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Abstract The optical properties of the semi—closed Bohai Sea are complex due to significant terrigenous influence.
The high temporal resolution data from geostationary ocean color imager (GOCI) makes it possible to explore the
temporal and spatial variability characteristics in the Bohai Sea, especially on the hourly temporal scale. A remote
sensing algorithm is developed to retrieve the total absorption coefficients at 412, 443, 555 nm in the Bohai Sea based
on the GOCI band ratio of remote sensing reflectance. The algorithm is validated with independent field data. The
correlation coefficient between the retrieved and measured data is higher than 0.8, the average absolute percentage
difference (APD) is less than 13%, and the median absolute percentage difference is less than 9%. The performance
is better than that of previous typical algorithms (improvement over 10%). Based on the independent field—satellite

match—up data, the APD between the retrieved and measured data is less than 35%. On the basis of the GOCI image
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(May 4", 2015) and the new model, the spatial and hourly variation characteristics in the Bohai Sea are discussed.

The results show that diurnal variability magnitude is mainly 0.2~0.3 m™', and the maximum can reach 0.8 m™'. High
diurnal variability values are found mainly in the Liaodong Bay, the Bohai Bay and the Laizhou Bay. The total
absorption coefficient is analyzed together with tide data, and the variations are generally consistent with the
corresponding tidal height variations in the Liaodong Bay and the north of the Bohai Bay, though the minimal total
absorption coefficient appears about 0~1.5 h later than the lowest tide moment. The total absorption coefficient
shows significant negative correlation with tide height in the west of the Laizhou Bay. The total absorption coefficient
and tidal height have no obvious correlation in the south of the Bohai Bay and the east of the Laizhou Bay.

Key words oceanic optics; total absorption coefficient; remote sensing retrieval; geostationary ocean color
imager
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Fig.2 Measured data. (a) Remote sensing reflectance (2005); (b) total absorption coefficient (2005);
(c) total absorption coefficient (2012)
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Table 1 GOCI data

File name Date Purpose
COMS_GOCI_LIB_GA_20150504001638.he5
COMS_GOCI_LIB_GA_20150504011638.he5
COMS_GOCI_LIB_GA_20150504021638.he5
COMS_GOCI_LIB_GA_20150504031638.he5
COMS_GOCI_LIB_GA_20150504041638.he5
COMS_GOCI_LIB_GA_20150504051638.he5
COMS_GOCI_LIB_GA_20150504061638.he5
COMS_GOCI_LIB_GA_20150504071638.he5
COMS_GOCI_LIB_GA_20120914031643.he5 September 14, 2012 Retrieval validation with field-satellite match—up data
COMS_GOCI_LIB_GA_20120916021641.he5
COMS_GOCI_LIB_GA_20120916041641.he5

TR 5 S 0 B B4 ) 23 DT BE BTS2 +0.5 hoFT 3 pixel x 3 pixel, Bl 7 5 UL SCik[5], 245 3 3 41 GOCI T2
S-S0 DS e i

3 RO R I
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May 4, 2015 Hourly variation of total absorption coefficient

September 16,2012  Retrieval validation with field-satellite match—up data
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Table 2 Statistics of retrieved and measured total absorption coefficients with the new model

R’ =

; (6)

Modeling data Testing data
Esen 1% Even 1% Eryse /mi1 RZ Ewo 1% Even 1% Ernse /miI R2
a(412) 9.2 7.6 0.12 0.95 11.4 7.7 0.10 0.93
a(443) 9.6 8.8 0.38 0.95 11.8 8.5 0.28 0.92
a(555) 12.0 7.9 0.09 0.85 12.7 8.0 0.07 0.82
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Fig.3 Scatter plots of retrieved and measured total absorption coefficients with the new model. (a) Modeling data;
(b) testing data
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Table 3 Statistics of retrieved and measured total absorption coefficients with QAA-5 algorithm

r (667)=

Modeling data Testing data

Ew 1% Eve 1% Enyse/m™ R’ Ew 1% Even 1% Eruse /m™ R
a(412) 19.6 17.9 0.37 0.87 20.3 18.7 0.31 0.91
a(443) 17.8 15.6 0.22 0.88 19.5 18.8 0.23 0.91
a(555) 20.4 22.4 0.08 0.85 22.2 20.8 0.09 0.85

FATET QAA-Com B3 1 S e 28 B80S0 I8 (15 S DML A 2 1 44

Table 4 Statistics of retrieved and measured total absorption coefficients with QAA-Com algorithm

Modeling data Testing data

Ew 1% Even 1% Erse /m™ R’ Ew 1% Even 1% Erse /m™ R
a(412) 20.0 18.0 0.41 0.94 22.2 20.4 0.41 0.95
a(443) 19.4 18.4 0.28 0.93 21.9 21.6 0.31 0.92
a(555) 24.3 24.2 0.12 0.86 26.5 29.0 0.12 0.66

%5 3EF blue—green BR 7k 14 8 W IR B B 5 SE B 1 G2 1T 45

Table 5 Statistics of retrieved and measured total absorption coefficients with blue—green BR algorithm

Modeling data Testing data

Esvp 1% Eveo 1% Eryse /l’ﬂil Rz E.p 1% Eyep 1% Eryse /miI R2
a(412) 28.2 21.8 0.39 0.58 23.0 20.6 0.34 0.69
a(443) 25.4 18.3 0.54 0.59 22.2 20.8 0.54 0.68
a(555) 22.1 14.4 0.18 0.44 18.5 15.9 0.16 0.60
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Fig. 4 Scatter plots of retrieved and measured total absorption coefficients with QAA-5 algorithm.

(a) Modeling data; (b) testing data
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Fig. 5 Scatter plots of retrieved and measured total absorption coefficients with QAA-Com algorithm. (a) Modeling data;

(b) testing data
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4 i SO R BB AR AR

T COCIZEIFZAR(20154F 5 H 4 H AT EE 37 14 5 W8 e 28 B30 Jak S e BB vA i 5% 1 it J W UL 28 20035 st
AL FRIE

T IE Y a(443) 6 W W 2R 2002 (8] 23 A DA SCAS T) I i R 9 T AR EE SR 25 SR IR 8 M9 i . BRRF

0401003-6



VG AT R R s T A A U e S R IR S B i RO IR R AU T 0.5 m I SR AR L AE 40% ~
60% , M\ 8:30—15:30,1% (' Fb R ECL 7 T 538 0 5 v /0 1) b Rt 5 s i e 2 80 o L IX (11 8 o 40 8 [X 0 ) 3 )
A3 E DS S MNE FL AR TS WO AR (W R 80K T 1.5 mo )i B L ARk BN (Y 5%), L% B AR
ZNTE

0 0.5 1.0
[ 8 T GOCITIZ I 2L S (1 B a(443) 25 M 4346 5 (a) 8:30; (b) 9:30; (c) 10:30; (d) 11:30; (e) 12:30; (f) 13:30; (g) 14:30; (h) 15:30
Fig.8 a(443) spatial distribution in the Bohai Sea retrieved from GOCI hourly images. (a) 8:30; (b) 9:30; (¢) 10:30; (d) 11:30; (e) 12:30;
(f) 13:30; (g) 14:30; (h) 15:30
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Fig.9 Hourly area—ratio variation of water with different total absorption coefficients
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Fig.11 Tide height and a(443) hourly change at typical tide gauge stations. (a) Bayuquan; (b) Tanggu; (¢) Weifang Port;
(d) Jinzhou Port; (e) Huanghua Port; (f) Laizhou Port
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