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Fig.1 Field remote sensing reflectance obtained from May 2011 and Aug. 2013

and the mean remote sensing reflectance spectra obtained for each class
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Table 1 The Chla retrieval algorithms and reference band

I 2 3% R B0k B RSHWK
TR Bk Chla ~ R, (A1) /R (A2) A1 = 700 nm,A; = 675 nm
=B Chla ~ [R.' (A1) —R.' (A2 IR, (A3) A1 = 675 nm,A; = 695 nm,A; = 730 nm

o 15 B (FLED Chla ~ R (32) — [R (o) +

A3 —
A3 —

22 (R (A1) —R,JM))] Al = 675 nm,A; = 695 nm,A; = 740 nm
1

Hu = [Rr:\(AI) +

£ A £ 4 BT 1 (SCD

SCI = Huyy —

HA = Rr_\ A2) — [Rn(kﬂ +

AL — A3
AL — Az

(Ry (QA2) — R, (A1) ]f R, )

AL — A2
AL — A

(R (A1) — R, ()\4))}

H, Chla~ SCI A; = 575 nm,A; = 650 nm,A; = 775 nm,A, = 695 nm

3.3 HRMEEMNAE

A 5T SPM X i Jgk Sz S 2 1 OB R A
X 22 5K 22 R 7 ) Wk BE SPM %o 2 Jak Jz 5 % 114 5% i)
B, HRAKX .

_R.
HE B 2 =~

Ho R, /R AR SPM e JE 7K 1Ak 11 i J% I I 2R, R,
FRANE SPM KA 138 %S S 3 . AR 22 = 26
TN TE BT R 5 32 SPML IS L IR s A B %2 )
SPM [ M0 , 38 Jk S 3 28 0% O F I 1 1) e 4, i
TR IR S ) R X i 22 8 2 O T I K Y eR A TR U A
Xof i 25 e (LT I PR I8 4 O 38 JER S S R X6 SPML Uk i3
s MARAELRT I (4 5 4 R X SPMLAS R 1 .

4 ERH4M

4.1 ERRHERRIGENER

FRAE 2. 3 45 B R J7 125, 4845 Hydrolight 5 4)
1 8% R R BG4 O 5 B b [ 25 S B dle X B L 4
SRR LA 28 S R S R 5 B 3 S B a1 34 O
M 22 (RMSE) #)/hF 0. 01 sr ', MRIGEHE S5 T
bkt B S R SR R R 3 R 2L B 2 ROR T
g T 288 0 19 32 JR S S R AU 5 S A A X L . A
BRI RT LA .3 A4Sl 5 #E 550~ 725 nm i [l Py
A RS B e . Horb L d3 3k S E 400~550 nm §E
Bl PN 55 400 5 52 I {9 RMSE S 0. 0075 sr 'y 7E
550~855 nm JEL E A 0. 0023 sr ' A10-2 ¥ S 7E

0
R""loo% (12)

0
s

400~ 550 nm i [ &4 5 52 0 {H 9 RMSE
0.0073 sr ', 7E£ 550~855 nm JL FE M 0. 0014 sr !,
A11-4 3 s AE 400~550 nm i [ AR L5 520 1Y
RMSE 2 0. 0053 sr ', #£ 550 ~855 nm i il N Ky
0.0005 sr ', AR LI 4 Fh Chla Jz 38 5 125 1)
BRI AL T L0 20 40 i B J& T R 400K i 3
BB E
4.2 SPM iR B X8 B R S R B 8RR 4 47

1 SPM ¥ B 7K A 11 32 Jak B 5 ot ik B B
R XL ARE A  5F — S5 33 08 1) 67 B 7F 600~ 700 nm Bt
T 5 R T W B A B AR 760 ~ 820 nm KfiE . 1
Chla W W 2% B 37 B AE 675 nm [ff 35, % 6 W& T
680 nm [ffif, 5 SPM %5 — e f g P e & . Y
FKAR T SPM Ve B 38 i Bt o S S5 U6 (%) 57 B FR R U8 1)
Kk mmBah, B a8 Mg, Hit, SPM ¥ E R
B A A /D T i A A W M Y RE L T EL R B Y
J& [ HUR & HE 55 Chla 1 RRAE I,

ASSCHI AT 3. 1 5 e A Y Oy 1 O 45 6 DL U
55 S s )[R0 36 IE A5 8 T Chla e B A8 £k v [l
73 0. 01~ 25 mg/m*, SPM ¥ & AL Bl Ky 5~
100 g/m® 514 F M 155 00 3 Ja% i S R A HR 4R . A
A B IR £ FEAE G 3. 3 1T TP SRR PE A B,
53 BT SPM i B AE A XT 18 Jak i 59 58 SRk v 4
Wil 3 s . IR 1 . 18 U B AR X SPM i
JEVERE A Chla Y B2 B9 FHE MR . > SPM ¥k 245
% (<10 g/m’), Chlayfe J&E L O. 5~ 25 mg/m’ 2% 1k



130 ®mOm OH R 5 N H 531 &

0.035

0.030

0.025
o 0.020
’\./:
;.I_‘:
(=4
0.015
0.010
0.005
0 T T
400 450 500 550 600 650 700 750 800 850 900
FH/nm
—— d3_mea - - -d3_mod A10-2_mea - - - A10-2_mod Al14_mea - - - Al1-4_mod

(I :mea Fl mod 43 FI A% 52 I AALHIE . d3 3% 45 . Chla ,SPM ¥k B2 43 1% 0. 13 mg/m?® Fl 60. 6 g/m®. A10-2 u i,
Chla,SPM ¥ J& 43 5 5 1. 29 mg/m?® 1 20 g/m?® ; A11-4 3 &5, Chla,SPM ¥ & & 4. 6 mg/m® 1 1.7 g/m?*)
B2 EBERSRALERSLNEELE

Fig.2 Comparison between measured and modeled remote sensing reflectance
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Fig.3 Relative change of remote sensing reflectance under different concentrations of Chla and SPM
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Fig. 4 Regressions between the Chla retrieval algorithms and Chla under different concentrations of SPM
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B =P B AR X Chla #e BE € J0TE AR B i B (2& 7
FZM T, M FLH 2 9k:xF SPM i 7+ dE %
U I 2R B FLH 553 ) Chla ¥R B i 4% &)
% SPM Mg, A BB = BL UL & FLH &
1%, SCIL B 3L AE SPM F 5 B, 42 B M 20 1 34 o b 34
filn SPM>100 g/m’® H Chla>25 mg/m*® W&,
F W] SCI BRILAE & WK AR i B SPM. (152 i) S i
Chla ¥ & B A BRI .

5 4

% 1

FI KA B2 i 55 4% i BB A A Hydrolight,
G5B 2 B AT B AR AT S K AR ) — AR
RS S RLAS 2R R KRR 138 B i R L 45
4 Filt Chla Jz 8 5 1 . 4> #r SPM X 18 8% 58 R LU e
Chla Sz 8 535 1 52 ), 753 2040~ 4538

(DA Hydrolight £40145 2 i) 1% B & 5 8 5
M 7] 20 52 I 1 3 JER R S R 0 B O iR 25/ T
0.01 sr ', HA AT ASZH 550~725 nm i B 3% J&
SRS LA

(2)SPM ¥ Ji A5 Ak Xof 1 JE% 2 5 3 1) i J b DL
& IR F AEAR SPM Ik B2 B (<C10 g/m®) , SPM X}
T B A R R /N 24 SPM i R vk B I
(>10 g/m’) , SPM X} T & Ji& [ 555 28 () 5 M Bt o
OV B 1S g 4 58, JF AE 560 nm Ab H BE 2
Ak,

(3) i B = 0 B L AE AL SPM ik JE B s v
Chla ¢ B 9 B8 1 848 i FLH 535 46 ) Chla ¥
BER 5 52 %) SPM #9521 , SCT FE 1k H e & /K ik v
T B SPM Y 5% J i Chla ¥k B2 () )4
w1,

2 % 3Lk (References) :

[1] Huang Changchun,Li Yunmei,Xu Liangjiang, et al. Study on
Influencing Factors and Universality of Chlorophyll-a Re-

trieval Model in Inland Water Body[ J]. Journal of Environ-

(2]

[3]

[4]

(6]

[7]

[8]

(9]

(10]

[11]

[12]

[13]

mental Sciences,2013,(2):525-531. [ &
A A BT K PR I 5 S T R R 3 5 A
[J]. 5 EER2#,2013,(2) :525-531. ]

Morel A, Belanger S. Improved Detection of Turbid Waters
from Ocean Color Sensors Information[ ] ]. Remote Sensing of
Environment, 2006, (102) :237-249.

Shen F,Zhou Y X, Li D J,et al. Medium Resolution Imaging
Spectrometer ( MERIS) Estimation of Chlorophyll-a Concen-
tration in the Turbid Sediment-Laden Waters of the
Changjiang ( Yangtze) Estuary[]]. International Journal of
Remote Sensing,2010,31(17-18) :4635-4650.

Yu Xiaolong. Measurements of Pigment Absorption Coeffi-
cients and Retrieval Models of Pigment Concentration in Tur-
bid Coastal Waters[ D]. Shanghai: East China Normal Univer-
sity» 201304 /N k. ¥ IR R 7K 68 3R 43 1 TR S0k T
B S0 g i RS [ D], b AR AR R, 2013, ]
Leonid G S, Shen F. Optical Closure for the Remote-Sensing
Reflectance based on Accurate Radiative Transfer Approxi-
mations: The Case of Changjiang(Yangtze) River Estuary and
Its Adjacent Coastal Area,Chinal J]. International Journal of
Remote Sensing,2014,35(11-12) :4193-4224.

Lubac B, Loisel H. Variability and Classification of Remote
Sensing Reflectance Spectra in the Eastern English Channel
and Southern North Sea[ J]. Remote Sensing of Environment,
2007,110(1) :45-58.

Hong Guanlin, Shen Fang, Shen Hong. Modeling of Seawater
Reflectance in the Yangtze Estuary and the Adjacent Sea[ J].
Journal of East China Normal University (Natural Science) ,
2012,52(1) :37-46. LUEE AR, P07 o2& VL 1 K 4138 1 Bk
TR AR 38 SRR S S S R BN [ . A8 AR S R 2 2 R CH SR B 2
JiR),2012,52(1) :37-46. ]

Mobley C D. Light and Water [ M ]. San Diego: Academic
Press,1994.

Pope R M, Fry E S. Absorption Spectrum(380~700 Nm) of
Pure Water, I1. Integrating Cavity Measurements[ J]. Applied
Optics,1997,36(33) :8710-8723.

Lee Z,Carder K L., Mobley C D, et al. Hyperspectral Remote
Sensing for Shallow Waters. I. A Semianalytical Model[]].
Applied Optics,1998.37(27) : 6329-6338.

Zhang Jinfang. Parameterization and Variability of Phytoplankton
Abosorption Properties in South Adjacent Coastal Ocean of the
Yangtze Estuary[ D]. Shanghai: East China Normal University,
2013. (3K I . KV F g 5408 30 U ol 0 U A ) R S R 1 T e 5
BALBFFEL D], i AR AR K2, 2013. ]

Bricaud A, Morel A, Prieur L. Absorption by Dissolved Organic
Matter of the Sea Yellow Substance in the UV and Visible Do-
mains[ J]. Limnology and Oceanography,1981(26) :43-53.

Shen F,Zhou Y, Hong G. Absorption Property of Non-Algal
Particles and Contribution to Total Light Absorption in Opti-
cally Complex Waters, A Case Study in Yangtze Estuary and
Adjacent Coast[ M]. Advances in Computational Environment

Science. Berlin: Springer Berlin Heidelberg,2012:61-66.



1 W i A 55 < VL 1T e 08 BT T SR T UL A9 0] I 2 3R e SRS B 12 B4 R T 133

[14] Morel A. Optical Properties of Pure Water and Pure Sea Wa- [20] Dall’'Olmo G, Gitelson A A. Effect of Bio-optical Parameter
ter[ J]. Optical Aspects of Oceanography.1974:1-24. Variability on the Remote Estimation of Chlorophyll-a Con-

[15] Gould R W, Arnone R A, Martinolich P M. Spectral Depend- centration in Turbid Productive Waters: Experimental Results
ence of the Scattering Coefficient in Case 1 and Case 2 Waters [J]. Applied Optics,2005,44(3) ;412-422.

[17. Applied Optics.1999,38(12) ; 2377-2397. [217 Zhou L.Roberts D A.Ma W C.et al. » Estimation of Higher

[16] Liu Meng. Scattering Properties of Suspended Particles in Chlorophylla Concentrations Using Field Spectral Measure-
High Turbid Waters and Remote Sensing Application[ D]. ment and HJ-1A Hyperspectral Satellite Data in Dianshan
Shanghai: East China Normal University,2013. [ X . ¥ 7k Lake,China[ J ]. ISPRS Journal of Photogrammetry and Re-
1A TR B T R e R S A I F S LD, i AR RIS mote Sensing, 2014, 88: 41-47. Doi: 10. 1016/j. isprsjprs.
K2,2013. ] 2013.11.016.

[17] Song Qingjun, Tang Junwu. The Study on the Scattering [22] Gilerson A, Zhou J, Hlaing S,et al. Fluorescence Component
Properties in the Huanghai Sea and East China Sea[ J]. Acta in the Reflectance Spectra from Coastal Waters. Dependence
Oceanologica Sinica,2006,(4) :56-63[ 4 K& , & 43X, & ¥ . on Water Composition [ ]]. Optics Express, 2007, 15 (24) ;
AR U 18 DK MR TS R A B 7 LT ). ¥ 3 2 R (o STRED 5 2006, 15702-15721.

(4):56-63] [23] Xu Liangjiang, Wang Hong, Huang Changchun, et al. Fluores-

[18] Kuang Runyuan. Remote Sensing Model of Ocean Color Pa- cence Inversion of Chlorophyll-a in Taihu Lake an Autumn[]].
rameters in Yangtze Estuary[ D]. Shanghai: East China Nor- Remote Sensing Technology and Application, 2014, 29 (3) : 433-
mal University,2013. [#{H 0. 4 VT 10 7K 8 7% 8% 2 B0 Ul 07 441 R R FLLL B R AE KRB SR a Wk BEOER
FELD]. b BRI K, 2013, ] WOFTE LT ], R 5 T, 2014,29(3) 1 433-441. ]

[19] Mobley C D,Sundman L K,Boss E. Phase Function Effects on [247 Cheng F L, Chuanm H, Jennifer C, et al. Evaluation of Chloro-
Oceanic Light Fields[J]. Applied Optics, 2002, (41):1035- phyll-a Remote Sensing Algorithms for an Optically Complex Es-
1050. tuary[ J]. Remote Sensing of Environment,2013,(129) ;75-89.

Influence of Suspended Particulate Matter on Chlorophyll-a Retrieval
Algorithms in Yangtze River Estuary and Adjacent Turbid Waters

Chen Yuli,Shen Fang

(State Key Laboratory of Estuarine and Coastal Research ,
East China Normal University ,Shanghai 200062 ,China)

Abstract: Combined with bio-optical model of the Yangtze River Estuary and adjacent water, this study uti-
lized underwater light filed simulation model Hydrolight to obtain remote sensing reflectance spectra of va-
rious water types. The sensitivity of remote sensing reflectance to suspended particulate matter (SPM) and
the influence on four kinds of chlorophyll-a(Chla)retrieval algorithms(two-band algorithms, three-band al-
gorithm, fluorescent light height (FLLH) algorithm, synthetic chlorophyll index (SCI) algorithm) by SPM
were analyzed. Results showed that the RSME between the Hydrolight simulated remote sensing reflec-
tance and that of in situ measurements were smaller than 0. 01 sr™ ', with higher simulation accuracy of re-
mote sensing reflectance from 550 nm to 725 nm. The impact of SPM on remote sensing reflectance de-
creased with an increase of Chla concentration, which means a decrease of sensitivity. The two-band and
three-band algorithms were suitable for chlorophyll-a retrieval with low SPM concentration. FLH was
highly influenced by SPM when retrieving Chla, while SCI exhibited better potential of dismissing the in-
fluence of SPM when retrieving Chla in highly turbid waters.

Key words: Chlorophyll-a;Suspended particulate matter; Remote sensing reflectance; Retrieval algorithms;

Yangtze river estuary



