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Chlorophylla

Phytoplankton on Earth

Å Cell morphologies (size, and shape)

Å Chemistry (pigments, minerals, metabolites)

Å Biogeochemical functions

Å Physiological response to disturbances

Phytoplankton is an extremely DIVERSE set of 

microorganisms!
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Sallie W. Chisholm, Nature 407, 685-687 (2000)

Credit: NASA

The streaks and filaments, eddies and whirls 

of biological activity are clearly visible in these 
new images.



Phytoplankton: Friend or Foe?

A satellite image captures an 

aerial view of Lake 

Pontchartrain's massive algae 

bloom in 2019, which led to 

the closure of Mississippi 
beaches.
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Eutrophication, and algal 

blooms and annual re-

occurrence of bottom-

water hypoxia, stressing 

the fish/shellfish habitats, 
such as , the dead zone 

in the Gulf Coast. 
Credit: NOAA

Credit: NASA

Credit: NASA

6000 square miles!!



Lab Experiments

Remote Sensing
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Credit: video taken during fieldwork in Guam, 02/14/2024

The light-life connections 

are fascinating!



The Color of Ocean: why does it matter?

Major optically-active constituents in ocean and their inherent optical 

properties (IOPs):

Å Sediments

Å Phytoplankton

Å Colored dissolved 

organic matter 

(CDOM)

Simplified radiative transfer equation (RTE) (Gordon et al. 1975) 
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PACE RGB image on Oct 10, 2024, after Hurricane Milton

CDOM

Sediment
Algal 
bloom

Remote sensing reflectance (water-leaving reflectance) (srĬ1):

The ñcolorò of the ocean or is determined by the interactions of incident light with substances or particles present in the water.

Menden-Deuer et al., 2021
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Atmosphere 
correction



Phytoplankton  Pigments and Absorption 

Liu et al., 2019
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Phytoplankton pigments functioning differently within the cell:

Ç Chlorophylls (light-harvesting): Chl-a, Chl-b and Chl-c

Ç Carotenoids:
Å Photosynthetically active carotenoids (PSC): Carotenes 

Å Photoprotective carotenoids (PPC): Xanthophylls

Ç Phycobilins (cyanobacteria):

Å Phycoerythrin (PEB)

Å Phycocyanin (PUB)

Phytoplanktonôs absorption are complex sums of photosynthetic 

and photoprotective pigments absorption. 

The magnitude and shape of phytoplankton absorption (aphy) are 

influenced by:

Å Pigment composition and concentration

Å Physiological status

Å External factors ( e.g., nutrient levels, light availabilityé)

Mass-specific phytoplankton absorption spectra (a*
phy)



Linda Armbrecht, abc.com.au

Example Noctiluca

1 mm

Joaquim Goes, LDEO

Signals from the ocean are small & differentiating 

between constituents requires additional information 

relative to what we have today.Example Diatom

1978-1986     1997-2010 1999-pres. 2012-pres.
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Moving from Radiometry (Multi -Spectral) to Spectroscopy (Hyperspectral)

PACEPlankton Aerosol Coastal Ecosystem

Noctiluca's bioluminescence

What MODIS Sees

What PACE Sees
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2024-pres.



NASA ARSETðIntroduction to PACE Hyperspectral Observations for Water Quality Monitoring 17

PACE will see invisible (microscopic) stuff from space.
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PACE was launched on 2/8/2024!



Synergy of AI and Hyperspectral Remote Sensing

Lehmann et al., 2023

0

0.5

1

1.5

2

2.5

3

400 450 500 550 600 650 700

a
b

so
rp

tio
n

 (
1
/m

)

Wavelenght (nm)

0

0.005

0.01

0.015

0.02

0.025

0.03

400 450 500 550 600 650 700

R
e
fl
e
c
ta

n
ce

 (
1

/sr
)

Wavelenght (nm)

Collaborative efforts to create synthetic datasets for 

AI applications in hyperspectral remote sensing.

The structure of MOE-VAE for predicting aphy and Chl a

RTM-simulated synthetic data GLORIA in-situ data New field data in Gulf

GLORIA - A globally representative in situ dataset for optical 

sensing of water quality

Radiative Transfer Model - synthetic data generation with 

RTM simulations

Å Mixture of Experts (MoE): involves decomposing a complex 

problem into simpler sub-problems, each addressed by a 

specialized model or 'expertô. The Gating Network will decide which 

expert(s) the input 2 ʇ) should go through. 2  at different 

wavelength may go through different experts.

Å Variational Autoencoder (VAE): tackles the one-to-many issue by 

using a probabilistic approach, enhancing the predictive accuracy of 

Chl a and phytoplankton absorption (Á ) from 2 .

Lou et al., 2025 (submitted)
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Synergy of AI and Remote Sensing

PACE Chl a (mg m -3)

Liu et al., 2025 (In Prep.)

Lou et al., 2025 (submitted)
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GLORIA validation


