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Do discrepancies in seasonal CO2 fluxes accumulate to influence the interannual CO2 fluxes?
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In the North Atlantic, we find patterns of dominating seasonal variability while in the Southern Ocean observation-
based output is not able to demonstrate robust conclusions on the relevance of seasonal variability.

Observation-based dataset MPI-ESM-based assimilation MPI-ESM GE

season dominating interannual variability

- Broad agreement interannually 

- Inconsistent agreement seasonally 

- Limited agreement interannually 

- Significant disagreement seasonally 

Observation-based dataset MPI-ESM-based assimilation MPI-ESM GE

season dominating interannual variability
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• Significant decadal variability substantially stronger than expected based on mainly model-based estimates 

To resolve ocean carbon sink variability on 
longer timescales, understanding the 
variability and drivers of carbon fluxes on 
shorter timescales is critical.
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Motivation
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SOM-FFN [1] MPI-ESM GE [2]

Observation-based dataset 
Based on Surface Ocean CO2 Atlas database

Historical simulation with RCP4.5 forcing

1 member 100 members

(Self-organising Map with Feed-Forward Network) (Max-Planck Institute Earth System Model Grand Ensemble)

Example Drivers of Carbon fluxes

Sea Surface Temperature (SST) Mixed Layer Depth (MLD)
NOAA OISST Reanalysis [3] NOAA MIMOC [4]

ModelObservation-based dataset

Datasets

[1] Landschützer et al., 2016 
[2] Maher et al., 2019

[3] Reynolds et al., 2007 
[4] Schmidtko, et al. 2013
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Research Questions

• Does a particular season dominate the interannual variability of carbon fluxes?

• In which season(s) do carbon fluxes vary the most? 

Do these season(s) explain the most variance in the annual time series?

•  Do observation-based and model fluxes agree on the dominant seasonal drivers?

The North Atlantic Basin 
A region to confirm expectations of model capabilities
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The Southern Ocean 
Can a seasonal analysis offer insight in an under-sampled region? 
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Congruent spatial pattern 
Similar magnitude 

Dots where MPI-GE agrees with 
observations on the sign of carbon flux

-0.30 Pg C yr-1 -0.43 Pg C yr-1 -0.43 Pg C yr-1 -0.13 Pg C yr-1 -0.20 Pg C yr-1

-0.30 Pg C yr-1 -0.62 Pg C yr-1 -0.74 Pg C yr-1 0.08 Pg C yr-1 0.06 Pg C yr-1

Annual Mean

Annual Mean
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Fundamental discrepancies between MPI-GE and observation-based dataset on a 
seasonal timescale in both subpolar and subtropical region.

Seasonal Scale Analysis in the North Atlantic Basin
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Ranking of seasons driving the interannual 
variability of carbon fluxes 

Boreal Winter > Spring > Summer > Autumn

“OBSERVATIONS” MPI-GE
N

O
RT

H
 A

T
LA

N
T

IC
Season dominating interannual variability
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Relation between carbon flux and SST is better captured in MPI-GE for the subtropical region where carbon 
fluxes are driven by seasonal changes in SST.

Correlation of Sea Surface Temperature and Carbon Flux
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Dots where MPI-GE agrees with 
observations on the sign of carbon flux.
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-0.65 Pg C yr-1 -0.83 Pg C yr-1 -0.68 Pg C yr-1 -0.48 Pg C yr-1 -0.62 Pg C yr-1

-0.65 Pg C yr-1 -2.40 Pg C yr-1 0.49 Pg C yr-1 1.23 Pg C yr-1 -1.92 Pg C yr-1

Similar magnitude 
Systematic difference

Interannual drivers are seasonally decoupled with biology driving variability in 
summer, and wind stress in austral winter [5]

Annual Mean Summer Autumn Winter Spring

[5] Gregor et al., 2018

Seasonal Scale Analysis in the Southern Ocean
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Significant differences in interannual variability and seasonal drivers of variability
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Season dominating interannual variability
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•For the North Atlantic, MPI-GE is an appropriate tool to study carbon fluxes on a seasonal and 

interannual timescale. 

•For the Southern Ocean, more observations required for a robust conclusion on MPI-GE’s ability to 

represent carbon fluxes on a seasonal and interannual timescale.  

•Assimilation of oceanic and atmospheric observations into MPI-ESM could offer incremental 

improvements in the representation of carbon fluxes, especially in the timing of the variability and in 

areas where observations are available and reliable.

Conclusions
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