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DT-GEO in a nutshell

Towards a DT for earthquakes

DT-GEO and Geo-INQUIRE: interactions and what's next?




The concept of Digital Twin (DT)

A Digital Twin is a virtual lifecycle environment that contains a data-informed replica of a real system, model-
based prediction capabilities (scenarios) and, ideally, can provide feedback (decisions) to modify the real
system (i.e. to close the lifecycle loop)

DIGITAL TWIN

A 1. TAKE ACTIONS 8. MAKE DECISIONS

Transfer actions to reality .
4. BUILD' REP'LICA and run the next litecycle Often beyond scientific scope
A data-driven picture

A Digital 7. VISUALIZE INSIGHTS
Evaluate the effects (impacts) of the

Analogy with the DevOps cycle is software engineering I replica scenarios
Data integration, data
A process, quality control, etc.

4.TEST A 1. PLAN 8. MONITOR
Testing for bugs and Planning the next Issues, or possibilities for
issues project’s lifecycle improvement, are recognized A 5. FUTURE N 6. SCENARIOS
2. COLLECT DATA Run physics-based or Al-based
Historical + data streams models to make predictions

Data lake
3. BUILT A 7. OPERATE
Introduce code to [ Users utilise the

the project product
Observatlons

2.CODE 4 5. RELEASE 6. DEPLOY
Write code in Code is verifyed and Prepared for the production
accordance with ready for production environment
plan specifications

REALITY (object or system)




HORIZON-INFRA-2021-TECH-01-01

4 HE digital twins projects funded

Biodiversity Digital Twin for Advanced Modelling, Simulation and Prediction
Capabilities (BioDT)

Digital Twin providing advanced modelling, simulation and prediction capabilities across relevant research
infrastructures, the BioDT project will be able to more accurately model interaction between species and their
environment.

A Digital Twin for GEOphysical extremes (DT-GEO)

Deploy 12 Digital Twin Components (DTCs) embedding flagship simulation codes, Al layers, large volumes of (real-
time) data streams, data assimilation methodologies, and overarching workflows for deployment and execution in
centralised HPC and virtual cloud computing Rls.

An interdisciplinary Digital Twin Engine for science (interTwin)

Prototype of an interdisciplinary Digital Twin Engine (DTE), an open source platform that provides generic and
tailored software components for modelling and simulation to integrate application-specific Digital Twins (DTs).
Use cases for high-energy physics, radio astronomy, astrophysics, climate research, and environmental
monitoring.

eBRAIN-Health - Actionable Multilevel Health Data (eBRAIN-Health)

Deliver a distributed research platform for modelling and simulating complex neurobiological phenomena of
human brain function and dysfunction in a data protection compliant environment.

DestinE ?

Human brain




Action
GA No
Duration
Start Date
End Date
Budget

Partners

Consortium

DT-GEO: numbers and objectives

Horizon-RIA

101058129

3 years

Sep 2022

Aug 2025

151 M€

26

HPC RI
Data RI
Monitoring
Research
Academia
Private

Deploy a pre-operational prototype of Digital Twin (DT) on geophysical extremes
for its future integration in the Destination Earth (DestinE) initiative

Implement 12 Digital Twin Components (DTCs) addressing specific hazardous
phenomena from volcanoes, tsunamis, earthquakes, and anthropogenically-
induced extremes in order to conduct data-informed:

1. Early warning systems

2. Forecasts

3. Hazard assessments across multiple time scales.

Provide a flexible framework for FAIR-validation of project Digital Assets (DAs)
and its integration in 2 Research Infrastructures (RIs):

1. The European Plate Observing System (EPOS)

2. HPC/virtual cloud computing (EuroHPC/FENIX)

Verify the DTCs in operational environments at 13 Site Demonstrators (SDs)
of particular relevance located in Europe and beyond




The DT-GEO structure

Workflows and data architecture
Transversal

elements: provide

homogeneity and
interoperability
across the DTCs

Computational infrastructure
Metadata and automated FAIRness evaluation of Digital Assets

WP5 WP6 WP7 WP8

12
Digital Twin Components

(DTCs) . ;
Volcanoes Tsunamis Earthquakes Anthropogenic * Vertical pillars

13
Site Demonstrators «  4DTCs for « 1DTCs for +  6DTCs for «  2DTCs for
(SDs) volcanoes tsunamis earthquakes anthropogenic

3 SDs + 4SDs *+ 4S8Ds * 2SDs

B
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12 DTCs

Name

Target TRL

Volcanic unrest dynamics

6

Volcanic ash clouds and deposition

7

Lava flows

Volcanic gas dispersal and deposition

Probabilistic Tsunami Forecasting (PTF)

Probabilistic Seismic Hazard and Risk Assessment

Earthquake short-term forecasting

Tomography and Ground Motion Models (GMM)

Fault rupture forecasting

Tomography and shaking simulation

Rapid event and shaking characterisation

Anthropogenic geophysical extreme forecasting (AGEF)




{ Figure 1.2.4. Location and definition of the 13 Site Demonstrators (SD) used to validate the 12 DTC in relevant and operational environments (TRL 6 and 7) ]

Grimsvétn volcano (Iceland)

Used by DTC-V2

Grimsvétn is a subglacial volcano which sits in the middle of
Vatnajokull glacier. Its activity is characterized by frequent
phreato-magmatic eruptions with the last eruption that
occurred in 2011. Typical eruptions produce tephra fallout,
volcanic clouds, lightnings and glacial floods as the main
hazards. It is currently in a pre-eruptive status and an eruption
is expected in the coming months. This DTC may be changed
on-the-fly if another Icelandic volcano erupts during the
project.

B

Since March 19th 2021, an eruption is ongoing at
Fagradalsfjall volcano which belongs to the Krysuvik
volcanic system in the Reykjanes peninsula (SW of Iceland).
The eruption is featuring an effusive eruption accompained
by a constant release of volcanic gases. Given its vicinity to
inhabited areas (less than 30 km from key sites), occurrences
of low air quality event are the main hazard.

Strasbourg geothermal site (France)

Used by DTC-Al

SD12 is located in Strasbourg, France where 4 projects of deep
geothermal energy have been initiated. One of them (GEOVEN in
‘Vendenheim, 10 km to the North of Strasbourg) is facing a major
seismic crisis after a series of earthquakes (3<M<3.9) since Nov 2019
that have create a large number of building damages in the area. A
moratorium on all the projects have been stated by the legal authorities
before an extended investigation for which the DT-GEO project could
be an important contribution.

Fagradalsfjall volcano (Iceland)
Used by DTC-V3 and DTC-V4

. /

Bedretto (Switzerland)
Used by DTC-E4

The Bedretto Deep Underground
Laboratory was established by ETH
in a tunnel located under the
Gotthard Massif, with a large cavern
located at over 2 km from the
entrance at over 1200 m depth
(www.bedrettolab.ethz.ch), enabling
experiments for geo-energies and
earthquake physics on scales of 50-
400 m, including the ERC Synergy
project Fault Activation and
Earthquake Rupture (FEAR).

P AR
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KGHM ore mine (Poland)
Used by DTC-A1

Copper-ore mines of KGHM Polska Miedz
S.A. in Poland, which is facing severe
problems of dynamic and continuous
mining-induced deformation. The mines are
very active seismically, with induced

hquakes of i : nall
exceeding 4.0 and with major rockbursts. In
addition to resultant in-mine damage, this

ismicity has also d i

for buildings and other surface
objects. Subsidence and other surface
deformation effects also occur.

Alps

Used by DTC-E5

The Alparray Seismic Network (www.alparray.ethz.ch)
covered the whole alpine region with the densest high-
quality seismic array every installed globally, with over 700
broad-band seismic stations, extending over 8 countries and
with 24 participating national institutions, to integrate
present-day Earth observables with high-resolution
geophysical imaging of 3D structure.

|

SD11

_ Due to the long history of catastrophic earthquakes,

N

Central Appenines and Alto-Tiberina (Italy)
Used by DTC-E1, DTC-E2, DTC-E3, DTC-E4

the recent Amatri

ia (2016-2017),
this area is the best monitored in the Euro-Med region

Eastern Honshu coast (Japan)
Used by DTC-T1

Testing of the PTF for recent earthquakes
and tsunamis sources offshore Honshu, with
main emphasis on testing how new
functionality such as real-time data fusion of
seismic, GNSS (where available), and
tsunami data reduces source uncertainty.
Testing will involve major hind-casting past
earthquake and tsunami events such as 2011
Tohoku earthquake tsunami.

Testing of the PTF for recent earthquakes
and tsunamis sources offshore Chile, with
main emphasis on testing how new
functionality such as real-time data fusion of
seismic, GNSS (where available), and
tsunami data reduces source uncertainty.
Testing will involve major hind-casting past
earthquake and tsunami events such as 2010
Maule and 2014 Iquique tsunamis.

Chilean coast
Used by DTC-T1

Euro-Med (Continental)
SD8

The European-Mediterranean is a
complex tectonic region, with
seismicity ranging from very active to
very quiet, and a long history of
catastrophic events shaping the
economy and social structure of entire
regions; seismicity is monitored by
national agencies and the European-
Mediterranean Seismological Center
(EMSC/EPOS) and all knowledge on
seismicity and faults converge in the
European Seismic Hazard Model 2020
(ESHM20, www.efehr.org)

Used by DTC-E1, DTC-E2,
== DTC-E3, DTC-ES, DTC-E6

Etna volcano (Italy)

— | SD1
Used by DTC-V1 and DCT-V3

Mount Etna is one of the most active volcanoes in the
world, and arguably the most monitored and studied one.
The most frequent activities characterizing Mount Etna
span from eccentric vent opening and lava flows menacing
the several villages along its flanks and the city of Catania,
to lava fountains and ash-rich volcanic plumes causing risks
for the nearby international airport and air traffic

irculation, to d i thquakes on its eastern foothills.
A dedicated volcano observatory managed by INGV

N

Eastern Sicily (Italy)

SD5
Used by DTC-T1

Testing the PTF for both earthquake
and coupling to earthquake induced
landslide sources along the Eastern
Sicily coast. This includes also
coupling to modelling tsunami
inundation for landslide sources.
Here, the main testing will devoted
to test the entire DTC-T1 workflow

provides 24/7 sur as well as
devel of a highly sophisti
monitoring network.

and thetic events
will be used.

(www.gm.ingv.it) and includes the Alto-Tiberina Near-Fault
Observatory (DOI:10.4401/ag-6426, EPOS) offering dense
multi-parameter real-time observations on a very active fault.

( sbD4 "
Testing the PTF for different earthquake sources in the entire
Mediterranean Sea, with main emphasis on testing how new functionality
such as real-time data fusion of seismic, GNSS, and tsunami data reduces

source uncertainty. Testing will involve hind-casting past earthquake and
tsunami events since 2015 (e.g. 2017 Lesbos, 2020 Samos-Izmir).

Mediterranean Sea coast
Used by DTC-T1




DT-GEO architecture

DT-GEO architecture and software stack

| brccomposons J DT-\GEO

Dynamic DTC
definition

DTC accessibility

Deployment A . Services leveraged from the EOSC- and re-usability
Container image creation )
of DTCs service synergy project

Infrastructure
Distributed execution of DTCs Manager

Management .
EPOS-DCAT Efficient DTC
COMPSs runtime distributed
execution
FAIR
FENIX computational infrastructure NOEEN -

Metadata




@ DT-\-GEO

DT-GEO architecture

DTC deployment DTC execution

[EUROPEANPLATEOBSERVINGSYSTEM

Infrastructure
Manager HPC

Deploys on multiple back-ends
Describes cloud topologies using
TOSCA

e.g. EuroHPC systems
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Container Image

Creation
Based on Spack

Crates images tailored to each DTC orchestrator a @
Py

Sl
openstack.

platform Task scheduling,
orcherstration, data transfer

git-based repositories services




Computational architecture

DT-GEO uses an Infrastructure Manager (IM) to deploy DTCs execution in cloud environments.

Open stack @CINECA ADA cloud service (laaS) for DTC testing (cloud).

The DTC execution (SDs) relies on HPC.

Configuration of Spack modules on the HPC clusters and support for PyCOMPSs module configuration.

ADA OpenStack dashboard: https://adacloud.hpc.cineca.it Interactive computing service: https://jupyter.g100.cineca.it/hub
Documentation: link Documentation: link

CINECAES ®oneca-oreeovic~
Proyecto

Interactive session parameters setting

Proyecto / Computacién / Visién general 2 User
yecto / Col User Guide

Computacién . ViSi()n general Slurm Reservation Slurm Account

None 5 [ dtgeo_v1 #]

Number of cores Memory (MB)
Resumen

is 1 8 4096
Computacion

. GPU configuration Time (hours)
None 5 1,0

RAM ICE4HPC Backend Environment
Usada 2 de 10 Usada 30GB de 120GB
Release 2023.10
Volumen

’ User interface
Orquestacion Jupyterlab

Database

Almacenamiento de volumen AVAILABLE COMPUTATIONAL RESOURCES
Data Processin Usada 19GB de 2TB
9 Nodes Total Number of cores Total Free Memory (MB)

Share No available GPUs 0 / /
Identidad 1 available GPU 0 / /
2 available GPUs 9 432 3.467.700

1Ps flotantes Grupos de seguridad Reglas del grupo de seguridad

Asignada 1 de 2 Usada 14 de 15 Usada 63 de 70 Start



https://adacloud.hpc.cineca.it/
http://www.apple.com/es
https://jupyter.g100.cineca.it/hub
https://wiki.u-gov.it/confluence/display/SCAIUS/UG2.7.2:+Interactive+Computing

FAIRNness evaluation of DTCs

‘bWorkﬂowHub QBrowse

©mao A Digital Twin for GEOphysical extremes
. . . (DT-GEO)
Services for DTC reusability (catalogues, registries, and R

repositories), including the creation of a Workflows Hub e e

Registry. [ — T
Recording of workflow provenance: capture the details = ‘ o
of a DTC execution as metadata.

The interoperability of the generated metadata is
guaranteed by the use of the RO-Crate specification.
RO-Crate (Research Object Crate) is a method for
aggregating and describing research data with

associated metadata.

WP - Earthquakes

https://workflowhub.eu/programmes/36#projects



https://workflowhub.eu/programmes/36#projects

DT-GEO current status

>

Phase 1 Phase 2 Phase 3
From M1 to M12 From M25 to M36

! Lol l

KoM (Sep 2022) 1st review (Oct 2023) 2nd review (Oct 2024)  End (Aug 2025)

Project.setup . e Betaimplementation of the DTCs e Further implementation of the
Collection of requirements (MS1) (MS5 and MS6) DTCs (some coupled)
Computational infrastructure Early execution of SDs in the FENIX Run the Simulation Cases in
(MS2) ) ) cloud infrastructure (testing/ operational environments using
Blueprint of DT architecture (MS3) staging) HPC (MS7, MS8 and MS9)
Metadata_ scheme Design and development of the DT
FAIR quality-based ecosystem architecture, second iteration loop
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Earthquake DTCs

Earthquakes sources and shaking span
a large range of time and spatial
dimensions.

The WP7 approach is to first develop
individual DTC, and later link them in a

single pipeline combining different
time and spatial scales.

Decades Years Days to minutes

@

Seismicity
rate

9
) ‘j\
T

1
"
ol

Long-term Long-term Short-term
hazard mapping forecasting forecasting

Seconds

(@)

Early
warning

By positioning the new workflows in
the existing agencies and
infrastructures - local, national,
regional, EPOS - we design the future
architecture of seismology.

We cover long-term computational and

tomography workflows and
event-based low-latency workflows.

Minutes to hours Hours to weeks

ShakeMap & Aftershock
rapid loss forecasting




Earthquake DTCs: a set of interconnected WFs

|

DTC-E5: Tomography and shaking simulation \’
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{ DTC-E6: Rapid event and shaking characterization

eGSIM
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PT‘?’T'”

Tsunatr

DTC-E4: Fault rupture forecasting ﬂ

# of WFs

# of Steps




Earthquake DTCs: a set of interconnected WFs

DTC E1: PSHA & PSRA

parametric
seismicity
scanning

DTC E2: earthquake
forecasting

Active Faults
Database

distributed
seismicity

hybrid shake models
(DTC E3)

activity rates update

(DTC E1)

significant event

physics-based
PSHA update

short-term
forecasting

event
scenarios

waveform-based

seismicity scanning

DTC E3: GMM

continu
wavefo
assimilal

ous
m
tion

parameter
regression

.

>

shake-maps library
(DTC ES5)

DTC E4: fault rupture forecasting

multi-par

dynamic and kinematic
source inversion

fault monitoring

DTC E5: Tomography and shaking simulation

earthquake
location

—

source
inversion

continuous
waveform
assimilation

— >

tomography
update

A

physics-based
Tupture model

shakemap
on-demand
(DTC E5)

probabillistic
shaking
forecast

shakemap
simulation

shake-maps
library compilation

DTC E6: Rapid event and shaking
characterization

hybrid shake
models

rapid source
characterization

f

shake-maps library
(DTC E5)

GMM/ML

shakemap

data-driven

real-time seismic
waveforms assimilation

shakemap




: Probabilistic Seismic Hazard and Risk Assessment

Decades Days to minutes H Seconds Minutes to hours  Hours to weeks

DTC E1: PSHA & PSRA
‘v 4 . z & 3le Database
3 - o £
PR ; ¥ (()) 5% activity
3 Time Time istri rates

ric update
Long-term Long-term Short-term Early ShakeMap & Aftershock selsmicity
hazard mapping |  forecasting forecasting warning rapid loss forecasting scanning

GMM
(DTC E3) update
physics-based
PSHA update

Leader Laurentiu Danciu (ETH) T pr———

Participants ETH Zurich: Nicolas Schmid, Carlo Cauzzi . . LTICED
INGV Rome: Roberto Basili Objective

GFZ: Graeme Weatherill
Assimilate on-going seismicity and update the activity

rates used for the seismogenic sources and distributed
seismicity components of the European Seismic Hazard

Map (ESHM20).

Probabilistic Seismic Risk Assessment will be computed
from the two hazard branches using the OpenQuake

vulnerability inventories.

Site Demonstrators

I S oGk

©) GEM 0}

SD8: Euro-Med Watig ingatherto scseserick




Leader
Coordinator

Participants

0.010%

0.0010%

DTC-E2: Earthquake short-term forecasting

Seconds Minutes to hours§ Hours to weeks

Long-term Long-term Short-term Early

Stefan Wiemer (ETH)
Leila Mizrahi (ETH)

ShakeMap &
hazard mapping ~ forecasting forecasting warning rapid loss

DTC E2: earthquake
forecasting

activity rates update
(DTC E1)

Aftershock

short-term
forecasting

forecasting
significant event

event
scenarios

waveform-based
seismicity scanning

ETH: Marta Han, Nicolas Schmid, Men-Andrin Meier, Dario Jozinovic, Stefan Wiemer

UKRI: Margarita Segou, Brian Baptie
GFZ: Danijel Schorlemmer
INGV: Lauro Chiaraluce, Maddalena Michele

Objective

Process waveform data into high-resolution seismicity
catalogues. Use ETAS models to produce short-term
earthquake rate forecasts and tests them using standard
earthquake catalogues.

Site Demonstrators

SD8: Euro-Med (Continental)

SD9: Central Apennines-Alto Tiberina




DTC-E3: Tomography and Ground Motion Models (GMM)

Decades Days to minutes H Seconds

"4 5

Long-term Long-term Short-term Early
hazard mapping forecasting forecasting warning

Leader Fabrice Cotton (GFZ)
Participants
ETH: Carlo Cauzzi, Laurentiu Danciu

Simuated Sessol

00
( ) e continuous

GFZ: Graeme Weatherill, Dino Bindi, Riccardo Zaccarelli, Ssu-Ting Lai

o

Within-Event Residuals (ESHM20 - PGV)

e
.

*,
R
* | Data to Model
Comparisons
through eGSIM

Rnce (km)

Minutes to hours  Hours to weeks

DTC E3: GMM

waveform parameter —

ShakeMap & Aftershock P " i
rapid loss forecasting assimilation regression

hybrid shake
models

shake-maps library
(DTC E5)

Objective

Provide ground motion models (GMMs) for Europe,
using Al and physics-based ground motion
simulations to create accurate, fine-resolution models

of earthquakes.

Site Demonstrators

SD8: Euro-Med (Continental)
SD9: Central Apennines-Alto Tiberina




DTC-E4: Fault rupture forecasting

Decades Days to minutes H Seconds Minutes to hours  Hours to weeks

Ly’

o L L
5 %, \ - g (( ’) H DTC E4: fault rupture forecasting
{;“’% 4 sy L] = ﬂgﬂ!hmﬂ' dynamic and kinematic
source inversion
Long-term Long-term Short-term Early ShakeMap & Aftershock multi-parameter ». | physics-based . Pr istic
hazard warning rapid loss forecasting fault monitoring P rupture model O(an_eCm;;)d ?:r:alg:;gt

Leader Alice Gabriel (LMU)

Coordinator Mathilde Marchandon (LMU)

Participants LMU: Nico Schliwa, Thomas Ulrich
INGV: Lauro Chiaraluce, Emanuele Casarotti
CNRS Geo-Azure: Jean-Paul Ampuero, Bertrand Delouis
ETHZ: Luca Dal Zilio

Objective

Model fault rupture complexities, including dynamic

Rupture forecasting for the Bt wsikeiamd
. . atalog of physic-base i i i i
Alto Tiberina fault system o s gy source inversion and forward dynamic modeling,

Multi-data _— ~ multi-physics modeling for earthquake source

constraints from Near- H i .
Fault Observatory Se|S&SOI @ processes, as well as path and site effects.
TABOO dynamic rupture k/_\/__/

— 3D
-~ ) & seismic wave o rm——— m _.and associated
shake-maps

|
slip
propagation - \_/) —

. Site Demonstrators
<
3

. SD9: Central Apennines-Alto Tiberina (Italy)
SD10: Bedretto (Switzerland)




Leader
Participants

base model

generation-1 model

DTC-E5: Tomography and shaking simulation

DTC E5: Tomography and shaking simulation

earthquake source
location

inversion

. | shakemap | . I shake-maps I
Long-term Long-term Short-term ShakeMap & Aftershock simulation library compilation
hazard mapping ~ forecasting i

forecasting rapid loss forecasting

continuous _»Iw_
. waveform
Marta Pienkowska (ETH) imilati update

ETH: Andreas Fichtner, Sebastian Noe, Ariane Lanteri A
Mondaic: Christian Boehm, Lion Krischer, David Sollberger, Lars Gebraad

BSC: Josep de la Puente, Marisol Monterrubio Velasco, Natalia Zamora, Cedric Bhihe, Claudia Abril
CNRS: Jean-Paul Ampuero, Cedric Twardzik, Bertrand Delouis

CSIC: Paula Herrero

Objective
Use seismic data to create a multi-scale model of the Earth, which is used to
update the Collaborative Seismic Earth Model (CSEM).

Generate maps of synthetic ground motion distributions for seismic sources at

different time scales, and update them by incorporating new data.

Site Demonstrators

SD8: Euro-Med (Continental)
SD11: Alps

[s/wy] yadap wy| ZT 38 “A



DTC-E6: Rapid event and shaking characterisation

Decades Days to minutes H Seconds Minutes to hours JHours to weeks -
DTC E6: Rapid event and shaking shake-maps library
(DTC E5)

characterization

"4 ; - I !
), . ;gm ( ) H
o g A lo} et
rapid source GMM/ML
characterization shakemap
Long-term Long-term Short-term Early ShakeMap & Aftershock
hazard mapping forecasting forecasting warning rapid loss forecasting earthquake data-driven
alert shakemap
real-time seismic
Leader Maren Bose (ETH) g B

Participants ETH: Savas Ceylan, Carlo Cauzzi, Frédérick Massin, John Clinton

INGV: Alberto Michelini, Licia Faenza
GFZ: Dino Bindi, Graeme Weatherill, Fabrice Cotton

2023 M7.8 Pazarcik

Objective
Provide evolutionary data-driven maps of (strong) ground shaking

(e.g., ShakeMaps), including a finite-fault source model

characterization, for rapid information and warnings a few seconds

w
2
=

Latitude

to minutes after any significant (M>=3.5) earthquake in the larger

Euro-Med region.

Site Demonstrators Py N slip: @7 @ 5m @ 3m\ @1m
& " 38°E 40°E 42°E

Longitude

SD8: Euro-Med (Continental)

05 1 15
log(PGA) [cm/s/s]
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ecosystem of European projects
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DT-GEO consortium
(19/26 DT-GEO partners are shared with Geo-INQUIRE !)

Partner Type No Partner Type

CSIC COO |Consejo Superior Investigaciones Cientificas 13 CNRS BEN [National Center for Scientific Research

UpPv AFE Universitat Politécnica de Valéncia UNISTRA AFE |UNIVERSITE DE STRASBOURG

INGV BEN Istituto Nazionale di Geofisica e Vulcanologia UGA AFE |UNIVERSITE GRENOBLE ALPES

BEN Institute Geophysics - Polish Academy of IRD AFE INSTITUT DE RECHERCHE POUR LE
Science DEVELOPPEMENT

CIN BEN CINECA Consorzio Interuniversitario OCA AFE |OBSERVATOIRE DE LA COTE D'AZUR

IGF

BSC BEN Barcelona Supercomputing Center UCA AFE [UNIVERSITE COTE D'AZUR

NGI BEN Norwegian Geotechnical Institute IPGP AFE |INSTITUT DE PHYSIQUE DU GLOBE DE PARIS

UMA BEN University of Malaga up AFE |UNIVERSITE PARIS CITE

GFZ BEN German Research Centre for Geosciences 14 EPOS BEN | European Plate Observing System - ERIC

LMU BEN Ludwig-Maximilians Universitdt Minchen 15 CYFRONET | BEN |ACK CYFRONET

IMO BEN Icelandic Meteorological Office ETH ASP  |Swiss Federal Institute of Technology

UHAM BEN University of Hamburg MON ASP | MONDAIC

LIP BEN Lab pf Instrumentation and Experimental UKRI ASP
Particle Phy.

United Kingdom Research and Innovation

COO  Coordinator BEN  Beneficiary - Affiliated Entity - Associated Partner



Data architecture: joint effort with Geo-INQUIRE

Metadata schemes to characterise the DTCs and their
relationships (aligned with geo-INQUIRE):

» DCAT: Data Catalog vocabulary for publishing
data catalogs on the web (https:/www.w3.ora/
TR/vocab-dcat/).

EPOS-DCAT-AP: an extension of the DCAT
Application Profile for Research Infrastructures
in the solid-Earth domain based on the Common
European Research Information Format (CERIF).
DT-GEO: further extension of EPOS-DCAT to
accommodate metadata for new entities in the
DT-GEO schema such as Workflow and Step.
Adoption and extension of the EOSC-synergy SQAaaS
platform for assuring quality on DAs (e.g. FAIR-EVA has
been extended with a specific plugin to integrate with
the EPOS-DCAT catalog).

DTC-DTC Generalisation
Base entities
W Link entities
WF_WF
ST-WF
ST-ST
SS-ST



https://www.w3.org/TR/vocab-dcat/
https://www.w3.org/TR/vocab-dcat/

Simulation Data Lake (SDL@CINECA infrastructure)

Preservation, accessibility, and insightful exploration of results from numerical simulations.

Curate existing simulation datasets and integrating new ones from various Virtual Access
(VA) within the Geo-INQUIRE WP5.

Ambitions to become a strategic asset within several geoscience domains and initiatives
(e.g. ChEESE and DT-GEO).

500TB of storage; relies on the EUDAT Collaborative Data Infrastructure and its B2* service
ecosystem.

Working on metadata scheme (EPOS-DCAT extension).

?




e Destination Earth

Flagship initiative of the EC

European Green Deal (2019)
European Data Strategy (2020)
Shaping Europe’s Digital Future (2020)

key elements

Objectives

. Develop a digital twin of the Earth to monitor and

predict environmental changes and human impacts

2. Evidence-based policy developments

3. Actionable predictions (downstream component)

Funding

. Digital Europe Programme of the Directorate-General

for Communications Networks, Content and

Technology (CNECT) - Tender for implementation

. Horizon Europe - For additional R&I activities



Destination Earth

Pillars of the First Phase (procurement)

Core Service Platform

The platform will provide evidence-based decision-making tools, applications and services, based on an open, flexible, and
secure cloud-based computing infrastructure.

s

{esa

European Space Agency.

Data Lake

The data lake will bring together data from ESA, EUMETSAT, ECMWF as well as from Copernicus, and many other diverse
sources, with new data from the Digital Twins. It will allow discovery and data access as well as big data processing in the

=

EUMETSAT

cloud.

Digital Twins and Digital Twin Engine

DestinE is creating several digital replicas covering different aspects of the Earth system and based on state-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; Climate Change Adaptation, which will

provide multidecadal simulations, and the Weather-induced Extremes twin, with both high-resolution forecasts and on-

demand simulations.

(6015568 Cloud-based front-end
of for DestinE users

Provide applications,
models and simulations
for a better decision-
making (“what if?")

Objective

Discovery and access to
twins’ data

Big-data processing
services to compute
close to data

o, T8 Simulations powered by
of extreme-scale HPC

Provide users with
climate and weather
Objective information at the
scales where impacts
take place




DT engine production modes

simulations observations

continuous real-time prediction cycle

extreme
event

real-time itoring cycle

e

on-demand, USER driven:
* regional, hyper-resolution
* more frequent updates
* added data
* impact sector specific extensions
* adaptation/mitigation scenarios
on-demand, EVENT driven:
* regional, hyper-resolution
more frequent updates
added data
impact sector specific extensions
adaptation/mitigation scenarios

Mode Continuous On-demand (event-driven)

Resources EuroHPC (10%) Urgent computing ?




Core Service Platform

B pestination Earth About~ UseCases Community~ Procurements~ News&Events~ Multimedia~ FAQ  Contactus™

Home » Use Cases Catalogue

e Use Cases Catalogue
« Use Cases demonstrate the capabilities of B A

Each Use Case demonstrates the capabilities of the DestinE infrastructure to provide actionable

the DestinE infrastructure to provide
actionable information and decision ‘ T o
support to its end users. .

Scale delling F k
Developing an adaptation modeliing framework supporting the EU
Adaptation Strategy goals and enabling easier access to advanced hazard
and impact models for decision-makers.

« Up to 20 use cases by now...

Procured by: CECMWF
Fd Read more >

Extreme Weather  Urban Heat
Exposure

Developing a modelling framework that wil facilitate the formulation of
adaptation measures addressing heat waves

F for Heat Stress

Procured by: SECMWF Read more >
Urban Heat

Addressing Urban Heat Island Effect

Providing high-resolution urban heat maps for cities across Europe to
underpin urban climate adaptation measures.

Procured by: CECMWF
Read more >

Air Quality

Air Quality Forecasting Analysis System

Exploring ECMWF's digital twins applications for air quality analysis and
forecasts.




What'’s next?

The Geophysical extremes DestinE twin

+ Geophysics was on the radar since the ExtremeEarth-PP (DestinE embryo)...

« GEMINI proposal at HORIZON-INFRA-2024-TECH-01-03 call failed...

* And now?
> Other calls...
» The role of EPOS (distributed Data Lakes)
> Lobby for tenders (DG-CNECT)




THANK YOU

@dtgeo_eu linkedin.com/company/dt-geo/
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