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EARTH SYSTEM, CLIMATE & ENVIRONMENT: FROM OBSERVATION
TO MODELS ADDRESSING RESEARCH AND SOCIETAL CHALLENGES

Satellite-based Space
remote sensing gravimetry
Geomagnetic

field lines y Eonvzrgent
_boundary

A complex dynamical system D oA e
. . . . . . Volcanic o \ S \/‘./{21_}:3 /is(and == _
- Coupled geophysical, bio-chemical, biological and environmental processes e LN i
- Multiple mode of observing/measuring/simulating the wide range of spatial r S
and temporal scale of the underlying systems NN A /- pime
- Multi-scale interactions across the solid Earth, continental surfaces, and fluid AV IR Cootl (N

envelopes (ocean, atmosphere), as with the anthroposphere.
- Regional and global dimensions: international collaborations and organisations

Generationof < ) Liquid outer core

geomagnetic field

Science-driven issues obsenvedana
Solid inner core Simulatéd "big data

~ Integrated approaches to complexity and uncertainty quantification
> Long-term sustainable management of high-quality, trusted multi-domain open data (integrity, veracity, interoperability)

Patterns and
knowledge

Small and ‘digestible’

» Discover & access services and cross-analysis workflows of multi-source (spatial airborne, in-situ, simulation, experiments) and D - ,
: : ' : SJeE Ol o Real-time critical
multi-modal observation/simulation data change T - L T
> Open Al-coupled HPC/HPDA workflows to extract from multi-modal data and to represent information in shared embedding Y
Variety e Integ.rat'e‘d. across
space (homogenisation/unification) e kg - iseipines
SO v .
> Open Al-based multi-modal foundation models for science: knowledge-based learned values evaluation and certification bix e Ll

Veracity

\ \edge’
Uncertainty ‘ trom knoW
Of data ‘y/

Scientists and decision makers need an integrated interdisciplinary approach and expertise with trusted multi-domain data and services




DiSSCo, ELIXIR,
EMBRC-ERIC, MIRRI-ERIC

EISCAT_3D

ACTRIS ERIC, IAGOS,

LifeWatch ERIC, ICOS ERIC,

DANUBIUS-RI, eLTERRI,

AnaEE-ERIC, EMPHASIS,
EIRENE RI

LifeWatch ERIC,
ICOS ERIC,
DANUBIUS-RI,
eLTERRI,

AnaEE-ERIC,
EIRENE RI

ICOS ERIC

EMSO ERIC,
Euro-Argo ERIC

EPOS ERIC

DiSSCo DANUBIUS-RI,

Landscape of the Environment domain (ESFRIO Landscape Analysis 2024)

NATIONAL & EUROPEAN RESEARCH INFRASTRUCTURES

National Roadmap: last update 2021

* 108 Research Infrastructures (Rls) in 2021
e 5 International Scientific Organisations (10s): ESO, ESA, SKAQ, EMBL, CERN, CEPMMT
e 23RI*, 73 RI, 7 projects with strategic potential

e 10 Thematics: Astronomy & Astrophysics, Biology & Health, Energy, Nuclear and High-Energy,
Physics, SHS, Material Science and Enginery Physics, Numerical Science and Mathematics, Earth
System and Environment, Digital Services (Compute & network), Scientific Information

* Aligned with the European ESFRI Roadmap: France contribute to 37 of 41 ESFRIs

European Research Area in 2024

e Pan-European Rls - ESFRI Roadmap incubator of a new legal framework (ERIC) as support for
implementation

e Europeans RI networks - set-up through past EU research programs (joint research activities,
access provision) open up national Rls promoting common access programs

e H2020 - 90 networks, 37,000 researchers supported, open to international members and
users

 National Facilities and labs - large and small scale roadmaps (alignment of methodologies
and priorities), often nodes of European Rls, national + European funding (capacity building)

o ESFRIlandmarks label awarded to around 40 Rls (e.q., ESRF, ILL, EMBL, IRAM, National Large
Heavy lon accelerator, Apollon Laser, GENCI)

Infrastructures are an essential pillar of Europe's research strategy


https://roadmap2021.esfri.eu/projects-and-landmarks/
https://landscape2024.esfri.eu/landscape-analysis/
https://www.cnrs.fr/en/update/infrastructures-are-essential-pillar-europes-research-strategy

ESFRI ROADMAP CYCLES: OVERVIEW

- 1st ESFRI Roadmap cycle (2006)
N - Updated in 2008 and 2010: 48 projects across a broad range of scientific fields
> Qg - Required major financial investment (~20 b€) and long-term commitment for operation (2b€/year)
LANDSCAPE :
NALrse 2nd ESFRI Roadmap cycle (2016-2024)
2024 - Rl lifecycle concept, comprehensive evaluation methodology, introduction of the Landmarks

- ESFRI Roadmap 2016, 2018 and 2021: Strategy Report + 41 ESFRI Landmarks + 22 ESFRI projects
- Rl Landscape Analysis (2024) decoupled from the Roadmap: rationale for ESFRI Roadmap 2026

- First version of the ESFRI Rls Portfolio

- Rl'investment agenda (~25b€)

3rd ESFRI Roadmap cycle (2026)

- Evaluate new pan-European RI projects

- Monitor all projects 2016,2018 and 2021

- Assessment of Projects 2016 vs Landmark status

- Update the ESFRI portfolio

- Synergies with regional, national, European and International Ris

- Links between and integration of Ris

- E-Infrastructure needs and data and use of new digital tools such as Al
- Links to the EOSC ecosystem —+ role of open science

“““”2"3‘2‘5 - Environmental considerations



https://ri-portfolio.esfri.eu
https://www.esfri.eu/roadmap-2026

ESFRI ROADMAP 2026 PLANING

Six reference scientific domains represented by the following
SWGs:
ENE SWG - ENERGY
. e . ENV SWG - ENVIRONMENT
Submission & Evaluation new proposals H&F SWG — Health & Food
PSE SWG — PHYSICAL SCIENCES & ENGINEERING _
SSH SWG — SOCIAL SCIENCE AND HUMANITIES The |mp|ementat|0n GrOUp (lG) evaluates the
PROPOSAL SUBMISSION DIGIT SWG — DATA, COMPUTING AND DIGITAL RESEARCH IMPLEMENTATION CASE along five dimensions:
ESFRI Delegation EIROforum Member INFRASTRUCTURES *stakeholder commitment
\ ELECTRONIC SUBMI;SION THROUGH MoS+ *preparatory work and planning
5 The SWGs evaluate the SCIENTIFIC CASE along six dimensions gy ~5°VCMMaNCE, management & human resources
ELIGIBILITY CHECK ---®--» NOT ELIGIBLE sscientific excellence ::;lp?(nces
o epan-European relevance ISKS
SWG ATTRIBUTION esocio-economic impact
EXECUTIVE BOARD euser strategy and access policy When evaluating the IMPLEMENTATION CASE , the
FORUM ee-needs & data |G takes the dimensions of the SCIENTIFIC CASE into
> eenvironmental considerations account.
PROPOSAL EVALUATION _
N - When evaluating the SCIENTIFIC CASE, the SWGs take the
SCIENTIFIC : ) IMPLEMENTATION dimensions of the IMPLEMENTATION CASE into account.
CASE HARMONISATION CASE NOT COMPETITIVE Strategy Report on Research Infrastructures N
pRREé_IL%EJ%RY ssscnccadlh icaieisincnatainssocaisinnsd - -BN - ) & “.'.
STRATES&%%RKING v IMPLEGI\EQEONUT;TION NIEOJAIiLLJJiTFIEER ESFRI ROAD M AP 2026 .'.‘
E)(TEFiErl]\lCFL«T_dIiEr;?PERTS CRITICAL % UESTIONS D(rErier&f li—Zr;(gPERTS
EXECUTIVE BOARD HEAF’:lNGS EXECUTIVE BOARD
PO%E—F)H;EF?TRSING e Valid del
: Soumission des alidation de la
. RECOMM:I\IDATIONS o/10/2024 projets candidats a :_:i;tFeR(Iiggsgojetsl Publication
, ) Infoday la feuille de route o e Roadmap ESFRI
européen ESFRI 2026 2026
2024 2025 2026
SELECTION OF NEW ---§-+» NOT INCLUDED 1 | ‘
PROJECTS | 1

EXECUTIVE BOARD

FORUM

Juin /
Septembre

Octobre Décembre Janvier Février Mars

Décembre

18/12/2024 Matinée Analyse des dossiers Avis des Validation Sighature par le
d’annonce nationale et audition des GT parle CD IR DGRI des courriers
candidats ESFRI par des projets de soutien des
les GT FR candidats projets validés par le
ESFRI 2026 CDIR

European and national EFRI Roadmap 2026 planing
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2024 DGRI/SSRI et DAE|/B2 2025
Examen des Analyse Dépét
nfoday Infoday Eg:c:;:latur;i Ak projets
francais  par Validation || soutenus FR , .
ESFRI ESFRI nationaux _ DGR 4 PESFRI Procédure interne ESFRI
Lancement GT et axes Pré liste IR, Draft analyse Quest. EFude Livrables Ag;'li‘;e
F::!RZE Constitition. criteros strateglgl_le + FdR26 candlda‘tures analyse
Nationale TdR, Kick off GT + axes, pr:‘.:pDSItIOI"I Envoi vers completes stratégique Validation
16 déc o quest. FdR26 liste IR IR : mai T3-T4 +liste IR || DGRI
déc 24-jan 25 T2 ®
T Retour des T4 Dec 25-T1
IR: juillet 2026

Strategie Nationale des Infrastructures de Recherche

FRENCH ESFRI ROADMAP 2026 PLANING

Forum ESFRI delegates
e Flena Hoffert, DAEI B2: Vice chair and member of the executive board
e Jean-Marie Flaud, DGRI SSRI A1: member of the monitoring committee

Members of the Scientific Groups (strategic working groups, SWG)
e Jean-Marie Flaud, DGRI SSRI A1: SWG Environment
e Catherine Le Chalony, DGRI SSRI A4: SWG Health & Food
e Francis Bloch, DGRI SSRI'A5: SWG Social Sciences and Humanities
o Xavier Montagne, DGRI SSRI A2: SWG Energy
e Jean-Luc Biarrotte, DGRI SSRI A2: SWG Physical Sciences and Engineering

CNRS actors
o Cellule TGIR: M. Guidal, G. Ohanessian, S. Le Van, A. C Eric, M. Stephanus
* TGIR committee: Cellule TGIR + DAS Infrastructures (INSU: J. Rose) + representants
DEI, DDOR, DAJ, DS DD, GTM “Infras” + DGDS (A. Schuhl) + DIs (INSU: N. Arnaud)


https://www.enseignementsup-recherche.gouv.fr/fr/strategie-nationale-des-infrastructures-de-recherche-50288

EOSC EU FEDERATION

Reference EOSC
EU Node
enabling the federation
Thematic community
nodes (including thematic
research infrastructures of
European interest)
Other data
infrastructure
nodes (...)

National nodes
e.g. national
repository platform of
national research
information system

European
e-Infrastructures
providing generic

data services

QQ’ EC Public
O Administration
Services

EOSC EU
Node
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{\é\ Common European Data Spaces
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EOSC Federated “System of Systems”

3 - European I
- =—=— Commission

Federated Data

A process
e Accelerate Open Science, FAIR data management and use of
digital methods and services

e Stimulate multi-disciplinary science and research, higher
research productivity, and improved reproducibility in science

An Open, trusted federation of infrastructures

® Access to existing Research Infrastructures in Europe

® Enable researchers to store, share, analyse and reuse research
digital objects

An evolving and scalable ecosystem

* Bring together the European commission, the governments and
the many Rl stakeholders

e Co-create across European, national and institutional levels
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Monitoring Service

EOSC EU NODE GATEWAY

European Open science Cloud Node

Authentication, Authorisation, Accounting (AAA)

e eduGAIN and EU Login (with elDAS) integration
® Policy-based Access Control (PBAC) retrieving use attributes from home IdP
e Virtual credits and Wallets (personal, group)

Contributor tiers (discoverable, onboarded, native)

e Resource Hub collecting research objects from OpenAIRE, CORDIS, data.europa.eu, Software Heritage, ...
e Curation service for resource object owners
e Persistent Identifiers

Data transfers

e Bulk data transters: orchestrate and monitor transfer of large data sets; easy and simple authentication;
automation and integration with third-party software via FTS RESTful API

* large file transfers: efficient multiple file transter management and performance optimisation

Integrated User Space with automated deployment workflows
e \/irtual Machines: templates with pre-installed software and configuration for different research domains;
VM snapshots and monitoring tools

 Cloud container platform: orchestrated and managed containers with load balancing; facilitated secure
workflows with CI/CD pipelines and automated HTTPS certificates

* nteractive notebooks: Jupiter Hub, persistent storage and synchronised with File Sync & Share own Cloud
* File Share & Sync across locations and groups

Monitoring and Helpdesk

* Availability dashboard and support for end-users


https://open-science-cloud.ec.europa.eu/news/european-commission-announces-eosc-eu-nodes-transition-full-production

CONTRIBUTING TO THE EOSC FEDERATION BUILD-UP PHASE

NDEeO0SC | Tripartite

A two-stage dialogue process to enable the EOSC Tripartite Governance to select a first wave of

candidate nodes by February 2025:

&
e 729 Potential Candidate Nodes (PCN) selected: Data Terra as a national thematic node Potentiql O
e First-stage dialogue meetings December 2025 + Online questionnaire January 2025 Candidate
e Second-stage dialogue meetings: 13 PCNs (February 2025) Nodes

 Data Terra selected for the second stage dialogue

First-stage dialogue

Meeting 1

ACTRIS ERIC
ARIADNE RI

CERN

CLARIN ERIC

CNR (Blue-Cloud)
CNRS-LAPP (ESCAPE)
ESRF (PaNOSC)

First-stage dialogue First-stage dialogue

Meeting 2 Meeting 3

BITP ACOnet / EOSC Support Office Austria
CNRS (Data Terra) ARNES

CVTI SR CSC - IT Centre for Science
Foundation ICSC DeiC

HUN REN EUDAT

Lux NDS NRIS

NCN SND

NFDI SRCE

SURF

First-stage dialogue
Meeting 4

BBMRI ERIC

Elixir Hub

EMBL

Euro-Biolmaging ERIC
Instruct ERIC




Key Figures:

50 M€/year + external resources
34 Research Organisations and

Universities

30 Observation Data and
Services Centres (CDOS)
32 Consortium of Scientific

Expertise (CES)

450 scientists, engineers and
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FAIR data and services
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Reference backbone data services in major national research projects;

Based on nationally labelled services distributed on the French territories;
National thematic reference centre for Earth System, Environment and biodiversity
data;

Involved in several EU EOSC-related project (coordinator and partner).
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DATA TERRA: SOVEREIGN PUBLIC RESEARCH DATA POLICY

IMPLANTATION DE DATA TERRA ET SES CENTRES DE DONNEES ET DE SERVICES
@ seRE, @ MétéoFrance . @ IPSLESPRI/ Université de Jussieu 30, (B}, @ ICARE / Université de Lille 30,
o o e OrrA® Pole de données
Open trusted public data policy v s g L
® FAIR observation, simulation and research data, open by default v Q . @ FORUATER
e Services Nationaux d'Observation (SNOs) Y Q . ] ® ovsrs
. . . . , . @ !fremer- SISMER ) N a
e Territorial network of Observatoires des Sciences de I'Univers (OSUs) 9 tmccomos |l o & ¢ o
o o Shom i . dOPGlc f“ ::'t";_’: ‘:n k & continentales
» National Research infrastructures (Rs), v B T e
° ° ° é’ OSUG 7 OZCAR @ transverse i images
e International organisations (e.g. ESA, GEO/GEQSS), ESFRIs, 0 o o e trés haute
. . o ey . o ey . IMEV (=
e European and international initiatives initiatives (e.g. GoFAIR, EOSC, CODATA/RDA) . i = o, DINAMIS
9 CNES\}\ > A/ Université = onnées
& owp \)\@’ Montpeliie " dogNmU & ¢ SDotell::s
CNES - DINAMIS %, ® MTD 3o, : g, Do
Data poles: archiving and curation . L
e Linked to long-term national observation programs and instruments
o Linked to ESFRI and international collaborative projects and organisations @Thela
* Data model harmonisation (across disciplines) and standardisation (in disciplines) .
[ [ ° . ....\ _,‘
* FAIR services and domain data expertise (Form@Terre, ODATIS, AERIS, Theia, PNDB, DINAMIS): Agms / oaTaz: ForM; Ter
e Mutualise/federate resources and critical mass of expertise in and across disciplines Poe stmesphere TERRA % teslid e
DATATERRA
INTER-POLES

o DATATERRA
ODATIS™, DINAMIS

0.. . . .o’
. VHR spatial images .
0.. ‘.6
.... "‘¢

Pole ocean
Pole biodiversitv




French national digital infrastructures

* Renater (Geant);
* MesoNet, France Grille (EGI), GENCI / EuroHPC (IDRIS, CINES, TGCC);
« Labelled National & regional data centres and mesocentres.

EOSC Federation
« D-T data and services accessible through the EOSC EU node;
« Services interoperability with other thematic cluster nodes and
related national nodes.

Core services
« Distributed data storage and management;
« Large data transfer (files, objects);
« User spaces (interactive notebooks, virtual machines, container
images);
« HPC/Cloud computing services, Federated AAl.

Development | Exploitation

phase | phase
May May
____________________________________________________________ 2027 .....2029
Aug.20

THE DIGITAL DATA TERRA E-INFRASTRUCTURE

Code & Software artefacts repositories
(

e.g. gitlab/qgithub, dockerhub/quay.io, Galaxy toolshed)

O Resources Catalogue O User Space ‘

and Registry Services (Bring your own ...)
(Shared among all User Spaces)

=1
O g Analytic Platforms Assets Analytic Platforms Assets
8 @ Anal ytics (e.g. notebook, workflow) (e.g. notebook, environment)
: © i
: O ) TSR Analytic Platforms Q Interactive Apps
" N (e.g. JupyterLab, Galaxy, [Geo]viewer, (e.g. shiny, dash)
r YER
i S5 =
o < IAM % Tools Appstore Anytools Learn
5 O 3_ % & (e.g. QGis desktop, eo-dag) (e.g. data tools, algorithms) &
o o Security Collaborate
| 8 -
: Dataspace
: O 3 = Data (e.g. satellite, in-situ, model, biodiversity) R
3
@ | S
> Read Only Read Write
| é Storage, Computing resources & Network
(e.g. S3/iRods, L3VPN on Renater, CPU/GPU)

AA Provenance, Metrics & Accounting

DDUD (e.g. RO-Crate) O

ﬁ}, Servicedesk O
Gaia data timeline allows to co- EOSC Federation (EOSC EU node and other nodes)

develop with EOSC EU node and
third party (EOSC Federation)

(O |Identity Management (O Resources Catalogues and Registry
' i Services
Data Terra services de5|gned to O Monitoring and Accounting Q Application Workflow Management
leverage and support EOSC EU Node
and third party core services O Service Management System : . User Space



Data Terra: national thematic reference centres for Earth System, Environment

and biodiversity data

> Thematic thesaurus and ontology
> Interoperability standards

> Machine readable catalog/registries of trusted thematic repositories, data and software

> Actionable thematic Data Management Plan models

> French contribution to the international Earth system, environment, biodiversity ecosystem
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~ Reference data model harmonisation (across disciplines) and standards (in disciplines)
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DATA TERRA: NATIONAL THEMATIC REFERENCE CENTRE FOR DATA GOUYV

Research Data Gouv (RDG)
The national platform for sharing and opening FAIR research
data and a French contribution to the EOSC ecosystem
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environment and biodiversity data
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DATA TERRA: THE EUROPEAN LANDSCAPE

Contributes to an increasing number of EOSC projects through the CNRS-INSU.-

Cope(nicus_

- esa

Eurcpesr Space Agercy ! “.
- é EUM ETSAT.-
\ - Ches .

FAIR EASE (01/09/2022, 5M€, 26 partners, coord: Data Terra/CNRS A. Rizzo, IRD).
Objectif: develop et leverage within EOSC the distributed and integrated L Sweaw
observation and modelling for the Earth System, Environment and Biodiversity, o

a a . [AN Bleﬂ oLTER Ri
with the user communities and the European Science Research Infrastructures. 1acos @@ - @
& Qo\% (‘%fR
N & 6%

eWatch ERIC, ICOS ERIC

143 PM/1,2M€ ‘i“i‘;“;.‘“‘?' ERIS . - ForM @)

. / A 2 / //// ?é&éA ‘"@‘" / ’ . 4#7 _
. DLR .
FAIR IMPACT (01/06/2022, 10M€, coord: DANS). Objectif: develop a FAIR EOSC T o \ . Rioles e — = :
« EOSC de données et de services FAIR », by supporting the practical > SNOWwC. \ . C CI;;L 2 .
. . L. . . . .. QODATISK‘% DINAMIS A PR .
implementation of the FAIR principles in the scientific communities and for Poleocan o, MRS T g vi) )
research results at the national, European and international levels. 14PM ~ o — . o
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GEO INQUIRE (01/10/2022, 15M<€, coord: GFZ). Objectif: Access to observations,
data products and services for monitoring and simulating the geosphere dynamic
processes, at unprecedented levels of detail and accuracy. 8PM

DT GEO (01/09/2022, 10M€, good: BSC). Objectif: Deploy a digital twin prototype
for geophysical and human-made environmental extreme events: Coupled Digital
Twin Components (DTC) for risk associated to earthquakes and induced seismicity,
volcanic eruptions, and triggered tsunamis (earthquakes, landslides). 4P

. . . Integrated
others: BioDT, InterTwin AGTRIS I C O S ‘ arben

System

Data Terra: integrated French contribution to ESFRIs ;ﬁ%f‘;ﬁg
~ ACTRIS, ICOS, IAGOS, EU-FAR, Euro-ARGO, EMSO, SeaDataCloud, JERICO, eLTER, EPOS T N
» ENVRI-FAIR, ELIXIR STt A el TER A



CNRS-INSU DATA AND SERVICES INFRASTRUCTURES

E-infrastructure VRE-Virtual Research Environment ; VAP — Virtual Analysis Plateform

ex.: IR DATATERRA

Service de calcul (a la demande & systématique)

, Licence)

DataCenter

IR Observation
ex.: IR ACTRIS

Poles Nationaux

de Données et de Services

Centre Centre de Données Centre Centre de Données

d’Expertise ’Observation et de Services d’Expertise d’Observation et de Services
Scientifique Scientifique

Entrepot de Entrepot de Entrepot de
données données données
Base de Base de Systeme de : systeme de
, , . L stockage objet L
données données fichiers fichiers

opérationnel / coordination /



ROADMAP 2026 - TAKE HOME MESSAGES

e European Research Infrastructures: unique, innovative long-term collaborative observation and research tools
for understanding the Earth, Climate, Environment and Biodiversity system, and Climate change solutions

e More weight on the positioning of ESFRIs in the national federated Data Terra e-Infrastructure and on
leveraging synergies from beginning to:

~ foster links between and integration of Rls in the different compartment of the Earth, Climate, Environment and

Biodiversity system in synergies with Euro
~ increase links with the EOSC EU federatior

nean national strateqy (Data Terra, NFDI, ITINERIS, ...)

and the EOSC EU node services

» steer the Data Terra E-Infrastructure needs and data and use of new digital tools such asA.l.

~ |leverage Data Terra structure (UAR) for agil

e management of human resources and expertise at the national level

e Get in touch with the National Delegates and SWG representatives at ESFRI and the SWG, together with
the CNRSTGIR committee (e.g. J. Rose for CNRS-INSU)




