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What is a Digital Twin?

A Digital Twin of the Earth System is a high-fidelity, continuously updated virtual representation of the physical Earth —
integrating observations, physics-based models and AI — to simulate past, present and future states of the atmosphere, ocean,
land, cryosphere and biosphere.

OBSERVE MODEL & ASSIMILATE

Real-world inputs The twin engine

° Satellite EO data (optical, SAR,

. . Physics-based Earth system models . What-if scenario exploration
altimetry)
° In-situ sensors ° Data assimilation & reanalysis ° EXt'jem‘.:'. event prediction &
attribution

° Essential Climate Variables (ECVs) ¢ AI/ML emulators & neural ° Climate projections at km-scale
surrogates

R Other data streams . Coupled atmos-ocean-land-cryo . Policy & adaptation decision
models support

O Continuously Updated Multi-scale Resolution £ Fully Coupled ‘® Open & Interoperable

Ingests real-time EO & in-situ data Earth spheres interact as in the FAIR data, open APIs, standard

streams Global to local, decadal to hourly real system interfaces
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What is Destination Earth??

Destination Earth (DestinE) is a European Commission initiative to develop a high-precision digital
replica of Earth — enabling monitoring, simulation and prediction of natural and human systems to
support the green and digital transitions.

Vision Timeline Core Entrusted Entities

A digital twin of Earth at Phase 1 (2022—2024): foundation. _ _
unprecedented resolution Phase 2 (2024-2026): first « ESA - DestinE Platform & Services
to tackle climate change, operations. - ECMWE - First two Digital Twins
natural disasters and Phase 3 (2026-2028): expansion. « EUMETSAT - Data Lake

societal challenges. By 2030 -> full operations.
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Climate Change Adaptation Digital Twin
CLIMATE DT - OVERVIEW

|
Led by CSC and ECMWF the Climate Change Adaptation Digital Twin (Climate DT) operationalises
) the production of global multi-decadal climate projections, leveraging the supercomputing

&) Technical Framework
Introduces climate projections (from 1990 to ~2050) at very high spatial resolutions
(5-10km)
Updating projections routinely (~yearly) compared to the current 7-10 years cycles
Uses next-generation, high-resolution Earth-system models (ICON, IFS-NEMO, IFS-
FESOM)
Delivers an hourly temporal output, compared to the traditional 6-hourly

¢} Simulation protocols I
Builds on HighResMIP/CMIP6 conventions, supporting historical @
reconstructions and scenario-based projections e

¢ Use caSESC{o 25TH JULY 2013 WARMING IN A +2°C WORLD 0 .‘;‘g.‘,,f,a,(;j mflfm.

High-resolution application for wind energy (on-shore/offshore), = ' e ==

demonstrating benefits of increased spatial/temporal granularity o @ ===
over standard 1° models s : S
L) Addressing ‘What-if?’ questions

Example of @ simulation answering the The European t

question: along with
compar

“What would the 2019 European results - s
heatwave look like in a +2°C world"? simulations with IFS-FESOM on LUMI. = , s e— - ::;;Islfizme;:"ggraded

2m-temperature max ('C) A 2m-temperature max rel. to present day (')

22 Destination Earth .. ©ecwwr (Resa ® eumersar
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*  Currently only scenario SSP3-7.0 is being used on DestinE

« The projections carried out so far are initialised in 2020
from reanalysis followed by a 5-year ocean spin-up

* In the future, alternative future scenarios will be explored
with extended historical simulations:

“Simulations with upgraded climate models, that will also follow

more closely the HighResMIP protocol, will become available

early 2026. Work on evaluation and uncertainty quantification is

Climate DT - Three climate model.; ".vailable

The ICOsahedral Non-hydrostatic model developed . the German

for Climate Systems Modeling (C2SM)

Meteorology (MPI-M), the German Climate Computing [ :1tre
(DKRZ), the Karlsruhe Institute of Technology (KIT), and tt.: Tenter.

also ongoing” § ECMWF's Integrated Forecasting System (IFS) coupled to the latest
W release of the NEMO ocean model implemented by BSC in
EneC g collaboration with ECMWF
50
SSP5-8.5

45 4

4,0 1 SSP3-7.0 o

':Z § ECMWF's Integrated Forecasting System (IFS) coupled to the Alfred

o5 | ——— 55P2-45 & Wegener Institute’s Finite-VolumE Sea ice-Ocean Model

' Y

201 SSP1-2.6

151 SSP1-1.9

1,0 A DestinE Climate DT high-resolution Earth-system models

05 (ICON, IFS-NEMO, IFS-FESOM)

0,0 1 Climate model Simulation type Time period Status
-05 4 ICON, IFS-FESOM, IFS- Historical (hist) 1990 - 2019 Available
-1,0 T T T T LI T T T 1 NEMO

220 L) - i Al ICON, IFS-FESOM, IFS- Future (SSP3-7.0) [2020 —2039]  Available
. . . NEMO
A s IFS-FESOM, IFS-NEMO Control (cont) ___[1990 — 2006| _ Available
IFS-FESOM Storylines 2017 — 2024 Available
- Phase 2 upgrade (future) [2020 - 2020 [Coming mid-2026
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Weather-Induced Extremes Digital Twin

EXTREMES DT - OVERVIEW

The Weather-Induced Extremes Digital Twin (Extremes DT) is designed to support rapid response and
) adaptation to extreme weather, hydrological, and air quality events by providing tailored, high-resolution
simulations of such extremes
&) Technical Framework First official MTG-FCI visible image from EUMETSAT (left) and 12-
Provides regular (global) and on-demand (regional, zoom) simulations depending On USer oy rao e a8 Voreh 3039t SO0 LT
needs R
Global component developed by ECMWF, offers simulations at 4,4km resolution, up to four
days ahead
Regional component developed by a large consortium led by MétéoFrance, provides sub-
kilometre (500-750m) simulations over Europe for up to two days ahead
Operates using world-leading EuroHPC supercomputing resources

¢ Use case

i . Destination Earth ... CECMAF ©osa & EUMETSAT

Satellite observations of hurricane
Franklin just two hours before @  For this service, an upgraded
Idalia makes landfall () access is needed

Simulation of the hurricane Idalia during landfall, as
well as the eye structure of hurricane Franklin (36-
hour forecast)

&
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DestinE Data Lake

DESTINE’S OFFER

&€
The DestinE Data Portfolio is tailored to user S@Y\w
. (O : o
needs and composed of: &""\0\«‘& DestinE Digital
* Federated data S Twin Data
» DestinE Digital Twins data* Ry . :
5 & (S Big Data Services

» DestinE user generated data (if agreed) ISR @ EWMETSAT g Metop, Meteosat, Sentinel-3-Marin 3

i . oS o
The Data Portfolio grows along DestinE s ‘ S 3,
Ilfecycle' ) (cosa W Sentinel-1, Sentinel-2, Sentinel-3-Land, Sentinel-5P N

EC EUROPA Data Store

Population, Greenhouse emissions,
== @B energy Sources
EC JRC /Copernicus
] urface Water

DETAILS or 3

Climate Change, Socio-Economic

Copernicus Services

P 2
- / & i Atmospheric Monitoring (ADS) CSECMWF
< = o
/ / e (C35)

@_ &G Marine (CMEMS)

'\\ ] | L"\ ,] ‘ EuroHPC o 2 & Global Land (CLMS)
i \ Lumi, Leonardo, N A
\ 4 v \ MareNostum... @ Emergency (CEMS)
: — IAGGS 'AG0S
Aircraft Observation
. DT three main features User-Generated Data et
v Quality data, from global to local scale (o Land Observation/
v i i 1 « Data generated by users using their own 5
;r;tszgrsait:gsavgtlth sectorial models to sy
« This data is made accessible to the user
v Interactivity to play scenarios for community following review
decision making %,
/‘e/
Co//ebo
*Climate adaptation Digital Twin “ate

Weather-induced Extremes Digital Twin
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DestinE Platform

The DestinE Platform represents a
flexible ecosystem of services allowing
to discover DestinE data and exploit

them locally through:

T > A catalogue of applications to

» P#deas. support climate actions

f' A\ Al frameworks available as a

Service,

A continuity with Copernicus, one
of the largest existing EO system,
and

Scalable services fostering the

Evidence-based Climate change Cutting-edge Open & flexible Collaborative .
decision making adaptation infrastructure framework environment u psca I N g by | N d u St ry.

..and growing ...

platform.destine.eu
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Example services: GeoAl

Flexible: train Al models for your specific {: Destination Earth
EO use case (detection or segmentation)

and apply them to similar objects.

Works across EO data diversity: supports

various resolutions, image types, and

(3 GeoAl
Accessible: no-code — users can create & e 0

Geospatial Al Pla

deploy models without Al / geospatial

expertise.

Built on DestinE data portfolio (e.g.
DestinE Climate Adaptation DT datasets),
including Copernicus Sentinel-2 Level-2A
MSI.

Operated by FlyPix Al.
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Example services: DEA

DEA (DestinE Storytelling) Copilot

{": Destination Earth

No-code: create interactive data stories to
make EO/climate/statistical data

accessible to non-expert users.

DEA Copilot / Al Assistant: users can
create sample stories using natural
language directly from the DEA landing
page via “Ask Al" (sign-in required).

Multimodal prompting: choose a
suggested prompt, type, or use voice;

then visualize or edit the generated story.
Coming: Ask » Analyse - Insert

Operated by Alia Space System
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What is ESA Digital Twin Earth? CE&

.....

. ° Anoptional ESA Programme I
é * Funded by ESA Member States, e sa - T
+ Continuation confirmed at CM25 ¥ i
=

+ Complements Destination Earth with Digital Twin |
x Components that leverage novel EO assets . e e
< , Develops innovative services for the DestinE Platform ’  TTRRE T

* Supports national Digital Twin initiatives

* More information: hitps://eof.esa.int/dte/

* Close coordination with Destination Earth

* One ESA team responsible for Destination Earth and
ESA Digital Twin Earth
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Pillars

Digital Twin Earth Earth Observation Interoperability with
Framework Digital Twin Components initiatives of ESA Member
States

WGISS-61, 16-20 March, 2026 Slide 13



Pillar #1: DTE Framework

HIGHWAY delivers harmonised,
federated and cloud-ready EO
data from ESA EO missions to
power DestinE and enable user
innovation

1) m ion of mission

« Automating the daily ingestion, registration,
indexation and traceability of EO data from ESA
legacy and current missions into the HIGHWAY

environment:  EarthCARE, SMOS, CryoSat,
SWARM, Aeolus, Proba-V and more to come

@ Data Transformation & Harmonisation

« Converted to Zarr using the EOPF data model
+ Harmonised projection across missions

+ Quality checked

« Consistency, reliability, and traceability for
multi-mission analysis

» Ready for cloud-native access

3) Federated Catalogue Publishing
+ Unified access to native + transformed EO datasets
« STAC and OpenSearch APIs for easy discovery

Exploration & Access Services Exploitation by DestinE & DTE Users
- Intuitive tools for browsing, previewing, and selecting * Ready for modelling, Al, and simulations : &

data » Seamless integration with DestinE Platform and services - s 7
= Supports APIs (STAC, WMS, WMTS) » Enabling scalable, cross-domain Digital Twin applications \ < > v '
= Enables rapid prototyping » Reducing effort across EO-based workflows . -
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S

¢ Showcasing the value of Earth Observation capabilities and the potential for future operational use in Digital Twin
ecosystems, such as through DestinE

¢ Designed with a strong focus on users, emphasising practical applications rather than purely scientific research

¢ Potential integration into the DestinE system

[ J

Priority thematic areas have been defined during the 1st ESA DTE Programme cycle
Hydrology & Polar: e Carlbog
hydro Greenland & processes & tecrsll'gsetrial Biodiversity
hazards i
Antarctica extremes biosphere

(] Selected with 15t open call

Lead DTCs

arly DTCs
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Pillar #3: Interoperability and Collaboration with MS C E & S

INnitiative

Collaboration with Member States aims at integrating relevant national activities

and initiatives related to digital twins

Inclusion and technical integration into the DestinE Platform and within DTE
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Synergy between DestinkE and DTE of X S

ESA DTE benefits from and contributes to
DestinE

ESA DTE focuses on developing innovative
services and serves as a testbed for
disruptive advancements in Earth
Observation operations, such as large-scale
data integration, Al, and quantum

technologies

ESA DTE supports the growth of DestinE

ESA DTE is designed to support DestinE, with
close coordination between the
programmes to ensure aligned goals and

effective collaboration
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DestinE & ESA DTE Timeline

/\ DestinE Phase 2 3¢~ DestinE Phase 3

. 2024 1 2026
zl::)ezﬁ S%is:t:i Jun: DestinE Launch 2nd generation
Oct: DestinE Opening df Climate DT
|
:
Nov 2022 Nov 2025 : 2028
ESADTE ESADTE : CM28
signature @CM22 continuation @CM25 |
o N N, 7 _
ESA DTE Cycle 1 - ESA DTE Cycle 2 T ESA DTE Cycle 3

|
2025 : 2027
DTE mid-term | DTE mid-term
milestone #1 : milestone #2
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