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Supplementary Figure 1

Three area divisions of the world ocean used to group observations before interpolation:
(a) Latitudinal regions in ocean basins, as used by the “Transcom 3” atmospheric inversion
project’. In addition to the 12 major regions used there, two small areas east and west of
Greenland were added (see inset). These low-temperature waters have substantial fCO;
data and show as distinct from adjacent waters. (b) The mean positions of 17
biogeochemical zones as derived by Fay and Mckinley?. (c) Distribution of 16 regions derived
from the SOM technique of Landschiitzer et al* (A monthly climatology of distributions
averaged over 1992-2018 was derived in this method: the distribution shown is for
October.)



Supplementary Figure 2

Ocean regions included in calculations: areas included in figure 2 main text, and used to
calculate uncertainties, are shown in dark red. Ocean regions not classified by Fay and
Mckinley’scheme of biomes? but included in the other area division methods are shown in
blue. These are included in the calculations of figure 3 and Table 2 in the text and
Supplementary Table 2 below, which use the FFN-SOM method. White areas are excluded in
all calculations.
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Supplementary Figure 3:

Location of data south of latitude 30 degrees S in the gridded SOCATv2019 product, divided
seasonally and pre-and post- 2000. Data from the years 1992-2000 in red. Data from years 2001-
2016 in blue. Data coverage is sparse in winter (June-August), with almost none available in the
Pacific in either time period. In the Atlantic few winter data are available pre-2000 except around
Drake Passage, and in the Indian Ocean few data are available after 2000.



Supplementary Table 1

Sources of data used in the interpolation schemes.

Variable

Data source

Reference

Resolution

Sea surface fCO2.

https://www.socat.i
nfo/index.php/data-

SOCAT V2019: Pfeil et al **

Individual data,
and monthly 1x 1

access/ degree grid
Sea surface https://www.metoffi | https://www.metoffice.gov | monthly, 1x 1
temperature (for ce.gov.uk/hadobs/ha | .uk/hadobs/index.html degree grid
interpolation schemes) | disst/

Sea surface
temperature (for
correction to subskin
temperature, and gas
exchange calculations)

https://www.esrl.no

NOAA/OAR/ESRL PSD,

aa.gov/psd/data/grid

Optimum Interpolation SST

ded/data.noaa.oisst.
v2.html

V2
Banzon et al, &

monthly, 1x 1
degree grid

Ice cover

https://www.metoffi

https://www.metoffice.gov

ce.gov.uk/hadobs/ha

.uk/hadobs/hadisst/

disst/

monthly, 1x 1
degree grid

Sea surface salinity

http://apdrc.soest.h

ECCO2 reanalysis, Wunsch

awaii.edu/erddap/in

etal,’

dex.html

daily, 0.25 x 0.25
degrees

Mixed layer depth

http://apdrc.soest.h

ECCO2 reanalysis, Wunsch

awaii.edu/erddap/in

etal’

dex.html

3-daily, 0.25 x
0.25 degrees

Marine boundary layer

ftp://aftp.cmdl.noaa.

NOAA ESRL:

zonal average,

ta.ncep.reanalysis.su
rface.html

atmospheric XCO2 gov/data/trace _gase | Duglokencky et al® approx weekly x
s/co2/flask/surface/. 41 latitudes

sea level atmospheric www.esrl.noaa.gov/ | NCEP reanalysis: monthly, 2.5 x

pressure psd/data/gridded/da | Kalnay et al® 2.5 degrees

Winds

WWwWw.remss.com/cc
mp

CCMP product:
Atlas et al'°

6-hourly, 0.25 x
0.25 degrees




Supplementary Table 2

Comparison of annual global CO; uptake by the ocean in PgC yr?, for this work and for earlier
estimates (negative values indicate net flux into ocean). Uncertainties when quoted are 2-o, or twice
interquartile range for Gruber et al, ref 13. Estimates by Landschiitzer et al and Rédenbeck et al are
updated periodically: these values are those from the data file linked to Le Quéré et al .

Landschiitzer Roédenbeck This work Gruber Global Carbon
etal3 et al 12 et al®? Project !
ocean-atmosphere surface flux
1992-2000 -1.1 -1.7 -2.0+0.4 - -
2001-2010 -14 -1.8 -2.240.3 - -
2011-2017 -2.0 -2.3 -3.0+0.5 - -
1994-2007 -1.2 -1.6 -2.010.4 - -
anthropogenic uptake
1992-2000 -1.7* -2, 1% -2.6+0.4* - -2.01£0.6
2001-2010 -2.0* -2.2%%* -2.8+0.3* - -2.210.6
2011-2017 -2.5* -2.8** -3.6+0.5* - -2.510.7
1994-2007 -1.8* -2 1% -2.5+0.4* -2.6x0.4 -2.0+0.6
Notes:

*Calculated as surface flux with increase of -0.45 PgC yr-1 to account for pre-industrial flux, and
-0.12 PgC yr-1 for Arctic.

** Calculated as surface flux increased by -0.45 PgC yr-1 to account for pre-industrial flux.
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