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Comparison to Earth System Model 

predictions reveals Successes, 

Partial Successes, Discrepancies, 

and Uncertain Situations

Simpson, Shaw et al. (2025, Sci. Adv.)
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Trend of Cold daily minimum temperature trends sensitive to observational 

coverage over time.
Cold daily minimum temperature trend is sensitive to 

observational coverage over time

Blackport et al. (2024, Sci. Adv.)

Observations

Models
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Southern Hemisphere storm tracks trends influenced by 

SST pattern

Kang et al. (2024, npj Climate & Atmos. Sci.)

Results consistent 
with Pacemaker and 

Hindcast simulations

SH Storm track EKE JJA 

Tropical 
teleconnection 

weakens subtropical 
jet strengthens storms
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Simpson, Shaw et al. (2025, Sci. Adv.)



High resolution simulations should be put in the context 

of model ensemble distribution

Fyfe & Gillett (2011, Nat. Clim. Change)
Simpson, Shaw et al. (2025, Sci. Adv.)
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High resolution simulations should be put in the context 

of model ensemble distribution

Observations

“Low” res. CMIP6 Models
MESACLIP (0.25 atm, 0.1 ocn)

Simpson, Shaw et al. (2025, Sci. Adv.)



Initialized predictions help to reveal impact of model 

resolution and initialization on trend discrepancies

Yeager et al. (2023, npj Climate & Atmos. Sci.)



Shaw & Stevens (2025, Nature)

Confronting Earth System model trends with observations 

brings with it a better understanding of the climate system

Initial Conditions
Boundary Conditions



Deadline July 30th!



Regional temperature trends influenced by SST pattern

Kang et al. (2025, npj Climate & Atmos. Sci.)



Discrepancy in tropical SST trends leads to 

teleconnection discrepancy

Kang et al. (2024, npj Climate & Atmos Sci)
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Rucker et al. (2025, in prep.)

AI emulators also need to be benchmarked in the 

context of model ensemble distribution



1) As more Earth system processes become incorporated into models, new 
opportunities will present themselves for confronting trends in these 
processes with observations

2) “State-of-the-signal” summary assessment on the current knowledge of 
historical trends and the ability of climate models to reproduce them (build 
on the current “State of the Climate”).

3) Advocating for more observations.
4) Another key opportunity for the climate science community will be to 

improve the existing model-observational comparison cycle (CMIP/IPCC).
5) Reliable real-time information on trends similar to climate reanalyzer
6) AGU & CMIP session proposal
7) CLIVAR Research Foci Proposal

Confronting Earth System model trends with observations 

is a new era



NASA

Successes in capturing JJA heat wave trends 

over Europe

Reanalysis/CERES

Dong & Sutton (2025, npj Climate & Atmos. Sci.) Yin et al. (2024, GRL)

Europe JJA SAT trend 1979-2020
Europe JJA heat wave trend



NASA

Successes in capturing Eurasian jet stream 

weakening trend

Dong et al. (2022, Nature Comm.)

Eurasian JJA jet trend 1979-2020
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Success in capturing Pacific storm track 

weakening trend

Kang et al. (2024, AGU Advances)

ALL     GHG     AER     NAT

Aerosols dominate

Reanalysis

Pacific storm track JJA trend 1979-2020



Discrepancy in tropical SST trends leads to 

teleconnection discrepancy

Kang et al. (2025, npj Climate & Atmos Sci)
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