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Abstract Based on the measured remote sensing reflectance (R, ) and phytoplankton pigment concentrations
collected during seven cruises in the Bohai Sea, Yellow Sea and East China Sea from 2016 to 2018, we established
the inversion models of total chlorophyll-a, chlorophyll-b, total chlorophyll-c, photoprotective carotenoid, and
photosynthetic carotenoid concentrations from the geostationary ocean color imager (GOCI) R, products in the
coastal waters of China. Furthermore, we obtained the concentration distribution of each pigment from 2014 to 2018
in the Bohai Sea, Yellow Sea and East China Sea. The research results showed that the inversion model established
by the R, band combinations could achieve the quantitative inversion of pigment concentration, and the inversion
accuracy of the established model was relatively high (R*>>0.72). As can be seen from the satellite inversion

results, the phytoplankton pigment concentration presented a trend of decreasing from nearshore to offshore waters,
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displaying a significant seasonal variation. In conclusion, the inversion model of phytoplankton pigment

concentration established in this paper can provide method support for the in-depth understanding of phytoplankton

population structure and spatial-temporal variation rules in the coastal waters of China.

Key words ocean optics; chlorophyll; carotenoid; remote sensing inversion; GOCI; spatial-temporal distribution;

coastal waters
OCIS codes 010.1690; 010.4450; 010.7340
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Table 1 Species and description of phytoplankton pigments unit; mg* m °
Symbol Pigment Mean=+ SD
TChl-a Total Chlorophyll-a” 1.2542.17
Chl-b Chlorophyll-b 0.23%40. 36
TChl-c Total Chlorophyll-c? 0.1740. 36
PPC Photoprotective carotenoid pigments” 0.3240.49
PSC Photosynthetic carotenoid pigments® 0.4240.96

Note: (D Total Chlorophyll-a= Chlorophyll-a—+ Divinyl Chlorophyll-a+ Chlorophyllide-a;

@ Total Chlorophyll-c= Chlorophyll-c2+ Chlorophyll-¢c3;

@ Photoprotective carotenoid pigments = a-carotene + S-carotene + Zeaxanthin + Alloxanthin + Diadinoxanthin -+

Diatoxanthin;

@ Photosynthetic carotenoid pigments = 19'-hexanoyloxyfucoxanthin + 19'-butanoyloxyfucoxanthin + Fucoxanthin -+

Peridinin+ Prasinoxanthin.
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Table 3 Optimal band combination and phytoplankton pigment concentration inversion model
Pigment X Model a b R?
TChl-a X5 a Xexp(bX) 0.7158 —8.977 0. 85

Chl-b Xy a Xexp(bX) 0.1612 —6.514 0.76
TChl-c X a Xexp(bX) 0.1101 —8.556 0. 80
PPC X axXX’ 0.2097 —3. 209 0. 80
PSC X axXX’ 0. 2836 —4.102 0.75

i FH BA — 38 LB IE % 1E — 25 ) 90 A5 AR Iz 4K
B, 8201 TChl-a,Chl-b, TChl-c.PPC.PSC ¥ i 5 H
Xt o 1) A5 7R Fz Y (B R AN T 1 TR, BT DL A B
5 i (e, 2 A R R T 5 S A R 22 4 b AE I pox
FILRMHE R G370, 72 LA b, WLEEHE T F 3 {1
5 S IME 22 6] (% 2%, TChl-a A0 X5 Ho At €8 25 1Y F2

PR ZEEE /N (E yap = 58. 67 %) . PSC 5 R (1) 152 22 41 Xf
BR(E yap=81.74%) . I ME K5 .5 Fi (o 2 ik &
IR 24 H B AT, 7E 48 % ~ 62 % 22 A, B R
T S A 15 25 AR AR KRR B b AT n) DL 4% 52,
T () 2 8 45 SR mT A

2 2 2
2 remosr 2 Wrroom I
g E E;\=1.1281 mg-m™ @ g E E,=0.1531 mg-m* ) g E E,,s=0.1715 mg-m™ ©
E¥ E, . =58.67% & E¥ B\ o=T8.07% E¥ g‘,;m=78.99% .
0 —
2E WLELTS% g8 2E 0| Eur8.44% 2E 10°f By=5T51%
=g k=B h=~]
£2 o £2 £2
S = < ]
EZ 25 EZ EERUE I -
@ O 102f % n O 102} 0 00 @ T °
=2 & | e 2 SR o
o =] Qo
o L . (5] . . o 104 . L
10-3 102 10° 102 10-3 102 10° 10? 10 102 10° 102
Measured pigment Measured pigment Measured pigment
concentration /(mg-m-?) concentration /(mg-m-?) concentration /(mg-m-?)
2 2
H@ W R0 ~ Y080
g5 E, .=0.2246 mg-m (d) 2E E. . .=0.4351 mg-m™ 0
EP | Eyu,=69.81% Z % §f§=81.74% 9
2E | oL Ey=50.03% DE || Eu=6101%
§ 28 o
ISRT R
E& EE
%8 102 %o 25 102 oP
= g 102F 5 &) g 1021 0©
5] Qo o
. . S . .
10-3 102 10° 10? 10-3 102 10° 10?
Measured pigment Measured pigment

concentration /(mg-m-?)

concentration /(mg-m-?)

K1 R R 3 S A W . (a) TChl-a; (b) Chl-bs(¢) TChl-c;(d) PPC;(e) PSC
Fig. 1 Comparison between the estimated and measured pigment concentration. (a) TChl-a; (b) Chl-b;

(c) TChl-c; (d) PPC; (e) PSC
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Fig. 2 Comparison between the measured and satellite-derived pigment concentration. (a) TChl-a; (b) Chl-b;
(c) TChl-c; (d) PPC; (e) PSC
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Fig. 3 Annual average spatial distribution of pigment concentrations from 2014 to 2018 in Bohai Sea,

Yellow Sea and East China Sea. (a) TChl-a; (b) Chl-b; (c¢) TChl-c; (d) PPC; (e) PSC
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Fig. 4 Monthly average spatial distribution of pigment concentrations from 2014 to 2018 in Bohai Sea,
Yellow Sea and East China Sea. (a) TChl-a; (b) Chl-b; (c¢) TChl-c; (d) PPC; (e) PSC
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Fig. 5 Monthly average distribution of pigment concentrations from 2014 to 2018 in S1-S5. (a) TChl-a; (b) Chl-b;
(¢) TChl-c; (d) PPC; (e) PSC
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# 4 TChl-a.Chl-b,TChl-c,PPC il PSC £ S1~S5 Xk 2014—2018 4F 4% 4 ¥ J& - 24 {8 Ml b o 22
Table 4 Mean and standard deviation of the TChl-a, Chl-b, TChl-c, PPC and PSC concentrations in

the S1-S5 region in each year from 2014 to 2018

Mean=®SD /(mg+*m *)

Pigment Station
2014 2015 2016 2017 2018
S1 2.326+0.766 2.396+0. 805 2.267+0.804 2.856+0. 808 2.805+0. 801
S2 1.39640. 862 1.47240. 857 1.4914+0.875 1.90240. 884 2.012+0. 883
TChl-a S3 0.685+0. 496 0.676+0.473 0.942+0.479 0.948+0. 482 1.03540.479
S4 1.05240. 408 1.07740. 402 1.2744+0. 378 1.06740. 389 1.08240.373
S5 0.2144+0. 145 0.2474+0. 145 0.324+0. 146 0.2394+0. 146 0.31440.165
Sl 0.37440.092 0.38340.096 0.366=+0.096 0.432+0.097 0.42740.096
S2 0.24940. 122 0.257=+0. 121 0.262+0.124 0.310+£0. 125 0.32340.125
Chl-b S3 0.146=+0. 081 0.146=+0.078 0.180+0.079 0.183+0. 080 0.19240.079
S4 0.2074+0. 064 0.2114+0.063 0.238+0.059 0.211+0.061 0.21140. 059
S5 0.0644+0.032 0.07140.032 0.083+0.033 0.068+0.033 0.07940. 035
S1 0.3384+0. 107 0.3474+0.112 0.329+0.112 0.410+0.113 0.3904+0.111
S2 0.206=+0.123 0.216=+0.122 0.219+0.125 0.276+0.126 0.29140.126
TChl-c S3 0.1044+0.072 0.103=+0. 069 0.140+0.070 0.142+0.071 0.15340. 070
S4 0.15840. 059 0.16140.058 0.189+0. 055 0.160+£0. 057 0.16240. 054
S5 0.03440.022 0.039+0. 022 0.051+0.023 0.038+0.023 0.04940. 025
S1 0.4844+0.123 0.495+0. 125 0.473+0.124 0.5640.126 0.50040. 124
S2 0.32340. 157 0.3327+0. 156 0.339+0.159 0.402+0. 161 0.41840. 161
PPC S3 0.1894+0. 104 0.190%+0. 101 0.234+0.102 0.237+0.103 0.25040.102
S4 0.26840.082 0.273%+0.081 0.308=£0.076 0.274+0.079 0.27340.075
S5 0.08340. 042 0.092+0. 043 0.108+0. 043 0.088=+0. 043 0.10240. 025
Sl 0.83640. 258 0.860=+0. 270 0.816=+0. 271 1.01240. 272 0.86340. 269
S2 0.51540. 300 0.540=+0. 299 0.548=+0. 305 0.686+0. 308 0.72340. 308
PSC S3 0.265=+0. 180 0.2637+0.172 0.355+0.174 0.357+0.175 0.39140.174
S4 0.3994+0. 146 0.408+0. 144 0.476+0.135 0.406+0.139 0.40940.133
S5 0.09140. 058 0.104+0. 058 0.132+0. 059 0.100+0. 059 0.12740. 065
10} () R2=0.81 10'} (b) R2=0.89
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K6 52l TChl-a 54 (4R W EZ M5 F, (a) TChl-a #l Chl-b; (b) TChl-a il TChl-c; (¢) TChl-a il PPC;
(d) TChl-a 1 PSC
Fig. 6 Relationship of measured pigment concentration between TChl-a and Chl-b, TChl-c, PPC, PSC.
(a) TChl-a and Chl-b; (b) TChl-a and TChl-c; (¢) TChl-a and PPC; (d) TChl-a and PSC
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7= 0.2019,0.1089,0. 2253,0. 2410, 5, = 1. 992,
2.800,2.230,2. 998, fff F B — ¥k A 45 b S0 Y
TChl-a ¥ BEARHE (O KX HH ARG 4 M ERWEE ., [
B 2 1 3] e 28 M AR RS AR (9 S B 07 R S il A AR S 4
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Table 5 Comparison of inversion results of pigment covariation relationship model and R, inversion model

Model type Pigment R* MAPE /% ME /% RMSE /(mg*m *)

Chl-b 0.67 66. 94 41. 36 0.224

Pigment covariation relationship TChl-c 0. 89 42. 26 29.62 0.237

(From measured TChl-a concentration) pPPC 0.83 34.69 25.15 0. 206

PSC 0.91 42. 25 34.37 0.392

Chl-b 0.56 86. 39 53.49 0.271

Pigment covariation relationship TChl-¢ 0.74 75.68 61.19 0.239

(From measured R,,) PPC 0.69 80. 48 64. 33 0. 356

PSC 0.76 80. 36 69.41 0.764

Chl-b 0.72 78.07 48. 44 0.153

R inversion model TChl-c 0.79 78.99 57.51 0.171

PPC 0.77 69. 81 50.03 0.224

PSC 0. 80 81.74 61.01 0.435
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