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Coupled; all-sky, all surface Machine learning
Towards high resolution (physical
and computational science) 

Operational upgrades PublicationsCycle 48r1
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Cy48r1

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

ENS scorecard comparing 48r1 with 47r3 
for anomaly correlation coefficient (ACC) of 
the ensemble mean and the Continuous 
Ranked Probability Score (CRPS). Results 
are verified by the respective analyses and 
observations at 00 and 12 UTC, based on 
about 550 forecast runs in the period June 
2020 – April 2023.
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Cy49r1 v8

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

ENS scorecard comparing 49r1 v8 with 
49r1 v0, at 9 km resolution.

Both use the 48r1 EDA so effects on the 
49r1 EDA are not included

Based on data from the period Dec 2021 – 
Aug 2022.



OpenIFS
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6th OpenIFS User Meeting, Barcelona
42 participants, showcase of OpenIFS/AC

OpenIFS Data Hub publicly released in Bologna, May 2023
500+ GB of initial data provided since July 2023

supports data production for cycles 43r3, 48r1 and beyond

OpenIFS/AC composition modelling now includes
Strat (BASCOE) + Trop (CB05) + AER in OpenIFS 48r1 (single code base)

Since Sept 2023:

OpenIFS 48r1 beta release available, full release by Q4
o in line with current operational IFS model cycle
o build procedure changed to ecBuild/cmake
o closely aligned with IFS working practice, 

which facilitates easier upgrades 
o OpenIFS can now be run as 3D model or as SCM

Total no of issued OpenIFS licences

Data Hub serves growing
user bases with data needs

+ Rapidly increasing amounts of 
IFS code open source 
(e.g. land, waves, convection, 
gwd……)

Longer term approach to be 
discussed in context of new 
strategy 



HPC, COMPUTATIONAL SCIENCE, BIG DATA, AI – HIGHLIGHTS

Optimise IO performance and Adaptation of codes to hybrid architectures 

Multi-node version of FVM Enhanced efforts in data assimilation 
with ML

2024 2025 2026 2027

Next HPC

Ensemble ML system 
deployed in operations

ITT for future HPC 

Developments in Storage strategy

Development of AIFS and Collaborative ML activities with Member States

Destination Earth  
phase 1

Destination Earth – phase 2
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7October 29, 2014

Many applications of hybrid NWP with ML

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

NN training within weak-
constrained 4Dvar

Direct assimilation of SCAT sigma0 
observations using ML operator

Further improvements in radiation emulation
nearing complete neutrality

Uncertainty 
estimation for 
deterministic 
Destination Earth 
forecasts



Project overview: Enhanced ML efforts at ECMWF
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The hybrid model

Enhanced and accelerated 
implementation of ECMWF ML 

Roadmap

Delivering results

Development of a ML 
ensemble forecast 

Data-driven model initialised with 
NWP analysis hence requiring 
conventional data assimilation.

Embracing novelty

Observations-driven 
ML system

A whole system reinventing the path 
from observations to predictions.

A scientific challenge

Subject to agreement of both ECMWF and EUMETNET Councils,
ECMWF collaborative project with Member States envisaged to be 
one project of a EUMETNET programme 



October 29, 2014

NN is trained offline to learn model bias from a well 
observed WC4D-Var, then applies state dependent 
corrections to reduce model bias artefacts in ERA6 
analyses 

NN is trained offline to learn analysis increments , 
then applies state dependent corrections within the 
DA, but also the medium (extended) range 
forecast.

 
Exploiting Neural Networks (NN) trained in the DA to correct model error 
beyond the DA

Also model 
parameter 
learning in DA
(inspired by DWD 
work)
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Data-driven AIFS
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Traditional IFS

Day 1                           Forecast Range                           Day 10

100%

 50%



October 29, 2014

11



12October 29, 2014

Next HPC: Outline timeline

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Model component Porting method CPU run time GPU (Nvidia)  GPU (AMD)

Dynamical 
core

Spectral Transform Manual, OpenACC/OpenMP 16% Optimising Optimising

Grid point dynamics FIELD API + Loki (Fxtran) 10% Porting

Semi-Lagrangian Manual + Loki (Fxtran) 12% Porting

Physics

EC-physics FIELD API + Loki
30%

Integrating Porting

Surface model FIELD API + Loki Porting

Radiation Loki 5% Porting Porting

Wave model
Dy-core Manual, OpenACC [CINECA]

8%
Optimising

Source term FIELD API + Loki Integrating Porting

Atmospheric composition FIELD API + Loki (bespoke) N/A Planning / clean-up

Perturbation (for ensemble) Manual + Loki N/A

Diagnostics
DDH CPU-only N/A

FULLPOS Météo-France 6%

Ocean model (NEMO) CPU-only, separate MPI comms 6%

Complete Demonstrated Working on it External issues Not started yet Out of scope

Hybrid 2024 – Forecast component adaptation progress
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a
Existing strategy 2021-2030

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Usual 5-yearly update 2026-2035

Planned update 2025-2034

AI/ML, HPC/cloud, DestinE, increased 
demand for environmental products 
and services……..

Council discussions on 
process
Aiming for approval Dec 
2024
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