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» Replace traditional climate models with ML
» Fast & stable on long timescales

Ai2 Climate Emulator (ACE)

» Trained on FV3-GFS, EAM (E3SM), and ERAS
CAMulator

» See Will Chapman @ 11:30
¢ Need for evaluation (can we trust them?)

» Idealized patch experiments “Green’s
function” simulations

» SST-forced simulations with localized
perturbations

» “Distillation” model
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Sea surface temperature
Sea ice fraction

ToA solar radiation

CO, concentration (ACE2)
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¢ Surface pressure
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e Surface latent heat flux
e Surface sensible heat flux

Watt-Meyer et al. (2023, 2024)
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’ Ai2 Climate Emulator

Three versions, trained on:
¢ ERAS (reanalysis)

Forcing (t = 1) e E3SM Atmospheric Model

 Sea surface temperature ¢ GFS-FV3 (weather model)

e Sea ice fraction .

e ToA solar radiation ~ 1500 simulated years per day on H100 GPU

e CO, concentration (ACE2)

Diagnostic (t = 7 + 6 hr)
ToA radiative fluxes
Surface radiative fluxes
Surface precipitation rate
Tendency of total water
pa?h it advectllon

e Surface latent heat flux

o Surface sensible heat flux

Prognostic (t = 1) Prognostic (t = v+ 6 hr)
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Green’s function simulations

Lr=f Differential equation (GCM)
& LG =6 Response to localized forcing
= r = Gf  General solution

GFMIP; Bloch-Johnson et al. (2025)
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Green’s function simulations

Annually repeating SST
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GFMIP; Bloch-Johnson et al. (2025)
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GFMIP; Bloch-Johnson et al. (2025)
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Green’s function simulations

Annually repeating SST
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Green’s function simulations

Patch perturbations

Annually repeating SST
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Green’s function simulations

Annually repeating SST
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GFMIP; Bloch-Johnson et al. (2025)
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Global mean, top of the atmosphere, radiation budget

incoming energy - outgoing energy <—
N=F+R

Radiative imbalance
L L—> Radiative Response, R = AT

Radiative Forcing

Feedback depends on SST ;
pattern o i
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Climate emulators for scientific discovery

e Probing the “observed” climate system in a new
way (e.g. ACE-ERAS)

» Turn off forcing in the real world

¢ Physically realistic sensitivity map

e Fails to capture expected negative trend
» Lack of energy conservation constraint?
e “True” radiation Green’s function unknown

» Direct comparison with GF simulations in
GCMs (e.g., Wu et al. 2025, E3SM);
CAMulator vs CAM

-25.0 -12.5 0.0 12.5 25.0
h500 [m]
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e “Distill” the nonlinear, statistical
“black box”
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short timescales
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Nonlinearity, e Climate emulators need systematic
/v small-scale features, testing (e.g., Ullrich et al. 2025)
short timescales e “Distill” the nonlinear, statistical
“black box”
¢ Out-of-distribution test
Emulator | e Linearized causal response
(CAMulator, ACE...) \ b - e Physically interpretable
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Nonlinearity, e Climate emulators need systematic
/v small-scale features, testing (e.g., Ullrich et al. 2025)
short timescales

e “Distill” the nonlinear, statistical
“black box”
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e Linearized causal response
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