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Update from last year’s PCWGM: Papers published on hybrid sea ice modeling
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Duncan, .., Gregory et al. 
SamudrACE: Fast and 
accurate coupled climate 
modeling with 3D ocean 
and atmosphere 
emulators. arXiv (in review 
at GRL). 2025

Machine-learning models are making headway as climate model emulators

New climate emulator ‘SamudrACE’ couples 3D atmosphere emulator ‘ACE’ with 
3D ocean emulator ‘Samudra’

 

Auto-regressive climate emulators use their predictions as next-step inputs and apply this iteratively to rollout simulations.

SamudrACE emulates the GFDL CM4 model 

CM4 throughput: 16 SYPD on 5535 CPU cores
SamudrACE throughput: 1500 SYPD on 1 GPU
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Current generation atmospheric emulators have residual polar biases

SamudrACE CAMulatorACE2

Watt-Meyer et al., 2025 Duncan et al., 2025

Chapman et al., 2025

     

Could a sophisticated sea ice emulator improve surface polar climate biases in atmosphere and/or ocean emulators? 



Introducing FloeNet: a global sea ice emulator architecture
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FloeNet accurately captures ice and snow dynamics/thermodynamics

 

 

The area/mass budget can be summarized by local 
sources and sinks due to thermodynamics, plus local 
ice convergence/divergence due to dynamics:
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FloeNet accurately captures ice and snow dynamics/thermodynamics
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The area/mass budget can be summarized by local 
sources and sinks due to thermodynamics, plus local 
ice convergence/divergence due to dynamics:
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FloeNet accurately captures ice and snow dynamics/thermodynamics
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The area/mass budget can be summarized by local 
sources and sinks due to thermodynamics, plus local 
ice convergence/divergence due to dynamics:
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FloeNet outperforms a non-conservative baseline under the same present-day forcing

 

Baseline “Full-state” model
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FloeNet
Full-state model

Train Valid

Truth FloeNet Full-state

Numerical model (OM4)
FloeNet
Full-state model

Train Valid

Truth FloeNet Full-state



7

 

Baseline “Full-state” model

Numerical model (OM4)
FloeNet
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Numerical model (OM4)
FloeNet
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Train Valid

Truth FloeNet Full-state

FloeNet outperforms a non-conservative baseline under the same present-day forcing
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Emulators can generalize relatively well to piControl and 1% CO2 forcing
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Emulators are trained on reanalysis-forced ice-ocean (OM4) 
simulation and evaluated under piControl and 1% CO2 
forcing from CM4 runs



Emulators can generalize relatively well to piControl and 1% CO2 forcing
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simulation and evaluated under piControl and 1% CO2 
forcing from CM4 runs
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FloeNet accurately captures inter-annual sea ice variability under different climates
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FloeNet gets sea ice volume anomalies for the right reasons 
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We’re hoping FloeNet can be a useful tool for the emulator community
FloeNetTruth

OM4
FloeNet

Ice 
surface 
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FloeNet is an accurate global sea ice emulator, trained 
here on the GFDL sea ice model, SIS2

FloeNet can produce a 140-year simulation in ~4.5 hours 
on 1 GPU

FloeNet also predicts useful variables for ice-atmosphere 
and ice-ocean coupling

Couple FloeNet to SamudrACE

Next steps

Work towards an energy- and salt-conserving 
formulation

Write up results!



Thank you!



FloeNet’s complete set of input and output variables

siconc
simass
sisnmass
sitemptop
max(sidmassth,0.0)
min(sidmassth,0.0)
sidmassdyn
sisndmasssnf + max(sisndmasssubl,0.0)
sisndmassmelt + min(sisndmasssubl,0.0) + sisndmasssi 
sisndmassdyn
max(sidconcth,0.0)
min(sidconcth,0.0)
sidconcdyn
siflsaltbot
?
?
siflswdtop
sifllwdtop
siflsenstop
sifllattop
sisndmasssnf
sistrxdtop (tauuo [from ocean] where siconc<0.15)
sistrydtop (tauvo [from ocean] where siconc<0.15)
siflsensbot
zos [from ocean]
sistrxubot (tauuo [from ocean])
sistryubot (tauvo [from ocean])

CMOR field name

For constraining dynamics For constraining thermodynamics


