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Overarching research goal: How are phytoplankton communities distributed in space and time? At 
various scales, what changes are occurring in these communities and their distributions?

à use optical measurements to estimate parameters related to phytoplankton
à application to remote sensing data for broad scale ocean ecosystem studies
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MODIS February 23, 2020
NASA Earth Observatory



Phytoplankton pigments drive spectral absorption features

data from Bidigare et al. 1990
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Phytoplankton pigments estimated from ac-s absorption spectra

Chase et al., 2013
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Where atot is total non-
water absorption and 
a0.2 = aCDOM



OOI OPTAA datafile: deployment0013_CP01CNSM-RID27-01-OPTAAD000-recovered_host-optaa_dj_dcl_instrument_recovered_20210403T050332.487000-20210403T110332.489000.nc
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Reminder: OOI OPTAA data include CDOM absorption signal 



Chlorophyll a estimated from hyperspectral ap measurements

ac-s



Phytoplankton accessory pigments estimated from hyperspectral ap

North Atlantic

North Pacific

Accessory 
pigment 
absolute 
concentrations:

Accessory 
pigment ratios:

Data from NAAMES (2015-2018) and EXPORTS (2018) ExpediBons



Southern & South 
Atlantic Oceans

Data from Tara Mission Microbiome ExpediBon, 2022 

Phytoplankton accessory pigments estimated from hyperspectral ap



Diatoms DinoflagellatesChlorophytes, Euglenoids Silicoflagellates
Prymnesiophytes
Cryptophytes

Chlorophylls b & c

Phytoplankton pigments are attributed to different phytoplankton groups
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May 19-21, 2016









Chase et al. 2022

Western North 
Atlantic

Neural network-based method

Pigments + environmental data + plankton imagery + machine learning = diatom carbon 

Model trained with Chl a derived from ac-s, and then applied to satellite measurements 



A broadly applicable diatom biomass algorithm

• Map shows locations with both input measurements and plankton imagery data
• Model inputs currently include: temperature, salinity, Chl a, Chl b, Chl c, carotenoids, bbp

Inputs for model training: environmental & optical datasets

Chase et al. in prep



Variability in diatom carbon, phytoplankton carbon, and POC across chla

Diatom carbon from 
plankton imagery : 
Chase et al., 2022

POC from cp : 
Gardner et al., 2006

C phyto from bbp : 
Graff et al., 2015



The use of spectral shape as a size metric

CioM et al., 2002



The use of the ratio between agaus(434nm) and agaus(675nm) rather than total phytoplankton absorption (aφ(λ)) at 434nm and 675nm improves
the correlation between blue:red and γ, potentially due to removal of the effects of changing pigment composition on blue:red from aφ(λ), since
ideally agaus(434nm) represents absorption by Chl a and not other accessory pigments.

The use of blue:red absorption ratio derived fromap as a size metric

Pa
rti
cu
la
te
ab
so
rp
tio
n
a p
(m

-1
)



blue:red and γ in the Arctic Ocean

Data from Tara Oceans Polar Circle Expedition, 2013



Slade and Boss, 2015

The use of γderived from cp (spectral slope) as a size metric



PSDs and optical size proxies

Haëntjens et al., 2022



(near) real-time use of optics to locate features of interest

Data from Tara Mission Microbiome Expedition, 2022 



Scan for a copy of the 
document:



References

Bidigare, RR, Michael E. Ondrusek, J. H. Morrow, and D. A. Kiefer. 1990. “In-Vivo AbsorpHon ProperHes of Algal Pigments.” Conference Proceedings, Ocean Op2cs X SPIE 1302: 290–302. 
hRp://proceedings.spiedigitallibrary.org/proceeding.aspx?arHcleid=944075.

Boss, Emmanuel, Nils Haëntjens, Steven G Ackleson, Barney Balch, Alison Chase, Giorgio Dall’Olmo, ScoR Freeman, Yangyang Liu, James Lodin, and Wendy Neary. 2019. “IOCCG Ocean 
OpHcs and Biogeochemistry Protocols for Satellite Ocean Colour Sensor ValidaHon Inherent OpHcal Property Measurements and Protocols: Best PracHces for the CollecHon and 
Processing of Ship-Based Underway Flow-Through OpHcal Data (v4. 0).” IOCCGOcean Op2cs and Biogeochemistry Protocols for Satellite Ocean Colour Sensor Valida2on.

Chase, A., E. Boss, R. Zaneveld, A. Bricaud, H. Claustre, J. Ras, G. Dall’Olmo, and T.K. Westberry. 2013. “DecomposiHon of in Situ ParHculate AbsorpHon Spectra.” Methods in 
Oceanography 7. hRps://doi.org/10.1016/j.mio.2014.02.002.

Chase, A. P., E. Boss, I. CeHnić, and W. Slade. 2017. “EsHmaHon of Phytoplankton Accessory Pigments From Hyperspectral Reflectance Spectra: Toward a Global Algorithm.” Journal of 
Geophysical Research: Oceans 122 (12): 9725–43. hRps://doi.org/10.1002/2017JC012859

Chase, A. P., Boss, E. S., Haëntjens, N., Culhane, E., Roesler, C., & Karp- Boss, L. 2022. “Plankton imagery data inform satellite-based esHmates of diatom carbon”. Geophysical Research 
LeDers, 49, e2022GL098076. hRps://doi.org/10.1029/2022GL098076

Ciop, Aurea M., Marlon R. Lewis, and John J. Cullen. 2002. “Assessment of the RelaHonships between Dominant Cell Size in Natural Phytoplankton CommuniHes and the Spectral Shape 
of the AbsorpHon Coefficient.” Limnology and Oceanography 47 (2): 404–17. hRps://doi.org/10.4319/lo.2002.47.2.0404.

Gardner, W. D., A. V. Mishonov, and M. J. Richardson. 2006. “Global POC ConcentraHons from In-Situ and Satellite Data.” Deep-Sea Research Part II: Topical Studies in Oceanography 53 
(5–7): 718–40. hRps://doi.org/10.1016/j.dsr2.2006.01.029.

Graff, Jason R., Toby K. Westberry, Allen J. Milligan, MaRhew B. Brown, Giorgio Dall’Olmo, Virginie van Dongen-Vogels, Kristen M. Reifel, and Michael J. Behrenfeld. 2015. “AnalyHcal 
Phytoplankton Carbon Measurements Spanning Diverse Ecosystems.” Deep-Sea Research Part I: Oceanographic Research Papers 102: 16–25. hRps://doi.org/10.1016/j.dsr.2015.04.006.

Haëntjens, Nils, Emmanuel S Boss, Jason R Graff, Alison P Chase, and Lee Karp-Boss. 2022. “Phytoplankton Size DistribuHons in the Western North AtlanHc and Their Seasonal 
Variability.” Limnology and Oceanography, 1–14. hRps://doi.org/10.1002/lno.12172.

Slade, Wayne H, and Emmanuel Boss. 2015. “Spectral ARenuaHon and BackscaRering as Indicators of ParHcle Size DistribuHon.” Applied Op2cs 54 (24): 1–13.

Many relevant papers by Emmanuel Boss & colleagues: hRps://misclab.umeoce.maine.edu/publicaHons/scienHfic_arHcles.php

https://doi.org/10.1002/2017JC012859
https://doi.org/10.1029/2022GL098076
https://doi.org/10.1016/j.dsr2.2006.01.029
https://misclab.umeoce.maine.edu/publications/scientific_articles.php


Thank you!


