
HPLC dataset

High Performance Liquid Chromatography. 

HPLC, measurements of pigment 

concentrations  from across the globe captured 

1997-2021 [3]

• Correlation Chlorophyll and Fucoxanthin

Conclusion

Machine-learning can provide good predictions of 

Chlorophyll-a and some secondary pigments from 

earth observation data, but careful cross-

validation and consideration of correlations 

between pigments is needed to assess their ability 

to discriminate between pigments.

Future work

• Balance the training data to reduce 

correlations

• Spatial cross-validation strategies to better 

characterise how models generalise and account 

for spatial bias

• Hyperspectral imagery is expected to improve 

retrievals, how many pigments can it discriminate 

[6]?

• Interrogate model using SHAP analysis

Results: Cross-Validation

Best model parameters:

Training / Validation split

Every fifth year was held back for final validation.

2002, 2007, 2012, and 2017,

• Spatial bias towards the Atlantics

Discussion

Fucoxanthin predictions correlate more strongly with 

measured Chlorophyll-a than measured 

Fucoxanthin. This suggests prediction by proxy not 

prediction through direct detection. Zeaxanthin is the 

only pigment not correlated with Chlorophyll-a, but 

model predictions are little better than the mean.

Challenges

• Correlations confound discrimination.

Model cannot tell the difference between pigments

• Random splits over-estimate performance. 

Adjacent measurements are correlated

• RRS yields better estimates than Chlorophyll

and Bathymetry adds no improvement

• Unclear how model makes decisions

Parameter tuning

20-Fold Shuffle-Split and Leave-One-Year-Out 

cross-validation used to tune preprocessing 

parameters by exhaustive grid search.

Maximum depth of HPLC to consider:

0, 5, 10, 15, 20m

Method of aggregating HPLC over depth: 

• Shallowest

• Mean

Input features: 

• Remote sensing reflectance (RRS)

• OC-CCI chlorophyll-a

• Bathymetry + RRS

Preprocessing

In-situ HPLC measurements matched with:

• Remote sensing reflectance, RRS, and 

Chlorophyll-a, from Ocean Colour Climate 

Change Initiative (OC-CCI) reflectance data [4]

• Bathymetric Depth, from GEBCO [5]
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Fig 3. Location of training and validation data. Blue shows training data, 

whilst red shows validation data.

Accessory pigments

Phytoplankton adapted to underwater light conditions  

using accessory pigments. These pigments indicate 

the type of phytoplankton present. We aim to predict 

eight accessory pigments:

• Class bias Chlorophyll and Fucoxanthin

Purpose

Global estimation of pigments from earth observation 

will improve our understanding of ocean ecosystem 

by indicating phytoplankton types and how their 

distributions changes with the climate.

Results: Validation
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Fig 4. Sankey diagram of preprocessing data flow. Flows show in-situ 

HPLC dataset parred down into a match-up dataset ready for analysis.

Abstract

Random-forests can predict several accessory 

pigments from multispectral earth observation data, 

but correlation with Chlorophyll confounds 

differentiation between them.

Fig 6. Cross-validation results. Coefficient of determination, R2, as a 

function of maximum depth of aggregation below which data was discarded. 

Line shows the central tendency, with the confidence interval at 95% shown 

as shaded areas. Colour indicates the input variables; blue, reflectance only, 

orange, chlorophyll-a only, and green shows reflectance plus bathymetry.

Fig 8. Cross-correlation between 

predicted and measured 

concentrations.

Stacked confocal images of Thalassiosira 

diatoms, showing the cell wall (cyan), 

chloroplasts (red), DNA (blue), membranes 

and organelles 

(green).  [[https://bmcecol.biomedcentral.com/articles/10.1186/s12898-

020-00310-w]

From 33,640 HPLC measurements reduce to 8,326 

match-ups.

Fig 3. Right) Cross-correlation of features and pigments. Right) Auto-

correlation of HPLC pigment measurements.
Fig 1. Left) Absorption spectrum of pigments extracted from 

phytoplankton [1]. Blue bars illustrate the MERIS bands that OC-CCI uses as 

its reference [2]. Right) Histogram of in-situ pigment concentrations.

Fig 8. Histogram of predicted vs measured pigment concentrations. 

Left, chlorophyll-a, right, Zeaxanthin. Dashed line shows 1 to 1 line, solid 

line shows type II regression where N is number of observations, S is the 

slope, I, the intercept, δ, bias, Δ, bias-corrected RMSE,  RPD, relative 

percentage difference.
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Fig 8. R2 score of model per 

pigment.
This is due to 

the Caretonid 

family of 

pigments 

sharing similar 

absorption 

spectra and 

thus being 

indistinguishab

le from MERIS 

bands. Also, 

the high 

correlation of 

Chlorophyll 

and 

Fucoxanthin 

inhibits 

discrimination.

Correlation 
between 
predicted and 
measured 
pigment 
measured 
concentration
s indicates 
that of eight 
pigments, 
two can be 
distinguished
:

• Chlorophyl
l-a, 
universally 
present

• Zeaxanthin
, indicator 
of 
Cyanobact
eria​

Input features Depth of HPLC Depth aggregation

RRS 0 – 20m mean

https://earth.esa.int/eogateway/instruments/meris/description
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