
Sea surface pCO 2 and air-sea flux maps of the North Atlantic
for 2004 to 2006 using neural networks
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AffiliationsIntroduction
Due to the existence of natural land and ocean sinks, current atmospheric CO2 concentration is only a fraction of anthropogenic 

emissions. Separating land and ocean uptake is a complex task, mainly because of the variation in and lack of temporal continuity of 
marine pCO2 data, the parameter that mainly regulates air to sea CO2 fluxes. Monitoring of the marine pCO2 distribution on monthly 
to annual time-scales is thus crucial for further understanding of the global carbon cycle in the context of current climate dynamics. 

Here we present a method which allows for multi-annual, basin-wide flux distribution estimates with a monthly resolution. 
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• The July maps show significant 
interannual variation in the pCO2 
distribution 

• Area-weighted monthly mean 
pCO2 values in the subtropical gyre 
are considerably lower (~12 µatm) 
in 2006 than in the two previous 
years. Changes in SST seem to 
control this variability. 

• In the subpolar gyre the variable 
pCO2 gives insight in the variable 
nature and duration of the spring 
bloom (April-June)

1. Interannual pCO 2 variability in the North Atlantic for 2004 through 2006
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• Monthly pCO2 maps for 2006 are 
examined in order to follow the seasonal 
cycle.

• Signatures of both biological and physical 
processes are apparent:

• In March we can see very low pCO2 values just 
south of Newfoundland. The low pCO2 quickly 
expands northwards, indicating a strong spring 
bloom with its maximum around June-July.

• On the physics side we can see the West African 
upwelling region significantly increasing the carbon 
content in the surface waters

• The seasonal cycle has a much smaller 
amplitude in the subpolar region, where 
processes cancel each other’s effects.

2. Seasonal pCO 2 variability in the North Atlantic for 2004 to 2006
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• We show the mean annual distribution of CO2 air-sea fluxes for 
2006, as well as mean monthly flux maps.

• The North Atlantic was a CO2 sink with a mean annual flux of 
around -0.5 mol × m -2 × year -1.

• Strong oceanic CO2 uptake in spring (March) and winter 
(December) is caused by a combination of biological drawdown 
and strong wind mixing.

• Summer (July) and fall (October) values tend to be higher 
throughout most of the basin except in north of 60°N.

• Flux distribution patterns originate mainly from the � pCO2 and 
wind speed fields (explained in the Methods, panel 7).   

3. Monthly and Annual North Atlantic flux maps for 200 6

sink source

1. Neural networks are a robust tool for reconstructing nonlinear relationships between relatively sparse data. Their 
pattern recognition capabilities allow for highly discriminative representation of the observations.

2. Unprecedented resolution combined with basin wide coverage makes the presented maps useful as modelling input.
3. Development of this method should allow future near-real time monitoring of the marine pCO2 at the global scale by 

assimilating VOS measurements, satellite data and preferably horizontal and vertical transport velocities. 

4. Conclusions
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• We hypothesise that seawater 
pCO2 is mainly regulated by three 
physical parameters: sea surface 
temperature (SST), mixed layer 
depth (MLD) and chlorophyll-a 
concentrations (CHL) in the surface 
waters. 

• We use an unsupervised 
classification method (SOM) to 
extract pertinent information from 
the statistical structure of the data 
set without any a priori information.

• We produce a 2D (60 × 37) 
topological map with a large 
number of neurons (2220), 
providing a highly discriminating 
representation of the observations. 

• The most valuable part of our 
dataset consists of in situ
underway measurements of sea 
surface pCO2 collected on  several 
voluntary observing ships (VOS), 
and research ships crossing the 
North Atlantic between 2004 and 
2006 inclusive. We use these data 
to label already preconditioned 
SOM.

• Using time and space information 
of each input triplet, we project the 
pCO2 labels on the geographical 
map. As a final step, each pixel 
(with associated triplet) used as an 
input during the training phase, has 
an estimated pCO2 value assigned 
to it.  

5. Neural network technique
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• The � pCO2 maps (bottom panel) are combined with the gas 
exchange coefficient (k) to produce the flux maps (above):

� Flux = k × � pCO2

The Nightingale et al. (2000) relationship is used for the 
estimation of the gas exchange coefficient as a function of wind
speed (top panel).

• SST (middle panel), sea water salinity and sea level pressure 
(both not shown) are also used in the calculation, but have 
relatively minor effects.

• The � pCO2 distribution is mainly controlled by sea surface 
pCO2 fields, therefore it is crucial to understand the temporal and 
spatial distribution of the latter.

7. Flux calculations
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6. Data

Parameter Full description Data source Spatial Grid Temporal Resolution
[pCO2water ] partial pressure of CO2 in sea water Benjamin Pfeil - personal communication N/A 2004 - 2006

(EU IP CarboOcean Data Manager)

[chl] chlorophyll_a OceanColor 9km × 9km weekly
(Level-3 Standard Mapped SeaWiFS/AquaMODIS merged images)

[mld] mixed layer depth Forcasting Ocean Assimilation Model 1°lat × 1°lon daily
[sst] sea surface temperature The NCEP/NCAR Reanalysis Project 2.5°lat × 2.5°lon 6-hourly

Parameter Full description Data source Spatial Grid Temporal Resolution
[sst] sea surface temperature The NCEP/NCAR Reanalysis Project 2.5°lat × 2.5°lon monthly mean
[slp] sea level pressure The NCEP/NCAR Reanalysis Project 2.5°lat × 2.5°lon monthly mean

[u-wind] wind speed The NCEP/NCAR Reanalysis Project ~1.9°lat × ~1.9°lon monthly mean

[v-wind] (at 10 meters height) (T62 Gaussian grid)

[xCO2atm] molar fraction of CO2 in the atmosphere GLOBALVIEW_CO2 2007 41 latitudinal steps weekly
(0.05 sine of lat from 90°S to 90°N)

[pCO2water ] partial pressure of CO2 in sea water neural network's output, this study 1°lat × 1°lon monthly mean

[� pCO2] difference between sea and air pCO2 flux calculation, this study 1°lat × 1°lon monthly mean

Data used to compute pCO 2 maps (Neural Network)

Data used to compute sea to air flux maps


