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Observed greenhouse gas increases and surface 
warming almost everywhere, especially in the Arctic

Data Source: https://keelingcurve.ucsd.edu/

https://keelingcurve.ucsd.edu/


Are you expecting a new September Arctic sea 
ice record minimum soon?  I am.







Challenge: Many experiments only run 150 years (per CMIP protocols).

Solution: Extend existing experiments to provide context on climate 
sensitivity constraints. (e.g., https://www.longrunmip.org/).

Long runs more important for cooling than for warming! 









It’s not the CO2 radiative forcing. 
2xCO2 forcing >> 0.5x CO2 forcing

From Chalmers et al. 2022 – Table 2

Why more cooling than warming?  



It’s the sea-ice associated feedbacks: surface albedo and lapse rate



It’s the sea-ice associated feedbacks: surface albedo and lapse rate



Summary
• After 150 years – CESM1 shows more 2xCO2 warming than 0.5xCO2 
cooling due to stronger 2xCO2 radiative forcing and more positive 
2xCO2 feedbacks.
• After 1000 years – CESM1 shows more 0.5xCO2 cooling than 2xCO2 
warming due to feedbacks associated with sea ice expansion (positive 
lapse rate and surface albedo feedbacks).
• How do we use 0.5xCO2 experiments (with LGM) to constrain 
climate sensitivity?

Support provided by University of Colorado 
CIRES, NSF CAREER (1554659), NSF OPP 

(2233420).





Climate models have long shown greater-than-global Arctic surface 
warming due to unique positive feedbacks (surface albedo, lapse rate)

Figures from Manabe and Stouffer 1980
Similar results in many more recent studies.









Figure 3 from Jahn, Holland, and Kay (2024)

“Although definition differences and model selection influence the specifics of ice-free predictions, 
they all indicate that ice-free conditions tend to occur at least once by 2050 under all assessed 
scenarios, and become a frequent occurrence thereafter under all scenarios except SSP1-1.9.”



Figure 3 from Jahn, Holland, and Kay (2024)
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