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Project overview: different paths towards a ML ensemble prediction at ECMWF

OCEANS sea ice AMSR2 seaice

The hybrid model Development of a ML Observations-driven
ensemble forecast ML system
Enhanced and accelerated Data-driven model initialised with
implementation of ECMWF ML NWP analysis hence requiring Awhole system reinventing the path
Roadmap conventional data assimilation. from observations to predictions.
Delivering results Embracing novelty A scientific challenge
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A 48r1 better than 47r3 statistically significant with 99.7% confidence

£ 48r1 better than 4713 statistically significant with 95% confidence
48r1 better than 4713 statistically significant with 68% confidence
no significant difference between 47r3 and 48r1
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48r1 worse than 47r3 statistically significant with 68% confidence
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Since Sept 2023:
OpenlFS 48rl 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  OpenlFS can now be run as 3D model or as SCM

6t Openl
42 participants, showcase of OpenlIFS/AC
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OpenlFS 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

OpenlIFS/AC composition modelling now includes
Strat (BASCOE) + Trop (CBO5) + AER in OpenlFS 48r1 (single code base)
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HPC, COMPUTATIONAL SCIENCE, BIG DATA, Al — HIGHLIGHTS

_ : _ _ Next HPC
Optimise 10 performance and Adaptation of codes to hybrid architectures

ITT for future HPC

Developments in Storage strategy

Multi-node version of FVM Ensemble ML system Enhanced efforts in data assimilation
deployed in operations with ML
2024 2025 2026 2027

Development of AIFS and Collaborative ML activities with Member States

Destination Earth Destination Earth — phase 2
phase 1
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CRPSS

Many applications of hybrid NWP with ML

Direct assimilation of SCAT sigma0

Emulator vs TripleClouds

Pressure (hPa)
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Project overview: Enhanced ML efforts at ECMWF

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




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

NN is trained offline to learn model bias from a well NN is trained offline to learn analysis increments ,
observed WC4D-Var, then applies state dependent then applies state dependent corrections within the
corrections to reduce model bias artefacts in ERA6 DA, but also the medium (extended) range
analyses forecast.
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Next HPC: Outline timeline

January 2027 Movember 2027
July 2025 Delivery of first HPG Start of operation

Council approval for start of procurement

Release of ITT Nov 2095 \ \
December 2024 \ Return of bids

July 2026 Start of élglit?f:al testing
Signature of contract (Council) {full HPC)

1 *—
January 20 l‘\ -’} l\ January 2028

Feb 2024 - Oct 2024 Jan 2025 - Jul 2025

March 2027 - June 2027
Preparation of busingss case Preparation of ITT

Mov 2025 - May 2026 Early user testing and migration
Evaluation and Negotiation

July 2026 - March 2027
Site Infrastructure and Vendor lead time
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Hybrid 2024 — Forecast component adaptation progress

Model component Porting method CPU run time | GPU (Nvidia) GPU (AMD)

Spectral Transform Manual, OpenACC/OpenMP 16% Optimising Optimising
Egrr;am'ca' Grid point dynamics  FIELD API + Loki (Fxtran) 10% Porting ]
Semi-Lagrangian Manual + Loki (Fxtran) 12% Porting _
EC-physics FIELD API + Loki Integrating Porting
30%
Physics Surface model FIELD API + Loki Porting _
Radiation Loki 5% Porting Porting
Dy-core Manual, OpenACC [CINECA] Optimising _
Wave model 8%
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
Ocean model (NEMO) CPU-only, separate MPl comms 6% _—
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