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Operate 2 EU Copernicus Services

• Climate Change Service (C3S)

• Atmosphere Monitoring Service (CAMS)

• Support Copernicus Emergency Management Service CEMS

Established in 1975, Intergovernmental Organisation

• 23 Member States | 12 Cooperating States

• 500+ staff

24/7 operational service

• Operational NWP – 4x forecasts / day [00z, 06z, 12z, 18z]

• Supporting NWS (coupled models) and businesses 

Research

• Experiments to continuously improve our models

• Reforecasts and Climate Reanalysis

Reading, GB

Bologna, IT

Bonn, DE

Destination Earth

• Operates the DestinE Digital Twin Engine (DTE)

• Operates 2 Digital Twins

• Extreme Weather

• Climate Change
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ECMWF’s Production Workflow – Daily Forecasts
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Big Data used to be a buzz word, now 15 years old …

3V’s : Volume, Velocity, Variety  (… Veracity)
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“If AI is the Rocket ship, Data is the fuel.”

 Andrew Ng, AI researcher, Former Head of Google Brain

… but in the AI revolution…

“Data is the new oil”

Clive Humby, mathematician & data science pioneer 



Data Challenges of AI/ML in Earth System Modelling

1. How to prepare and feed data for AI training?
– Mostly Challenge of Volume (some Variety)

2. How to adapt the data production pipeline?
– Mostly Challenge of Velocity

3. How to handle AI data heterogeneity?
– Mostly Challenge of Variety and Veracity
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How to prepare and feed 

Earth System Data for AI training?
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For training data quality and volume matter
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ECMWF Archive Growth
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Sustained Exponential 

Data Growth

CAGR 40%
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Largest meteorological archive in the world

All data is indexed and accessible

Very much active! 

Read ~ 510 TiB/day

1.45 EB

ECMWF Archive Growth
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ERA5 is ~ 11 PiB

ERA6 will be > 30 PiB
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ECMWFs on-demand data pipeline currently looks something like this:

Data Producer Primary Storage
100’s of petabytes

High Velocity On Demand

Data Stores Services
(pull)

Services such as Copernicus Data Stores, WebMARS & Polytope serve data directly from primary storage.

Data Pipeline to Users
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How to serve the data? Data Stores Service (DSS)
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> 240k Users Registered

> 6500 Active daily

> 550k Requests / day

> 100 - 115 TB / day

24/7 Open, used and monitored 

User patterns rapidly evolving 

175 Catalogued Records
 ( 129 CDS, 16 ADS, 12 EWDS, 7+ more)

70 + ARCO regularly updated 
(some daily)

+ 20 ARCO versions (Zarr)

> 80 % Post-processed
Format conversion, Aggregation stats, Area 
sub-setting, …

92% FAIR Score 
(Findable, Accessible, Interoperable, Reusable)

Simplification and harmonization

>95% traffic from 

Archive original data

Climate

Atmosphere Monitoring

Early Waning

ECMWF Data Stores
Automatization is key

Vision: Single entry-point 

providing access to distributed 

data sources via harmonized and 

standard interfaces
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AI Earth System Models

Total precipitation

ECMWF AIFS ECMWF IFS

Built on Anemoi 
Framework

A software framework for creating AI weather and climate 
models developed by ECMWF and many national metservices

EMS technology award 2025 

https://www.ecmwf.int/en/about/media-centre/news/2024/anemoi-new-
framework-weather-forecasting-based-machine-learning
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The Earthkit Ecosystem

https://ecmwf.github.io/earthkit-website/
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How to adapt the data production 

pipeline?
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Production is often time-critical
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Let’s Zoom In …

400 TiB/day → ~ 100TiB / forecast

• IFS 49r1

– 50 nodes / forecast x 51 forecasts = 2550 nodes

– Runtime: 1h – 1h20m

• AI Model - AIFS 

– 1 GPU / forecast x 51 forecasts = 51 GPUs

– Runtime: 1m40s

Challenge of 

Throughput

 → Velocity
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Asynchronous In-Memory Pipeline

HPC

IFS

IO
IFS
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Aggregation, Data Encoding

Compute Only

IFS
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Compute
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Compute
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Compute
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Compute
Earth Sys

Model

Transport Layer

Parallel

FS

Persistent Storage

IO server & processing pipelines: github.com/ecmwf/multio

In-Memory Post-processing

https://github.com/ecmwf/multio
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FRANCE

Polytope Service – Flexible, Pinpoint, Application-Driven User Access to Data

Examples:  https://github.com/destination-earth-digital-twins/polytope-examples

GERMANY

GREECE

POLAND
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Forecast-in-a-Box: a Forecasting System on your Desk
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New Paradigm:

Instead of shipping huge forecast data, we can 

send the model instead

Give them the “box” that produces the data

Note: it is a virtual box, NOT hardware!
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Forecast-in-a-Box – “What’s in the box?”

• Task Definitions

– Constructed from Anemoi and Earthkit functions
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Regrid and Interpolate
Transform outputs

UI

retrieve_init()

run_model()

postproc()

plot()



Orchestration

– Creation of a series of graphs from products specifications

– Construction of meta computing graph and scheduling

retrieve_init()

run_model()

postproc()

plot()

Earthkit - Processing Workflows

HPC
User 

Device

Cloud

Service
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Professional Grade Graphical Products

Climate Data Store

ecCharts Service
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How to handle AI data 

heterogeneity?
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Data Curation and Provenance is critical



ML Data Preparation is a particular case of Data Analytics

Data Preparation Pipeline

Observations

Forecasts

Reanalysis

IoT 

Data Sources, Diverse Formats

A very rich ecosystem of components



Data Governance & Curation

• ECMWF invests multiple FTE’s per year in …

– Data Governance

– Standard compliance

• Participation in standardisation efforts…

– WMO formats (GRIB/BUFR) and protocols

– OGC standards and APIs

• Semantic Usage of Metadata

– A story for another day ... ☺ 
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Key Messages

ECMWF has 50 years expertise handling massive datasets (1.4 EiB), 

  serving users with 24/7 operational resilience

Anemoi + Earthkit,

Transforming vast amounts of Earth System data into AI datasets

Developed scalable Training & Inference AI stack

Collaboration with our Member States & Partners, 

                lead to successful breakthroughs in AI/ML → AIFS

Demonstrating that Europe leads in Earth System modelling
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