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Simulations vs 
Satellite 

Uncertainties in dynamics reduce with 
higher resolution 

Uncertainties in physics often 
dominate weather forecasts 

Dynamics <-->- (micro) physics 
Laws <-->- heuristics 

Certain <-->- uncertain 

How can we constraint models better 
to data? 

Stevens et al., 2019



Machine learning: 
Why relearn everything?



GraphCast 

Pure machine learning weather forecast 
model 

GraphNN with encoder - processor - 
decoder architecture 

6h time steps 

No physical laws, not generalizable (?) 
nor explainable (?) 

Lam et al., 2023



Neural General Circulation Models

Kochkov et al., 2023

• Differentiable model (dynamics + physics) based on Python+JAX 
• More explainable than pure ML



Tropical cyclone 
statistics well 

simulated

Trained on 
weather 
but skilful for 
climate

Physics discovery and generalisation 
Radiative surface cooling 
(night) and heating (day)

Daytime evaporation + 
convection over tropical oceans
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Kochkov et al., 2024



What do we want climate models to be?

AGU 2017?



Two language-problem of weather and climate models
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Easy to use and extend

SpeedyWeather’s 
future

now
without Julia



Monolithic interface?
User

Namelist, run_model

Simulation

Primary components (Operators, Transforms)

Secondary components (Physical schemes)

Modularity, extendability, 
composability very hard!



Model constructor interface

User

Simulation

User User

Model components

Internals

Model



JOSS paper is out!
Extensive documentation, with examples 
+ “textbook” on global atmospheric modelling

SpeedyWeather.jl v0.10: Where are we?



Higher resolution examples

Humidity at 40km resolution

Cloud cover


