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Fig 1 Distribution of sampling stations
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Fig 2 In situ R, spectra
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Table 1 Correlation between R,, and SDD at central band

Band()/nm) r Band(A/nm) r
B1(400) —0. 53 B8(665) —0. 62
B2(412) —0. 54 B9(674) —0. 62
B3(442) —0. 57 B10(681) —0. 62
B4(490) —0. 59 B11(709) —0. 58
B5(510) —0. 62 B12(754) —0. 44
B6(560) —0. 69 B16(779) —0. 44
B7(620) —0. 66 B17(865) —0. 37
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Table 2 Correlation analysis between R,; combination and SDD

Band/nm r Band/nm r Band/nm r Band/nm r Band/nm r
400/510 0. 25 413/560 0. 57 443/620 0. 90 490/665 0. 78 560/620 0. 87
400/560 0. 59 413/620 0. 90 443/665 0. 83 490/674 0. 81 560/665 0. 61
400/620 0. 90 413/665 0. 85 443/674 0. 84 490/681 0. 81 560/674 0. 70
400/665 0. 86 413/674 0. 87 443/681 0. 84 510/620 0. 89 560/681 0. 75
400/674 0. 88 413/681 0. 87 490/510 0. 43 510/665 0. 74

400/681 0. 87 413/510 0. 16 490/560 0. 60 510/674 0. 79

413/510 0. 23 443/560 0. 51 490/620 0. 90 510/681 0. 81

23 OLCIBBASRKESRHH £3 ERBASKEZR

I 5 B R B s TR A5 B0 PR 3 3 SR BT SR A . R
OLCI AR & R AL 5 (138 8% S A 3R 45 5, di 1 3 ] 1 s
3% J& 52 9 % 5 Sentinel-3 OLCT By 38 8% 2 5 % — B vk i
Wiz R* K 095, RMSE % 0. 000 53 sr', MRE %}
31% . BWBRSIES RN 3 iR, 78 620 5 665 nm 4b
KA IE 19 45 FAE w2 Ath 9k B 3¢ 22, MRE W9 {E 2 3 2k
35. 73% M1 37. 97% . HA U Bt MRE f{HI4/N T 30% . 1% 4%
BRI T C2RCC KA IEF LRGeS, %
WA R % R SRS TE T AT R — 25 133 W) RE 0 JEk S
N

B 3 LiliE R 52 5 Sentinel3 OLCI & &% [ §F % X bk &

Fig 3 Comparison of in situ R, with
Sentinel-3 derived OLCI R,

Table 3 Atmospheric correction results for each band

Band R? RMSE/sr ! MRE/ %
400 0. 84 0. 000 42 22. 41
412 0. 83 0. 000 54 24, 87
442 0. 82 0. 000 75 28, 16
490 0 77 0. 001 29 25, 02
510 0. 74 0. 001 51 27. 07
560 0. 68 0. 001 88 21. 78
620 0. 90 0. 000 54 35. 73
665 0. 86 0. 000 40 37. 97
674 0. 89 0. 000 34 24. 86
681 0. 89 0. 000 32 21. 47
2.4 ZEHERERBENETL

HRAE b3 AR O M 5 SR AT A B B Y Bk, R A TR
B5—B10 J Bt 5 1gSD g7 £ I A AU, I F H T & [7 25 o 47
FUBCHE AT 5 W B R R RS B IR IE LR 4 5 5),
GERFI . AR BB A, DL B7(620 nm) R A B R E S
WA JF B I8 AR 1) B R O e A, T ORI R R Rk
0. 72, RMSE 34 0. 4 m, MRE 3} 19. 35% ; % Bt Lt (& 45 #0 oy
LA 510/620 nm A 2 it 14— YR 025 B R P 9 A D Fz v A SR e
f£, H R® 4 0.56, RMSE % 0.519 m, MRE [ {4 &
18 68%% ; MR ik Bt 55 U B L S B AR, #E I B5 (510
nm), B6(560 nm)F B7(620 nm) #1718 4 I BRI AL 1 5 )2

x4 BREERRUBERIELEREK
Table 4 Validation results of empirical transparency model

LT 2 Y RISy MRE/ %
1gSD= —47. 80R,(682)+0. 515 8 0. 66 0. 594 25. 37
1gSD= —147. 59R, (674)+0. 513 6 0. 67 0. 585 24. 74
1gSD=—47. 27R,(665)+0. 515 6 0. 66 0. 564 2318
1gSD= —148 62R,(620)+0. 588 8 0. 68 0, 464 19. 92
1gSD= —145. 75R,(560)+0. 799 5 0. 57 0. 501 20. 54
Sy B g 1gSD= —56. 08R,(510)+0. 781 1 0. 20 0. 750 3L 33
1gSD=1 309R,.(682)2—87. 75R(682)+0. 629 4 0. 71 0. 566 25. 43
1gSD=1 248R,(674)>—85, 36R,,(674)+0. 620 2 0. 73 0. 541 23. 97
1gSD=1 163R,.(665)> —82 32R,(665)+0. 614 8 0. 74 0. 498 22. 08
1gSD=926. 8R,,(620)>—75, 41R,(620) +0. 681 6 0. 72 0. 401 19. 35
1gSD=512R,(560)2 —60. 89R,.(560)+0. 890 6 0. 62 0. 508 20. 55
1gSD=—1 089R,.(510)>—28. 7R, (510)+0. 647 6 0. 20 0. 708 27. 91
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1gSD=0. 2568R,(510) /R,.(620) —0. 186 3 0. 56 0. 519 18 68

1gSD=0. 175 8R,(510) /R, (665)—0. 193 7 0. 55 0. 837 26. 61

1gSD=0. 173 8R,,(510) /R, (674)—0. 192 1 0. 54 1 125 36. 10

1gSD=0. 163 6R,,(510) /R, (682)—0. 165 4 0. 52 1. 128 36. 31

1gSD=0. 313 6R,(561) /R, (620) —0. 444 5 0. 45 0. 662 20. 54

1gSD=0. 213 2R, (560) /R, (665)—0. 442 3 0. 46 0. 639 23. 45

1gSD=0. 212 1R,,(560) /R, (674)—0. 439 8 0. 44 0. 900 30. 64

B (iR 1gSD=0. 195 7R, (560) /R, (682) —0. 377 0. 42 0. 963 32. 43

1gSD=—0. 061 78R,,(510)/R(620)?40. 56R,(510)/R,,(620) —0. 500 3 0. 55 0. 651 24. 18

1gSD= —0. 049 37R,(510) /R (665)>40. 532 7R,,(510) /R, (665) —0. 73 0. 52 1. 283 47. 86

1gSD=—0. 024 12R(510) /R,s(674)>+0. 358 1R, (510) /R,(674)—0. 477 6 0. 54 1. 420 50. 95

1gSD= —0, 035 93R,(510) /R, (682)240. 438 2R, (510) /R, (682) —0. 591 1 0. 50 1. 551 58 93

1gSD= —0. 138 2R,(560) /R, (620)?+1. 073R,,(560) /R, (620) —1, 397 0. 45 0. 640 26. 71

1gSD= —0. 057 22R,,(560) /R (665)?+40. 649 4R,.(560) /R, (665)—1. 177 0. 45 0. 919 34. 01

1gSD=—0. 062 09R,(560) /R, (674)?+0. 686 3R, (560) /R, (674) —1. 244 0. 43 1. 196 45, 47

1gSD=—0. 061 01R,;(560) /R, (682)?+40. 673 7TR..(560) /R, (682) —1. 202 0. 41 1. 336 51 66

1gSD=0. 083 14-33. 89R,,(620)+0. 172 7R, (560) /R (620) 0. 62 0. 478 16. 94

1gSD=0. 2443-38 86R,.(620)+0. 142 6R,;(510)/R,,(620) 0. 67 0. 459 18 96

TR A I B A A _ ; ;

1gSD=—0. 010 96—19. 57R,,(560) +0. 221 4R,.(560) /R, (620) 0. 68 0. 483 15. 93

1gSD=0. 212—23. 29R,(560)+0. 179 8R,(510) /R (620) 0. 65 0. 425 17. 73

*5 DIECMHSEHRERELER
Table 5 The result between SDD estimated and in situ SDD

LS SEEWIE/m REEWE/m RMSE/m  MRE/%

. BRI B6 A1 BT g SRR R T 3 38 R R AR B K
Rt AR (& 4D, 7 W) RO 5 SCHE I S 0 AR AE 1 s 1R
fll, R* 4 0. 68, MRE 4 15. 93% . RMSE Jy 0. 48 m, A&
i AR BT MODIS U8 3 10 45 15 3 /K 35 WY 3 HE 47 77 R 3
RIA 667 num ¢ B 2 7 1Y BRI B B IR VA R L R I
9 SRR H R 45 2R B AR A R 22 0 1304 . P AR .
AT FEIE EAR XS T . LA 560 F1 620 nm #3719 IR A I B
TR FS JHHOR'S R A X T o 0 e 90 90 0 ) 3 P R S HL A R

TE bR BT ¢ 2 A b )T B S i B R 2 S 2020 4R
OLCT i 8] 7 51 5% 18, X i) it 155 W) B2 3 47 S S 0T 5. 3R A4

1 3.0 3,02 0. 13 4 50
2 40 3,00 107 26. 86
3 2.0 2. 02 0. 53 26, 42
4 2.0 212 0. 55 27. 73
5 2.5 1 90 0. 06 2 41
6 1.8 213 0. 69 38 80 3
S A
9 18 1. 28 0. 19 10. 65
10 2.2 1. 60 0. 13 5 86
Git 0. 483 15. 93

B4 BHEINESREE

Fig 4 Comparison between in situ SDD and
Sentinel-3 OLCI retrieved SDD
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ik, hEp g PR 2 B WL e GE U R T
ey X3, DR i i DXRR AT R R R B B R ELZ A
bt DX T S T R - 7R 2% DX PRI A Xk HG A R B 5 o AR ) H
b T8 DT IR A TR R RS R SN o DI L BNV 5D R P K A
BB AR R, N P R R R W R R . EL o B O
L B S AGEE O, R ALY S R TR
BTN, SRR R Z, R AR K, Tk
KPR 3 B0 B SRR 2 RO T =0 . b e i Y 0 )
BEAE—AF 1A 19 A At 9 B B . AR IX ] AE O 5~4 m, @i
ke 175 6 o S 2 B I 1) O T AR L R 1) R Y R
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Fig S The spatial distribution of monthly average SDD of Bohai Sea in 2020
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Fig 6 The monthly change trend of Bohai Sea SDD in 2020
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Research on Remote Sensing Retrieval of Bohai Sea Transparency
Based on Sentinel-3 OLCI Image
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Abstract Transparency is one of the critical indicators for marine ecological environment monitoring, and it plays a vital role in
the military, navigation, fishery, and other fields. Compared with other traditional ocean monitoring technologies, remote
sensing technology has the advantages of long time sequence, extensive range, and near real-time acquisition of ocean
information. Therefore, it is of great significance to the rational development and utilization of marine resources by using
satellites to observe ocean transparency. This study used the in situ transparency data and the equivalent remote sensing
reflectance data of the Sentinel-3 OLCI sensor to build the Bohai Sea transparency inversion model, which mainly included the
single band method, the band ratio method, and the mixed band method. The model’s accuracy was verified with the in situ-
satellite match-ups. It found that the best inversion model was the mixed band model with B6 (560 nm) and B7 (620 nm) as the
sensitive factors. The coefficient of determination R* was 0. 68, the average relative error (MRE) was 15. 93% , and the root
means square error (RMSE) was 0. 48 m. On this basis, combined with Sentinel-3 OLCI time-series images, we got the
monthlyremote sensing products of Bohai transparency in 2020 and found that thetransparency showed obvious regional and
seasonal characteristics. The transparency ranged from 0 m to 10 m. It was higher in July and August. The value of some areas
could be deeper than 9 m. While it was relatively low in winter, the value was less than 2 m in January and February. At the
same time, we also found that the higher transparency appeared in the central Bohai Sea and the coastal waters of Qinhuangdao,
while the transparency was lower in Bohai Bay, Liaodong Bay. and Laizhou Bay throughout the year. The characteristic trend of
transparency is inseparable from Bohai Sea coastal geological properties, the distribution of surrounding rivers, and coastal urban
agglomerations and industrial ports. This research provided a reliable theoretical basis for remote sensing transparency

estimation, and it was of great significance for monitoring the marine environment of the Bohai Sea.
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