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• The Northern 
Hemisphere 
oceans are 
well covered 
in SOCAT, 
from the 
early 90s on. 

• The Southern 
Hemisphere 
is much less 
well covered.

www.socat.info
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Surface ocean pCO2 data in SOCAT: 
(a) All good data
(b) Southern hemisphere  winter (JJA) data, 2000-2018

SOCAT V6:  www.socat.info

SOCAT (V2) number of 
observations



Courtesy NASA “A year in the life of the Earth’s CO2”
(available on youtube)

• The Northern and Southern Hemisphere atmospheres are relatively 
isolated from each other, so Northern hemisphere oceans can be used 
to derive Northern Hemisphere land sink also






What is the ocean sink and its uncertainty 
as calculated by SOCAT coverage?

Calculate the net fluxes using SOCAT gridded data, 
after gap-filling by a variety of methods:
• Method 1, “Curve fit”: Fit seasonal cycle and 

linear time trend of fCO2 to all data in defined 
regions: apply fitted values over whole region.

• Method 2 “MLR”: Multiple linear regressions of 
fCO2 on SST, SSS, Mixed layer depth (MLD), 
XCO2atm in defined regions.

• Method 3 “FFN”: Landschutzer feed-forward 
neural net, applied to defined regions.



Adjustments/corrections to SOCAT 
data.

1. Adjust data to take account of mixed layer 
temperature gradients as function of wind 
speed, following Goddijn-Murphy et al, 2015.

2. Adjust data for skin temperature deviation 
(Watson and Robinson 1992, Woolf et al 
2016). 

“The OceanFlux Greenhouse Gases methodology for deriving a sea surface climatology of 
CO2 fugacity in support of air–sea gas flux studies” L. M. Goddijn-Murphy , D. K. Woolf , P. E. 
Land , J. D. Shutler , and C. Donlon”
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Adjustments increase global sink by ~0.4 PgC yr-1
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“Transcom” regions 

Fay and Mckinley (2012) 
biomes

Use regions defined in multiple different ways



Takahashi biomes (December)

NO3 biomes (December)

Regions calculated by SOM neural net technique using climatologies, 
Technique used by Landschutzer et al is dominated by distribution of 
Takahashi pCO2 climatology. As alternative use WOA surface nitrate. 
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generally poor fits!
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The mean std dev since 2000  
(bracketed values exclude 
unadjusted Landschutzer
product):
0.230 (global) (0.17)
0.196 (s. hem) (0.16)
0.0676 (n. hem) (0.059) 
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Using GEOS-CHEM atmospheric transport model, we 
estimate the net NH land sink
It looks less variable, than might be expected

NH ocean sink +/- 1σ

Calculated NH 
land sink

Total land sink (GCP, 
2016 budget)

Fl
ux

 (P
gC

yr
-1

)



Conclusions

• The surface ocean CO2 data constrain the N. 
Atlantic and Pacifc ocean-atmosphere fluxes 
tightly. The main uncertainty is now the gas 
exchange term, which is of order 10%.

• These can be used in conjunction with 
atmospheric transport models to place a useful 
constraint on the NH terrestrial sink also.

• The uncertainty on the Southern hemisphere 
ocean sink due to sparse data is around +/- 0.3 
PgC yr-1 (1-σ) today, and before about 2000 it 
becomes ~+/- 1PgC yr-1
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