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Solubility & Biological Carbon Pumps!



DIC = Total of all dissolved inorganic carbon species 
Alkalinity = Measure of acid buffering capacity  

Ocean Inorganic Carbon Distribution!

Dissolved 
inorganic 
carbon (DIC)"

Alkalinity"

Vertical DIC gradient 
~1/3 thermal 
~2/3 biological 



Subpolar Atlantic 
Productivity & 
CO2 Uptake!

SeaWiFS Net Primary Production (NPP) 



North Atlantic Water Masses!

Wanninkhof et al. 
J. Geophys. Res. 
Oceans 2010 



Upper Ocean Carbon Budgets!

Long et al., in prep. 



Fate of Anthropogenic CO2 Emissions (2000-2009)!

LeQuere et al. Nature Geosciences 2009; Global Carbon Project 2011  
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Anthropogenic  
Carbon Uptake!

Anthropogenic CO2 Column Inventories (mol m-2) 

Decadal Change in Anthropogenic CO2 (umol kg-1)    

Sabine et al.  
Science 2010 
Wanninkhof et al.  
J. Geophys. Res. 
Oceans 2010 



Opposing Meridional 
Transport of Natural & 
Anthropogenic Carbon !

Gruber et al. 
Global Biogeochemical Cycles 
2009 



Coupled 
Carbon-Climate 
Model  
CESM1-Carbon!

Lindsay et al. 
J. Climate submitted 
& in prep.  
Long et al.  
J. Climate submitted 
& in prep. 
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Climate Impact on Atlantic Overturning!

Long et al. in prep. 



Climate Effects on Ocean Carbon!

Fung et al. PNAS 2005 
Long et al. in prep. 

Δ Carbon Inventory Δ Carbon Concentration 



Upper Ocean Carbon Budget Anomalies 
from CO2 & Climate!

CESM1-Carbon RCP8.5 
0-200m budget 
2081-2100 vs. control 
Long et al., in prep. 



Productivity, Mixing & 
Nutrient Supply!

Δ Export Flux 

Δ MLD 

mol N/m2/y 
Nutrient Supply 



Pre-industrial Low-Frequency Variability!

Doney et al. J. Climate 2006 
Lindsay et al. J. Climate submitted 



Air-Sea CO2 Flux Variability!
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Natural Variability in 
Control Simulation!AMOC (detrended) 

Regression of SST on AMOC 



Regression of CO2 Flux on AMOC 

Regression of Productivity on AMOC 



Spectral Analysis 
AMOC vs. 
Subpolar CO2 Flux!



Lagged 
Correlations!
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