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Introduction



Machine Learning Weather Prediction (MLWP)

- Data-driven methods
("MLWP") have risen to
state-of-the-art.

- From global forecasting to
pervasiveness

- Fast-paced advances

Timeline de la littérature en PNIA

® Modéles de PNIA PanguWeather et
® Versions de IFS RaspThuerey
FourCastNet
Neural-LAM
u;al CM(
GraphCast  Grph. LN
ES-CRPS
FengWu
GraphDOP
Keisler GenCast
i TOREPErOmObs
Climeing  Aurora

ATFS
Weyn FuXi - : BRIS

IFS-45r1 IFS-a6rl IFs-47r1FS42e2,, o IFS-48r1 " IFS-49r1

2019 2020 2021 2022 2023 2024 2025

Foundation models

(hybrid

Global NWP Newraicere

Ensembles ™~

Regional NWP

B Q & Q B 0
o 1@1’\’ 'Ip’f’s »p’f’\' 101“'0 »Lo'LD‘A



What is our purpose ?

Can one do kilometer-scale MLWP with the skill of AROME ?

. Many National Weather Services have a similar goal.

. Probably too soon to tell, but already some results.

. Notion of "skill” is not univocal

Where do we stand today at Météo-France ?

- What is the MLWP team even doing ? £
- Data on a graph
- Time leaps and auto-regression
- What is the model worth ? &
- Scores, errors and what they tell
- Two interesting cases



A primer on MLWP



A primer on MLWP : a simple recipe

High-quality data (dubbed O;):

- ERA5 ( 3000)
- AROME Analysis ( 2:500)

A computing grid : the "graph”

850 from cutout valid at 2023-05-20T00:00:00




A primer on MLWP : a simple recipe

- A (neural-network) model : Iy ; independent from the graph'
- Atraining algorithm : find the best model [, that predicts any
data 0.

- "Best”  minimize mean square error
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Auto-regression

Using one’s own output as next input

16 : a set of very many parameters. 245M in our case. GPT-4 : 1.75T (?)
’The graph defines where information flows, 1y computes what flows




A primer on MLWP : the training process

Oo00t00 00 0000007 000000 an "AlFS-like” model on "stretched-grid”,
d’aprés Nipen et al. (2025)

Stage A Stage B Stage C Stage D
global global global ~31 km ~31km +~2.5 km
~100 km ~31km regional ~2.5 km + rollout

- Stage A: global low-res
pre-training

- Stage C: regional + global
0ooooonno

 Stage B : global high-res - Stage D : increasing OO0

training


https://doi.org/10.1175/AIES-D-25-0001.1

MLWP: Anemoi ]

000000 is a framework mainly developed at ECMWF
% anemoi

. a handful of ® packages for datasets, training, inference
. many contributions from all over Europe (mainly)

- What Anemoi is: a powerful framework to MLWP, end-to-end
- What Anemoi is 000: your general Al toolbox to do everything X

- At Météo-France: Assimilation, Nowcasting, Chemistry, Climate,

etc...



AROME-IA, a brief description

- Purpose : deterministic regional forecasting
- Resolution : 2.5 km (regional) / 0.25° (global), 13 levels, Al=6 h

- Variables: 0 =72
- Surface (7 prognostic) : 2, O, D10, Dom, Do, Doow, 0102
- Surface (1 diagnostic) : total precipitation
- Altitude (5): 0,0,0,0,0

- Trained with :

1. ERA5, 1979-2022 (43 y.)
2. AROME: BDAP, operational analysis, 2020-2024 (4.5 y.)

Main caveats

- Limited set of variables
- Limited timestep (6h only)
- Not gone very far in the tuning yet



What is the model worth ?
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