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BLESD TS R R LRI BT 8
PEOT S 3 2050 5 18 O AR K P A 1 72 A 73 ORI AR
R P TFJR VPR B (Suspended Sediment Concen-
tration, SSC) Y7254k, 20 40 70 4FAR, Austin' ™ FF
IR Y 38 R S TR VR AR U B 1 AR SY . AR (R
e AL R B B, — R HI 2 B e 1) 7 v
B SR S FR SSC 2 [R] 13 BRI A2 06 R AT IR
W, 1975 4F, Gordon et al.'" e T RMOGH &
S G Z A1 E 7R, IFE 80 R HIK I
A7 T Gordon ZAEAMTAR Y ( CFRBRISHEAL) 20 JE
PR L T SR A% i 0 3 o WD 2 R KA
Ao, Rl 3 [ G4 = A1 SSC =z [\ i) 48 it
RF T SRR [ A T 1 AR B Se
— A Tassan 78 90 4R T 4
(3 ] T 28K AR 1Y 22 i Bt LU 28 95 B AU Tassan
2 K2R G AR 2 | PRI B T B AR Y
LM 2B RIE L, H N 227 F LA % Tassan
HE T Tl A T A 256 R R T
B, Mertes et al. "™ Wi EMEA B 10 & 4 MG 52 B
BT F LY OGS ERIER G, E N
Ty e HEAT T N o 20 225K | Doerffer
T Schiller'** - 35t % 55 102 ) it 2 19 245 462 784 17 ]
TEHE R B b, T riE G R R AR
Z 8] 52 AR AR LA O R UG ] P 22 I 2 R
HEZLL B.P.(Back Propagation ) #2228 553l G.
P.( Genetic Programming ) BABE g 0 I
ATz . BARJUAE, Ry 1 7853 25~ i S B LA K
IKEOERME B, BN =R 3 005 4 i A
e /N5 S S SO AR R D4R AR R A £
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TR PR R 2 e S RO | e IR R TR FE K KA
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1.1 FHEIGKELIERE

TRARSCTE P T 43 ok 28 WY 2% 1 ( Apparent Optic
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A5 [ AT 27 v W A R ORI 1) ISR 2R 0 78
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IR WA B 2 U855, 600 nm 33 K DA b TR K
F, ENBENE IS R BAR G R PR ) (S
BRI ) MRS ZR AR S AT R T R 1
H S E A ra A, 28 ) o RIS 3R BT i 3 4 i
VBRIV A vy, PR ok Vg AN ] X3l £, = 22 3%
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1.2 FHEBREEZFERESH

AR R 2 AR B 4 A AR A S Ak, T
NFGE R & ZAE s B A 2 XUVE R B TR A FH 1 ik
YA DR , = 0 i v K I B & 22 3R )2 SSC
e AR, 2R (BRI A1) S5 fik, B =9 1
Vi, P RT3 i U0V 45 S8 SSC s 0 A
] 431 L, A AR s A Y BUAE B 9k B2 KT 1000
mg/L, HUORALW 1 B AR EETE 20~ 100 mg/1 2
(&) , ¥ JLSF- 35 SSC /T 20 mg/L, #EIfE SSC AR {E
KRNI | A i TR IRAE RS S A48 3 K3k i ssC
B, AL, FHC B, A5 E AR S
TR R A R A BB, Ak E I a4
PR E DX BLAE 5 L — A, R E AT TR AL
BT AR R X SSC 4R AR, B B
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Fig.1 Absorption and backscattering coefficient curves of main constituents of sea waters

a. absorption coefficient, from reference [42]; b. backscattering coefficient, from reference [ 49 ]
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Fig.2 Distribution of SSC in January and July in the eastern China seas (from reference [ 62])
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Fig.3 Framework of SSC retrieval with remote sensing

ate Resolution Imaging Spectroradiometer ) £ 4% Sea-
star 3 & [ 1) SeaWiFS ( Sea-Viewing Wide Field-of-
View Sensor ) /245 L i [5 MU 52 Be ( KART)
1E#E T2 COMS 1Y Geostationary Ocean Color Im-
ager( GOCI) I . WRUH AT K )5 (ESA) ENVISAT T
/2 i MERIS( Medium Resolution Imaging Spectrome-
ter) 0 (AR IEAR A HIAR T2 (0 H AT E 45 1k 52 18
MR . FRIE HY R0 TR 5 E K
AU B 5 MODIS FH{BL, 28 5 B sy 960 3% 42
T B i R R A

1B T 7R [ i R I SSC A AT A T
FRE ,EZE L) MODIS Ml Landsat L2/ F i %

JERCT LR i AR5 R 0 A B K BT, T
13T Sty ey T3 2 0 P O 2, 32 PR ol g T 2
1R RS BRI T 22 ()% B AR 3 A R S o R (1
SR O B A5 A4 HER KR4 1E 1000 m DAL, #ELA
T K /N YL R PG 203 SRR 5T, LS 3 3 i b 10 2 B
SRZS 8] 43 W R AR U B B AN TR0 A2 T 1o 25 1)
Ay BRI 0 ) B TG T 06 3 SRR, AR
ok B GOCT 25 3 — X v s i) | 2 ) R4 S 43 9 2R
(18 T AT R ) (ol FHAS BT 388, ek 450 0, 10 22 3 i T
DA JE /N PRl i B 2 43 R A RS A 9%
22 RIEEEEE

I IR 0 B IE 5% 400 e 1o o 45 0 B3 S S R A

®1 ATARVTEESEECERNIETIERRRFERBAATESIT

Table 1 Usage of satellite sensors in the eastern China seas

D fh 5t P FEAS [P W [i) 7373 ‘ ‘ %ﬁﬁtlﬂﬁﬂ/ﬁom _
/nm /m /R wE bliges )+ Bt

Landsat\MSS/TM/ETM =70 30 16 34.8 25.0 0.0 25.0
CBERS\ CCD =70 19.5 26 4.3 0.0 0.0 2.1
NOAA\ AVHRR =110 1 100 6 4.3 12.5 0.0 6.3
FY-3\ MERSI 20~50 1 000 5.5 4.3 0.0 0.0 2.1
HJ\ CCD =80 30 4 0.0 12.5 0.0 4.2
HY-1B\ COCTS 20 1 100 1 0.0 0.0 22.2 4.2
ALOS\ AVNIR-2 80 10 2 0.0 6.3 0.0 2.1
Seastar\ SeaWiFS 10~20 1 100 1~2 4.3 0.0 33.3 8.3
ENVISAT\ MERIS 10 1 200 3 8.7 6.3 0.0 6.3
EOS\ MODIS 10~15 1 000 0.5 34.8 25.0 44.4 333
COMS\ GOCI 20 500 1 K8 4.3 12.5 0.0 6.3

1 DRI S HOR IR hitp :// www.ioceg. org/ sensors/
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Y5 SSC A7 AH S o0 M A5 B U B, B BE AL A
ZVIER b TR R AT, DK ) 58 R
MG HISM S E Y,

B 4 J& A D 18 AN S B 22 | SRS B
(R IR0 B AR 100, AF SSC i 38 I Tk B 784 ki 1 )
W B 22 R e K MR S 238 55— W AR DR i 7K AR o 59 5
PRI BAL R SSC IR R R AL E L I B 4
LR KRS R — (600 ~700 nm ) FIEE 2 5
I8 (700 nm LAJF ) B3 21 A BEAL , 12 L I B 4 1 P
ETPTE 520~ 600 nm ( 2 — S5 U RIS S 238 bR 3 4
BBE) 1620 ~700 nm P B (3 — R 04 ) X5 4%
5% K B SSC /KA BRIt 32 7E 750 nm LA 2 B
580~700 nm ( FVDIKAREE — S 506 ) I B 7 B R
HAAE BIARSEPE 1] 750 nm UG BT 21 A0 BE
S5 R0 TUT- 40 bl 8 V7 AR SO 5 ) B mmk , HoAh
Ay (] 1h R B KRN PR A ) (5 % 1Y e
] B PR O DB AK - ) | 78R — S SR e b T v 45
KA AH DG 22 5503 W B S (B B I AU B i AR 1Y
DUk, AT AL S e, PR AR SR R S A
TEH M IREE T X B AR BB 2l T 55— S o
g 57 FHLAB AL 43 A5 IR K, T LA sk 19 4 Iz S Mg 7 B3 g i
A BT,
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Fig.4 Bands and their combination forms used in retrieval models

23 RERBR

2 JEITAFRT 1 L 2 A A SSCiREIsiE 7.
MREAREL 2 ORS00 P B e A
AR [ i R S T R 2 B TR AR B R BE S v, T2 B
AR5 PR TREREA A, i T RAIE R 2
ME LA HE B R bR i e, A S0 R e 5l
B THE R AURIETT LRI 25 s R RS 2R At
HAEE MM S b He B0 55 AR AR 55 A R
TSR A NS B3 45 R A2

2.3.1 TR
HEA] 1 9E8E , Zhang et al. 1 7 4515 7 ST 1K)
LU B2 B R AR B e i, T A A R S
R BAE R LS 5 R, BERE T
BRI 2 DN B0 8 S 0 35 B A T T R 4
MRE K5 45% 5% 25 K Ji R — 7 T 2 5 7 g B
T R X 38 22 57 5 BORE TR 1 1 BRI, 5 — T T
CBERS-02 I Bt i% & /> H 4 5f 7 ¥F R AL, & %
sl 4] Zhang et al. TR T Landsat TR B0 7
TR, TR R T G A 20k Bt
KXot LR MODIS B F A1 HICS Fn <% e 2 500t
TM B HEAT RAREIE ™ R I S 384 H 5

KAL A, Feng et al. "™ M5 20 SSC di 1%
WF5E X LA 50 mg/L 1 150 mg/L R4 F s %) o e
RRAB X, R AB X R FH 620 ~ 670 nm 3 B, w25 {8 X 2%
841~876 nm P B B IF RS B IFEL A A Dk 405k
RARGIE 5 S T RO A B, RIS SR
o) I 50 57 48 50 R /N A R B 1 K AR R 2
SSC, Wi T S A5 B, Shen er al.' #5773 T
2RI A TR A JF R A T AR R
L R SSC {H 20 mg/L .80 mg/L.250 mg/
L o 55050 % F 560,620,708 778 nm 3% K T
W Bt S 5 IO, ORGSR Shen
et al. " Y S AR e 1A [) 3 EBOHE Y S T A
He KRBT GOCT Xt SSC 5 Ak i Jad 0t U7 B i B o
AT B4 4 S LIS SSC KA, BRASTE % R 4k
PESCTER A A 18 B R S R B 1R 2 o W B 77 T
U AR BERTR R VD R4 2 a DEIE S N i 45
AR 0991,
2.3.2 A HERK

VST RV B, AR A AR S R R T
28 ) 2% R SR OE B ke , H i FH AY 555 nm Al
670 nmAb I BT SSC AU AZ B A ) ST /N, R
SRS BE R i, O LR I 22 U 40 B A4 vk ko
SIS SRIEAT T 43T, 76 B G B K B m A AL
W2, RILR AR SRR, i — 2B E T AR A
ffeEdE . T/ R GP gt A& 3k AT S T
B, F TR AR A o 25 T 3 K (I | AT ) | N
PSR K (R ATHARIC XAy R R AR &
AR T R R A S T R AL 2 4y
PR | B SR8 T 1) 0 A S i 0 B AT
(BJR  B0ORS BE e v . 22 X B 7E T I 2 8 FH 830
nm A B B S8 11 [ A Ol 2 FISSC Y ¢ & | T Riy 2 1l
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Table 2 Representative SSC retrieval models in the eastern China seas

TR e B S U5 P B E/nm SRR
0] 11 i 4, ek g 45 Landsat TM 830 RE 39%
2 xR E ST 6901810 R20.916 0, RMSE 0.054 1 kg/m’
iR RN CBERS-02 555 MRE 45%
pUFE R FMGE 690\810 R 0.890 9, RMSE 0.060 4 kg/m’
x| A dt [64] MODIS 645 R?0.66, MRE 27.5%
X It F B A 65 Landsat MSS 550\ 650\ 750\ 950 R?0.981
W Leo) S 660\ 600 R20.87, MRE 28.3%
Zhang %5 167] Landsat ETM 488\ 551\ 667 MRE 16.7% , STD 0.141
Bl ZEpuig sl SeaWiFS 555\670 SHZ T R? 0.776 ;554X . R? 0.813, K4k MRE 22.7%
pUpEA MODIS 645 J:R? 0.61, MRE 26.2% ;/IN#ll : R? 0.67, MRE 26.8%
Feng 216 MODIS 645\ 858.5 Mk .R? 0.996, MRE 22.3% , RMSE 0.277
MR A LR MODIS S AVARSTiw A R?0.991
Xl 7 L 64] MODIS 645 R?0.60, MRE 27.5%
Shen %5 [23] MREIS 56016201708 S RMSE 0.104 /1., SIBRHAE 25 RMSE 0.055 ¢/L
[ B 4= L70] Landsat TM 750\830 MRE 30.04%
MODIS\ 665\865; MODIS: R?* 0.892
(45 AN MERSI\ 565\685\765; GOCI: R*0.872
GOCI 560\665\754 MERSI: R?0.780 2
=331 2k W7 Landsat TM 560\660 MAE 14.69, MRE 18.27%
2R Wik 473 MODIS 555\ 645 R?09117
i [74] ALOS 560\ 650 MAE 4.24 mg/1., MRE 36.4% , RMSE 5.06 mg/L
TERREL Agpan] SR 412\565\665 # . R*0.93, RMSE 18.17;%k. R* 0.85, RMSE 3.19
B gl AVHRR 615\ 862.5 R?0.945 8
Bi 4177 MODIS 554.5\ 645 R*0.90, MRE 17% , RMSE 0.087 mg/L
pUEE N HJ 660\ 830 R?0.903, AE 70.76 mg/L, RE 7.12%
F k&I HJ-1A 830 R?0.808, MRE 19.79% , RMSE 62.0 mg/L
g R AVHRR 615 R20.953 7
R ) MERIS 555\670 R?0.92, MRE 18% , RMSE 0.11 mg/L
it i 175 SEPYETE 4120560\ 620\665\ 705 FF.R?20.92, RMSE 15.42; %R 0.85, RMSE 3.10
Bi 77 MODIS 554.5\645 R*0.86, RMSE 4.73 mg/L
W ik 4 (73] MODIS 555\645 R*0.961 5, MRE 20.96%
Lu %180] MODIS 645 R?0.752, MRE<20%
AT Ax (21 AVHRR 615 Tzt :R? 0.994, ME 15.5 mg/L
AR ALOS 650 R?0.998, MRE 30.83% , MAE 3.61 mg/L, RMSE 4.22 mg/L
X1 g 81 GOcI 555\660\745 ARARIH
g 2t 82) Landsat TM 830 MAE 1.73 mg/L, MRE 18.28% , RMSE 2.05 mg/L
I RLE TNk GOCI 490\550\ 660\745 R?0.992, MAE 16.96 g¢/m*, MRE 39.99%
@;% KA LR Wang 28] MODIS 645 R?0.95, MRE 10.1%, RMSE 0.512 mg/L, & MRE 12.9%
EEE RREGU Bl SeaWiF$S 443\555\865 FeARA
—r SeaWiF's 1481555 MRE 30.63%, 400 mg/L LL'F R* 0.75, 500 mg/L DL F
R?0.70, 500 mg/L L I R* 0.62
B Al MODIS 555 R?0.89
Wang %% MODIS 645 R?0.93, MRE 12.5% , RMSE 0.585 mg/L, ¥ MRE 20.4%
MEGL JEER&EN S 490\565\ 670 R 0.97, MRE 19%
T Tk 63 HY-1 564\650.5 R*>0.97, MRE 21%
Ei5a S 490\555\ 670 R?0.702, MRE 28.48% , 50 mg/L LL'F MRE 27%
Zhang %84 MODIS 488\551\ 667 # 2 MRE 0.36, k2= MRE 0.38
Wang %5 (8] MODIS 645 R?0.92, MRE 12.6% , RMSE 0.635 mg/L
i T 4159 SeaWiFS 555\ 670 MRE 18.1%
HHTBIR JR A [2) ST 670 R20.710, MRE 20.0%
ERUE Eaa MODIS 58~ 16 W KFEHii2 . R? 0.697, MRE 38.4%, STD 0.828
¥ jEkift R 0.716, MRE 25.6% , STD 0.802
dne /N Tk Az eny L8] SN 400~ 800 R RIR25<0.38
[ R S g S 412\443\ 555 R?0.655, MRE 24.2% , RMSE 0.188 g/m’
T (3] MODIS 2 8~ 16 I EL K R . MRE 39.04% ; % JERIAE . MRE 24.442 7%

R RE BRI
2%,

B R NE M REME VR 2E  MRE J MR 2 MAE 34 X% 2% RMSE 375 MR 22, STD MR
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FH 650 nm LB, R FTSCo T 830 nm AL THH
Sl VD KA BT RS B AL 1T 650 nm P
BT 25 AT 255 S (0 55— W {E AL, DRI I 5 R R A
B AR U R S AR ] e AR
5 FH 22 2 B M 43 BT 381 ( Quasi-Analytical Algorithm,
QAA) L 640 nm 4b A2 % ik BT A BUR R
BOF2 G RS 1 BOR Z 8 T RAE T )
AN AR ) B TR 1) B AR AT

FEGTHVE S, X - 5278 0 R AR BT R
FE HI TR B i or T s e B s s R, 22
I Y ST KA Y R G iy R R ST T B R AR
TEEIR  FE R TR0, A T 0.994,

FE AR ME Vi 30, B 27 St AR Bk P B R AR 43
AT = B BRI R iR G 2 SRR, S TS
FER G, I ST AUk B LA A A A R AR
iz, VL 630~690 nm (& VKRS — [ 1) )2
SR A 520 ~ 600 nm (2 2R TR M0 By ) 1 H AR AR
hy B R, AL IO T v A B RS B
2.3.3 & F4K SSC #3,

TENIEE Y, Wang er al.'™' 3£T MODIS 4 2
SERRAE AR BRI R AL A HRAS 1 4 v 1 S TR
. PEE A LT SeaWikS B i <7 (1 % Hie s
R 45 R0 MRE K E 18.1%, EF55Y ik
TE AR 25 Je YR v RLAR R 7, 43 B FH 3 6 A 43
ST N4 B S R RO ZE IR MRE 5K 7%
JEIRVIRLAR R F Z AT A A B R b R

BRI 38, B 300 I 0D 4R S B R RS IR T
BT SSC R R, 50l 551k 5532 A4 LU 40T S e b
BT, B35S @S A Gordon 22 43 My AL A
SIZE B0 MRE IR % 20.1% , e W 4508 7 3 i 43
an[Rv e~ 2 i U DR B N 37 S 1 s o 11 3 I 47 )G
400 ~ 800 nm FHB4338 I (IS5 B AIK 2 R H
s 8 BERIYE B IE TR 50, Fe KR 22 /T 38% I
Bt HAEEA BT, Pt RS @i () BP #f
LA IR T e A

SR U VAT 1 O R R R 2 I A A, R
ST HT RN A B 3T o Vi Sl AR R A 6 I e
A, YR RTEE A 2 Hr B Y 5 e 5 1A a0 25 =
RIFRIIR A R A e Ul I Hag
I SSC 13 22 B ABE TR 1 3 AT AR 7Y s e A AR 3 L 1
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Progress on Retrieval Models of Suspended Sediment
Concentration from Satellite Images in the Eastern China Seas

WANG Zhen' QIAO Lulu' WANG YunFei’

(1. Ocean University of China, College of Marine Geosciences, Qingdao, Shandong 266100, China;
2. Qingdao Institute of Scientific and Technological Information, Qingdao, Shandong 266100, China)

Abstract : Remote sensing has been widely used to research suspended sediment concentration on sea surface. The hy-
drology and inherent optical properties of sea waters are very complex in the eastern China seas, which makes building
retrieval models from satellite images more difficult. By comparing and summarizing former researches, some conclu-
sions and suggestions about establishing inversion models have been offered. It can improve accuracy to build models
separately in different time and regions identified by in-situ data. Areas containing different SSC have their own opti-
mal bands combination to be used in models. In the coastal areas with high SSC, using the combination of the second
peak of water reflectance and the increasing part before the first peak as proportional input factors and choosing inverse
proportional input factor based on specific spectrum feature of water can offer the best bands’ choice. In offshore wa-
ters with low SSC, optimal bands’ combination are the first peak of reflectance of water and the increasing part before
it. And taking sediment grain size into models can also increase accuracy and may break the depth limitation of remote
sensing in shallow sea. It’ s better to use determination coefficient, mean relative error, mean absolute error and root
mean square error as the assessment criterion of models’ results and its stability can be certified by error sensitivity a-
nalysis. Though semi-analytical and neural network models have more explicit physical foundations, empirical models
have better precision and applicability. There is a promising trench using remote sensing to study instantaneous oceanic
events due to the advancement of high spatial-and-temporal resolution satellites.

Key words: retrieval models from satellite images; suspended sediment concentration; eastern China seas



