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Motivation

* The Surface Ocean CO, Atlas (SOCAT) (Bakker et al., 2016) represents global
observations of the sea surface fugacity of CO, (fCO,) starting in 1970. However, the
data density is not homogenous, Southern latitudes being less well sampled in space
and time. Sparse data coverage and the lack of observations covering the full seasonal
cycle challenge mapping methods and result in noisy reconstructions of surface ocean
pCO, and disagreements between different models [1].

« Starting from measurements extracted from the SOCAT database, the goal was to
identify how and where the new data from biogeochemical ARGO floats can improve
surface ocean pCO, reconstructions and how to optimally integrate them with other
existing platforms [1].
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Method

» Feed-Forward Neural Network to reconstruct pCO,
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« Target pCO, and predictors were normalized before their application that correspond to the

(13 ” 1

subscript “n”. “anom” is for anomalies of corresponding variable.
« The FFNN is applied separately to each month.

« A K-fold cross-validation with K=4 was used to evaluate and validate the FFNN architecture. 25 %
of independent data are chosen for validation. In each of the 4 cases the 25% of data are different
and there is no overlap. Thereby, each run has 4 outputs.

« We present further the averaged values of 4 outputs for each OSSE. The shadows in figures of
pCO, and fgCO, time series correspond to the maximum and minimum values of these 4 outputs.

« The observing systems used in this study either already perform measurements to estimate pCO2
or have the possibility to be equipped with new sensors to provide biogeochemical measurements.
We use their information on geographical.
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Mean differences between OSSEs and NEMO/PISCES pCO,
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* Additional data from mooring stations
and Argo floats in the South
Hemisphere ( ) provide
significant improvement in
reproduction of seasonal cycle in
biome 17 (Southern Ocean Ice).

* The results over all biomes from
are very close to the ones from
OSSE 3.

* Averaged pCO, over biome 17 and over
all biomes:

NEMO/PISCES: 363.08/372.65 uatm

OSSE 1: 351.44/368.39 uatm

OSSE 3:362.42/372.18 uatm
:362.87/372.26 uatm



Sea-air flux fgCO, time series
= biome 17
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Number of Argo profiles vs. averaged differences between OSSE and
NEMO sea-air CO, flux
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Conclusion

 Argo floats could significantly improve the accuracy of FFNN-based ocean pCO,
reconstructions over the Atlantic Ocean and the Atlantic sector of the Southern
Ocean

« Coverage of the southern Hemisphere with biogeochemical ARGO floats
corresponding to at least 25% of the density of active floats can significantly
improve a pCO, reconstruction.

« We demonstrate a potential reduction in bias of estimated sea-air CO, fluxes by
74%.

« Additional observations are required in coastal regions and shelf seas which are
not accessible to floats, as well as in regions with a strong seasonal variability of
pCO, and all predictors.

« Results are submitted and currently under review: Denvil-Sommer, A., Gehlen,
M., and Vrac, M.: Observation System Simulation Experiments in the Atlantic
Ocean for enhanced surface ocean pCQO, reconstructions, Ocean Sci. Discuss.
[preprint], https://doi.org/10.5194/0s-2021-17, in review, 2021.



