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The unique set of grand challenges that humankind is facing require o

a quantum leap in the way we observe, simulate and predict the
Earth system, its processes and interactions with human activities
and ecosystems....
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Digital Twins... :

EVIDENCE-BASED
have recently emerged as a POLICY DEVELOPMENT

promising scientific and technical | f"*\_ |
solution to address these needs...

. . ACTIONABLE
Based on an effective integration of state- PREDICTIONS

of-the-art data, models, Al and latest B -
computing and platform technologies, offer i
a large variety of user with unprecedented
capacity to monitor, study and simulate the
Earth S)_/stem under different_ (WhaF-if) APPLICATION
scenarios at scales compatible with DEVELOPMENT

decision making ’w |
O AN

ZECMWF esa @ EUMETSAT

= H e IZ N E e == 2 e o TN M€ 45 W == TT T T DD o THECUROPEAN SPACEAGENCY




s

: : W,
Iorlshthe DT ecosistem e ﬁ‘\&\\? eSa
y | f'ﬁé’.;_ I, ek, P

L)

'_-.""
[}

« ESA and other EO science and research activities are
developing new generation of novel EO products,
innovative multi-variate datasets, scientific results
and data analytic capabilities that are opening the
door to a completely new way to describe the Earth
system and its complex and inter-connected
processes.....

- Those novel EO developments and capabilities offer

i, exceptional building blocks to realise a set of
innovative Digital Twin Components that may
complement and potentially enrich DestinE and other
emerging operational European, regional and national
Digital Twin initiatives ...

+ - = =T = &= » THE EUROPEAN SPACE AGENCY

— = - _ o ]



ESA DTE Programme esa

With the new ESA DTE Element, ESA aims at supporting ESA MSs to create the conditions for a strong uptake of novel EO
capabilities in the future design and implementation of future operational digital twins ecosystems (through DestinE or other
operational initiatives). It will be articulated across two main pillars:

e Implementing an ESA EO Data Space (ESA DTE Framework) supporting DTCs developments and offering the relevant
ESA ecosystem of Earth Observation data and digital services, adopting the DestinE core Service Platform (DESP) as the
supporting platform for the ESA DTE programme element and expanding its capabilities.

e Implementing a set of pre-operational EO-based Digital Twin Components (EO DTCs) as advanced replicas of key
components of the Earth system and their interactions with human activities and ecosystems designed to serve a while
variety of users and with a strong focus on valorising the role of EO capabilities addressing different thematic priorities and
offering an advanced interactive digital reconstruction of the Earth system at a level that represents a real breakthrough wrt
existing systems and solutions.

ESA DTE Element will be implemented in two Phases. The initial phase is considered a phase-in and is planned to last about
two years with the following objectives:

e On the platform side, the phase-in will consist in the building of an a dedicated EO data space (the ESA DTE Framework) as
part of the DestinE ecosystem that can host EO DTC activities, develop key functions to enable EO DTCs development,
bring ESA (and third party) EO missions as a contribution to DestinE.

e Onthe EO DTC development side, the phase-in will consist of the development and implementation of an initial set of DTCs
focusing on specific Themes, as described below.
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ESA Digital Twins Components: Valorising the potential of novel EO @esa

ﬁ ESA DTE programme will develop and demonstrate, up to a pre-operational \
level, a set of Digital Twin Components as EO-based replicas of a physical
dynamic process in the real world and thus of our environment and their
interactions with human activities and ecosystems with a strong focus on
valorising the role of EO capabilities.

. e | * Digital Twin Components will target interactive dynamic reconstruction,

iy | characterisation and simulations of the Earth system elements and its

S0 AN gl interactions with human activities allowing exploration under different conditions
"N or scenarios (what if scenarios...).

« Digital Twin Components will be developed by interdisciplinary teams of
scientist, industrial partners, Al and IT experts in view of becoming elements of
&% N J potential operational Digital Twins ecosystems in the future: e.g., through
i, SN DestinE or relevant European, regional or national initiatives.

s “

» Therefore, developments will focus on novel pre-operational elements
where novel EO capabilities may play a major role on different thematic
areas and specific scientific and application domains complementing

K DestinE and other existing initiatives. /
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Setting up priorities... ESA DTE call for Eol esa

- ESA DTE will be based a consultation process with EO community,
scientist, industry and relevant stakeholders.

14
« As afirst step, ESA launched a call for Expressions of Interest inviting the

DTC and offer their vision and justifications for such a development as a

community to express their support to the development of a specific EO 12
fundamental input to support ESA in structuring the first set of 10
competitions and the potential evolution of the programme. 3
* The Expression of Interest (Eol) call closed on May 15" with ~80 Letters 6
received. 4
 Eols were assessed by a scientific and technical panel (internal and . I I I | I
external experts). 0 | | 111 i
PFCEFOPILELFIRST oFF e

« Thereview process was designed to do not select specific Eols (or teams), X
instead, the inputs received have been assessed and synthesise to define a
set of thematic priorities capturing wide community interests, while
responding to different criterial in terms of relevance, benefits, value of EO,
science, etc.... (final priority domains will cover the aggregated scope of
different Eols).
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ITT Overview — Priority Areas

From the analysis, we have identified 8 Themes that demonstrate that the proposed concept, community, expected impacts,
science elements are sufficiently developed and have a level of maturity that justify to include this domains as priorities in the first
set of ITTs.

Carbon Polar:
Hydrology Coastal
cycle & Greenland . :
. & hydro- processes Biodiversity
Terrestrial &
. hazards . & extremes
biosphere Antarctica

Other themes below have also received good to very good assessments event thought certain aspects have been found to require
additional development in terms of community building, concept definition or science aspects/technical aspects.
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1. Lead DTCs Development Actions focused on an initial set of priority

Themes: (1.5Million Euro each and duraction 24 months) supporting

development, integration and initial demonstration on the DESP of a
number of pre-operational EO-based DTCs in view of gradually

stablishing the conditions for a potential transfer into operational domains.

Early DTC Development Actions for secondary Themes: (0.5Million

Euro each and duraction 12 months) with a lower level of maturity and
supporting feasibility studies, early definition, and demonstration of a set
of prototype use cases in view of potentially launching larger activities in

subsequent phases of the programme.
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Basic Principles: esa

[BP1] EO DTCs shall focus on one the selected Themes: key components of the Earth system (and their interactions with human activities and
ecosystems), scientific domains, and application/policy areas where EO satellite data and especially novel and emerging EO capabilities play a
major role in observing and characterising key processes and systems (natural and/or anthropogenic), providing unique opportunities for the
design and implementation of future operational DTs ecosystems.

[BP2] EO DTCs shall clearly valorise the capacity and maximize the use of EO data to provide a comprehensive description of the specific
Earth system component (relevant the Theme selected) and in the design of the digital twin capabilities and services.

[BP3] EO DTCs design shall be rooted on scientific excellence and offer and enhanced and sound representation of the Earth system as
the basis to provide advanced scientific support tools and science-based decision support capabilities, including enhanced simulations
and what if scenarios, responding to the needs of the scientific community and decision makers to address the urgent environmental challenges
of our time beyond the capacity of existing operational systems and solutions.

[BP4] EO DTCs shall be developed in view of becoming potential additional elements and/or services of future operational Digital Twins
ecosystems. Therefore, they shall ensure complementarity to DestinE and other existing (e.g., European, national, or regional) initiatives,
ensuring coordination while avoiding duplication and conflicts of interest.

[BP5] EO DTCs shall mainly focus on major scientific and policy/societal challenges of today and address temporal scales where EO data
provides a significant impact in improving the representation of natural phenomena and/or human activity. This includes to clearly maximise the
use of EO data to ensure enhanced simulations and driving/informing what-if scenarios.

[BP6] DTCs shall address the complex interactions between the Earth system and human activities (and when relevant ecosystems).
Therefore, DTCs shall capitalise on advanced EO data products, models and processing elements that are able to properly characterise those
processes at suitable spatial and temporal scales.

10
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Basic Principles Eesa

e [BP7] EO DTCs shall fully exploit the potential offered by the state-of-the-art EO capabilities for observing and characterising natural
processes and/or human activities at resolutions in space and time compatible with decision making needs.

e [BP8] EO DTCs shall be developed following high scientific and technical standards, ensuring the use of state-of-the-art data, Al, models, and
data-driven processing based on thorough and scientifically sound validation and uncertainty characterisation processes.

e [BP9] EO DTCs shall be based on a strong community support and shall be developed in view of serving a wide variety of stakeholders. This
may include (depending on the scope of the selected Theme): The scientific community, policymakers, international and national public
institutions, Value-added companies/industry, Citizens;

e [BP10] EO DTCs may also be potentially used by ESA and other space agencies as reference tools for scientific activities, research and to
support the definition, design and impact assessment of future observing systems.

e [BP11] Users shall be able to interrogate the DTC system with advanced and high levels of interactivity to facilitate the access, exploration
and exploitation of the data and multiple simulation capabilities and (what-if) scenarios, such as simulations of natural events or
legislative/management and other human interventions measures for assessment of the impacts across the whole interconnected system.

e [BP12] DTCs shall offer different levels of access and interoperability to different categories of users from specialised expert access to
low level data, code and processing tools to dashboard-based dynamic information mining for scientific data synthesis and policy making or
immersive visualisation capabilities for public information, education and outreach.

e [BP13] DTC design shall maximise the use of open science and FAIR principles, ensuring the design choices of the DTC are oriented to
establish an Open Community System where different building blocks, datasets and workflows could be further developed and expanded in
time by the community.

11
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Validation, error analysis and uncertainty quantification Validation, error analysis and uncertainty quantification

DTC Demonstration and Impact Assessment DTC Demonstration/and Impact Assessment

Outreach and Communication - Outreach and /Communication
Scientific and Technical Roadmap - Scientific and Technical Roadmap

Synergies and Coordination Across DTC The Synergies and Coordination Across DTC Themes
1




Selected Projects

DTE Hydrology Next

Hydrology
& hydro-
hazards

Hydr’Avatar, EO-Driven
Digital Twin for High-
Resolution

Hydrology

DTC
EOAQriTwin

SaveCrops4EU

CNR-IRPI (IT), TU Wien (AT), Ghent University (BE), CIMA Research Foundation (IT), Observatori
de I'Ebre (ES), University of Aalborg (DK), University of Perugia (IT), Stichting Deltares (NL), RHEA
System S.p.A. (*) (IT), MEEO S.r.l. (IT), Helmholtz-Zentrum fir Umweltforschung GmbH — UFZ (DE),
e-GEOS S.p.A. (IT)

Hydro Matters (FR), INRAE (FR), CS Group (FR), CERFACS (FR), INSA (FR), INP Toulouse (FR),
CNRS — LEGOS (FR), MAGELLIUM (FR), RSS-Hydro (LU), ICUBE-SERTIT (FR), VORTEX.IO (FR)

Team

Leibniz-Zentrum fur Agrarlandschaftsforschung (ZALF) e. V. (DE), Remote Sensing Solutions
GmbH (DE), Humboldt-Innovation GmbH (DE), Universita Cattolica del Sacro Cuore (IT)

Thales Alenia Space Luxembourg (TAS-L) (LU), Luxembourg Institute of Science and
Technology (LIST) (LU), University of Valencia (UVEG) (ES), Forschungszentrum Julich GmbH
(FZJ) (DE), CRA-W (BE), CropOM-Hungary Kft (CropOM) (HU)
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Selected Projects

Polar:
Greenland
&
Antarctica

DTC Ice Sheets The Technical University of Denmark (DTU) (DK), Earthwave (UK), University of Edinburgh
(UK), Lancaster University (UK), KU Leuven (BEL), ENVEO (AT), GEUS (DK), Asiag (GRL)

Forest DTC VTT Technical Research Centre of Finland, Ltd. (Fl), Yucatrote (PT), Terramonitor (FI),
Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences (DE), Global
Change Research Institute CAS (CZ), Forest Science and Technology Centre of Catalonia (ES)

DTC

ocesses Coastal DTC Argans Ltd (UK) as prime, ACRI-ST S.A.S. (FR), COVARTEC AS (NO), ADWAISEO (LU),
& CLS (FR), LUXEMBOURG INSTITUTE OF SCIENCE AND TECHNOLOGY (LU), BIOSFERA -
SHIEMES Associacio d'Educacio Ambiental (ES), BGS (GB)
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DTCs — Early Development Actions

DTC

Glaciers

Geo-Hazards

Air Quality & Health

Arctic

Enerqgy Sector

DTC Glaciers

GET-IT

AlIR4health

DTC Svalbard

EO4ER: Earth Observation

for Enerqy Risks

SURE:
Smart Urban Resilience
Enhancement

Team

University of Bristol (UK), Earthwave (UK), University of Edinburgh (UK), University
of Innsbruck (AT), University of Zurich (CH), ENVEO (AT)

INGV (IT), TERRADUE (IT), CSIC (ES), BIRA (BE)
+ATLANTIC (PT), Fmedicina (PT), GMV PT (PT), GMV ES (ES)

University of Aberdeen (UK), NORCE Norwegian Research Centre AS (NO),
Uppsala University (SE), Swansea University (UK), University of Edinburgh (UK),
EarthWave Ltd (UK), SIOS Svalbard AS (NO)

OHB-DS (DE), REUNIWATT (FR), THU (DE)

e-GEQOS (IT), LIST (LU), POLIMI (IT), Stefano Boeri (IT), with support of Masaryk
University (CZ)
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Digital Twin Components: Collocation Meeting Eesa

THE REGISTRATION IS OPEN

CLICK HERE TO SUBMIT AN ABSTRACT
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ESA Digital Twin Earth Components: Open Science Meeting @esa

ESA Digital Twin Earth Components: Open
Science Meeting

Took place at ESRIN 3rd-5th February2025

With ~200 participants, the workshop presented
the 13 DTC projects selected by ESA in the first
DTC ITT.

Presentations were also given by DestinE
partners and by several other relevant Digital
Twin projects from European Commission and
other international and national initiatives
providing a comprehensive overview of existing
activities in Europe

Sessions also focused on the services available
on the DestinE Platform and integration aspects
in preparation for onboarding of TDCs.

https://nikal.eventsair.com/esa-digital-twin/

17
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https://nikal.eventsair.com/esa-digital-twin/

This Week... esa

Scientific and technical sessions focus on Digital Twin Components are in preparation for the LPS.
That will include:

1. Two Scientific session focus on different DTC developments from ESA DTE but also form
other relevant initiates.

2. A Demonstration session where all the teams will present an initial demo of the cases
under development.

3. Several demonstrations during the week by different teams at the Digital Twin Earth /
DestinE corner in the LPS Exhibition area

This sessions to review progress so far and help to define next steps for DTCs.

18
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Programmatic milestones Timeline

Step 1 Step 2

Project Workshop 1

Kick-off Projects
Collocation

ESA UNCLASSIFIED — For ESA Official Use Only

Stepis Step 4

DTE MTR New ITTs

Preliminary WP 2025
results

Step 5

Workshop 2

Projects
MTR/FR

Stakehelders

19
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DTE PHASE 2 — EO-based DTCs esa
»

Next set of opportunities will be launched in Q4 2025, as part of the DT

1. Consolidation and scale-up of on-going DTCs:
1. Lead Development Actions;
2. Early development Actions;

2. New selected themes not addressed in previous ITT;
1. Lead Development Actions on Terrestrial Carbon, Ocean
2. Early Development Actions;

3. Collaborative Actions across different DT

e

ESA UNCLASSIFIED — For ESA Official Use Only 20
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This Session... esa

In this session we wish to collect feedback and lessons learned that may help
us to drive the next steps in the programme..

1. Examples of DTCs projects and short demos
2. Round table to get some feedback from teams

3. Open discussion on the way forward

ESA UNCLASSIFIED — For ESA Official Use Only 21
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