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FEE L L) 71307 16 f AR b AR K 5 ( Spartina alterniflora ) BSZIN T J2 6% I S S M GG R & i (LPPC) MR IR
TS LPPC 5 A Y6 R ST 3 — B OGRS 22 Fh BRI SEIEHE BOm 14 Rt 8 iR Bl oM e g Sk mdi B, A A
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HAEKE LPPC A B (3) XM TR — AR F 2, 4 %K a (Chla) B SE4H55h FDNDVI[ 723,703 ] ;4K b
(Chlb) By AN EFEHC N FDRVI[ 723,525] ; 580388 | 2 ( Cars) MRS B HEECH FDNDVI[ 723,703 ] ; (4) M PG —2 &
[FIE A% Chla ,Chlb ,Cars, i FDRVI[ 723,703 ] & 57 B X 4G BB R ROR SR AR . BIFST SR AT W8 M A ) A= Ak 2 i SO R 5
22 A ] Ay [ VT J0] 5 AR B A K T ) 20 25 T AR A 2 A A AR A T Rk 3
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Hyperspectral remote sensing estimation models for foliar photosynthetic pigment

contents at canopy level in an invasive species, Spartina alterniflora

Al Jinquan, CHEN Wenhui® CHEN Lijuan, ZHANG Yonghe, ZHOU Yijun, GUO Xiaochuan, CHU Wudao
College of Geographical Science, Fujian Normal University, Fuzhou 350007, China

Abstract: Foliar photosynthetic pigments are the most important biochemical parameters relative to the physiological
function of wetland plants. Quantitative estimation of photosynthetic pigments can provide important information about the
dynamics of the vegetation productivity, vegetation stress, or nutrient cycles within wetland ecosystems. However, the
estimation of foliar photosynthetic pigments is complicated because canopy reflectance in the visible and near infrared
wavelengths is affected by confounding effects that come not only from foliar photosynthetic pigment contents variation but
also from the changing environmental conditions of wetland ecosystem. Our objective was to address the question by
establishing hyperspectral remote sensing estimation models for foliar photosynthetic pigments at canopy level in an invasive
species, Spartina alterniflora. In this study, the hyperspectral reflectance of canopy leaf and leaf photosynthetic pigment
contents (LPPC) from S. alterniflora in Min River Shanyu beach were recorded as data source. The correlation between
LPPC and raw spectral reflectance, the first derivative reflectance, 22 reported vegetable indices and 14 new formed indices
were determined. Based on the results of correlation analysis, a total of 36 indices were tested by linear regression,

exponential regression, logarithm regression and the power of regression to explore their potentials in LPPC estimation in
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S. alterniflora. The results showed that: (1) This study selected 5 wavebands in the region of 400—900 nm, which
appeared to be the optimal wavebands for the S. alterniflora foliar photosynthetic pigments estimation. Of the selected
wavebands, the most frequently occurring wavebands were 723 nm, 703 nm, 525 nm, 752 nm, 668 nm. (2) Vegetation
index portfolio by the first derivative reflectance was evidently better than raw reflectance for estimating LPCC in S.
alterniflora. Combining the optimal wavebands, the results indicated that the first derivative of reflectance in the red edge
region (680—760 nm) was the optimal band for estimating LPCC. (3) For a single pigment content, the best indexes for
estimating chlorophyll a (Chla) , chlorophyll b ( Chlb) carotenoids ( Cars) were FDNDVI[ 723,703 ], FDRVI[723,525],
and FDNDVI[ 723,703 ], respectively. The three new formed indices were proved to have better linearity with corresponding
photosynthetic pigment. (4) Using the same index to estimate different pigments, the best model was the logarithmic model
using FDRVI[ 723,703 ], with high predicted correlation coefficients R* of 0. 6997, 0.7187, and 0. 7132, respectively.
This study would not only provide a good reference for hyperspectral remote sensing retrieval of biochemical variables in
wetland vegetation, but also provide a strong scientific basis for the dynamic monitoring of S. alterniflora and management of

ecological assessment in Min River estuary.

Key Words: photosynthetic pigment; sensitive bands; vegetation index; red edge; wetland vegetation

RO R & )2 TS W KORBOAME RO, 2 AR R 38 D& E e h A & &
MrBcrte At ROR A AR S R SRR RS R R AT B VI B R E T ORI B, i R SRR AR
FEZOCE RS RN  TEITLLAMB B 252 M Fy R A5 R R 5 7K i B I T AR R S5 ) T e D' 3%
TE RN RETE I B G e NG A R B AR, R, AT R i R R O R AR S R, ERR
SRR RS R S R AR AT IR, L0 A I KRS e U B B Wu S T RO R S B s T
A /NFE MR R N i I A AR | R IR A () W A 55 A A E MCARL/OSAVI[ 705,750 ] #1 TCARL/
OSAVI[ 705,750 ] e A 4 2 & B R, Main %0 ST T 73 Fh 2 DL HRGE A 0 i 28 35 0 8 e i i
BB, 45 R R T L0 B S EBOGIE ML 85 S ) S EOGIE B T8 BON TGS ik 4R & ik
FHHE AR EMERT . Sims S5 HUBCH FI 0 2 Y615 18 UL Rl R Y R[] (4 i e e 2 235 40 B e e it
RO ayR I, & I ER LU (B AR B T8 2L mSR o5 F1IH — b 22 (E AR 16 20 mND s 5 48 32 5 AR DG Pk R i
IXLERIT5E B ) e G R S A A Rl R e G (0 3R B AT AT AT RERY , HUR N TR [R] B AR )
PR S AR BOF IR ARG R S AN

T b A A 0 A 25 R 0 o W TR, R Y A 2 AR e A PR 1 DB R A, R XS PR A5 A
PEEARSRAHE /R EVER S IR M O A (0 R 1 RIS T b R B 0 3% 725 5 i o B ) 5% il R 1, fof D
DB R G HO A AR S A AT T HOGIE AR AR S AL A= BRI Wy i 2H RN AR W) AL A 1 B 1Y
WEoE T (R R Wi R, TR A ) SR R K SRS A R R I AR S IR S i R
AR FH 8 A B A AL S B AG AR T 28k ARSEIE 02 il Sk PRk B, U D B R A
ZIT R T G s e KRB PO S 0 R S BRI, AEEP IR T oK ( Spartina anglica)
NI OGS RFES A S SRR B DGR R IR FH K 73 80 ( W) T = 0% R B0R A 9 5 32 VR 32 1) 1 D'
TG I A RORE B e, BTSSR SR AT DL OG-aT 4T A il B 4 i 2 K P 9 L/ i 5 ( Calamagrostis
angustifolia) M~ Chla 5 &7 T i i Bl B RS | & B0 AR S04 e i 48 48 FRVI[ 548,556 1 57/ Chla
L UM AR R IR A, Ge 851 XHR LA P AAZRIPAT (Arundo donax) T Z M A GG (3R & AL 50T
TR ,693 nm PEBOE AR O i RBURAY I B, X R EDOGIEE REOR ] T R ARR A OB A
RO BN TTRE

H 1979 4ELK , BALK RN SNSRI S | AR A W I ME DR, B sy 5k, o Y M A 82 2= A T
JHh o BRI AR R A A T B AR M, B EE A S AR SR VTR i e N A\ AR R AR OK R
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IR SEXS G, 35 T VAR 11 3 b A 25 A ORI 3 200 m BRI £ /0 DXABRAE DA S 55 DX LA SR & ST 00 5 4 A Ay 4
U RS EOCE BOR TSI TE | B E BAK ROEA (0 & B A BUB B, M8 AL g 2, F R 2
HGH RAE RS BOEAT A, B TEmf i BAT I8 PR AT e s D & (R & RS SRR, AR o AR PR
AR BDETE R AR AL S AL ARSI W AR PR A 2548 B AL SR LS 1K

1 #MREFE
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1380 mm ZeA7 AFHIREAK HECH 153 d, ZIERRE HEEE o /{( T e .

Y AR BRI e B S muwe |

KIRTBHY 8 HoAE P UL 7 =5 ( Phragmites australis) | J5 Wt o ‘ [

12 ( Cyperus malaccensis) FIH ALK E Ry 3, H B 1 RIS ;\ | if:ﬂ‘:ﬁi//w Tf -
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KERANR AR, U4 ok B AL K & GE ™ F |, 2002 119°20100" 119°30'00" 119°40'00" 119°50'00"E

RSB G *
AR RF B, B 2008 4FE £ 200 hm?, 451%30 | BRE A E SRS
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£ 10 H 20 HA12012 4 10 H 22 H (8:00—15.00 J& TR AHA Z W9 5% i T BUK) , WJ1/hF 3
K, T, KNG, B2 77 B 10:00—13:30, AAEREH 36 AT, & ME ARG 10 m 2247, T i HE 7 B
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F B RIRGR A T )R A RO A, ARIRES IR 25 MM SRR 2 1 1.0 m B,
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A0 Zota M2 0 P AR R A SR 2 S 32 5 TR B M+ 1 5 K B, 5 % 2SN B ™ A 3
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1.2.2 JtH RS EIE

HY AN 5 I, SR B[R] SR AR A BEAR 7 22 1B B | B - 6—8 I e A 4%
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Chla(mg/L)= 13.95%0D 4 —6.88x0D,, (1)

Chlb( mg/L) = 24.96X0D,,,~7.32X0D s (2)
Cars(mg/L)= (1000x0D,,,~2.05xChla~114.8xChlb) /245 (3)
X (mg/g)= I (mg/L) xFHRAF (mL) /Bt (g) /1000 (4)

K, 0D M 665 nm AEAYIE YGRS ; OD,,, K 649 nm AEAYIEGEE ; OD K 665 nm Kb AW GEE
1.3 ASCHE R S GiEApE e 5k

S AN O 8 Tl R AR S @At oA AR S B AT RO R B, s R Y 22
ST (R 1 AT 22 8% . Pk AR B A LU LS U E AR B8 B, A0 RV, 505 13— AR AR B F5 %K, W0
NDVI; ZE5 RIS HE X, 40 MCARL/ OSAVL; 300 FLEAEI B8 2K DR, s/ DR.o5 3t I3 — LRI B FE B0 BmSR, o5, X
SO LR TE 1 s G REAR B b, TR B AR I A 8 2R I SO B A R E 445,550,670 ,700,705 ,730,760
800 nm PR, X A B HUBT ) S OGS SR SR L T 5%,

AR ST ST AT 250, F TR M AR IR — B S OIS 5 & 6 R & & R A A et
S3HT, eI B A AT V(R SORB S (RT 1 81 2) Tl i B A W T ISR B0 e O 14 > i
UFRIFR BN AA ST (R 1 S 14 DNMEED .

F1 ANATRELEREHAAAEEAENELILEY

Table 1 Hyperspectral indices used for estimation foliar pigment content of S. alterniflora in this study

i e Rk AR EZ PN s
Spectral indices Algorithm formula References Eq.ID
RVI750/550 R750/R550 [ 14] (5)

RVI750/700 R750/R700 [ 15] (6)

R762/R734 R762/R734 [ 16] (7)

MSR [ (Roso/Rags) = 11/ o/ (Rysg/Rgs) + 1 [17] (8)

NDVI (Rygoo-Re70) / (Rygoo + Rezo) [15,18] (9)

PRI (Rs31-Rs70) / (Rsy; + Rszg) [19] (10)
NDVI705 (Rs0-Raps )/ (Rasy + Raps) [17,20] (11)
TVI V/NDVI + 0.5 [21] (12)
mND.ys (Rosg-Rogs )/ (Rosy + Rogs = 2Russ) [5] (13)
Green-NDVI (Rgpo-Rss0)/ (Rggo + Rssp) [22] (14)
SIPI (Rygo0-Ryss )/ (Rgoo-Reso ) [23] (15)

CARI = | 670a + Ry + b1 Ry
CARI Rgpo vVa*> + 1 [24] (16)
a = (Ryp-Rsp) /1505 b = Rsgy — 550

EVI 2.5 X ((Rgpp-Rez0) / (Rggp = (6 X Rgz9) = (7.5 X Rygs) + 1)) [25] (17)
MCARI ((Rygo-Rer0) = 0.2 X (Rogg-Rssp) ) X (Ryp0/Reo) [26] (18)
MCARL/OSAVI ( ((ffojfg’)) . (Ol’ei:R(j; O/f;:;j )+ ;;flmﬁﬁ;o)) [26] (19)
Boochs* D303 [27] (20)
DRy,s/ DRy DR;,5/ DRy [16,28] (21)
BmSR;5 (DR7sy = DRyys )/ (DR;5y + DRyys) [29] (22)
REIP ARVIZE oS SR AN [15] (23)
FDNDVI[ 750,550 (DR3s0 = DRssy)/(DR359 + DRssg) [30] (24)
BmND s (DRysy — DRyys)/(DRysy + DRyys — 2DRy,5) [29] (25)
SRE/SBE LL N R R — B o3 5 T N B K — B g 19 LU A [31] (26)
MCCV Sl B RIS ST 26 5B 60 3 & A DGR SR R A 1 S S A A3 (27)
MCCFDV S0k B — B S BOGIE R G R 5066 00 O i A 56 M i KR A — B Joi (28)

Hfe
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TR AR EZ BTN /e
Spectral indices Algorithm formula References Eq.ID
RVIg65/73 Rees/Rops A3 (29)
RVL3/703 Riy3/Rops AL (30)
RVLs5/703 Ri55/Rops AL (31)
RVIp3/505 Rip3/Rsys AL (32)
FDRVI[ 723,668 ] DRyyy/ DR A (33)
FDRVI[ 723,703 ] DRy /DRy A (34)
FDRVI[ 752,703 ] DRysy /DRy A (35)
FDRVI[ 723,525 ] DRy, /DRy A (36)
FDNDVI[ 723,668 ] (DR7y; = DRgg )/ (DRyy3 + DRy ) AR (37)
FDNDVI[ 723,703 ] (DR3y3 = DRyy3) /(DRyy3 + DRygs) AL (38)
FDNDVI[ 752,703 ] (DRzsy = DRy )/ (DR7sy + DRyy3 ) A3 (39)
FDNDVI[ 525,723 ] (DRsys = DR;y3)/(DRsys + DRyy3) AL (40)

R AR & nm ALJEUIR G S GF 3 DR FEHK & nm Ak — B OGS 5243

1.4 RAERYE PN 5 5E

SR FHAE SURHIE I 0 B0 1, BT A RO A Hp | B ATLISE L 24 MAEARAE N AR s 4, oA 12 MK
IUFERAE . R AR AL, DL S IS s e B0 F AR i o, AR FOL G AR & o AR &y S Al
DAY XoF () — 2 58, st R v S IR R 1T U R 5 mT 0 %o 5 Il 0 DA R e [l 9 e i 3R 850 R Be K1Y
R PEAT A JEAE I 25 B () e 5E BB ( C-R?) 4 J5 MR A% 25 ( RMSEC) M WAS EPEM bRt

BRI ST S, R FH 30 E 5000 48 X6 L Y000 8 07 264746 56, I AH L 25 HE B IE A R (i e s R (P-R?) TR
2% (RMSEP) FI#EE (Slope ) VE Ak BE VA bRk S5 2R TR (%) B B PR T AR X A o8 1) e o R 4K ( C-R®  P-
R?) AR AR 1 I AR 1R 25 (RMSEC . RMSEP ) ; IEAME5 5 B EAE AL 1) Slope I K /NIEATAS FE A5, Slope #
FEAT 1 ASER RS R e Y o

RMSE =./ Y, (y, —v.)*/n (41)
K, y, BEAOREENSIIE, v, BRI, o AR

2 EREHS

2.1 HAERFOCE ORGS0

H YWD VR 2 AT SRR RS B R NR , SE XS T2 K AR B RO G (R I E B A T SE A
SN R AT B LB, AT S A E T W SCER ™ AR E MRS , ot (R SO IO M B R S
36, FEALEEHR 24 MEAYE N ABOEE 5 oM 12 MENEIESIREE S HEAOLS R Gk LR 2,

®2 HERREHAEABESEFHITHER
Table 2  Statistic description of LPPC in S. alterniflora

ez A

ik Kol g FEARRL FEHIME I5oN( ] He/MHE Standard (i effi/(‘;enl
Pigment Datasets Samples Mean/ ( mg/g) Max/ ( mg/g) Min/(mg/g) deviation A

of variation/ %
/(mg/g)

Chla A Calibration 24 1.350 2.412 0. 682 0. 446 0. 345
I83IF validation 12 1.343 2.577 0.792 0.472 0.351
Chlb fEigi 24 0.473 0. 895 0. 266 0. 155 0.328
Lioana 12 0.451 0. 866 0. 296 0. 155 0.344
Cars fEcgi 24 0.276 0. 500 0. 101 0.097 0.351
Lioana 12 0.275 0.471 0. 141 0. 096 0. 349
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HH 3% 2 W1, Chla &5 B AR N 2.577 mg/g, e/IME M 0. 682 mg/g; Chlb & & KAE M 0. 895 mg/g,
B/ME N 0. 266 mg/g; Cars S8 AR KA N 0. 500 mg/g, Fie/IME M 0. 101 mg/g; HOGA (0K & 8BA B KK
A X 8], w] i AR
2.2 HARKECERE ST

2 B H AR JE O A R R 5 — B 8O P U gt 2 . DAL 2 AT AR K B 5 G
ik S AR it 2 B IAAE YOGS RAE . TEEOGIE B (520—600nm ) , P4 550nm Bz 7 2 T — A BIIE S At
g (el ) | BRI OGE 0 R A SR ZURU i R 5 AELDG I B, K 670nm T = Az 1 — N8B Y T
WA (04 ) , BB RS Z IS R = AR 1Y, 723 20 M BE (700—900 nm ) |, HEE i ARRAE 32 2 A7 it
R SEF RN o S0 | die S 38 A AE R AE 700—800nm Z [81A — AT A BEY: (2030 . — B S OGS U R 1E
525nm F1 727nm &b 3 BEPTA KR, ARG B S 348G 3 e PR A AR, 525nm &b S5 EIHE B T SRR 1Y)
2 SR FAS SR 5 120,17 727 nm Ab 2R FLOBRO MER (K1 2) .

04 r 0.005
° 0.004
g 03 2z
] s
5 Z 0.003 |
% 0.2 3
e £ 0002 F
,}gﬁ. [
& £
= 0.1 ok 0.001 -
¥
0.000 F
O 1 1 1 1 ] 1 1 1 L
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H2 ERKERSEEES— W SEE S
Fig.2 Reflected spectra and first derivative curves of S. alterniflora
2.3 MREA GRS E S REGRE & — B SO A M
Bl 3 WoR BACKE M B A AR G & 5 REGE L — A AHCH: . BB 3 AT, Chla Chlb Cars 5
JRIR TGS AR OGP AR b 5 — 30, # B A O DG OC R . TELL Z IR 2040 B (700—900 nm) |, JE iR 63k 5
YA O F BRI L EBUAE 703nm BT, Chla, Chlb  Cars 5 545 Y615 38 5] T fe AR PR 43901 A -0. 747
~0. 682 0. 746 ; 3} S5 U FIAE 752 nm FHE, A 700 3] 752 nm 2Z ], AH ¢ 22 5008 % Wi K i 752nm J5 A C &
B FRE., 0] WG B (400—700 nm) , BALKREM FECA GRS ES — B S H8OH Dl g
K, IG5

Chla —— Chlb —— Cars ——10.01
-0.3 09 r
04 - (—ﬁ 0.6 | M
AR
0.3
-0.5
0.0

-0.6 +
-0.3
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3 HAXSEBRSRBRSER —MSBLIE RS ENEXME(n=36)

Fig.3 Correlograms between LPPC and raw reflected spectral and its first derivative spectral
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PGB (520—600 nm) , K 525 nm bR EALCKE NG AR 5 — - REBOCHE ) — DB A, REN
B3 5 A ARG BE (630—690 nm ) , Chla  Chlb  Cars 7E 668 nm Abik 3] T i KEIEA & (EH 9 K
0. 808,0.711,0. 787, & £ Ye W U 4% B2 B 7E 691 nm Kb Hi 3K B T Fe K AY GAH SE 5 &, B 20 51 - 0. 764,
-0. 665, -0. 753 ; FELL i1 [X 38k (680—760 nm) ,723 nm FfHIT H B3 A5, /T 723 nm BHEE— - SECS A
A R AICPEIAF 0. 01 B 5k 3 AH G KT B G 5 (r = 0. 4238,n=36) , K KT 723 nm B 3 A 38 2o 45 49
(K3),
2.4 HARKFM FOLE GRS ES RGBT

W H ALK E I G GRS R G R SO B A BT (38 3) T r A i e B0h | TR
LR CTELL A AR A8 BOHD T PR BE A MCCV %A I AR 3, Xt T S BOG % it 41 4 10 A8 8% 35 B T 5
B B MCCEDV DR B  , JF B T I8 038 s i R 40 A MAE B R B SO B B R S it M A R 2L r
BEARNE T EET — B FHOCHE R AL A AE S 5, X UL — B S OGS RO R4 & AR BOE S A T
fHEHE TS M Z ., Hd, FDNDVI[ 752,703 ] 5 Chla #6250 r ;535 K, {H 0. 842; FDRVI
[723,525] 5 Chlb B 40 5 PE 35 8] K, {4 0.894; FDNDVI[ 723,525 ] 5 Cars B A0 56 74 3k 3 5% K, i
9 0. 835,

®3 MHAXARBRSESSAEEWIERZ BNEXEI (n=36)

Table 3 Correlation coefficients between hyperspectral vegetable indices and LPPC

FERL FHIE B r Correlation coefficient r Fe%L HHIEFREL r Correlation coefficient r

Indices Chla Chlb Cars Indices Chla Chlb Cars
MCCV -0.747 -0. 682 -0.746 RV1;55/703 0.765 0. 824 0.723
RVI, 5,550 0. 703 0.768 0. 668 RV1,p,505 0. 486 0.534 0. 487
RV, 50,700 0.715 0.792 0. 674 MCCFDV 0. 808 0.711 0.787
Rygy/ Ry 0.729 0.773 0. 683 Boochs* -0. 651 -0.517 -0. 657
MSR 0. 698 0. 769 0. 658 DR;5/ DRgs 0. 700 0. 748 0. 624
NDVI 0. 567 0. 439 0. 580 BmSR s 0. 744 0. 769 0. 705
PRI -0. 124 0. 099 -0.102 REIP 0. 583 0. 570 0. 566
NDVI705 0. 658 0. 769 0. 698 FDNDVI[ 750,550 0.757 0. 811 0.715
TVI 0. 548 0. 624 0. 534 BmND 05 0. 833 0. 858 0. 809
mND+s 0.776 0. 844 0. 801 SRE/SBE 0. 831 0. 883 0. 812
Green-NDVI 0. 664 0.719 0. 635 FDRVI[ 668,723 ] 0. 827 0. 864 0. 831
SIPI 0. 441 0. 506 0. 444 FDRVI[ 723,703 ] 0. 839 0. 889 0. 826
CARI 0. 551 0. 554 0.522 FDRVI[ 752,703 ] 0. 831 0. 866 0. 791
EVI 0.555 0. 447 0. 581 FDRVI[ 723,525] 0. 841 0. 894 0. 820
MCARI -0. 609 -0. 489 -0. 604 FDNDVI[ 723,668 ] -0. 821 -0. 856 -0. 829
MCARI/OSAVI -0. 749 -0. 659 -0.726 FDNDVI[ 723,703 ] 0. 836 0. 880 0. 832
RVIgeg, 723 -0.326 -0.398 -0.332 FDNDVI[ 752,703 ] 0. 842 0. 8650 0.811
RV1;53/703 0. 631 0. 702 0. 602 FDNDVI[ 525,723 -0. 840 -0. 881 -0. 835

2.5 HARKF LA 0 E 8 I R OGS E B AR A i 5 0k

Peiks 3 h &S —MOGE @ EMENE r R T 0.8 B 12 IMEBLHE SR H A A 8 2 My E A L LA C-
R® RMSEC AT i85, 2554036 4 i, 2 4 Al %1, B mND, s MCCFDV M HABFE RO B ALK #OE A AR )
AT TR AF R, Horb, XF Chla A9 RORS B e = 19 4 S48 20Kl FDRVI[ 752,703 ]\ FDNDVI
[752,703] .BmND,,, .FDNDVI[ 723,703 ] ; %F Chlb {4 #50RS B B i 14 4 SRR YA FDRVI[ 723,525 .SRE/
SBE .FDNDVI[ 723,525] \FDRVI[ 723,703 ] ; X} Cars EERORS B f = 119 4 S48 80K FDNDVI[ 723,525 ] |
SRE/SBE .FDNDVI[ 723,703 ] .FDRVI[ 723,703 ],

Y B E AR G 38 A R A fa e | R 0 B B XA R T BE S $EATERAIE, A P-R* RMSEP Slope i
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PN TRAR, HES RN 4 7R, X Chla M5GTERT BB 19 4 D8 B FDRVI[ 723,525 ] \mND,,; \FDRVI
[723,703] .FDNDVI[ 723,703 ] ; %f Chlb A9 56 iF 4 B B =1 19 4 D48 BUHKIK S FDRVI[ 723,525 ] \MCCFDV |
FDNDVI[ 723,703 ] FDRVI[ 723,703 ] ; X} Cars A5 iFHS B 5 = 1 4 A8 EUK K FDRVI[ 723,703 ] .FDNDVI
[723,703] .mND,,s FDRVI[ 723,525] ,

®4 MAEXEGEIRGEMEEBRITNIER

Table 4 LPPC estimation models and evaluating indicator

- SamE BN HAE Calibration K3UE Validation
Indices Pigment  Model function POERE HUTREE WEREL MR R
C-R? RMSEC P-R? RMSEP Slope
mND s Chla y=5.871x-2.0854 0. 5850 0. 2815 0.7104 0.2818 0. 4839
Chlb y=2.3211x-0. 8854 0. 7553 0. 0752 0. 7081 0. 0961 0.5818
Cars y=1.2957x-0. 4826 0.6113 0. 0588 0. 7021 0.0513 0. 5508
MCCFDV Chla y=2.6972¢30%58~ 0.7370 0.2364 0. 7009 0.2852 0. 4663
Chlb y=0. 79713 0.5071 0.1053 0.7436 0. 0966 0.3913
Cars y=0. 5096¢%143* 0.5015 0.0712 0.5718 0. 0669 0.3844
BmND s Chla y=2.6476x+2.1173 0.7573 0.2153 0. 6343 0. 3006 0. 4575
Chlb y=0. 9574x+0. 7502 0. 8181 0. 0648 0. 6545 0. 1021 0.5118
Cars y=0. 5487x+0. 4346 0. 6980 0.0519 0. 6149 0. 0617 0. 4589
SRE/SBE Chla y=1.8671In(x)-1.8124 0. 7388 0. 2233 0. 6646 0. 2865 0.5125
Chlb y=0.6992In(x)-0. 7115 0. 8559 0. 0577 0. 6712 0. 0939 0. 5874
Cars y=0.3972In(x)-0. 3971 0.7172 0. 0502 0. 6502 0. 0585 0. 5301
FDRVI[ 723,703 ] Chla y=2.5189 In(x) +0. 3622 0. 7376 0.2238 0. 7079 0.2799 0. 4867
Chlb ¥=0.9384In (x)+0. 1047 0. 8458 0. 0597 0. 7301 0. 0938 0. 5601
Cars ¥=0.5337In(x) +0. 0663 0.7105 0. 0508 0.7177 0. 0556 0. 5098
FDRVI[ 668,723 ] Chla y=16.59x+2.7481 0. 6992 0. 2687 0. 6753 0. 2397 0. 5619
Chlb ¥=6.179x-0. 9935 0. 8013 0. 0928 0. 6682 0. 0678 0. 6341
Cars y=3.5859x-0. 5778 0. 7009 0. 0531 0. 6869 0.0516 0. 6021
FDRVI[ 752,703 Chla y=1.337In(x) +2.238 0.7736 0. 2079 0. 6328 0. 2956 0. 4744
Chlb y=0.4785In(x) +0. 7906 0. 8186 0. 0647 0. 6494 0. 1005 0. 5238
Cars y=0.2763In(x) +0. 4591 0. 7091 0. 0509 0. 6059 0. 0612 0.4715
FDRVI[ 723,525] Chla y=0.36x+0. 5937 0.7077 0. 2246 0. 7295 0.2619 0. 5417
Chlb y=0. 1363x+0. 2637 0. 8579 0. 0522 0. 8058 0. 0809 0. 5988
Cars y=0. 0706x+0. 1347 0. 6766 0. 0507 0. 6992 0. 0542 0. 5533
FDNDVI[ 723,668 ] Chla y=-8.2384 In(x)+2.7425 0. 6989 0. 2398 0. 6733 0. 2693 0. 5617
Chlb y=-3.0685 In(x)+0.9914 0. 8010 0. 0678 0. 6659 0. 0931 0. 6336
Cars y=-1.7812In(x) +0. 5766 0. 7009 0.0516 0. 6856 0. 0532 0. 6024
FDNDVI[ 723,703 ] Chla y=5.3318x+0. 3237 0.7379 0. 2237 0. 6997 0. 2826 0. 4869
Chlb y=1.9849x+0. 0907 0. 8448 0. 0598 0.7187 0. 0953 0. 5596
Cars y=1.1311x+0. 0578 0.7126 0. 0506 0.7132 0. 0559 0.5127
FDNDVI[ 752,703 ] Chla y=2.8975x+2.2634 0. 7655 0.2116 0. 6580 0. 2894 0. 4726
Chlb y=1.0408x+0. 8008 0. 8159 0. 0652 0. 6802 0. 0968 0. 5258
Cars y=0. 5966x+0. 4636 0. 6963 0.0519 0. 6158 0. 0608 0. 4628
FDNDVI[ 723,525 Chla y=-8.7581x-4.6124 0.7379 0. 2239 0. 6037 0. 3425 0. 4996
Chlb y=-3.2737x-1.756 0. 8541 0. 0581 0. 6246 0. 1225 0. 5829
Cars y=-1.8677x-0. 996 0.7219 0. 0497 0. 6058 0. 0692 0.5173

ZEAHE , BARE WLARGE BIFE B BmND.,; SRE/SBE R K1 ( [8] 4) XiF H. A8 KB AHOGA (0 K 1 i RORS F
AR (LB ARR (RS 8 BT A X A 5 10 mN Do, RIS FEAR i, (H HC AR A RN B HIA A, Ui © WARGE (1Y)
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TR O ST 1 B AR RO A @ Z B R e MR, N2 I ARG SRR O T HR B A SR A AR S
e H A RRORE R TR £ HE 44 #RBEAE BT AT Al S ASLRU AT 4 44 AOASRIVE Sy dre HE Y | s f R AR T A5 80 Ao i S
AR () AT FE PR, AT T — @ F A M, Chla A1 Cars 1) S AL 48 40H FDNDVI [ 723,
703 ], Chlb MEAEA AR ECH FDRVI[ 723,525 ], B R Gn &l 4 pros, Hirf FDNDVI[ 723,703 ] @57 (1)
Chla fi AL ALY C-R? . RMSEC , P-R* . RMSEP _ Slope 43| A 0. 7379 ,0. 2237 . 0. 6997 . 0. 2826 . 0. 4869 ; FDRVI
(723,525 ] @57 HY Chlb f5 3 BRIy C-R*  RMSEC , P-R* . RMSEP | Slope 43 %] & 0. 8579, 0. 0522, 0. 8058 ,
0. 0809.,0. 5988; FDNDVI [ 723, 703 | & 7. Y Cars i S &AL C-R* , RMSEC , P-R* , RMSEP | Slope 43 Jil 5
0.7126.0. 0506 .0. 7132 0. 0559 0. 5127,

AR LA R MR BORA S 3 AR LA 8 3R & i 84 LA FDRVI[ 723,703 ] 837 B XF
B AR AR | B R ITA T B0hE—fUXT Chla  Chlb  Cars fE3KEEE C-R*  P-R*3AEILS] 0.7 LL_EAYHE
0, HH: RMSEC .RMSEP Slope A5 FEEHEA 7 T A BAIAT 4 DL (K 4) . SR — R B rmdEikE, A~
MEA IRLL3 X — W RO & BARK B0 3% & e Al S e R B
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Fig.4 Scatter plots describing the measured and predicted LPPC
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WF9E 30 5l R BOGIE R AHDCYE ST | 05350 B AR B B0 2 203 A% 800 43 B 55 T e e Dt &
OREMB AR, AN ST B I B A 09 HUED S P BT — ek e B S K R e 2 5
AT, 709 724 745 nm F1 749 nm 3 Be 4 & B4 BCRE B U A T Chla Chlb /9% &, Zarco-Tejadaa
20TV SE ot I A S A AR R PROSPECT-5 BELU& B 515 nm AT 570 nm W i3 BE2H 45 1 U (ERE B 45 5 RS,5/
R T N TFE AT AT 1 Cars M FRG B 5 . Kochubey 5% XF4/INZE oK RIS AN A= 45 DU R R AR )
I 2 2 A AR RS R — B OGS S S R E AR A 78 KB, MR AVE Y R it 2 8 /N B R AR 4k
i, 2030 X3 (690—730 nm ) — ¥ SFHOGIE S5 3R A8 A AE fhth B /N B K A AR R A5 4k, 725 715 nm K 702
nm J2 7 BB UK 0 B

ARCFT A S DL AR R, R S B0 AR R O R 80k (T 2 A A IS B4 05) 15 31 T B AR K
FOLA O EBURA I B, IR A E IR B TR UE (38 4) , %W 723 703,525 (752 668 nm HY— i F5L
ST A ALK R Ot A AR S BN BUSI B, BT W2 KR 203 R HOEE (680—760 nm) S
AN B AR R A (0 R S BB I B, X — 9T 4598 S A4 Main 25" BHFST 45 RS, HORFT ik
B BRI BEAS—FF . SXATREA AR LB E 7 (1) FF R 20 2 B M R S8 Ko
A A AR S R PO 1, I FRE T A I B (B A A B ) N 5 3% - B A5 S (1 1 B s
FRLL I B AL BEE— 22 BT BR T SRS SO AR, ORI 21 50— I R0 Be AL A i 6 8 B i
SRR HEBCR BT (2) A5 B 2 B TR AT ) 5 2 45 49 T R A 22 5%, ELV b AE 06 3 AR S
5, T LS BCELR SR B i B —#E
3.2 HARKFOGA @R E i m oG Bk iy nl 1

TR o i e JRl A 0 £t 0 34 M A A7) B AR R A A 38 6 T W LA ROR B AN A S PP A A LA
FEME N, BRARIOT EACK TG A AR 2T TR RCR , (HAHE T B A5 R X 5L 56
SRS T PR R B Y B SRR 5 T ) T 11 b A S R 6 3 45 AP 200 m BREIE /N IX
B, Vb - R — RSP LR, ORI e 2 G SR AR R I TR MR S S R,
$75 R AR 10 BsF [ 2 A6 K RS A2 80 947 552 ) %) B i) B3, e T V3 W S B /K DA R R R i B2 30 - B AU 9 el I A 5O
TR, (HESCIR IR 2%, ANMEIR ML) A ) 2R g, 1 L2 B0 s | T A FoE JFoy TRk
AR RS Z B B GG B IR XA ZE Y AN R IR R S BAEOK FOG A R AR AR A
PP X SR A IR T e — R A IS D 0], EAh 78 56 2 7K A7 UE BH I w3 % B 6% v i ) 2 A6 K
FEA AR f i, LR E A — AT, T F AR (1) S I A A 1 — 25 BE A 9T I 2518 4 B A o

4 Lt

ARG T S HOCTER AR A S S BT FR B 0 R 1 A5 S G A B Ty v R P b T S DU B | B
A 22 i HGE AR BETE EIORT 14 FloB A4 22 0 R AR BUCEAN SR 2K AR Bt R A R i iR,
M EELEST .

(1) A[F R B i 5 ARG RS R — B 5O SR H67E 45 A AR DGR AR b e 35 By — 30k
HIHAHR RN 25

(2) CHGEFE BRI AP 5 R, — B FHOGIE SR A G AR BOH TA A B AR BOGG 6
R & BT IREGE R %,

(3) 38 FHOCEH AR AHIE AT A Al AR RURE B H A5, B AR FO6 A 6 R AG B A0 R Ik B
MY 723 703 525 752 668 nm H—B-FEOGIE .

(4) X FH—EAZRMAH5, Chla,Chlb, Cars R AF Ak BAL AL 735 2 1 FDNDVI[ 723,703 ] \FDRVI[ 723,
525] FDNDVI[ 723,703 | &7 £k Pk s m |

http ; //www.ecologica.cn



414

WaIR AR RO AR EE AL 3R S A mOGIE R A R R 1185

(5) XFFATA] 2 2 A [l — A w5 B B 5, $54C FDRVI[ 723,703 1 N7 (A% BUAs AR TR R0 SR B
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