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Table S1. Input fields for the CMEMS-LSCE-FFNN reconstruction of sea surface partial pressure of CO2 (pCO2) and air–sea CO2 fluxes

(fgCO2) over the global ocean in 1985–2019.

Variables Products References

1 pCO2 measurements SOCATv2020, 1985-2019 (https://www.socat.info/) Bakker et al. (2016)

2 Sea surface salinity (SSS) CMEMS ARMOR3D L4, 1993-2019 Guinehut et al. (2012)

3 Sea surface height (SSH)
(https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_

id=MULTIOBS_GLO_PHY_TSUV_3D_MYNRT_015_012)
Mulet et al. (2012)

4 Sea surface temperature (SST)

CMEMS ARMOR3D L4, 1993-2019; OSTIA L4*, 1985-1992 (https:

//resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=

SST_GLO_SST_L4_REP_OBSERVATIONS_010_011)

Good et al. (2020)*

5 Mixed layer depth (MLD) ECCO2, 1992-2019 (https://ecco.jpl.nasa.gov) Menemenlis et al. (2008)

6 Chlorophyll (CHL) GLOCOLOUR, 1998-2019 (https://www.globcolour.info/) Maritorena et al. (2010)

7 CO2 mole fraction (xCO2)
CAMS CO2 atmospheric inversion, 1985-2019 Chevallier et al. (2005, 2010)

(https://atmosphere.copernicus.eu/) Chevallier (2013)

8 pCO2 climatology (pCOclim
2 ) LDEO (https://www.ldeo.columbia.edu/res/pi/CO2/) Takahashi et al. (2009)

9 6-hourly 10m winds ERA5, 1985-2019
Hersbach et al. (2020)

10 Total pressure (https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5)

11 Sea ice fraction (fice)

CMEMS OSTIA L4, 1985-2019, (https://resources.marine.copernicus.eu/?option=

com_csw&view=details&product_id=SST_GLO_SST_L4_REP_OBSERVATIONS_

010_011, https://resources.marine.copernicus.eu/?option=com_csw&view=details&

product_id=SST_GLO_SST_L4_NRT_OBSERVATIONS_010_001)

Good et al. (2020)

**For some data unavailable before 1998, climatologies based on all available data were used as predictors. Exceptionally, predictors for SSH before 1993 are climatologies plus a

linear trend in order to retain the overall response to the global warming. MLD before 1992 was taken as the average MLD between 1992 and 1997.

Table S2. Skill scores of the CMEMS-LSCE-FFNN reconstruction for different RECCAP regions. Validation between the reconstructed

pCO2 (µatm), fgCO2 (molCm−2yr−1), and the corresponding fields computed from SOCATv2020 data over the full period 1985−2019.

Statistical metrics include Root Mean Square Deviation (RMSD) and coefficient of determination (r2).

Regions
Number of observations RMSDpCO2

r2pCO2
RMSDfgCO2

r2fgCO2

O C O C O C O C O C

Globe (G) 270228 31221 17.87 35.86 0.78 0.70 0.93 1.91 0.79 0.64

1 Arctic (Ar) 1170 449 33.01 30.65 0.61 0.44 1.11 0.93 0.70 0.77

2 Subpolar Atlantic (SpA) 24433 12249 23.68 30.35 0.76 0.79 1.35 1.66 0.69 0.75

3 Subpolar Pacific (SpP) 10840 3596 29.08 54.69 0.64 0.57 1.80 2.70 0.66 0.54

4 Subtropical Atlantic (StA) 50113 5205 15.24 34.74 0.76 0.51 0.77 2.39 0.77 0.37

5 Subtropical Pacific (StP) 67950 853 17.15 47.29 0.78 0.45 0.81 2.08 0.84 0.48

6 Equatorial Atlantic (EA) 11574 469 14.11 36.03 0.69 0.25 0.53 1.14 0.64 0.36

7 Equatorial Pacific (EP) 45590 221 16.68 27.17 0.80 0.41 0.57 0.84 0.81 0.38

8 South Atlantic (SA) 4577 562 14.09 37.98 0.77 0.46 0.71 2.00 0.78 0.42

9 South Pacific (SP) 17074 1181 11.50 14.38 0.76 0.60 0.56 0.71 0.79 0.62

10 Indian Ocean (IO) 7792 588 14.60 18.37 0.80 0.65 1.02 0.91 0.78 0.68

11 Southern Ocean (SO) 29115 5848 19.18 35.73 0.62 0.65 1.24 1.64 0.53 0.64
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Figure S1. (a) Spatial distribution of monthly gridded SOCATv2020 data and (b,c) maximum spatial variability of SOCAT pCO2 individuals

(µatm), i.e. pCOmax
2,SOCAT −pCOmin

2,SOCAT , measured within a 1◦×1◦ box. Figure S1c shows the distribution of the spatial variability larger

than the 80%-quantile.
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Figure S2. Temporal mean (a,b), standard deviation (c,d), and RMSD (e,f) of model-minus-observation misfits between the reconstructed

pCO2 and SOCAT data; and model uncertainty (g,h), i.e. ensemble standard deviation of temporal mean estimates at SOCAT observation

location. The right column plots show statistics falling out of the 90% quantile range for (b), or larger than the 90%-quantile for (d,f,h).
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Figure S3. Timeseries of the yearly mean bias between the reconstructed pCO2 data and SOCATv2020 data over the open and coastal area

(black curve) and of the total number of observations used in the FFNN model construction (light grey curve). The grey area represents the

1σ-envelop of the errors derived from the 100-member ensemble. 5

Figure S3. Timeseries of the yearly mean bias between the reconstructed pCO2 data and SOCATv2020 data over the open ocean and coastal

area (black curve) and of the total number of observations used in the FFNN model construction (light grey curve). The grey area represents

the 1σ-envelop of the errors derived from the 100-member ensemble.
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Figure S4. Climatological mean (top) and uncertainty (middle) of air-sea pCO2 difference (a, c) and of CO2 fluxes (b, d) over the coastal

ocean for 1985-2019. Uncertainty is computed as standard deviation of the 100-member CMEMS-LSCE-FFNN model outputs of sea surface

pCO2 and air-sea CO2 fluxes. The bottom plots (e, f) show RMSDs between the SOCAT data (or data-based estimates of fluxes for (f)) and

the mean CMEMS-LSCE-FFNN model outputs.
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