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McKinley et al., 2017
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Global CO2 flux

Landschützer - Takahashi
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Driver for the seasonality in CO2 flux
Dong et al., 2006
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“On spatial scales of 100 km, we find gradients 
ranging from 5 to 50 µatm for pCO2 … with 

highest values in energetic and frontal 
regions.”

Resplandy et al., 2014

Mesoscale pCO2
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Mesoscale pCO2
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MITgcm 1/20° model

Song et al., 2016pCO2, September
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MITgcm 1/20° model

pCO2

Correlation coefficient with sea level anomaly

Song et al., 2016

ΔpCO2

pCO2
≈ βΔT + γ

ΔDIC
DIC

0.0423 ℃-1 ~ 10

Takahashi et al., 1993
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Song et al., in revision
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CO2 flux SO, decadal variability

“the Southern Ocean sink of CO2 has weakened between 1981 and 2004”
Le Quéré et al., 2007

Gruber et al., 2019

• Westerly winds intensification 
• Stronger Ekman transport / upwelling 
• Enhanced CO2 outgassing
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CO2 flux SO, decadal variability

Gruber et al., 2019

Zonal wave 3 pattern



Eddy compensation

Dufour et al., 2013Marshall and Speer, 2012
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New observations
Gray et al., 2018

Gruber et al., 2019



Challenges

• More observations are required (especially in the Southern Ocean 
and subsurface). 

• How the CO2 flux is modified by the changes in the ocean general 
circulation? 

• Modeling effort to simulate CO2 flux (especially in the Southern 
Ocean) 

• A better understanding of the CO2 in a coupled system 
(atmosphere/ocean/sea-ice/land system)


