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Satellite chl -- the only observable presently 
available for operational assimilation and 
validation -- is insufficient for constraining and 
validating biogeochemical models
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Attempts to address the first error by making remote 
sensing reflectances model variables for direct 
assimilation (Baird et al. 2016). 
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Figure 3
Schematic of the internal and boundary processes included in the biogeochemical component of the northeastern North American
(NENA) model. Details of the biogeochemical model are derived from Fennel et al. (2006, 2008) and Druon et al. (2010).
Abbreviations: DIC, dissolved inorganic carbon; DOC, dissolved organic carbon; DON, dissolved organic nitrogen; POC, particulate
organic carbon; PON, particulate organic nitrogen.

CONTROLS ON SHELF CARBON CYCLING
Modeling shelf carbon cycles requires knowledge of the many processes that control the flow of
organic and inorganic carbon in and out of the shelf system; these include exchanges with the
open ocean, land, air, and sediment. Understanding mechanisms of internal cycling on the conti-
nental shelf is also needed to predict how exchange processes will vary over time. Moreover, key
to development of a useful model is the ability to determine the rates and processes that have the
largest impact on the relevant carbon pools and their flows. For example, studies of the impact
of synoptic weather events and coastal bathymetry on primary production and air-sea CO2 flux
in upwelling systems likely require 2D or 3D models that include nutrients, phytoplankton, and
carbonate chemistry. A sedimentary component for such a model may not be needed. However, if
the research questions focus on controls on the carbon budget of continental shelves from decades
to millennia, then sediment interactions play a critical role and must be included, probably at
the expense of spatial resolution and ecosystem complexity. The choices to be made in model-
ing carbon cycling on continental shelves require at least a preliminary evaluation of inputs of
sediment, nutrients, fresh water, carbon from land, elemental fluxes between the sediments and
the water column, air-sea fluxes of gases and nutrients, internal cycling in the water column (e.g.,
primary production and respiration), and cross-shelf exchange. The strong linkages between and
among these key processes that control organic and inorganic carbon cycles in the coastal ocean
(Figure 4) underscore the importance of correctly representing these in models.
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• bgc models are highly non-
linear + heavily parameterized
• even perfect phytoplankton 
observations would leave most of 
the system unconstrained
• can get the “right” chlorophyll 
for the wrong reason

Issues w/ bgc models:
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CONTROLS ON SHELF CARBON CYCLING
Modeling shelf carbon cycles requires knowledge of the many processes that control the flow of
organic and inorganic carbon in and out of the shelf system; these include exchanges with the
open ocean, land, air, and sediment. Understanding mechanisms of internal cycling on the conti-
nental shelf is also needed to predict how exchange processes will vary over time. Moreover, key
to development of a useful model is the ability to determine the rates and processes that have the
largest impact on the relevant carbon pools and their flows. For example, studies of the impact
of synoptic weather events and coastal bathymetry on primary production and air-sea CO2 flux
in upwelling systems likely require 2D or 3D models that include nutrients, phytoplankton, and
carbonate chemistry. A sedimentary component for such a model may not be needed. However, if
the research questions focus on controls on the carbon budget of continental shelves from decades
to millennia, then sediment interactions play a critical role and must be included, probably at
the expense of spatial resolution and ecosystem complexity. The choices to be made in model-
ing carbon cycling on continental shelves require at least a preliminary evaluation of inputs of
sediment, nutrients, fresh water, carbon from land, elemental fluxes between the sediments and
the water column, air-sea fluxes of gases and nutrients, internal cycling in the water column (e.g.,
primary production and respiration), and cross-shelf exchange. The strong linkages between and
among these key processes that control organic and inorganic carbon cycles in the coastal ocean
(Figure 4) underscore the importance of correctly representing these in models.
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• bgc models are highly non-
linear + heavily parameterized
• even perfect phytoplankton 
observations would leave most of 
the system unconstrained
• can get the “right” chlorophyll 
for the wrong reason

Issues w/ bgc models:

Need broader suite of observations.
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CONTROLS ON SHELF CARBON CYCLING
Modeling shelf carbon cycles requires knowledge of the many processes that control the flow of
organic and inorganic carbon in and out of the shelf system; these include exchanges with the
open ocean, land, air, and sediment. Understanding mechanisms of internal cycling on the conti-
nental shelf is also needed to predict how exchange processes will vary over time. Moreover, key
to development of a useful model is the ability to determine the rates and processes that have the
largest impact on the relevant carbon pools and their flows. For example, studies of the impact
of synoptic weather events and coastal bathymetry on primary production and air-sea CO2 flux
in upwelling systems likely require 2D or 3D models that include nutrients, phytoplankton, and
carbonate chemistry. A sedimentary component for such a model may not be needed. However, if
the research questions focus on controls on the carbon budget of continental shelves from decades
to millennia, then sediment interactions play a critical role and must be included, probably at
the expense of spatial resolution and ecosystem complexity. The choices to be made in model-
ing carbon cycling on continental shelves require at least a preliminary evaluation of inputs of
sediment, nutrients, fresh water, carbon from land, elemental fluxes between the sediments and
the water column, air-sea fluxes of gases and nutrients, internal cycling in the water column (e.g.,
primary production and respiration), and cross-shelf exchange. The strong linkages between and
among these key processes that control organic and inorganic carbon cycles in the coastal ocean
(Figure 4) underscore the importance of correctly representing these in models.
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linear + heavily parameterized
• even perfect phytoplankton 
observations would leave most of 
the system unconstrained
• can get the “right” chlorophyll 
for the wrong reason

Issues w/ bgc models:

Need broader suite of observations.
Important to evaluate physics (e.g. mld) and bgc. 
Common to use climatologies (e.g. mld, nutrients).
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CONTROLS ON SHELF CARBON CYCLING
Modeling shelf carbon cycles requires knowledge of the many processes that control the flow of
organic and inorganic carbon in and out of the shelf system; these include exchanges with the
open ocean, land, air, and sediment. Understanding mechanisms of internal cycling on the conti-
nental shelf is also needed to predict how exchange processes will vary over time. Moreover, key
to development of a useful model is the ability to determine the rates and processes that have the
largest impact on the relevant carbon pools and their flows. For example, studies of the impact
of synoptic weather events and coastal bathymetry on primary production and air-sea CO2 flux
in upwelling systems likely require 2D or 3D models that include nutrients, phytoplankton, and
carbonate chemistry. A sedimentary component for such a model may not be needed. However, if
the research questions focus on controls on the carbon budget of continental shelves from decades
to millennia, then sediment interactions play a critical role and must be included, probably at
the expense of spatial resolution and ecosystem complexity. The choices to be made in model-
ing carbon cycling on continental shelves require at least a preliminary evaluation of inputs of
sediment, nutrients, fresh water, carbon from land, elemental fluxes between the sediments and
the water column, air-sea fluxes of gases and nutrients, internal cycling in the water column (e.g.,
primary production and respiration), and cross-shelf exchange. The strong linkages between and
among these key processes that control organic and inorganic carbon cycles in the coastal ocean
(Figure 4) underscore the importance of correctly representing these in models.
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• bgc models are highly non-
linear + heavily parameterized
• even perfect phytoplankton 
observations would leave most of 
the system unconstrained
• can get the “right” chlorophyll 
for the wrong reason

Issues w/ bgc models:

Need broader suite of observations.
Important to evaluate physics (e.g. mld) and bgc. 
Common to use climatologies (e.g. mld, nutrients).
Value in model intercomparisons (Seferian et al. 2012).



Fig. 5 from Seferian et al. (2012)
Satellite chlorophyll



Fig. 4 from Seferian et al. (2012)
Phosphate climatology



Surface chl is imperfect observation, but that 
shouldn’t stop us from using it (need to be aware).
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Surface chl is imperfect observation, but that 
shouldn’t stop us from using it (need to be aware).

BioArgo (biogeochemical extension of the Argo 
program) will be a game changer



-- biogeochemical extension of Argo 
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with biogeochemical sensors (e.g. [Bishop et al., 2002]). Since this meeting, and in parallel 
with profile-float improvement and maturation, there has been a major evolution in the 
development and use of novel biogeochemical sensors.  
 
Dissolved oxygen concentration was one of the first biogeochemical variables to be 
observed from profiling floats. Early deployments highlighted deep convection and 
associated ventilation in winter in the Labrador Sea [Kortzinger et al., 2004], a site and 
season where shipboard measurements have rarely been collected; other deployments 
allowed quantification of net community production over annual cycles in various oceanic 
provinces regimes ([Riser and Johnson, 2008] ; [Martz et al., 2008]). This development of O2-
float research was paralleled by the promotion of such measurements within the Argo 
program by the so-called “Friends of Oxygen on Argo” group ([Gruber et al., 2007]). 
Continuous records of oxygen from profiling floats now exceed a decade in length in some 
areas of the ocean (Fig. 2). 
 
Subsequently, implementation 
of optical sensors measuring 
chlorophyll a fluorescence and 
backscattering made it 
possible to characterize 
phytoplankton seasonal 
dynamics ([Boss et al., 2008a; 
Boss et al., 2008b] [Mignot et 
al., 2014]) and at the same 
time supported more 
conceptual and theoretical 
studies related to the onset of 
phytoplankton blooms in 
temperate latitudes (e.g. [Boss 
and Behrenfeld, 2010]). These 
approaches were further 
strengthened by 
investigations addressing the 
link between upper layer 
particle and phytoplankton 
dynamics and resulting 
particle flux at depth ([Estapa 
et al., 2013], [Bishop and 
Wood, 2009], [Dall'Olmo and 
Mork, 2014]). The use of 
radiometric sensors onboard floats represented an additional refinement for a better 
quantification of chlorophyll concentration [Xing et al., 2011] or colored dissolved organic 
matter [Xing et al., 2012]. Furthermore bio-optical measurement realized by profiling floats 
can now be synergistically used with their ocean color remote sensing counterparts, for 
developing three-dimensional views of some key variables (e.g. particulate backscattering 

Fig. 2  Temperature, oxygen, and nitrate measured from 
profiling floats deployed at the Hawaii Ocean Time-series 
station ALOHA since 2002.  The inset map shows the profile 
locations as the floats disperse from HOT.  Adapted from data 
previously reported ([Riser and Johnson, 2008], [K. S. Johnson et 
al., 2010], [K. S. Johnson et al., 2013a]) and subsequent 
measurements. 
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- 1000 bio-floats with even 
global distribution 
- sensor suite: pH, oxygen, 
nitrate, chl fl, backscatter, 
irradiance
- real-time data access & 
products



-- biogeochemical extension of Argo 

Communique from the G7 Science Ministers meeting in 
Japan in May 2016:
“1. Support the development of a global initiative for an 
enhanced, global, sustained sea and ocean observing 
system, developing new technologies and integrating new 
physical, biogeochemical and biological observations while 
sustaining critical ongoing observations and ensuring full co-
ordination with existing mechanisms. This should include but 
not be limited to:
Increasing the capability of the global Argo network to 
include more biological and biogeochemical observation and 
observation of the deep sea; ...”



• Everything is in place to start bgc IV that relies 
on satellite chl. But should take into account 
other properties (e.g. mld and nutrients).

• Could start bgc IV based on existing bioArgo 
floats in pilot project. Perhaps premature, but 
should anticipate and prepare for near future.

• Focus initially on hindcast mode. 


