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What is a Digital Twin?

Physical — —— Digital
Environment == Ry b Environment

Concept of a Digital Twin was first developed in the world of
engineering:

- A digital replica of a physical asset that is updated by latest
information/data.

» Digital replica is a model that can be used to do scenario
testing and inform decision making for physical asset.

Information

Banerjee et al., (2024).
» A true digital twin automates the flow of information between Digital Model Digital Shadow Digital Twin

phySicaI and dlgltal SyStemS' R Physical Object Physical Object

N Digital Object [ IR Digital Object Digital Object

Manual Data Flow Automatic Data Flow

Fuller et al., (2020).

A Digital Twin for Earth integrates all available observations (satellite, in-situ,
etc.) into a high-resolution and high-fidelity digital Earth model to produce a near
real time replica that allows decision making with scenario testing.
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Why do we need a Digital Twin of the Earth? Eesa

Need for improved decision making in the context of: e A mp———"—

Climate change: * Heatwaves & Droughts
* Heavy rainfall & Flooding
* Violent Storms

* Increasing temperatures

+ Sea levelrise

Last three years were hottest on record

Global average temperature by year, compared with the pre-
industrial average (1850-1900)

(b) Global Sea-Level Budget
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Meyer et al., (2022)

GMS5L change 1971-2018

_omponent sum

Decision making for:

1980 1990 2000 2010  Food production

Infrastructure projects

Human and ecosystem health

And more.... .
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Creating a Digital Twin of the Earth System esa
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Digital Twin Earth Programme h

ESA Digital Twin Earth (DTE) Programme is
designed to maximise the use of Earth
Observation in developing digital twins of the Earth
system.

Destination Earth (DestinE) is
European Commission to develop a highly-accurate digital twin
of the Earth to model, monitor and simulate natural
phenomena, hazards and the related human activities.

Many other Digital Twin initiatives: European Digital Twin of the Ocean (EDITO), Horizon Europe DT projects, national DT initiatives...
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Eesa

Destination
Earth website:

Destination Earth (DestinE)

DIGITAL USERS
TWIN ENGINE ﬁ

Funded by

DEStination Earth the European Union
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HIGH PERFORMANCE
COMPUTING IN
EuroHPC

DestinE Platform

The platform provides evidence-based decision-making tools, applications and services, based on an open,

flexible and secure cloud-based computing infrastructure The platform is implemented by ESA

The Weather-Induced Extremes Digital Twin
produces bespoke, cutting-edge, numerical
simulations of extreme events on a timescale of a
Desta Loke few days ahead, to support rapid response from
The data loke brings together data from ESA and EUMETSAT, as well as from Copernicus, and many other i
diverse sources, with new data from the Digital Twins. It allows discovery and data access as well as big data d eCI SIO n = ma ke rS L

processing in the cloud. The Data Lake is implemented by EUMETSAL

Digital Twins and Digital Twin Engine The Climate Change Adaptation Digital Twin
Destink 1s creating several digital replicas covering different aspects of the Earth system and based on state- : prOVIdeS m u Itl-decadal g IObal Cl I mate SI m u |at|0nS

of-the-art simulations and observations. ECMWF is implementing the Digital Twin Engine, the complex

software and data services needed for Earth System digital replicas, as well as the first two digital twins; With |OCaI g ra n u Ia rity’ i n CI u d i n g i nfo rm ati O n fo r

Climate Change Adaptation. which provide multidecadal simulations, and the Weather-induced Extremes

twin, with both high-resolution forecasts and on-demand simulations. SeCtorS most af—fected by Cllmate Change Such as
renewable energy, urban planning or hydrology.
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ESA Digital Twin Earth (DTE) Programme

ESA Digital Twin Earth (DTE) Programme is designed to
maximise the use of Earth Observation in developing
digital twins of the Earth system.

EO developments together with new advances in
sectorial modelling, computing capabilities, Artificial
Intelligence (Al) and digital technologies offer excellent
building blocks to realise novel EO-based Digital Twin
Components.

These digital twins enable precise monitoring and
forecasting of environmental changes, supporting the
decision making of policymakers, businesses and
communities.

o Dt Drastins havgs oo Tt 500t Comaleon Slaatian Cinn g

v

2 THE EUROPEAN SPACE AGENCY




ESA DTE Digital Twin Components

The Earth Observation Digital Twin Components (EO DTCs)
are pre-operational digital twins designed to dynamically
reconstruct, characterise, and simulate elements of the Earth
system and their interactions with human activities.

Each DTC is based on multivariate EO data and is focused
on a specific element of the Earth system.

These components allow users to explore various conditions
and scenarios, including “what-if” analyses, to better
understand and predict changes in the Earth system.

EO DTCs are developed to be complementary to DestinE
with planned integration into the DestinE Platform.
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ESA DTE Digital Twin Components

“What-It" Scenanos Il

Cesa O eof
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Examples: DTE Hydrology Next esa

DTE Hydrology Next
website:
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Example: EOAgriTwin esa

Y
SRIA7 EOAgriTwin (eesa

O AGRL TWIN
=

The Digital Twin
for Agriculture

EOAgriTwin website:

Get Started >
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