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Abstract In this study, inversion models of phytoplankton pigment concentrations are built for the total chlorophyll a and
seven diagnostic pigments (i. e., chlorophyll b, fucoxanthin, peridinin, 19"-hexanoyloxyfucoxanthin, 19'-
butanoyloxyfucoxanthin, alloxanthin, and zeaxanthin). Specifically, given the field measured data of fluorescence
excitation spectra, the feature representations of fluorescence excitation spectra are constructed, and the machine learning
algorithm eXtreme Gradient Boosting (XGBoost) is employed to build these models. The validation indicates that the
inversion models have good estimation accuracy, among which the inversion model of the total chlorophyll a has the
highest accuracy (with the determination coefficient of 0. 87, the mean absolute percentage error of 28.1%, and the root
mean square error of 1. 168 mg-m °). In addition, these pigment inversion models are applied to typical sections of the
East China Sea, and vertical distribution features of pigment concentrations are obtained.
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Table 1 English names (symbols and full names) of

phytoplankton pigments involved in this paper

Symbol Pigment
Tchla Total chlorophyll a
Chlb Chlorophyll b
Fucox Fucoxanthin
Perid Peridinin
19Hexfu 19"-Hexanoyloxyfucoxanthin
19Butfu 19"-Butanoyloxyfucoxanthin
Allox Alloxanthin
Zeax Zeaxanthin
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Fig. 1 Distribution histograms of eight pigment concentrations. (a) Perid; (b) 19Butfu; (¢) Fucox; (d) 19Hexfu; (e) Allox; (f) Zeax;
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Table 3 Statistics of pigment concentration measured by HPL.C

unit: mgem "’

Pigment Minimum Maximum Average value
value value

Tchla 0.078 6. 730 1.354
Fucox 0 2.000 0.221
Perid 0 0.616 0.048

19Hexfu 0 1.038 0.125

19Butfu 0 0. 363 0. 040
Allox 0 0.525 0.032
Chlb 0 1.325 0.163
Zeax 0. 003 0.813 0.120
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Optimal indictor forms of fluorescence excitation spectra and performances inverted by eight pigment concentrations

Table 4
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Perid X, 0. 84 0.036 39.2 0.77 0.110 49.9
19Butfu X 0.94 0.025 24.1 0.67 0.024 50.6
Fucox X, 0.96 0.083 25.7 0. 87 0. 382 46.9
19Hexfu X 0.78 0.103 39.2 0.68 0.125 35.8
Allox X 0.96 0.030 26.5 0. 86 0.037 38.2
Zeax X 0.85 0. 064 34.5 0. 86 0.135 47.2
Chlb X 0. 80 0.171 41.1 0.59 0.241 64.2
Tchla X 0.98 0.210 7.5 0. 87 1.168 28.1
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Fig.

3 Training performances of pigment concentration inversion models based on XGBoost machine learning algorithm. (a) Perid;
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Fig. 5 Profile distributions of eight pigment concentrations in 32. 8°N section estimated from fluorescence excitation spectra. (a) Perid;
(b) 19Butfu; (c) Fucox; (d) 19Hexfu; (e) Allox; (f) Zeax; (g) Chlb; (h) Tchla
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Table 5 Optimal indictor forms of fluorescence excitation spectra, best band combinations and performances inverted by eight pigment

concentration based on least square regression method
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Fig. 6 Training performances of pigment concentration inversion models based on least square regression method. (a) Perid;
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