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Fig. 1 The location of study area and the spatial distribution of sampling stations
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Pl 4 AU I B R AL IE 2 SR — B B TN A3 )
IR, TSM W BE Y ), 5 B0 2040 Wk B B8 7K R
SR A — SR N A —E N EEE, Wi, &
F MUMM B LB R 20, W5 | &6 2315 7T i 3 41
AP B I TS IS S Ak B AN M R D D B A
ERE ., #ik A, MUMM 82 78 4 i By [l N
FEERHRAT LS .

BPAC Fll UVAC KA IE 45 58 BAR , 45 Bt
X H 25 R 5 A e 11 26 IR . Hoh, BPAC
D5 1 B 3 TE A5 81 0H 5 FERER R 0.965, R —0.001 65
UVAC J5 35 1 5 0E 42 101 05 77 R &L 0k 0.894 9, #lHE

70.002 9, ME 4 HE] LIF i, UVAC RS IESS

AR BEIE A5 20 A T IIOG T 1:1 28 AR SCP L% 400 nm
b B KR AL BE O 0 45 B M R AR IE S RER TRT
412 nm Kb B KB ZEFE N 0 152 A KSR IESSE R . R
] KA IE 7 7 45 I B 1 MAPE St 45 R an k1
Fis o IR 1Rl LU, 4% 7 e 6 B R
W IE 45 YR BRAR . 7 Oal 3% BX, MAPE 1% 225 [ 4
56.30%~ 174.43%, 6S J7 TR IZ I B 1E 25 R d AN PR
., BPAC Fikfth. fEFR Oal ISR B, UVAC
D7 ¥R 2 W E L HAh D77, MAPE $#{KF 37%, 14 4
W BE ) MAPE ¥J{H A 15.23%, 7£ Oad % O0al0 I Bt
MAPE i T 8%, AR KRR IE 7 i A 4 I Be iy i 22
SEIPTR K, a8 a3 A, WG 208 i B i
2R, OGN GIE BrR 228/ . BAR BPAC ik
TE 4 A [F] 25 R A0 30 TE o B 3547, (R R A bt



162

M2 4148

F 1 AREKRERIEFEZIEE MAPE iRZE %1t

Tab.1 Error statistics in each band of different atmospheric correction method

BB (D) 6S Flaash C2RCC MUMM BPAC UVAC
0al(400 nm) 174.43% 118.94% 61.67% 70.46% 56.30% 62.39%
0a2(413 nm) 96.66% 53.00% 59.45% 72.68% 54.33% 32.88%
0a3(443 nm) 77.79% 64.59% 58.32% 55.37% 44.26% 20.95%
0a4(490 nm) 46.07% 31.41% 53.83% 43.93% 34.07% 7.67%
0a5(510 nm) 37.06% 23.53% 52.09% 41.24% 30.31% 4.81%
0a6(560 nm) 18.02% 10.56% 48.45% 28.25% 21.97% 4.93%
0a7(620 nm) 16.22% 13.77% 38.58% 21.45% 18.55% 6.09%
0a8(665 nm) 23.08% 18.11% 50.24% 18.45% 17.46% 6.85%
0a9(674 nm) 23.08% 18.53% 55.52% 17.47% 17.40% 6.69%
0al0(681 nm) 23.83% 19.14% 53.93% 28.23% 17.05% 7.06%
0al1(709 nm) 28.64% 26.72% 27.51% 29.95% 18.65% 16.89%
0al2(754 nm) 78.99% 70.45% 45.68% 30.47% 37.70% 14.66%
0al6(779 nm) 70.60% 62.73% 42.46% 29.17% 39.26% 16.24%
0al7(865 nm) 116.25% 114.58% 64.91% 39.70% 57.22% 31.13%
0al8(885 nm) 128.84% 137.43% 66.74% 47.37% 62.38% 36.43%

IV B 3 AR T A A 2R RO L, 3 BON AR T B,
X2 FHOK OB R MAEF R X AR ELL

2% [ ik, 6S. Flaash Fll C2RCC KK 1E 74
o TES T 7K A T 2 s IS [ AR A A SR A B4
MUMM KA IF 77 325 76 06 6 I B 5y Hh B2t A 1E 31
G, BT £ A0 ik B IF 25 3K B W] DL 32 BPAC K
SRS IE T WK BE A, AR AE BT T X 4 2 R R TS (A 1R
JC, SR EE B8 s UVAC KA IE 5 Woks BE i it
T T AE VR M A AR AT KA R H
33 TSM REHEBEHERIERMESH
3.3.1 LT OLCI B s 1Y TSM Ji i 455 A Ay

T R ik BT Y K [R) 2B M A AR AR D,
I, )P e TR SR A AR AT S 40L OLCI 54iE (19 TSM [
WA R E . 1 e, R OLCI S 596 1% i 1 1R
B, K o T 5 6 T BUCHE FEORFE R OLCI Xt iy i B, &
A DT VE DL SCHR [32]0 HOWR, ¥ BT 50 > SRAE B,
Bl BIL S5 1 A 0l 46 NI TE Bl 4 . Hovb, @R ds
5 33 NFEA, BUEER & 17 MREAS . e, 4
A HTSCHR By 8 A RLIE 3, I FH A S 4 BT i o A
DR Be v &, R 8103 23 B R R 2R PR 3065 45 7 1A 1
PR R A . Horp, SERT 2Rk s B 45 &
AN R A SR 25, X 45 0 B 1) S0 o R B AT HB R A o
AHIF 5T 25 45 i T BOHE A OLCT A% Bess il B ik &, X &

W R pREAT T A, BUEANER 2 PR . 4528801
AL R BOE 2B PR L3 3.

#F2 SERTHEEFWESH oM p
Tab.2 The value of parameters o and fin SERT model

PR /nm a B
560 0.042 2 353348
620 0.064 3 0.147 6
709 0.074 9 0.0367
779 0.086 7 0.007 6

ANFE 3 A a] DU Y, BT b S O ) A5 A
RIS TSM i # U 1 44 RS B2, MAPE
T 30% LA o i, SAT S48 £50Rn i Be Lb (AR 7 5
i, SERT Fl Nechad #55 AU M X1 RG240 2% . Liu 5P 3%
T GOCI %4, X BT M 75 TSM S 38 A5 B 3 17 %F Fb 43
BT, 25 R RIRE 7R SAT G BRI B L (B AR A i
o H T R A AR (ARG R i b TR T
T A, BRI RS B RS R T i — 2D 25 A TR AP
OLCI %4l #47 B IE
3.3.2 T OLCI A48 19 TSM [ ji A5 A4 56 ik

Sh4 DR Y KB = A, R R
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Tab.3 The various developed TSM retrieval algorithms and its accuracy assessment

siv) e SRSy R MAPE/% RMSE/mg-L"™"
PR BL TSM = (@776l 14212) 0al6 0.81 18.16 72.73
BB TSM = 1010575+ 1.3275) 0al6/0a5 0.90 16.49 50.92
=B TSM = 120492+ 9.686 4(:2 +33)-0.149 8(x1/22)] Oal, Oal7, Oal8 0.87 18.87 65.88
%fﬂ@ﬂﬂ TSM:IO(I.SGO 1-36.829 3x1 + 17.577 2x2 + 27.753 4x3) 03.5\ 03.7\ 0al2 091 17'79 4287
SADGIEHEEL TSM = 101827781+ 1.0072) Oa4, 0a6, Oal6 0.89 16.29 49.19
SERT — — — 24.56 62.07
3S TSM =—1911.7x + 26.924 [Oall'-0al27']"! 0.92 18.68 52.17
Nechad TSM = 910.02x — 7.624 7 0al18/(0.093 — Oal8) 0.84 25.54 65.17

BEATJE 2 h PRS0 D i A e 0
BE o [, ST 3 — 20 35 50 TR A 4R I A B B
o, WO TIE S A L ) R M, AR oY BE R TR i B R
J& 2 h WIRTRI SRR A5, 254 UVAC KA IEZS R, Xt
ORBR AT IR o A% S TH R R 06 SIE A B AN SR 4
o M 4RI LLE H, BB LA R B A
MAPE 2} 19.08%; ¥ 4 H1#5 # (SERT. 3S F Nechad
BERY) N B2 8025 , MAPE 55 T 30%; =i BO A i 22
MAPE }j 53.39%. — BB, T 52 83O KRR
TERE EE R, S BORDRE BE 2E . 1ar W TN i
B2 SR R AT g 2 bl AR R A Al R e fe FH 9 9 2R
B A RETHOMNTE, BRI E Z 25, B
i, SERT 2 il B i 4 306 J2 B TRV D AR AR,
AL T MERIS %048 195507 . B 98 MERIS 45 5
OLCT %45 75 i Br ik & Jy 11 I oL, {H 3% 4% FH >R S 1
TSM {14 9 B 114 32 % S 28 5 190 (AT 5 2 45 i M K
#4  ET OLCI BUEME RS TN

Tab.4 The accuracy assessment of various developed TSM

retrieval algorithms based on OLCI data

R FE MEE R MAPE/%  RMSE/mglL™
PR B 0.58 2197 093 2343 31.02
BB A 0.82 11.86 0.91 19.08 19.29
=B 0.66 —11.78 085  53.39 49.94
ESMlE| 072 1488 092  19.74 23.07
SADGIEEE 093 1207 091 2223 18.68
SERT 0.78 -631 084  31.10 35.32
38 0.82 2345 087  30.84 22.41
Nechad 0.79 -3.53 083  33.73 33.83

BEDEAT R E . AR, A58 T Nechad #E1I th 244
c M VR T T 0 80 2 Jemiole o PRI, K R 75 22
HE— 2D AT T I 5 5 ) B 2R B A D i,
HEIE BT OV S TR B K AR 2 S A
3.3.3  FALE VM

it — 2 PR R BE R AE BTN S TSM A 55 H 1Y)
T M, A 50RE AR RLAE R [R] TSM VR B2 S5 0T 1Y
A SRS B VRS AR AR P A 7 TR EA T A o

— 5 T8, £ 45 i TSR AR TSM I 508 A4 35 FL, K
TSM ¥ J& 43>}/ T 80 mg/L. 80~ 150 mg/L Fl K T
150 mg/L 3 MR BEEAF R . A ERIAE 3 ANk B IX ] F G
JEWFE 5. IS AT LUE Y, 45 B A 7 AN [R] ik
JESR DGR ER . BIK DR, AR
TSM e & 2528 11 T} 5 , MAPE WA fr Fh & . i, Ba
e B ARLAE 3 AR X (8] ) MAPE 43 5110 16.25%,
22.54% 1 34.29%. X116 B, PR B AR AR 3 BB
FHRAG B2 A 6 TSM ik B2 Pl A e M VS /K A . D B
FEAE AR, /N T 80 mg/L 1 80~ 150 mg/L Wi~k &F
g AR B B SOEORS BE, 7R R T 150 mg/L i
JEAEGL b, BERUKS BE A Fi T [, MAPE 8 21.35%. 45
B A RLE AU B AR 1 RS, AR B LR (B AR
B, H o Z2 o0 AR YT SAT Y6t 18 B 7l

Ty —J7 T, % b I R R Y 3 AN R A R A T AR A
BURME ST . BT R IE A iR 22 S &R, i
B R e e R ALE I ) — A B R, 5
2% Qiul [ i, N SRS G SRS N 5 43 A )
7, DA RS R0 35 22 9t 2 i sk b . 5 DR 3 D B
LU AR R AN Z2 e [ RS U B T OaS U B, 200 B i
JE S R AAR, Ay kA o W I 3 SRR SRR T, AR
WEFEEE FH A R 0, ARIEZE N 0.5% 1345 43 A1 1 1§
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P LR M, DL T 56 B 4 Ok ], B B E
W0 50 A BEALME S, I K 850 A6 B, 4t
MAPE #il RMSE. ML &= T30, Lk E
£ 1000 K, 451 MAPE 1 RMSE fY78 Bl & £
{E o Jinnge Je A AU A BT 25 SR L3R 6. AR 6 i
DU, ik B B R 55 780 100 A A S, A G o e iy

) MAPE(16.49%), % J5 MAPE ARk Bl A 0.13%~
0.15%, & /NT 0.5%; SAT Y61t 48 B A Fa fid 1 vk
2, M HC TN 5T 9 MAPE(16.29%), Jil: 5 MAPE
AR A 0.09%~0.37%, /N T 0.5%; 226 7] 5 #5550
Fada M B 25, AH LG TR ET A9 MAPE(17.79%), i B
Ji MAPE ZE46 38 Fil N 33.20%~44.44%, B % T 0.5%.

*5 HEELRETSMIREESL FHBEEIEN

Tab.S5 The performance of various developed TSM retrieval algorithms on different TSM level

TSM<80 mg/L 80 mg/L<TSM=<150 mg/L TSM>150 mg/L
T
MAPE/% RMSE/mg-L™"! MAPE/% RMSE/mg-L™"! MAPE/% RMSE/mg-L™!

LEN 25 16.25 12.38 22.54 45.70 34.29 107.20
BB LU 14.71 10.97 14.60 22.94 21.35 68.46
=B 18.23 12.60 17.73 31.76 24.52 77.42
eS| 14.99 10.75 15.72 23.57 19.63 45.76
SADGIEFE %L 17.26 13.19 14.49 23.24 20.94 51.45
SERT 25.53 17.22 26.07 59.43 34.67 81.86
3S 26.83 16.47 16.73 31.61 22.61 58.70
Nechad 26.74 16.71 26.79 51.70 31.58 78.43

x6 IREHRMESN
Tab. 6 The sensitivity analysis of three developed
TSM retrieval algorithms

MAPE/% RMSE/mg L™
R
L ¥iE PeAcl ¥i{E
B 16.34~16.62  16.50 50.14~51.83 51.02
ZJthliA 50.99~62.23 5588  108.66~182.18  141.75
SADGIEIREL  16.20~16.66 16.43 48.74~50.22 49.42

25 L TIR, 28 b TE RN S AR (R 2D Uk R AR AL S
G3AT, TA R U B L R RS R RN AR MR R AT, SATD
TR BB ALR 2, 185 T A SABUMNE TSM & &= .

34 ZHHBEFERBEREAESHT

FIJH C2RCC FE 7T LUAR TS a,,(443) Fil ay(443) LA
K TSM = o 4546 L™ i & OLCI Level 2 1)
TSM & 3t 7™ i, 43000 5 S 25 e A7 %0 L (181 5, K 6),
L4 T R B 3 R G S IS F A . CIEL S T L
FEili, BT C2RCC 1 a,,(443) 2 035 i T 5000 25
PR A 4t S ) G d 35 A DG M5 JE T C2RCC 1Y ay(443) 722
AR, BEAFLEAEHIH 2.80 m™' i, 5 520045
i) MAPE 4 38.66%. H1T C2RCC 1Y ay(443) 2 1L IR

JEAR K, FHEIET C2RCC Bk TSM & A R FE 2
KU AR K, ¥R 169.67 mg/L, Hoifk B e % T
100 mg/L AR T 200 mg/L H #0558 49 =5 Ak AR AL 2L
%, 7 100~200 mg/L ¥ J& X [8], 32 J8& = 5 54 5 58
2% L85 43T . 4R, OLCI Level 2 7§ % TSM #¢
JE B A B8 ) A7 A 35 0 22, > R [R] 2P SR A R TSM
e FE A S 25 AUk 2 mg/L, OLCI Level 2 i TSM 7=
P S e E2 S =N R ST A S e | B2 SN
PR B, Joik Ak 5 M IR Bk KR TSM ik
J¥ . Toming %" ¥ i & 9185 A | C2RCC H3k, X Lt
T ap,(443) Fl ag(443) 5 I2ME Y CFR, 45 R WAESE
apn(443) Fil ay(443) 5 50 {H 8] JC 5 AR OC R o DALk,
FET C2RCC W [EAT 21 Fl TSM ¥k B S OLCI Level 2
(9 TSM 7™ il ZE AT B A3 o
35 EFOLCI##EH TSM k&K F

454 20174F 7 H 23 H OLCL $u#l8, &% KA
E 3 B A 2 R, AR SE R B UVAC KA
TE 7 R B LB S T8 1 S5 B TSML ik 2 328 JEk Al 452
(E 7)o [, XF 7R 3 F C2RCC 5k 1Y TSM 4
BEE R (B 7)), i — 25 40 A AR BTN T 138 I PE . H
T OLCI Level 2 TSM j** fit 75 bt M 15 vk B2 L oy 0~
2 mg/L, 23 [0 X 4 FEARAR, T AR SO R R . AL 7
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Fig. 5 The C2RCC-derived a,,;,(443) (a) and a4(443) (b) are compared with in situ value, respectively
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Fig. 6 The C2RCC-derived TSM and OLCI Level 2 TSM are

compared with measured TSM

FRTLLE Y, 32T UVAC Al BE L3 1L, TSM 7E BT
TS LA AR 1Y 23 TR) 43 SRR AR, TSM VK BE Y L 7
22.81~2908.37 mg/L Z [a], #1{A A 233.77 mg/L; SR fij
FF C2RCC FvE MY TSM ¥ 15 25 [0] 43 57 B AN HE R
K, TSM J5 B 7E 0.72~184.59 mg/L Z [f], ¥I{E N
64.87 mg/L. MZ5[8] EF, TSM 7ERT I 2 A 30 X ok
FERAR, FEBTPH T ¥ 0 DX IR B IV X 35l B A 7S g
FEVREEH R, X 5 He %7 A Liu %2 9 AF 50 25 5 —

121°00" 121°30"E
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o TR X EOK BRATR, S8 TSM W B 7
AT M VS v 8 DX 3k B A . 32 B VAR Ik R v 1Y
S0, BOTE UM TS BRI K B TSME vk B A o
FEBUM SRS 5 (EIR BRI X 80), h TR B4 vk LA
Oy WU XS, PG TSM MR B AR R . Ak, B T
TSM ¥k i 25 B 73 A 519 X R % V). B FAUME
A IE R F O, A K, B TS B R S v b R
BRIy n1 3B i, VEWIEE, B TR SV R B
TURB Y S A E L0 A, 2017 4R
7H 23 H 0 S 12408 12 4 41 5 R Efr, 7 48
37 53119 55033 43 AR o it Ay DUHI W, TR i
S5 B BT T T Ak s A, DR AR AN TS Y T X
I8 TSM ¢ BB ¢ v L ) V25 00 X3 19

4 5

AR SR WS EE 35 OLCY Bl , 454 Hb 1w ) 46 %
FEBCHRE , 5k OLCI £ ZE AT N VS TSM ¥ 5 12 Ja ik J ik
1T W58 . B b2 FeE AR IE 7 Ml TSM
T A S, 3k TS BT OLCT 04 M bt JH v
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Fig. 7 Spatial distribution of TSM based on UVAC and C2RCC algorithm
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KAREIE T VMG BE B AR, B Bt U B %87 (Oal6/0as5) H
A R BB ARG BE AR M 5 38 2o 59 9iE OLCI £l —
o= SRS B, A R g S AR BTN TS A B TSM
VR B R 1 2 B RN T B, Bk R
K IE 7 ¥ F TSM. e 38 A% B 1 HT 5~ OLCI s, 3k45
T TSM Z5 (8534, 45 R 5 SE PR BLIL I

M A, i OLCI 3 A RArr kit | 2
[E) RV ERF 8] 23 3 2%, LA N VS TSM Rk A 3 2B 1R
T3 M, Rk mT aE— 25 R B A T g At
S ABLTE P K AR () TSM W B 38 A A F 58 v . B AT,

SE WK

H T OLCI 405 J& T8 24 B4, i 1 [7) 25 SR A 5 0 45
Ao R T AR — 2L T i [ A R, RS OR [
(] 2 A D B ) ] 1 2 [ 9 R ) SRR 5, ke
RAREIEF VLA TSM B i858 R 19 3 R R R 4T IR A
(4 B0 IE, [ B T AT JE2 3% T OLCT $#s i) H b 7k 7, 22

RIEEAG I
Bif: R PEMFREIHESL B TKE

B BB S AU B AR E AT
THAREREREMON T E T HWH .
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Tab. A1 Abbreviations of parameters and its meaning

VYRS S
Sbp secchi disk depth (&)
OsM organic suspended matter (5 HLETEH))
ISM inorganic suspended matter (JCHLEEY))
TsM total suspended matter (&2 7F4)

ap, absorption of phytoplankton particles ({28 Jik 4 e R 550

ay absorption of nonphytoplankton particles (£ (7 2% Joki 41 Ui 2 50)

absorption of particulates (U4 22 50

ap

MAPE mean absolute percentage error (YR 172 2%)
RMSE root mean square error (¥ 5 iR 2%)

SNAP sentinel application platform (W4 E4 G AL BISF-£5)

6S second simulation of the satellite signal in the solar spectrum

Flaash fast line-of-sight atmospheric analysis of hypercubes
MUMM management unit of the north seas mathematical models
C2RCC case 2 regional coast colour

BPAC bright pixel atmospheric correction

SERT semi-empirical radiative transfer

Remote estimation of total suspended matter concentration in the
Hangzhou Bay based on OLCI and its water color
product applicability analysis

Li Yuan'?, Guo Yulong?®, Cheng Chunmei*, Zhang Yibo?, Hu Yaoduo?, Xia Zhong?, Bi Shun’

(1. School of Tourism and Urban & Rural Planning, Zhejiang Gongshang University, Hangzhou 310018, China; 2. State Key Laboratory of
Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China; 3.
College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou 450002, China; 4. College of Geomatics and
Municipal Engineering, Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China; 5. School of Geography Sci-
ence, Nanjing Normal University, Nanjing 210023, China)

Abstract: As a main carrier of nutrients and pollutants, total suspended matter (TSM) has a significant influence on
water environment, especially on estuary water environment. The Ocean and Land Colour Instrument (OLCI) was
onboard ESA Sentinel-3A satellite and launched in February 16, 2016, with fine spatial, temporal and spectral resol-
ution. To find the best atmospheric correction method and TSM retrieval model for the application of OLCI in

Hangzhou Bay (HZB), six atmospheric correction methods and eight TSM retrieval models were test based on in
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situ water color data collected from HZB on July 2017. In addition, the OLCI Level 2 product (e.g. TSM and inher-
ent optical properties (IOP) data) was compared with in situ data to evaluate the accuracy and applicability of OLCI
Level 2 product. The results show that the method of atmospheric correction based on ultraviolet wavelength
(UVAC) and the TSM retrieval model based on band ratio have best performance. Specifically, the mean absolute
percentage error (MAPE) of atmospheric correction in four match-up sites is 34.21%, 13.11%, 5.92% and 20.28%,
respectively. In addition, the averaged MAPE of atmospheric correction in band Oa2 to Oal2 and Oal6 to Oal8 is
15.23%, and in band Oa4 to OalO0 is less than 8%. The band ratio (Oal6/0a5) model has the best performance, with
a MAPE of 16.49% and root mean square error (RMSE) of 50.92 mg/L in calibration stage, and a MAPE of 19.08%
and RMSE of 19.29 mg/L in validation stage. However, the TSM and IOP product derived from C2RCC (case 2 re-
gional coast colour) algorithm and the TSM product derived from OLCI Level 2 product has no linear relationship
with in situ data. These results indicate that the above Level 2 product is unsuitable for HZB TSM and IOP remote
estimation. Finally, the UVAC method and band ratio model are applied to OLCI imagery that is collected on July
23, 2017. Spatially, TSM shows a relative low value in the center of HZB and relative high value in the south and
east part of HZB.

Key words: Hangzhou Bay; OLCI data; total suspended matter; applicability analysis; atmospheric correction



