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1. Candidate chlorophyll-a algorithms  6 

Various algorithms were introduced based upon the bio-optical model with various 7 
assumptions. Gons [1] outlined the first two-band ratio to retrieve the chlorophyll-a (Chla) 8 
concentration, which replaced the blue and green wavelengths with red and NIR wavelengths: 9 
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where 1  and 2  are the red and NIR wavelengths, respectively. Three assumptions govern 10 
this algorithm: 1) the absorption at ( 1 ) is dominated by phytoplankton; 2) the absorption at (11 

2 ) is dominated by water; and 3) the backscattering is independent of λ between 1  and 2 . 12 
The normalized difference chlorophyll index (NDCI) is a modified version of the two-band 13 
ratio [2]. The NDCI was proposed to reduce any uncertainties from seasonal solar azimuth 14 
differences and atmospheric contributions at those wavelengths by taking the difference in the 15 

numerator and the sum in the denominator for )( 1rsR  and )( 2rsR . The NDCI was originally 16 

developed to retrieve the Chla concentration from MERIS products and can be expressed as 17 
follows:  18 
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Both the two-band ratio and NDCI neglect the absorption of NAP and CDOM, which is 19 
no longer valid with increasing turbidity, where the absorption of both NAP and CDOM are 20 
significant. Therefore, the three-band algorithm was introduced [3]:  21 
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where 1  is the red wavelength, and 2  and 3  are the NIR wavelengths. The assumptions of 22 

the three-band algorithm are 1) the Chla absorption at ( 1 ) >> that at ( 2 ); 2) the absorption 23 

at ( 3 ) is dominated by water; 3) the backscattering is independent of λ between 1  and 2 ; 24 

and 4) the absorption of NAP and CDOM at 1  and 2  is close and the difference between 1  25 
and 2  eliminates their effect. In highly turbid water, the previous assumptions of the three-26 
band algorithm become invalid because of increasing TSS concentration, which causes 27 
significant absorption and backscattering in the NIR region [4]. A four-band algorithm was 28 

                                                 
 

 



proposed by Le et al. [5] to improve the three-band algorithm in highly turbid water by 29 

considering the absorption and backscattering of suspended solids and pure water. )( 3rsR  was 30 

replaced by ( )()( 3
1

4
1    rsrs RR ) to reduce the absorption of pure water, as well as the 31 

absorption and backscattering of suspended solids. The four-band algorithm is expressed as 32 
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Gower et al. [6] adopted the maximum chlorophyll index (MCI) for MERIS sensor to 33 
detect the maximum reflectance at 709 nm from baseline wavelengths of 685 nm and 754 nm. 34 
To distinguish the water pixels of MERIS level 1 products from others (i.e., land, cloud and 35 
sun glint pixels), the MCI applied for pixels that the radiance values at 865 nm were less than 36 
15 mW m-2 sr-1 nm-1 [7]. The MCI is as follows: 37 














 )()()()( 13

13

12
12 




 rsrsrsrs RRRRMCI  (5)

where 1 , 2  and 3  refer to the 681-, 709- and 754-nm wavelengths. The synthetic 38 

chlorophyll index (SCI) was also developed for MERIS sensor to detect the reflectance trough 39 

( chlH ) at 665 nm from baseline wavelengths at 620 nm and 681 nm because of the maximum 40 

absorption of phytoplankton [8]. A correction factor (
H ) was introduced to eliminate 41 

backscattering from high suspended solids. The absorption of CDOM for wavelengths larger 42 
than 555 nm was assumed to be negligible, and the SCI is expressed as 43 
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where 1 , 2 , 3  and 4  are the wavelengths 560, 620, 665 and 681 nm, respectively. While 44 

all the aforementioned algorithms were developed for Case 2 waters, the ocean color V4 (OC4) 45 
[9] algorithm, which was established for Case 1 waters and MERIS sensor, was also assessed 46 
for Chla concentrations less than 20 mg m-3. OC4 is expressed as 47 

 432 499.01288.14409.27677.23255.010 xxxxChla   (9)
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where 1 , 2 , 3  and 4  denote the wavelengths 443, 490, 510 and 555 nm, respectively. The 48 

coefficients were derived from a huge dataset (2804 station) with wide ranges of Chla 49 
concentrations (0.01 - 64 mg m-3), while the majority of Chla concentrations were less than 10 50 
mg m-3 [10]. 51 
 52 



53 

54 

 55 
Fig. S1. Absorption spectra of (a) phytoplankton, aph, (b) non-algal particles, aNAP, and (c) 56 
colored dissolved organic matter, aCDOM, in Tokyo Bay (i.e., twelve stations with IOPs 57 
measurements).  58 
 59 
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 61 

Fig. S2.  Measured versus simulated remote sensing reflectance spectra at the twelve stations 62 
of Tokyo Bay with IOPs measurements. The blue and purple lines represent measured and 63 
simulated reflectance. The simulated reflectance spectrum is the summation of elastic 64 
reflectance (green line) and fluorescence reflectance (red line). Elastic reflectance refers to 65 
generating simulated reflectance by considering only total absorption and total backscattering 66 
without fluorescence reflectance. Chla and TSS refer to the concentrations of chlorophyll-a in 67 
mg m-3 and total suspended solids in g m-3, respectively.  68 
 69 
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 72 

Fig. S3.  Scatter plots between measured Chla in Tokyo Bay and retrieved Chla from models 73 
developed using simulated reflectance (Table 4 summarizes regression models). 74 
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Table S1 76 
Accuracy assessment of simulated dataset’s models (Table 4 summarizes regression models 77 
during calibration stage) using Tokyo Bay dataset. 78 

Algorithms R2 RMSE MARE 
2b_665_LN 0.53 49.42 468.19 
2b_665_QP 0.47 45.86 233.89 
2b_665_PW 0.43 45.23 103.96 
2b_680_LN 0.43 24.36 179.58 
2b_680_QP 0.37 21.26 86.53
2b_680_PW 0.19 98.94 608.76 
2b_max_min_LN 0.41 75.86 502.38 
2b_max_min_QP 0.40 76.24 611.64 
2b_max_min_PW 0.41 73.10 489.16 
3b_665_LN 0.52 28.92 221.34 
3b_665_QP 0.52 28.72 216.31 
3b_665_PW 0.47 26.04 86.08
3b_680_LN 0.46 17.56 180.13 
3b_680_QP 0.29 31.61 506.18 
3b_680_PW 0.39 25.54 391.31 
3b_tuning_LN 0.56 40.62 378.98 
3b_tuning_QP 0.56 37.71 302.75 
3b_tuning_PW 0.47 37.49 103.93 
4b_tuning_LN 0.57 23.13 211.48 
4b_tuning_QP 0.57 23.06 210.24 
4b_tuning_PW 0.52 17.14 57.07 
MCI_665_LN 0.53 31.73 484.96 
MCI_665_QP 0.49 35.63 563.97 
MCI_665_PW 0.50 47.79 727.00 
MCI_680_LN 0.48 37.61 602.93 
MCI_680_QP 0.44 39.29 635.36 
MCI_680_PW 0.45 29.81 489.09 
NDCI_665_LN 0.54 65.63 921.08 
NDCI_665_QP 0.44 41.65 163.07 
NDCI_665_PW 0.46 42.60 98.64 
NDCI_680_LN 0.47 33.50 390.56 
NDCI_680_QP 0.08 61.01 999.14 
NDCI_680_PW 0.43 30.24 94.42
NDCI_max_min_LN 0.41 75.25 567.03 
NDCI_max_min_QP 0.41 75.85 510.67 
NDCI_max_min_PW 0.41 74.53 481.60 
SCI_4b_LN 0.04 142.51 2094.01 
SCI_4b_QP 0.07 118.46 1737.37 
SCI_4b_PW 0.03 128.83 1908.33 
SCI_max_min_LN 0.41 56.16 767.21 
SCI_max_min_QP 0.41 57.38 780.95 
SCI_max_min_PW 0.41 56.94 776.83 
The highest three performing algorithms were highlighted in bold. 
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