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Weather Forecasts – NWP? Data Driven? 

Traditionally weather forecasts are generated by running an NWP model – computer code that has been 

designed to represent the physical processes governing the evolution of the atmosphere running on 1000s of 

CPUs. But can you produce a forecast without one?

Analysis Forecast

Fusion of short-range forecast 

with latest observations

NWP Model

Data Driven Model

Learned from 40 

years of analyses
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Weather Forecasts – NWP? Data Driven? 
Recently it emerged, you can … (see Mat’s talk for a summary of developments)

The model learns from ca. 40 years of ECMWF’s ERA5 re-analysis data, stepping e.g. 6h from analysis to 

analysis ; then fine-tuning on oper analyses …

6h 6h 6h

The forecast is then autoregressively stepping 6h into the future xn = f(xn-1) …

Can be much cheaper ~ 1000x, Skill?
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First implementation (~ 1deg resolution) in 2023, following Keisler 

2022 and Lam et. al 2022:
• GNN architecture: Interaction Networks (Battaglia et. al 2016)
• Graph representation, hidden multi-scale mesh, edge features

-> decision: re-factor AIFS to create Anemoi -> make it accessible for a 

wider community to build models on top etc.

AIFS - Artificial Intelligence Forecasting System… AIFS - ECMWF’s data-driven forecasting system. arXiv. 

https://doi.org/10.48550/ARXIV.2406.01465

First update beginning of 2024, -> 0.25 deg:

• Attention / Transformer based GNN for encoder, decoder (Shi et al., 2021) 
• Transformer backbone in processor (with sliding window, e.g. Child et al. 2019, 

Jiang et al. 2023)

AIFS-Single becomes 

operational:

25th February 2025

June 2024, Diffusion based 

ensemble enters real-time 
mode, 1 deg resolution, 50 
members

For more, pls see -> AIFS blog: https://www.ecmwf.int/en/about/media-centre/aifs-blog

December 2024, 

AIFS weights are 
published
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• Attention based GNN for encoder, decoder

• Transformer backbone in processor

Why GNN Encoder / Decoder: can handle arbitrary input / output grids, local and ad hoc 

grid refinement, changing grids etc. ; attractive for use in earth system science

AIFS - Artificial Intelligence Forecasting System…

AIFS forecast v0.1IFS
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Encoder, GNN Decoder, GNN

16 Processor Layers
Era5 – n320

~ 540 000 Nodes, 

~ 1 Million Edges

Era5 – n320

O96 ~ 40 000 Nodes

AIFS – Encoder and Decoder

AIFS works with the native IFS reduced gaussian grids ; 

possible to split model and input data across multiple GPUs to 

handle large memory requirements
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AIFS – Processor

Transformer (like LLMs) that works with a sliding attention window -> attention bands around the globe

Red: target node

Blue: Nodes target node attends to in one processor layer

Grey: How far information can travel within e.g. 6 processor layers
(here lower resolution processor grid than operational AIFS for visualization)
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Atmospheric state:

X(t), X(t-6h)

16 processor Layers

encoder decoder

Prediction:

X(t+6h)

previous

X(t)

AIFSt -> t+6h

AIFSt + 6h -> t+12h

AR predictions

…

WMSEt+6h 

Aggregate

WMSE

WMSEt+12h 

Rollout training
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Forecast skill:

DJF, 2023/2024
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Forecast skill, TCs: IFS, mslp, ff850hPa

AIFS, mslp, ff850hPa
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Smoothing due to MSE 

optimization – 

deterministic training

IFS AIFS

12h

120h

240h



AIFS ensemble: two approaches
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Create a forecast as de-noising task

Instead of a MSE loss, learn an ensemble via optimizing probabilistic scores

Loss: 

CRPS

Encoder Decoder

Processor

Encoder Decoder

ProcessorRandom noise

Random noise

…

Initial conditions

Probabilistic training encourages 

realistic levels of variability
-> diffusion models
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Diffusion – AIFS-Diffusion:

Forward process: add noise

Reverse process (learned): remove noise

Model input: noised tendency, initial condition, noise level

To generate a forecast (single member): start from pure noise with initial conditions, run the model 

e.g. 40 times, to slowly create a forecast tendency step by step ; repeat for the next forecast step 

etc. -> 12h step, 360h lead time, call the model 1200x

TN-1, SN-1 TN, SNT0, S0 T1, S1

…



October 29, 2014

First test system running now 2x daily, 

based on AIFS diffusion flavor,

 ~ 1 deg resolution, 12h timestep, fine-tuned on oper analyses
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https://www.ecmwf.int/en/about/media-centre/aifs-blog/2024/enter-ensembles

t850hPa

z500hPa

Diffusion – AIFS-Diffusion:

https://www.ecmwf.int/en/about/media-centre/aifs-blog/2024/enter-ensembles


Probabilistic training of AIFS:

AIFS-single, day 1 and 10

AIFS-CRPS, day 1 and 10

Probabilistic training -> there is no such thing as an 

unperturbed control forecast

AIFS-CRPS runs with a 6h timestep

Next: AIFS-CRPS:

https://arxiv.org/abs/2412.15832



Probabilistic training of AIFS:

Probabilistic training -> there is no such thing as an 

unperturbed control forecast

AIFS-CRPS runs with a 6h timestep

Next: AIFS-CRPS:

10-day forecasts
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O96 vs IFS N320 vs O96

N320 vs IFS

AIFS-CRPS Medium-Range evaluation, 50 member, O96, N320 vs O1280 IFS

AIFS-CRPS O96 ~ 1.0deg

AIFS-CRPS N320 ~ 0.25deg

IFS 1280 ~ 0.1 deg

Verification: Oper An, Obs
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AIFS-CRPS, comparison to TIGGE ensembles

TIGGE: https://doi.org/10.1175/2010BAMS2853.1
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AIFS-CRPS sub-seasonal skill AIFS-CRPS O96 vs  IFS



October 29, 2014

AIFS-CRPS sub-seasonal skill – Madden Julien Oscillation
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IFS, AIFS-CRPS O96
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IFS AIFS-CRPS ERA5



AIFS Single is now operational

➔Forecasts available via charts.ecmwf.int and data via ECMWF’s open data policy

➔Code, training recipes and model weights open

Next: 
➔AIFS-CRPS will enter experimental real-time mode soon

➔Planned: publish weights, code and data

➔ Include more variables, increase resolution, etc.

➔Bigger models?

➔Training data …
➔Guide NWP models …

Code (including training etc.)

Model weights:

See:   https://arxiv.org/abs/2412.15832

   https://arxiv.org/abs/2406.01465

charts
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Proper probabilistic score loss – AIFS-CRPS:

To generate a forecast (single member): run model with noise realization for each forecast step

In training: run (small) ensemble:



October 29, 2014

Mitigating error accumulation during rollout
Reframe training objective:

– Predict an increment to a coarsened input field.

– Effectively predict an increment to the state for large scale.

– Predict the small scale directly on top of the smoothed field.
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z500hPa

t850hPa
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AIFS-CRPSIFS
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How costly?
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