
Destination Earth and Digital Twins

A European opportunity for HPC

Peter Bauer

ECMWF

Home: €7.5B Digital Europe Programme 2021-2027; R&D support from Horizon Europe Programme
Schedule: Kick-off November 2021; phase 1 2021-2024; phase 2+ 2024-2027
Budget: Phase 1: €150M (€60M ECMWF, €50M ESA, €40M Eumetsat); mostly procured 

WWW: https://digital-strategy.ec.europa.eu/en/library/destination-earth
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Digital Twin of the Earth system
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Digital Twins in industry

! continuous simulation & observation
! performance monitoring & prediction
! technical user interaction
! scientific theory and adaptation scenario testing

Courtesy Dirk Hartmann, Siemens
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Bauer et al. Nature Comp. Sci., 2021

! continuous simulation & observation
! performance monitoring & prediction
! technical user interaction
! scientific theory and adaptation scenario testing

Earth-system digital twin



How is this different from an Earth-system model?

1. Much more realistic models, better combination of simulations + observations

2. Full integration of policy sectors (energy, food, water, …) in workflow

3. Domain expert – non-expert configuration and information extraction 



How is this different from an Earth-system model?

1. Much more realistic models, better combination of simulations + observations

2. Full integration of policy sectors (energy, food, water, …) in workflow

3. Domain expert – non-expert configuration and information extraction 

… which are enabled by digital technologies …
1. Extreme-scale computing and data handling

2. Multi-scale/disciplinary models, algorithms, machine learning

3. Open and interactive platform with access to data, software and workflows



Necessary digital technology is more than HPC



Ideally, continuous innovation and co-design cycle for services
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Federated resource management philosophy



Federated resource management philosophy

Burning question: How do we achieve this through a patchwork of European (Digital, 
Horizon, Space), national, int’l funding programmes & partners?



… or do we need a new centre – like ITER or CERN?



… or do we need a new centre – like ITER or CERN?

Million(s)-dollar question: Who would contribute the central, extreme-scale digital platform?



Projects with ECMWF lead/partner roles supported by DG CNECT’s FET-HPC & EuroHPC R&I actions: 

ECMWF builds on Scalability Programme heritage for DestinE

→ Programming

→ Algorithms

→ Architecture

→ Data handling

→ Centres of Excellence

2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

novel algorithms and benchmarks
feature applications
new HW&SW technologies
extreme-scale infrastructures



New approaches to model software design

Digital-twin engine control layer:

• Resilient workflow management (centralized & federated)
• Ensemble assimilation algorithms (variational, Kalman/digital filters, ML)
• Building blocks (observations, observation simulators, pre-conditioners, minimizers)
• Interfaces with Earth-system & impact models
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Hardware 
specific code 
back-ends

Generic data 
structures:

• variable grids
•model coupling
• flexible memory layout
• parallel communication

Numerical methods 
& algorithms:
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• large time steps
•multiple grids
•mixed precision
• neural networks
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19th Workshop evidence of community success



Map of Layerace / Freepik

What if ... ?

What if ... ?

What if ... ?

DestinE & digital twins

• Digital twins are much more than better models

• Weather & climate community mostly agrees on software concepts 
– but we need to accelerate!

• Substantial investments in general purpose infrastructures & research exist
– urgency of extremes/climate can demonstrate societal value of HPC* investment

*EuroHPC in Europe; without sufficient EuroHPC resources DestinE will fail 
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What if ... ?

DestinE & digital twins

• Digital twins are much more than better models

• Weather & climate community mostly agrees on software concepts 
– but we need to accelerate!

• Substantial investments in general purpose infrastructures & research exist
– urgency of extremes/climate can demonstrate societal value of HPC* investment

DestinE needs to be the catalyst for reaching sufficient critical mass to 
deliver enough & on time

*EuroHPC in Europe; without sufficient EuroHPC resources DestinE will fail 


