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Text S1.
Air-sea CO2 flux ()  is calculated in mol C m-2 yr-1 for each month at each 1°x1° spatial location using the (Wanninkhof, 1992) parameterization (Equation 1). 



which parameterizes  as a function of the gas transfer velocity (), CO2 solubility (), ice fraction (), and partial pressure of CO2 in moist air () and surface ocean (). Overbars denote monthly averages. We use the (Wanninkhof, 1992) gas transfer velocity with the (Sweeney et al., 2007) scale factor of 0.27 (Equation 2).



Because high-frequency output is not available for all large ensemble members, and to be consistent with the flux calculation used in the real-world application of the SOM-FFN flux product, we use ERA-interim 6-hourly global atmospheric reanalysis (Dee et al., 2011) as an estimate for the wind-speed variance (). 

Solubility is calculated following (Weiss, 1974) with the (Wanninkhof, 1992) Schmidt number (Sc).  Partial pressure of moist air () is calculated following Equation 3.



Where is the dry air mixing ratio of atmospheric CO2,  is the total atmospheric pressure, and  is the saturation vapor pressure (Dickson et al., 2007).

[image: ]Figure S1. The average seasonal cycle (gray) and decadal component (black) is displayed across A) 35°N - 90°N and B) 35°S - 35°N. Note different y-axis scales.
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