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Key facts
• 23 Member States
• 12 Co-operating States
• > 500 staff - 3 locations

European Centre for Medium-Range Weather Forecasts
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• 24/7 operational service

• Research institution

ECMWF’s mission:

Deliver global numerical weather 
predictions 
focusing on the medium range and 

monitoring of the Earth system 
to and with our Member States.

European co-operation at its best
with cooperation agreements with
USA, Canada, China, 

Japan, Australia...



Numerical Weather Prediction

800 
millions a 
day



NASA Artemis II lunar flyby mission (Christina Koch) - ECMWF forecasts (2 April 2026)

Observations Simulations
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3 days ahead Forecast quality: 
higher is better

100%

30%

20 years

5 days ahead
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The quiet revolution: better forecasts improving by one day per decade

Satellite revolution



Where do Satellite data come from?

EUROPE
Aeolus
CHAMP
CRYOSAT
ENVISAT
ERS
JASON
METEOSAT
METOP
Sentinel
SMOS
TanDEM-X
TerraSAR-X

USA
AQUA 
AURA
C-NOFS
CORIOLIS
COSMIC2
COSMIC
DMSP
GOES
JPSS
PlanetIQ
POES
QuikSCAT
SAC-C
SMAP
TERRA

OTHERS
COMS-1
FY2
FY3
GCOM
GPM
HIMAWARI
HY2
INSAT-3D
KOMPSAT-5
MTSAT
OceanSat-2
SARAL
TRMM

USA-EUROPE
GRACE
JASON
Sentinel-6A
SPIRE-Lemur-3U
SPIRE

EUROPE-OTHERS
MEGHA-TROPIQUES

100 sensors used

Data exchanged in real-
time under the auspices 

of WMO



Hurricane Irma with Satellite Data

Irma caused an estimated $77 billion in damages and more than 130 fatalities in 2017, in Barbuda 
(50% people became homeless), other Caribbean islands and USA

Hurricane Irma without Satellite Data
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Without observations we would give no warning of life-threatening weather!
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134 people died




Keisler - GraphNN
1°, competitive 
with GFS
NVIDIA –
FourCastNet
Fourier+ , 0.25°
O(104) faster & 
more energy 
efficient than IFS

Feb 2022
Full medium-range NWP

Nov 2022
Tropical cyclones

Dec 2022
Extensive predictions

Huawei –
PanguWeather
0.25° hourly 
product

“More 
accurate 
tracks” than 
the IFS.

Deepmind –
GraphCast
0.25° 6-hour

Many variables 
and pressure 
levels with 
comparable skill 
to IFS.

Today: the AI Machine Learning revolution 
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Jan 2023
Global & Limited Area

Microsoft –
ClimaX

Forecasting 
various lead-
times at various 
resolutions, both 
globally and 
regionally

Apr 2023
7-day+ scores improve

FengWu –
China academia + 
Shanghai Met 
Bureau
0.25° 6-hour product

Improves on 
GraphCast for 
longer leadtimes
(still deterministic) 

ECMWF staff 
~500km ERA5 
to predict future 
z500.
Similar work 
from Rasp and 
Weyn.

2018
Exploring the concept

Spherical harmonics

Jun 2023

Diffusion modelling

NVIDIA – SFNO
0.25° 6-hour 
product

Extension of 
FourCastNet to 
Spherical 
harmonics, 
improved stability

Alibaba –
SwinRDM
0.25° 6-hour 
product

Sharp spatial 
features

Defining the 
dataset, split, 
headline fields 
and metrics

2020 WeatherBench

Last months
FuXi
AtmoRep
FuXi-extreme
NeuralGCM
GenCast
…

impossible to 
keep this figure 
up to date
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As I think is quite clear to all of us, a lot has happened since we published the ML roadmap early in 2021.

This is just a snapshot illustrating a few key moments, and specifically showing the growing involvement of the commercial sector in ML in weather predictions. Of course, a lot has also happened within the weather agencies
At this stage I would like to mention two points, one is that most of those models are freely available or at least available for non-commercial use, for which we are grateful because it helps understand and assess them. The second point is that they are all to our knowledge trained on ERA5, which is the ECMWF Reanalysis.


Dashes illustrate long time between the 2018 paper (possibly not the first on ML), and everything else, with 2021 marking the start in earnest.
And whilst we were implementing our Roadmap, this is what has happened elsewhere –notable acceleration at the end of 2022, with new models performing well being documented every month
It is impressive 
How quickly they have developed
How cheaply they run (computing)
How fast they evolve (the technology and capability)

They are limited to deterministic (but VERY quickly changing –are investigating ENS NVIDIA, and also Huawei)
Trained on ERA5 




Artificial Intelligence: how does it work?
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In short, this is how it works. Training on the reanalysis, we replace the physics-based model by its ML emulation.
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Training 
dataset

Physics-
based 

forecast  

AI/ML
forecast

(inference)
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Please add your own field here:




Operational Artificial Intelligence models started in 2025
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https://on.ft.com/4id2QNv

https://on.ft.com/4id2QNv


AI delivers skill gains over physics-based models up to 10 years of R&D



Conclusions

Earth Observations are more than ever essential

Operational forecasts now combine Physics-based 

and data-driven methods

Successful collaboration between big tech, 

academia and meteorological organisations
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