K B A T A A LA e A A, e R
AN R A M AR B TR S AL, 2 B T =30 SHOR SO C iR g i8 Boi a7 A W UUE T RISk
EAHEARAL ) Horp #E R (SDy) 5 SRWI( Simple Ratio Water Index ) X 76 J2 ]RUEE 15 7K 18 19 Ak 353080 R fc
fHERRLSY H N y=-9. 46227 =2. 671x+0. 608 Fl y=0.219¢" """ ; [ I H FA(SDr) 5 WI( Water Index ) X i A R
B Sk B A B RO b, A AR 50K ¢ =0. 562x+0. 376 Fil y=2.028x°—0.476x—1.009

(3) AU FE Hh— 5 A RRAS B 40 A W 28, DTt J2 Fn it B 19 b RUE ) o 5 /K Al AR AR, 55 — T T
SRR SR FH 28 RT3 9 3K-CV 7 R A T AR 35, 3K-CV 73 1T LA e 70 1 AR A Bl , A3 010 s f ik
2 S DA ROR 2 SPIRAS I A A B 4 SR T A Ui 7, DA VR T A K A T R AR g AT e R
Pk AR 56, AN TR]RUBE T B4 5 7K s il SRR AR AT BRI TR A R %) S5 /M A
94.92% , e KA 97. 06% , i B AR 7F HF 15 19 10 b W 4% 75 7K 2232 W o A9 S B g ) 1 146 B A B A AR
HE,

(4) AR BIGE R FH 1o Y8 S0 B A S IR A Bl 5 /K, 1% 07 158 T —Rh R A | B e Ak R Al
YIRA G L NS5 R AT T, AR e Y S S A5 1) 5 2 AN 5 K OGS R P RRIE AR L, SRS E N
A= A AR AT AR H 38 RO AN SO TG AU 1 ELARAS A 2 < T U £ 8L, (43 BT AR R RRARR, 1T L fof
SIFTIECRAR ] T B AR, B Pk R I, G RE AE £ S EK LA O R LG B AR T =l
SR Z N RIS BE , UL 220 BEAL A OGS IE S BOE IS A S K R A H, X 5 Daughtry 270 i 5%
Y25 F AR — S0, JE R AT g2 SR — U BRI R S 3R sl AR Y 45 5 95 5 S i sl o8 - T AR 450 28 S5
TRVE RT3,

(5) ARSCP R DG BTE SR TGS i O 5T e BRI A | 25 5 T O R AR AT R AP 5
ORISR BN B, 16T —2 5, T2t —25 RE M BT 350—2500 nm 33 Bl AT 22 50 0 B ol o4 ™
W B AT HAEL(SD) AU — 4k (ND) JEREFE 805 & /K B 100G R | 30E— 25 48 1R Al SR 7R g e R A
PE, 53— D5 T, AR R FH T AR Sk BRI e R v 63, T D0 A R e i e R LA X B2 0
Ph o7 3| 4 JKIRAFTE R G B, BAR G TV M =l SR R s G T A e B A B
{H RSB T 3B S DS R  RE R R R GRERRAE AT SR S ) 55, DA T AR AL 1 A 78 174 255 e ] S
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P, 762 T — LRI SE S ASD G0 1A A7 5 T4 it e U R DG A0 45 I 2 AL I O3 | 4%
D5 NEAT I s ARAT D IRARE , T HL i TR N EDEIR, SEHII AN 52 KRR, 5 TAEA R A 0F T AT e
B ) 2o DM RN e 00 PR I B T i e g i o SRR it i 3R PRAIE T kP HL
PRI TR [R] | REAS B BE BT R TT SRR I A 2 1 25 i 3 B i e 3l L R v e A A S i BRI 52
ARHCR LA R C TR L, DA T RE RSt — 203 i il SRR ) m S 5
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