
  

Thank you land & ocean!

Global Carbon Budget 
(Friedlingstein et al. 2023)

Discrepancies in temporal pCO2 variability from 
Earth System Models and pCO2-products

Christopher Danek & Judith Hauck

 → oceans took up ~26% of total 
    anthropogenic carbon emissions 
    since 1850



  

Thank you land & ocean!

Global Carbon Budget 
(Friedlingstein et al. 2023)

DeVries et al. 
2023 → systematic model biases in FCO2 

    mean/trend/variability
 → carbon-climate feedbacks in our 

    changing world?
 → pCO2 in Earth System Models (ESMs)?

Discrepancies in temporal pCO2 variability from 
Earth System Models and pCO2-products

Christopher Danek & Judith Hauck

 → oceans took up ~26% of total 
    anthropogenic carbon emissions 
    since 1850



  

    pCO2-product SeaFlux (Gregor and Fay 2021)     CMIP6 models & AWI-ESM-1-REcoM

 → focus on temporal variability: center/detrend
→ FCO2 weakening (1990s), reinvigoration (after 
    2000) and latest increase missing in CMIP6

(historical + ssp126)

centered FCO2

detrended FCO2



  

(historical + ssp126)

 → focus on temporal variability: center/detrend
→ FCO2 weakening (1990s), reinvigoration (after 
    2000) and latest increase missing in CMIP6

 → ΔpCO2 explains FCO2; pCO2,atm is well known
 → systematic bias in pCO2 in CMIP6 models?

    pCO2-product SeaFlux (Gregor and Fay 2021)     CMIP6 models & AWI-ESM-1-REcoM

centered FCO2

detrended FCO2



  

CO2 biomes (Gregor et al. 2019)

 → decadal-scale pCO2 
variability set by CO2,atm

 → interannual 
variability 
underestimated in 
CMIP6 (e.g. around 
2000, since 2017)

Global detrended pCO2



  

 → models do not 
represent pCO2 
variability due to 
ENSO

 → modeled and 
observed SST not 
correlated

 → very good 
model fit in 
subtropics 

 → high 
correlation pCO2 
and CO2,atm

 → interannual 
pCO2 variability 
discrepancies in 
high latitudes

 → models just 
follow CO2,atm



  

S21: Sallée et al. 2021

 → thermal and non-thermal drivers of high-latitude pCO2 variability  → wrong MLD trend sign 
in all CMIP6 models



  

 → CMIP6 models overestimate upper 
ocean lightening

 → flatter density profiles
 → trend to shallower MLD, in contrast to 

observations
 → inhibited vertical DIC transport in high-

latitudes reduces pCO2 variability
 → not the case in temperature and 

CO2,atm-driven subtropics
 → in line with previous work (McKinley et 

al. 2020, Bourgeois et al. 2022, Fu et al. 
2022)

density trend



  

 → CMIP6 models overestimate upper 
ocean lightening

 → flatter density profiles
 → trend to shallower MLD, in contrast to 

observations
 → inhibited vertical DIC transport in high-

latitudes reduces pCO2 variability
 → not the case in temperature and 

CO2,atm-driven subtropics
 → in line with previous work (McKinley et 

al. 2020, Bourgeois et al. 2022, Fu et al. 
2022)

Thank you! cdanek@awi.de 
(refs and paper)

too strong CO2,atm forcing in 
models since 2017?

density trend

mailto:cdanek@awi.de
https://github.com/chrisdane/meetings/tree/main/2024-02-18_osm_ocean_sciences_nola


  

temperature trend salinity trend



  

vertical 
mixing 
param 12 
models

resolution 
59 models

vertical 
mixing 
param 59 
models

resolution 
12 models
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