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K3 EUMETSAT mission

Primary objective:
Establish, maintain and exploit

European systems of
meteorological satellites.

Further objective:

Contribute to the operational
monitoring of the climate and
the detection of global climatic
changes.
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& Destination Earth

Flagship initiative of the European Commission to develop

a digital replica of our planet to respond and adapt to climate
change and extreme events

DestinE is a joint undertaking in strategic partnership with EuroHPC

 Establishes bespoke cutting-edge simulation capabilities

* Provides Earth-system information at scales where the impacts

of extreme events and climate change are felt || Y |
— il
* Fosters an innovative and thriving Al-enabled digital ecosystem = E — E =
 DestinE Data is part of European Green Deal Data Spaces LUMI woie - MINDS

Leonardo MeluXina
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A novel information system — implemented by the 3EEs

< ECMWF gesin & EUMETSAT
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& DestinE Data Portfolio

DestinE Data Lake offers a wide variety of data. DestinE Digital

Twin Data

EuroHPC JU pre-exascale supercomputers

 Digital Twin Data

* Federated datasets from various data spaces, also beyond
traditional Earth Observation

« User generated data
* User-driven datasets, based on DestinE user needs

« Global Multi-decadal climate projections
with local granularity up to 2050

« Models: IFS-NEMO, ICON, IFS-FESOM

« High resolution: 5 or 10 km

« HEALPix grid

« Future projection: 2020-2050

« Hourly and daily data, surface and multi-
level atmosphere/ocean fields

uestion - What would the 2018 Europ

EuroHPC JU pre-exascale supercomputers

« Improving prediction of extreme weather

and its impacts
« 4 day forecast (daily):

o Global, Regional, Local

« Models: IFS-NEMO 7
« High resolution: Atm 4.4km, Ocean 25km £ ¥
« Hourly and daily data, surface and multi- =

level atmosphere/ocean fields

This data portfolio is enabled by a harmonized data access
solution (HDA) that abstracts away the heterogeneity and
complexity of the underlying data sources

EuroHPC
Lumi, Leonardo,
MareNostum...

User-Generated Data

« Data generated by users using their own
algorithms on DestinE Data.

« This data is made accessible to the user
community following review

https://data.destination-earth.eu/data-portfolio
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Big Data Services

@ EUMETSAT

w Metop, Meteosat, Sentinel-3-Marine

Copernicus Data Space Ecosystem
(-esa

EC EUROPA Data Store
u En;rgy Sources...

EC JRC /Copernicus
& Global Surface Water

isMIP ISIMIP

-~ Climate Change, Socio-Economic

Copernicus Services

W Atmospheric Monitoring (ADS) €ECMWF

Q__ “ Climate Change (C3S)
@ &F Marine (CMEMS) =
G B Global Land (CLMS)

& Emergency (CEMS) =\

1 nG”’s IAGOS

777 Aircraft Observation

Landsat
@ Land Observation /
Change

User-Driven
Evolutions

« Data Providers, Collections
and functionalities will
evolve over time based on
DestinE user needs
et

v
o
co

Ugef I

Funded by
the European Union

Destination Earth

“ Sentinel-1, Sentinel-2, Sentinel-3-Land, Sentinel-5P \gg

CECMWF

o =
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&  DestinE - Climate Change Adaption DT

ECMWF - DestinE factsheets

DIGITAL TWIN FOR

CLIMATE DT

Defined development / evaluation / operational - suites: production started with o-suites

/

New climate
projections
(5km)

New extremes

. Past
storylines

Historical 94% Projections 9% \

Control 83%

Present
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— w ¥ —
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* g+

+2K MN5
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1 ]
2040 2050 /

More info and full list of available simulations
https://destine.ecmwf.int/climate-change-adaptation-digital-twin-climate-dt/
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m cscC

KEY FEATURES

Km-scale Earth system
models

Uses km-=cole Earth system models,
at 5 ta 10 km resolution, to better
represent critical processes like
storms ond oceon eddias.

Global multi-decadal
projections with local
granularity

Produces global multi-decodal dimate
projections with locol gronularity, up
to 2050, by exploiting the EuroHPC
pre-exoscole supercomputers.

Tailored climate information

Toilors the climote informotion to
motch the needs of users from
relevant impact sectors, through co-
design and innovative doto streoming
ond doto hondling technigues

Routine and on-demand
operational production of
climaote simulations
Estoblishes on operotiono
nfrostructure to produce climate
simulotions in support of odoptation
activities. both routinely [yearly or
a55] and on-demond

m oo munion  D@Stination Earth
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& DestinE - Weather-Induced Extremes DT

KEY FEATURES
ECMWEF - DestinE factsheets

DIGITAL TWIN FOR
WEATHER-INDUCED
EXTREMES

Km-scale Earth system
models

Uses “km-scole” models to better
represent extreme weather events
and deliver information ot scales
where their impacts ore felt.

D

Routine production of global
simulations

Produces global simulations ot 4.4

J im resolution for 4 doys oheod to
predict extreme waother events
worldwide.

On-Demand refinement over
Europe

Produces on-demand regiono

simulotions ot 750 to 500 m

resolution for 2 days aheod to refin

@ : the representotion of extreme avants
i oCourning over Europe.

DETECTION/
TRIGGERING

Global and daily simulations of extreme weather On-Demand regional simulations Impact-sector models:
4 days ahead at 4.4km 2 days ahead at 750m to 500m user-relevant information for societal impacts
From weather to impact-
sector information
— First comprehensive evaluation of global medium-range forecasts at 4.4 km in near real-time - demonstrating clear benefits at ! [IIIE;';:':EIE';:'[::?]FTI:EI i:!;rtl?rr :;;Eil;‘

transform meteorologicol dota into

local scale (TC, orographic precipitation) user-relevont Information

— End-to-end workflows for the regional, on-demand, component for selected configurations set up; including impact sector

models for selected use cases

EUM2054218, v1 Dratt, 02 December 2025 B oo Destination Earth 8
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& DestinE Data Lake in a nutshell

DEDL is central component with three
essential pillars

Sothis Distributed infrastructure
Appictions  Implementing near-data processing

A KA

@  Data Bridges close to EuroHPC sites that

f

—. O . | < $
0. (&)
v B N

DIGITAL TWIN

— , S host the ECMWEF Digital Twins and big data
coe sevvie DATA LAKE providers such as EUMETSAT
e Storage of DestinE data

DIGITAL TWIN

e Virtal Macines Dl DiSCOVEI'y & Data Access
Harmonisation of data access (HDA) to
T simplify data discovery & access
e oo 2) \) External federated data spaces
Digital Twin data (ECMWEF):
DestinE User generated data

* BN Big Data Processing Services and Tools

o (O —— * Processing near data including distributed
computing & workflows tools and

ware Nostrum (18 services (i.e. ISLET)

Supports & enables Al/ML applications

n ey munon DEStination Earth 9
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e

10

Harmonised Data Access

\sef's OWN daty

DT
collections

Around
200
collections

Satell,
ite daty
ejep asuas YV

Discovery

and access
data

One
credentials

HARMONISED

DATA
providers ACC E SS

https://github.com/destination-earth/DestinE-DatalLake-Lab

Funded by . .
“ e Ewronean union D€Stination Earth

EUM2054218, v Draft, 02 December 2025
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[ = Harmonised Data Access

 Harmonised Data Access (STAC)

11

REST API client
PyStac-Client
EODAG (simple python API)

Access DestinE Data Portfolio

Datasets from multiple provider

Protected datasets (DT Data)
Quotas Group based

Notebooks DestinE-DatalLakelab

From Insula, STACK
o Climate DT plotter
o Extreme DT plotter
o HDA-PySTAC-Client
O ...

EUM2054218, v Draft, 02 December 2025

DestinE Datalake Lab

= O destination

-earth / DestinE-Datalake-Lab

<> Code (O Issues 1% Pullrequests (%) Actions B Projects @ Securi ty |~ Insights 3 Settings
[ Files DestinE-Datalake-Lab / HDA / [
£ main - + Q micschick Add files via upload
Q, Go tofile
Name
HDA

D ClimateDT-ParameterPlotter.ipynb

D ClimateDT-ParametersList.csv [} ClimateDT-ParameterPlotter.ipynb

[ DEDL-HDA-EQ.ECMWF.DAT.DT_CLIMATE-Series.ipynb [} ClimateDT-ParametersList.csv
[ DEDL-HDA-EQ.ECMWF.DAT.DT_CLIMATE.ipynb

™ NENI-HNA-FO FOMWE DAT OT €1 IMATE-Seriss
[ DEDL-HDA-EQ.ECMW 2024 04-04 OO UTC (+Noneh)
ECMWF HRES Run: 2024-04-04 00 UTC % T

Instantaneous 10 metre wind gust and Mean sea level pressure
[ DEDL-HDA-EC.ECMW

[ DEDL-HDA-EC.ECMW

[ DEDL-HDA-EC.EUM.D

D ExtremeDT-Parameter

12 15 20 25 30 35 50
Instantaneous 10 metre wind gust (m- s™1)

D ExtremeDT-Parameter

D HDA-PyStac-Client.ipy

[ HDA-REST.ipynb
[3 READMEmd 2024 04-04 06 uTC ( 6h)

B climate_dt_dictionan y. e

B dedl_authentication.p: -
B extreme_dt_dictionary 2 metre tmp rature at 12:00 ol 20200610

e

= ’g '
0°N 2

11111

[l
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& DestinE Data Lake Cube

De?\i]([;n and development of a new service exposing
EUMETSAT and Copemicus datasets via a Cube
interface (compliant to OGC GeoDataCube SWG
recommendations)

MVP supporting a subset of datasets to be delivered
in June 2026

Mixed approach: conversion of some datasets to Zarr
+ virtualized Zarr-like access to others

Near-data processing capabilities: system and user-
defined workflows

Streaming AP for efficient data loading in ML
applications

Service deployed and operated on EUMETSAT Data
Bridge

EUM2054218, v Draft, 02 December 2025
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||| Store >| Index >| Represen‘t>‘ Transform I Query } Output >
1/
-
Resource
specific AP

Axis Select and Blocks*
Data

Indexin Data Transform
g Processes

Varied
Data
Sources

GDC

GeoDataCube
Multidimensional
Spatial Temporal
Field Resource

Intermediate
Response
Resources

Output

Service / Subsets &
Process Formats
Qutputs

*e.g.
Processors
Pracesses Features
and Tiles .
Vector Tiles

Workflows

Processes - Workflows

Figure 7 — Geo Data Cube APl Architectural Framework
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Leonardo
HPC

Mare Nostrum
HPC

Data Lake distributed infrastructure

FINLAND

Dec 2024 Q

@ GERMANY

September 2022 Q

@ POLAND

| Totals

(55 5 Storage (PB): 120

CPUs: 20450
GPUs: 66
Datasets: +200

EUMETSAT
Data Center

CloudFerro

' Data Center
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& DestinE + Al Factories + DataSpaces

The 5 strategic areas of the action plan Apply Al Strategy

Ll e
Y g
Public sector “@oo
Destination Earth § Digital twins Robotics : ;
..lll g . 5

Data Sciences

Computing

w

"w
wre W

N\
ALY

i
AgriFood Biotechnologies
and chemicals
S —
: applications =
AI Factory Aerospace Materials
and batteries

~<

Simplify rules Skills == =, h@;o n | |
oo ™ 3 e
E'ﬁ= E'?f: Cybersecunty JI\’ Manufacturing
== T and engineering
' HPC Mobility ~ Climate change
Development of algorithms Datalab '~ and environment

and adoption

Data Spaces

“E‘JEZ“’ ~umon De@stination Earth 14

ropea
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& Data Spaces Considerations in Context of DestinE

Several initiatives on connecting Data Spaces
 DestinE, EOSC, CDSE, WEKEO ...

« SIMPL => Smart Middleware Platform
from “FAIR/O”

Finable, Accessible, Interoperable, and Reusable /open license

towards “FIRST”

Findable, Interoperable, Reusable, Streamable, Transformable

Harmonise/ Standardise

Al requires

» Analysis Ready Data => Al Ready Data

« Model Context Protocol Server (MCP)

Loosely coupled Data Spaces (federated vs monolithic)

Process near data and Transform & Stream
only what is needed !

EUM2054218, v Draft, 02 December 2025

=

[//DASK (], sara

Pangeo
° STAC @ python
gggsr;‘putiql @ SpatioTemporal ~ zarr Destinati h

GG Consortium. Asset Catalog estination Eart

SIMPL is the smart middleware that will enable cloud-to-edge
federations and support all major data initiatives funded by the
European Commission, such as the common European data spaces and
DestinE

SIMPL - Smart Middleware Platform

« Simpl-Open — middleware itself

« Simpl-Labs — Infrastructure & test beds

» Simpl-Live — Deployments of Simpl-Open

Data exchange Access and
API usage control

n chueng:fo?lan Union DEStination Eal’th 15
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