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About ECMWF

role is to address the critical and most 
difficult research problems in medium-range NWP that 
no one country could tackle on its own

Playing a unique role



Dramatically improving accuracy………….
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Numerical Weather Prediction



Machine learning – IFS 
coupling with Infero

SPARTACUS emulation / 
Reading

Planned Ongoing Published

Unstructured 
grids / COE

COE == Centre of Excellence with ATOS and NVIDIA
ESoWC == ECMWF Summer of Weather Code

Observation 
operators

CAMS emulator 

NOGWD emulation / 
Oxford

ecRad emulation / 
MAELSTROMS2S 

prediction 
correction

Bias correction 
in 4D-Var in 3D 
/ COE

Tropical 
Cyclone 
detection / 
COE

ecPoint / 
Highlander

Soil moisture 
assimilation / 
CNRS

MAELSTROM 
co-design cycle

Sea ice 
surface 
emissivity

Ensemble post-
processing / 
Microsoft

Learn and understand 
model error from 
observations / IFAB

Wave model 
emulation / 
Oxford

Precipitation 
downscaling / 
Oxford

Precipitation 
downscaling / 
Warwick and 
Bristol

Bias correction 
in 4D-Var

Learn machine 
learning model in 4D-
Var / Fellow Bocquet

Low dimensional 
ocean models / 
Imperial College

ML4Land / 
ESoWC

CliMetLab

S2S Challenge / 
WMO

Observation 
quality control

Anomaly 
detection / 
ESoWC

Estimates of the 
first guess of 
model error in 
OOPS

Wildfire prediction 

AI4Emissions / 
ESoWC

TL/AD of 
emulator for 
4D-Var

Neural Network 
preconditioner / Oxford

Study tropical cyclone 
genesis / CLINT

Assimilate 
scatterometer
backscatter

Tropical Cyclone Tracking 
with CliMetLab

Fastem-7 for RTTOV ocean 
emissivity / CNRS

Lookdown induced NO2 
changes

Machine learning at ECMWF



Research highlight: application in data assimilation
• Data-assimilation blends observations and the forecast model to 

generate initial conditions for weather predictions
• It is possible to learn model error when comparing the model with 

(trustworthy) observations

Two approaches:
• Learn model error within the 4DVar data-assimilation framework for 

“weak-constraint 4D-Var”
• Learn model error from a direct comparison of the model trajectory 

to observations or analysis increments using deep learning
(column-based or three-dimensional)

Patrick Laloyaux, Massimo Bonavita and Peter Dueben @ ECMWF + Thorsten Kurth and David Matthew Hall @ NVIDIA

Background departure Estimation from Neural Network



Research highlight: application in model component
To represent 3D cloud effects for radiation (SPARTACUS) within simulations of the Integrated Forecast Model is 
four time slower than the standard radiation scheme (Tripleclouds)
Can we emulate the difference between Tripleclouds and SPARTACUS using neural networks?

Relative Cost Tripleclouds SPARTACUS Neural Network Tripleclouds+Neural Network

1.0 4.4 0.003 1.003 Meyer, Hogan, Dueben



To learn IFS forecast error in 2m temperature and 10m 
wind with respect to station measurements (SYNOP) using 
three different machine learning techniques

Figures: Change in error for individual stations (left) and 
mean change for all stations (right)

Research highlight: application in post-processing
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Cooper, Ben Bouallegue, Chantry, Dueben, Bechtold, Sandu



MAchinE Learning for Scalable meTeoROlogy and cliMate
The first datasets have been published! https://www.maelstrom-eurohpc.eu/content/docs/uploads/doc6.pdf

https://www.maelstrom-eurohpc.eu/           @MAELSTROM_EU

Research highlight: Learning how to make use of exascale computing
→ The MAELSTROM project



We have recently published our machine learning roadmap

https://events.ecmwf.int/event/232/
https://www.ecmwf.int/en/elibrary/19877-machine-learning-ecmwf-roadmap-next-10-years
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9 km 

A glimpse in to the future: 
First seasonal simulation at 1.4km resolution on SUMMIT

→ Destination Earth

1.4 km 9 km




