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Ocean Color Remote Sensing: Science & Challenges

Net Phytoplantkon Production (NPP)
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NPP Models: Central Currency

Chlorophyll a Carbon a
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Eppley et al. 1985 Behrenfeld et al. 2005 Antoine and Morel 1996
Behrenfeld and Falkowski 1997 Westberry et al. 2008 Melin and Hoepffner 2001
Howard and Yoder 1997 Ondrusek et al. 2001
Scardi 2001 Marra et al. 2003

Morel and Maritorena 2001 Smyth et al 2005

Carr 2002 Uitz et al. 2008

Kameda and Ishizaka 2005 Silsbe et al. 2016
Armstrong 2006

Asanuna et al 2006
Tang et al. 2008

NB: Not an exhaustive list



NPP Models: Central Currency

Chlorophyll a Carbon
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Empirical Semi-Analytical

by (1)
a(A) + bp(4)

Rps(A)~

by, (470 nm) (mm-?)

Graff, J.R. 2015. Deep Sea Res. I. 102: 16-25.



NPP Models: Central Currency

* The phytoplankton absorption coefficient (a4 )
represents the sum of the product of all
photosynthetic and non-photosynthetic
pigments and the specific absorbance in-vivo
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NPP Models: Central Currency

a, GIOP/a, Bricaud

Antoine and Morel 1996
Melin and Hoepffner 2001
Ondrusek et al. 2001
Marra et al. 2003

Smyth et al 2005

Uitz et al. 2008
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Annual composite showing the difference between
aphi derived from The GIOP model vs. aphi scaled
from chlorophyll a following Bricaud et al. (1998).



NPP Models: Physiological Parameterization

Chlorophyll Models Carbon Models Absorption Models
NPP = E(A) x Chl x NPP = Cppyto X NPP = E(A) X app;i(4) X

Where: E (1) is spectral extrapolation of PAR

Cphyto is phytoplankton carbon biomass
appi(A), Chl are satellite products

is assimilation efficiency

is carbon specific growth rate

is the quantum efficiency of growth

Graff, J.R. 2015. Analytical phytoplankton carbon measurements spanning diverse ecosystems. Deep Sea Res. I. 102: 16-25.



NPP Models: Physiological Parameterization

Chlorophyll Models
NPP = E(}) x Chl x
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Sea Surface Temperature (°C)
Behrenfeld and Falkowski 1997



NPP Models: Physiological Parameterization

Carbon Models
NPP = Cppyto X

Disparate changes in cellular Chl:C
in response to light and nutrients

confound a direct relationship
between Chl a and NPP

O Prochlorococcus marinus
¥ Ostreococcus tauri
@ Dunaliella tertiolecta

Iron limitation,
motility
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NPP Models: Physiological Parameterization

¢y = ¢ X tanh(Eg /E)
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Model Parameterization: ¢,*“*

Other absorption-based models:

* ¢,/ is globally constant: 0.060 mol C (mol photons)™? (Smyth et al. 2005; Marra et al. (2007)

. ﬁ”ax is globally variable: 0.058 + 0.038 mol C (mol photons)™ (Antione and Morel 1996)

Quantum Efficiency
of Charge Separation (Fy/Fy,)

GPP: NPP
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Halsey and Jones 2015. Ann. Rev. Mar . Sci. 7:265-280.




Model Validation: ¢ **

Light-limited cultures Nitrogen-limited cultures

D. tertolecta T. weisflogii
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Growth Rate (day™)  Growth Rate (day ™)

Micromonas Dunaliella Ostreococcus Thalassiosira
pusilla tertiolecta tauri weissflogii

Halsey et al 2014. Metabolites. 4:260-280. Also: Laws and Bannister 1980. Marra et al. 2007.



Model Validation — PPARR Approach

CAFE NPP model results were tested against in-situ NPP measurements at 10 sites

(n=1048)

Data and methods follow PPARR4 (Saba et al. 2011)
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Global Biogeochemical Cycles

RESEARCH ARTICLE  The CAFE model: A net production model for global
10.1002/2016GB005521 ocean phytoplankton

Greg M. Silsbe'?2, Michael J. Behrenfeld?, Kimberly H. Halsey?, Allen J. Milligan’,
and Toby K. Westberry'



Model Validation — PPARR Approach

0.5
RMSD = (1/112 A(|log19 NPPryogq —10g10 NPPobs|)2>

Bias = mean(log,,NPP,,,,q) — mean(log;,NPP,;)

B Chl/amodels B Absorption Models W CAFE Model
All data (n=1048)
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Model Validation — PPARR Approach

B Chla models B Absorption Models B CAFE Model

Region specific
WAP n =369 BATS n =197
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Future Directions

VGPM Pico-plankton NPP

Westberry and Behrenfeld 2013. Oceanic Net Primary Production.



Future Directions

Bermuda Atlantic Time-series

Measured + 20% — CAFE (Silsbe et al. 2016)
VGPM — CAFE with size dependent ¢,
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Questions?



