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Carbon-based primary productivity modeling
with vertically resolved photoacclimation
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[1] Net primary production (NPP) is commonly modeled as a function of chlorophyll
concentration (Chl), even though it has been long recognized that variability in
intracellular chlorophyll content from light acclimation and nutrient stress confounds the
relationship between Chl and phytoplankton biomass. It was suggested previously that
satellite estimates of backscattering can be related to phytoplankton carbon biomass (C)
under conditions of a conserved particle size distribution or a relatively stable relationship
between C and total particulate organic carbon. Together, C and Chl can be used to
describe physiological state (through variations in Chl:C ratios) and NPP. Here, we fully
develop the carbon-based productivity model (CbPM) to include information on the
subsurface light field and nitracline depths to parameterize photoacclimation and nutrient
stress throughout the water column. This depth-resolved approach produces profiles of
biological properties (Chl, C, NPP) that are broadly consistent with observations. The

CbPM is validated using regional in situ data sets of irradiance-derived products,

phytoplankton chlorophyll:carbon ratios, and measured NPP rates. CbPM-based

distributions of global NPP are significantly different in both space and time from

previous Chl-based estimates because of the distinction between biomass and

physiological influences on global Chl fields. The new model yields annual, areally

integrated water column production of ~52 Pg C a' for the global oceans.
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1. Introduction

[2] An understanding of phytoplankton photosynthetic
production in the ocean and its role in carbon cycling is
fundamental to contemporary climate science and has been
broadened tremendously by the advent of ocean color
remote sensing. Our understanding of the underwater light
field has similarly increased under the umbrella of inter-
preting ocean color related data [Gordon and Morel, 1983;
McClain et al., 1998]. Realizing the benefits of these
developments on net primary production (NPP) estimates,
however, has been hampered by the inadequate treatment of
physiological variability [Behrenfeld and Falkowski, 1997,
Siegel et al., 2001; Behrenfeld et al., 2002]. This inadequacy
does not so much reflect a lack of understanding of phyto-
plankton physiology, as sophisticated models of algal photo-
physiology, nutrient uptake, and growth exist for a variety of
conditions [e.g., Geider et al., 1996, 1998; Flynn, 2001], but
rather, in parameterizing these processes at regional to global
scales in terms of easily accessible quantities.
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[3] It has long been known that phytoplankton cellular
chlorophyll (Chl) concentrations are extremely plastic,
responding to changes in growth irradiance (photoaccli-
mation), nutrient status, taxonomy, and other environmen-
tal stressors [Laws and Bannister, 1980; Geider, 1987;
Falkowski and La Roche, 1991]. Because of this plasticity,
Chl is often a poor proxy for phytoplankton biomass, but
remains the primary field metric of biomass in lieu of a
simple alternative. It is the phytoplankton carbon biomass
(C) that more appropriately describes algal standing stocks,
especially as it relates to NPP which is a rate of carbon
turnover (and not Chl). Further, the two quantities are linked
through the Chl:C ratio, a quantity that has a wide range of
variability and is often mistreated in ecosystem models
[Geider, 1987; Maclntyre et al., 2002].

[4] Remote sensing of C standing stocks for different
components of marine ecosystems is a recent development.
Estimates of total particulate organic carbon (POC) have
been made from remote sensing measurements by relating
the amount of scattered light in the water column to the particle
load [Loisel et al., 2001; Stramski et al., 1999]. Similarly,
particle scattering has been related to phytoplankton-specific
quantities as well. Behrenfeld and Boss [2003] evidenced a
relationship between Chl and the particulate beam attenuation
coefficient, c,, which is most sensitive to particles with
diameters of ~0.5-20 pm in size [Stramski and Kiefer,
1991] and generally overlaps the size distribution of phyto-
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