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1 CHEMTEX-derived phytoplankton composition

CHEMTAX analysis was performed using HPLC-measured pigment concentrations as the input to
derive the composition of the major phytoplankton groups within each water sample. Since there have
been no previous CHEMTAX based estimates of phytoplankton groups from the uGoT, the initial
pigment ratios used in CHEMTAX were those from studies in the East China Sea (Xu et al., 2019) and
central Bohai Sea (Lu et al., 2018) and the experimental study on pigment changes during the evolution
of green Noctiluca in the Gulf of Thailand (Furuya and Lirdwitayaprasit, 2000). The CHEMTAX
program was subsequently run fifteen times using the HPLC data separately for each cruise. The output
ratio matrix of the last run was used as the next ratio matrix input, and finally output of the most stable
ratio among the fifteen-times runs was selected as the phytoplankton composition used in this study
(Latasa, 2007). The calculation was done separately for each observation: NOM2017, SWM2018,
NEM2018, and SWM2019. Matrices of the initial and final pigment ratios are summarized in Table
S1.

Table S1. Initial and final ratios of pigments to chl-a for the eight phytoplankton groups used in the
CHEMTAX analysis.
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Note: 19Butfu and 19Haxfu are 19’-butanoyloxyfucoxanthin and 19'-hexanoyloxyfucoxanthin,
respectively.
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2 RAMSES hyperspectral radiometer measurement
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Source: Figure modified from Kobayashi et al. (2010)

Figure S1. Schematic diagram of RAMSES hyperspectral radiometer measurement: one onboard
sensor measuring sky irradiance (A) and two sensors measuring water-leaving radiance just above the
sea surface (B). The radiance sensors in (B) are covered by different sizes of domes to correct the
self-shading (Kobayashi et al., 2010).

3 Correction of MODIS remote sensing reflectance (R,5) and R, ratios

This supplementary section showed the correction of MODIS remote sensing reflectance (R,) and
R, ratio over the upper Gulf of Thailand (Figure S2) based on the match-up methods in Luang-on et
al. (2021) using 49 datasets obtained from their study and 9 new datasets from our observation. This
study defined satellite match-ups as the median of valid R,.; data (at least one pixel) within a 3x3
box of the pixel center acquired within +24 hour time difference from the shipboard sampling. The
quality of each valid pixel was controlled by the masks LAND, HIGLINT, HILT, CLDICE,
HISOLZEN, LOWLW, CHLFAIL, and NAVFAIL. The percentage root-mean-square error (RMSE,
%) and the percentage bias (Bias, %) were used to evaluate the performance of R,.; and R, ratio
from MODIS and in situ sensors (Campbell and O’Reilly, 2006). The statistical equations are as
follows:

. 2
RMSE (%) = 100 x \/%z';;l(M) ,

Xobs

. 1 <N Xmodis—Xob
Bias(%) = 100 x L g Xmedis—Xobs,
obs

where X;,,04is and X, are MODIS and in situ R, respectively, and N is the number of data.

Comparison of in situ and MODIS ratio of R,.;488/R,.s547 showed strong correlation implying no
serious atmospheric correction problem over the uGoT (Luang-on et al., 2021, Figure S3A), whereas
MODIS ratios of R,;531/R,s547 and R,;667/R,;547 demonstrated overestimation and



underestimation, respectively (Figure S3B-C). Two steps of MODIS R, correction were thus
performed for the single R,.¢ data (Figure S4) and R, ratios (Figure S5) to minimize the errors.

For single MODIS R,;, Hayashi et al. (2015) developed a R,.; correction method based on the linear
relationship between in situ R,;412 and R,.;547 nm for correcting underestimation in MODIS R, at
shorter wavelengths than 547 nm. The method has also been applied to corrected MODIS R, errors
in overestimation as well as underestimation of R,;412 by Yang et al. (2018). We only applied this
method to correct the underestimated R, ;488 and R,.;531 when R,.¢412 is negative (Figure S4A-D).
Using the corrected R, to be normalized by R,.;547 (Figure S4E-F), the correlation of in situ and
MODIS data slightly improved for R,.;488/R,.;547 (R? from 0.90 to 0.93) and R,;531/R,;547 (R?
from 0.86 to 0.90).

For MODIS R, ratios, the overestimation and underestimation of MODIS data were found in the
ratios of R,4531/R,.;547 and R,;667/R,.;547, respectively (Figure S3B, C, and S4F). Therefore, a
linear relationship between in sifu and satellite R,.; ratio based on reduced major axis regression were
investigated (Fig. S5A, C) and applied to correct the errors of R,.;531/R,.;547 and R,.;667/R,.;547
(Figure S5B, D). The accuracy of MODIS data showed a marked improvement over the corrected
R, ratios (bias from 5.857% to 0.102% for R,.531/R,4547 and from -30.980% to 8.956% for
R,s667/R,s547).

Correction of MODIS Rrs

( MODIS Rrs

Rrs488, Rrs531, i Rrs667 ;
(Rrs412)
YES Positive
Rrs412

NO

Estimation of Rrs412 =
(0.5445*Rrs547) — 0.00084

Errors of Rrs412 = Rrs412 —
estimated Rrs412

Correction of Rrs (1) =
Rrs (4) + errors of Rrs412 x %
[A: 488, 531]

v

4>{ Normalized by Rrs547 }17

For For For
Rrs488/Rrs547 Rrs531/Rrs547 Rrs667/Rrs547

Rrs531/Rrs547 = Rrs667/Rrs547 =
(0.903*Rrs531/Rrs547) + 0.0432 (1.1985*Rrs667/Rrs547) +0.0553
Corrected /
N Rrs488/Rrs547,
Rrs531/Rrs547, b
Rrs667/Rrs547

Figure S2. Process flow diagram of linear correction of MODIS data.
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Figure S3. Comparison of in situ and MODIS R, ratios of R,.;488/R,.;547 (A), R,.s531/R,.;547 (B),
and R,;667/R,.;547 (C) before MODIS R, correction.
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Figure S4. Comparison of in situ R,4412 and R,;547 (A), in situ and MODIS in the single
wavelengths of R,.;412 (B), R,.488 (C), and R,;531 (D), and ratios of R,;488/R,.;547 (E) and
R,¢531/R,:547 (F). Grey and hollow circles in (B)-(F) are the data before and after correction,
respectively.
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Figure S5. Comparisons of in situ and MODIS R, ratios of R,.;531/R,;547 (A-B) and
R,s667/R,.:547 (C-D). Grey circles in (B) and (D) are the MODIS data before correction. Hollow
circles in (B) and (D) are the estimated MODIS data using linear functions in (A) and (C),
respectively.
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