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AI-Atmosphere

Gencast

Graphcast
FourCastNet FengWu

pangu-weatherFuxi

weatherbench
weatherbench2

weatherbenchX

• Significant advances in ML models
for weather forecasting

• From single deterministic forecast
to forecasting mean states 
showing better statistics than
state of the art numerical models

• ML probabilistic forecasting with
realistic individual trajectories

• Inference faster that numerical
models (~1min vs ~1hr) 

AIGFS 

AIFS 
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AI-Atmosphere

Graphcast
FourCastNet FengWu

pangu-weatherFuxi

Glonet
XiheWenhai

weatherbench
weatherbench2

weatherbenchX

AI-Ocean
Fuxi-ocean

Langya
HybridOM

• Ocean is a complex environment

• Ocean is not as well observed

• ML ocean system now produce
skillful forecast (possible to learn
from reanalysis)

• Inference faster that numerical
models (~1min vs ~1hr) 

=> ML system to run operationaly and 
explore probabilistic approaches

AIGFS 

Gencast
AIFS 
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Configuration

Glorys12
[uo,vo,so,
zos, thetao] uo,vo,so,

zos, thetao,
Glonet

overview

(ti) (ti+1 )

GLORYS12 reanalysis
• Training [1993, 2020]
• Validation [2021]
• Testing [GLO12]

(21 layers
[0.49--> 5k])

[1/4°]

Vars:
zos
[thetao, 
uo,vo, 
so]

1 day Frequency

Mercator NN-Forecasting system

Glonet
[1/4]

Glonet Glonet …Glonet Glonet

Day 0 Day 1 Day 2 Day T

• ECP: 8 nodes, 32xA100 GPUs
• Several days of training

RessourcesGlonet
architecture

• Fourier neural operators to 
model basin‐wide patterns

• CNN for predicting mesoscale 
features

• Encoder-decoder design

Autoregressive 1-10day forecast
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Candidates

Validation in operational context through Oceanbench

GLONET

XIHE

Wenhai

References

λ

GLO12
forecast

λ

GLO12
analysis

λ

GLORYS12

github.com/mercator-ocean/oceanbench

Neurips 2025  
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GLONET
https://doi.org/10.1029/2025JH000686

• CPU 16 cores ~ 7min

• 12G VRAM ~ 30 sec (JIT) [Nvidia]

• A100 node ~ 3 sec

GLONET

365 days in 3min

Operational implementation

Oceanbench

  https://openreview.net/forum?id=wZGe1Kqs8G
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Training Dataset​  (1993-2020, 1°res.)

o GLORYS 12 reanalysis
▪ Currents, temperature, Salinity, SSH, 
▪ ice velocity, thickness, fraction

o Biomer BGC hindcast
▪ Chlo, Nitrate, Phosphate, primary production, 

dissolved o2, silicate

o ERA5 reanalysis
▪ u10,v10, t2m, mslp, sp 

Probabilistic Neural Ocean Forecasting 

rollout 

(8 layers
[0.49--> 600m])

[1°]
1 month Frequency

sam
p

lin
g

Seasonal to decadal timescales
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Model design

sam
p

lin
g

0.49m

2m

600m

..

atmospheric forcing

M2M

M2M

M2M

..

0.49m

2m

600m

..

d
e

p
th

m2m

m2m

Latent

M2G
G2M

O
cean

o Encoder-decoder design
o Graph Neural network
o Explicit representation of depth in 

nodes (3D information)
o Generative ML method: latent 

diffusion
Sampling in the latent space from same 
initial conditions to generate multiple 
realistic ocean state forecasts 

encoder processor decoder
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24 years rollout 

SST + [Sea Ice]    (1994-2018)

SSH PO4

Seasonnal, interannual variability
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CUI=SST_max(offshore)-SST_min(upwelling)

Evaluation over historical part
[1994 2018]

Eastern boundary currents ecosystem 
dynamics

Upwelling systems

Member i

Member k
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sst_cooling = offshore_sst - coastal_sst             
chl_enrichment = coastal_chl - offshore_chl       UC=½(std(ano(sst_cooling))+std(ano(sst_enrichment )))

o ML model able to captures interannual 
variability of bio-physical metric

o Chlorophyl patterns driven by physics

Upwelling composite metric
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Surface variables trends
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Sea Ice 
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Climate indicators
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Integrated Ocean Emulator

• Inference:
o 1xH100
o 100 years in 15 min

• Training:
o 4xH100
o ~7 days

• Potential:
o Seasonal to climate projection
o What if?

• Config:
o 1°x 8 levels (600m)
o Monthly mean
o CRPS optimized

Integrated Ocean Emulator

• Next:
•

o ¼ res., higher vertical sampling, daily 
o proper evaluation
o Replace prior sampling with stable diffusion
o Couple with ML-atmospheric models
o IOE ensembles --> OMIP

• Digital Twin:

o Cheap solution for new services
o What if, MCDR..
o Long-term planning..
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Thank you
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