
CMIP6 climate sensitivity
Update

Results are from Gjermundsen et al "Southern Ocean convection 
shutdown controls potential for long-term climate warming by 
greenhouse gases" (in review) if not otherwise mentioned



Take home

• Larger spread in CMIP6 equilibrium climate sensitivity (ECS, as diagnosed 
from the first 150 years of 4xCO2 experiments) than in CMIP5
• Some very high values are attributed to strong cloud feedbacks.

• Those values are at odds with many obs/paleo derived constraints.

• NorESM2 has considerably weaker ECS than its sister (parent?) model 
CESM2
• New results relate this to delayed SST warming in the southern ocean that delays the 

low cloud feedback and the global surface temperature rise

• Across CMIP6 models the deep Southern Ocean temperatures correlate 
well with the ECS
• ECS calculated from the first 150 years of 4xCO2 is perhaps a bit akward measure



Increase in ECS range (high values)

Meehl et al. (2020)

Knutti et al. (2017)



Why? Due SST driven change in low cloud 
cover (kind of)

Average over 30S-60S

Zelinka et al. (2020)



CESM2 and NorESM2 - differences in their 
SW feedback over the Southern Ocean



Why is the SW feedback different? Because in 
CESM2 there is a very rapid early SST warming



In CESM2 early warming takes place at the 
surface, but in NorESM2 at the subsurface



ECS seems to correlate with the fraction of the 
global ocean heat uptake that takes place in the 
southern ocean

Models that warm more in 
the southern ocean tend to 
have a weaker ECS

Why? The same 
mechanism as in NorESM2 
i.e. surface warming and 
the feedbacks are delayed 
as the model pumps the 
heat to deep ocean.



Summary

• Different ECS of NorESM2 and CESM2 is due to
• Slow (fast) SST warming in NorESM2 (CESM2) which delayes the SW cloud 

feedback in the Southern Ocean
• The slow initial warming in NorESM2 is due to convection shutdown that cools the 

surface as warm subsurface waters are no longer mixed to the surface (and instead, 
the subsurface warms).

• There is a relation between the (high) deep Southern Ocean 
warming and (weak) ECS in the CMIP6 ensemble

• The two models appear much more alike if the whole 500 years are 
considered when the ECS is calculated



Ocean warming in CMIP6
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In CESM2 early warming takes place at the 
surface, but in NorESM2 at the subsurface



• ...there is a nonlinear relationship governed by a ratio involving two 
parameters, ECS and heat uptake efficiency. This implies that if all 
models have similar efficiency in sequestering heat, then the more 
sensitive models will, at any point in time, realize a smaller fraction of 
their eventual warming (28–32).

https://advances.sciencemag.org/content/6/26/eaba1981
https://advances.sciencemag.org/content/6/26/eaba1981


...new models (well CESM2 at least) is not 
consistent with the proxy records


