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DESTINATION EARTH

CLIMATE CHANGE AND INCREASE OF EXTREME EVENTS

©Bloomberg
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The landscape … 

4-day global forecast at 1km, here 
Hurricane Dorian in August 2019 on Summit

Omniverse: First glimpse of GPU accelerated interaction with 1km 
ECMWF global forecast data …

https://arxiv.org/abs/2212.12794

Natural language translation

https://community.wmo.int/en/news/exploring-
possibilities-artificial-intelligence-areas-water-
weather-and-climate

https://arxiv.org/abs/2212.12794
https://community.wmo.int/en/news/exploring-possibilities-artificial-intelligence-areas-water-weather-and-climate
https://community.wmo.int/en/news/exploring-possibilities-artificial-intelligence-areas-water-weather-and-climate
https://community.wmo.int/en/news/exploring-possibilities-artificial-intelligence-areas-water-weather-and-climate


DESTINATION EARTH

How will an approaching storm  
affect renewable energy 

production?

The quiet NWP revolution
(1980 - today)

EXPLOITING INVESTMENTS IN SCIENCE, TECHOLOGY, AI 

How will an approaching storm  
affect renewable energy 

production?

How will an approaching storm  
affect renewable energy 

production?

The digital revolution
(2020 – today)

The machine learning revolution
(2022 – today)

Lead time of anomaly
correlation coefficient
(ACC) reaching multiple
thresholds ( High resolution
(HRES) 500 hPa height
forecasts)

© 2023 European Centre for Medium-Range Weather Forecasts
(ECMWF)
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DESTINATION 
EARTH

Destination Earth is a flagship initiative of the European Commission to develop 
highly accurate digital models of the Earth (i.e., Digital Twins of the Earth system) 
to deliver bespoke simulation capabilities that model, monitor and simulate 
natural phenomena, hazards and related human activities, assisting users in 
designing and communicating accurate and actionable adaptation strategies and 
mitigation measures.

Harnessing world-leading supercomputing capacities of the European High 
Performance Computing Joint Undertaking, by pushing the limits of computing, 
ML/AI and climate sciences, and leveraging the “path to the digital decade” with 
hundreds of European research and computational scientists from industry, 
academia, many national as well as European international institutions,

DestinE represents an essential pillar of the European Commission’s effort 
towards both the Green Deal and the Digital Strategy.

Funded by the
European Union

https://destination-earth.eu/

Three entities ECMWF, ESA, EUMETSAT are working together with the European Commission DG-CNECT and the JU

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en/
https://commission.europa.eu/system/files/2020-02/communication-shaping-europes-digital-future-feb2020_en_4.pdf
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Weather-induced extremes Climate change adaptation

To support decision making for
real-time response to extreme events

Run regularly & 
on demand & 
configurable

Km-scale resolution
1-4 km globally,

500-750m regionally

Timescale of 2-5 
days ahead

(1h to sub-hourly 
output)

To support the efforts of defining and 
planning activities linked to climate 

change adaptation

Run regularly

Multi-decadal timescales
(2020 to ~2050)

(1h to 6 hours output)

Km-scale resolution
globally (5km)

Global multi-decadal 
projections operationalised

Decision-driven data 
analytics



October 29, 2014October 29, 2014

Towards a Digital Twin Earth

Weather-induced and Geophysical* Extremes Digital Twin:

• capabilities and services for the assessment and prediction of 
environmental extremes

ECMWF will develop the global component of the Extremes DT

“The French Meteorological Service Météo-France and partners 
from 22 European countries will develop a configurable 
capability for an interactive European monitoring and 
prediction framework.”

*not in phase 1

ECMWF’s role in EU’s DestinE initiative
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Towards a Digital Twin Earth

Climate Change Adaptation Digital Twin

• capabilities and services in support of climate change 
adaptation policies and mitigation scenario testing

“CSC – IT Center for Science leads a European 
partnership to deliver the Climate Change Adaptation 
Digital Twin – with a global multi-decadal storm & eddy 
resolving simulation capability” 

ECMWF’s role in EU’s DestinE initiative
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A NOVEL INFORMATION SYSTEM



ECMWF - DESTINATION EARTH

FOSTERING INNOVATION

Funded by the
European Union



ECMWF - DESTINATION EARTH

Software environment

Using ML/AI to increase 
the efficiency of the 

digital twins and 
estimate uncertainty

Tailoring information 
to user's needs and 

interactivity

Ensuring complex 
simulations are run 

efficiently on EuroHPC

Running the
digital twins and 

managing distributed 
big data 

THE DIGITAL TWIN ENGINE 
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HIGH PERFORMANCE COMPUTING 

12

LUMI-G

Leonardo-Booster

Optimising DTs



October 29, 2014Renewabl
e energy

§ Resource 
adequacy

§ Grid planning
§ Validation

Energy 
systems Air quality

§ High-res regional 
AQ

§ Coupled to DT 
Extremes

§ Interactive 
emissions

§ Coupled urban 
climate model

§ Simulate heat 
stress/health 
impact 

§ Wind damage risk 
predictions

§ Harvesting 
conditions under 
climate scenarios

Compound 
flood risk

§ Five regional/local 
hydro models

§ Disaster risk and 
climate scales

Urban heat Forestry

Partnering with use cases
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1-4 km 

On-demand regional componentContinuous global component

200 m-750 m 

EXTREMES DT: ON-DEMAND SIMULATION CAPABILITIES

Crisis management in Extreme situations and urgent computing is manifested in the regulation 
but requires refining the access policies and system availability to make this a reality.
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© A. Lacima, K. Grayson., BSC
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DIGITAL TWIN ENGINE

DTE: INTERACTIVITY

Renewable energy online 
supply/demand/redistribution 
in a changing climate

Exprivia/CMCC/DLR
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17

1Petabyte/day 
production rate
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REST-API POLYTOPE FEATURE EXTRACTION

99.99% I/O reduction vs 4D (x, y, z, t) bounding-box Coloured points are directly addressed and 
extracted from within the DestinE data 
warehouse(s).

FLIGHT PATH SHAPE EXTRACTION

OGC compliant, supporting new WMO data governance and data distribution standards



October 29, 2014October 29, 2014

Digital Twin data governance, provenance & federation



Implementation: Phasing
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Development 
of the core 
service 
platform 
(ESA), the 
data lake 
(EUMETSAT), 
the digital twin 
engine and the 
first two digital 
twins on 
weather-
induced 
extreme 
events and 
climate change 
adaptation 
(ECMWF).

Initial and 
ramp-up 
operations, 
consolidation, 
maintenance, 
continuous 
evolution of 
the DestinE 
System.

Transition to 
long-term 
operations.

Launch of 
Destination 
Earth (DestinE) 
initiative

• Novel investment in infrastructure & 
technology

• Embed Earth-system information into 
the wider digital environment to 
enable creation of new information

Funded by the
European Union


