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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 in software engineering 3. ANALYSE DATA replica scenarios
Data integration, data
N 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

3. BULT A 7. OPERATE Data lake

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)




DT-GEO general objectives

Deploy a pre-operational prototype of Digital Twin (DT) on geophysical
extremes (potential integration in the Destination Earth flagship 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 (EWS)

2. Short-term forecasts

3. Long-term hazard assessments

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

Verify the DTCs in operational environments at 13 Site Demonstrators
(SDs) of particular relevance located in Europe and beyond (TRL= 6,7)

Hazard

DTC name

Volcano

Volcanic unrest

Volcanic ash clouds

Lava flows

Volcanic gas dispersal

Tsunami

Tsunami Forecasting

Earthqua
kes

Seismic Hazard

Earthquake forecasting

Tomography

Fault rupture

Shaking simulation

Aftershocks

Anthropo
genic

Anthropogenic
seismicity




The DT-GEO structure

. Transversal
Workflows and data architecture elements: provide

homogeneity and
. . interoperability
Computational infrastructure across the DTCs
(leveraged from
Metadata and automated FAIRness evaluation of Digital Assets other projects)

WP5 WP6 WP7 WP8

12
Digital Twin Components
(DTCs)

Volcanoes Tsunamis Earthquakes Anthropogenic
13

Vertical pillars
Site Demonstrators - 4DTCs for

1 DTCs for + 6 DTCs for « 2DTCs for
(SDs)

volcanoes tsunamis earthquakes anthropogenic
3SDs + 48SDs « 48Ds 2 SDs
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Phase 1
From M1 to M12

Project setup

Collection of requirements
Define the computational
infrastructure

Blueprint of DT architecture
Metadata scheme

FAIR quality-based ecosystem

>

DT-GEO: current status

Phase 2

Beta implementation of the
DTCs

Early execution of SDs in the
FENIX cloud infrastructure
(testing/staging)

Design and development of
the DT architecture, second
iteration loop

Phase 3

From M25 to M36

Further implementation of the
DTCs (some coupled)

Run the SDs in operational
environments using HPC




DT-GEO blueprint architecture

DT-GEO architecture and software stack

DTC Compositions

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

Infrastructure
Distributed execution of DTCs Manager

Management
EPOS-DCAT
COMPSs runtime
FAIR
FENIX computational infrastructure SQaas evaluators

Metadata

_J DT-\*GEO

Dynamic DTC
definition

DTC accessibility
and re-usability

Efficient DTC
distributed
execution




DT-GEO blueprint architecture Yo

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
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What'’s next? : rise TRL to 6,7

[ 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) ]

Bedretto (Switzerland)

SD10
Grimsvitn volcano (Iceland)

Used by DTC-V2

Grimsvotn 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
oceurred 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.

SD2

Used by DTC-E4
The Bedretto Deep Underground

Laboratory was established by ETH N
in a tunnel located under the | KGHM ore mine (Poland)
Gotthard Massif, with a large cavern Used by DTC-A1
located at over 2 km from the =

entrance at over 1200 m depth ! Copper-ore mines of KGHM Polska Miedz
(www.bedrettolab.ethz.ch), enabling  S-A. in Poland, which is facing severe
experiments for geo-energies and oblem: A B
earthquake physics on scales of 50- mining-induced deformation. The mines are
400 m, including the ERC Synergy very active seismically, with induced

problems of dynamic and continuous

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.

project Fault A

' Earthquake Rupture (FEAR).

/S Fagradalsfjall volcano (Iceland)
D3

Used by DTC-V3 and DTC-V4
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

and of
exceeding 4.0 and with major rockbursts. In
addition to resultant in-mine damage, this
seismicity has also damaging consequences
for buildings and other surface

objects. Subsidence and other surface
deformation effects also occur.

Alps
sb1
Used by DTC-ES

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 with high-resoluti
geophysical imaging of 3D structure.

|

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

Due to the long history of catastrophic earthquakes,

( } Chilean coast
SD6

Used by DTC-T1
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.

be an important contribution.

Euro-Med (Continental)
SP8 )" Used by DTC-EI, DTC-E2,
—  DIC-E3, DTC-ES, DTC-E6

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-

i i ical Center

opy ) Etna voleano (Italy)
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

(EMSC/EPOS) and all knowledge on
seismicity and faults converge in the
European Seismic Hazard Model 2020
(ESHM20, www.efehr.org)

to damaging
A dedicated volcano observatory managed by INGV

on its eastern foothills.

Q
Eastern Sicily (Italy)
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 as well as and
pment of a highly sophisti It i
‘monitoring network.

i and synthetic events
will be used.

including the recent sequence Amatrice-Norcia (2016-2017),
this area is the best monitored in the Euro-Med region
(www.gm.ingv.it) and includes the Alto-Tiberina Near-Fault
Observatory (DOI:10.4401/ag-6426, EPOS) offering dense

s multi-parameter real-time observations on a very active fault.

Mediterranean Sea coast
SD4
Used by DTC-T1
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 carthquake and
tsunami events since 2015 (e.g. 2017 Lesbos, 2020 Samos-Izmir).




DestinE integration continuum
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Volcanic ash clouds and
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Data post-process application DEDL data Tomography and

consumer | "y shaking simulation




THANK YOU

https://dtgeo.eu @dtgeo_eu linkedin.com/company/dt-geo/

[ B
A Digital Twin for 8 SRR )
GEOphysical Extremes Ve tempiendo n ko

X (v sovense) (REIREEEDD (rvss

rgeaeseen o groscrces s s o
Sl s st i, a3 o 15575 3 Developinga pototype for a digtal twin on Wido Acwcade  Pbcadones  Emplecs  Perions  armadén
[0 0riorizoncU project/ Led by 6GE03BCN CSIC /
Towards #iDestine

S Science & Technology © & linktr.eeldtgeo_eu
5 soined September 2022

Acercade

178 Fotowing 108 Folowers

Tweets  Tweets & replies

Discover DT-GEO T hies

() Proosdu s 20-smir-0
= L o
e ot ot

Publicaciones de a pigina

The Project The Plan 4
Letsfndout £
Ve ts s s recomandasss

o1

Show this thread

Q

This project has received funding from the European Union’s Horizon research and innovation programme under the grant agreement No 101058129

Eropean



Workflow architecture

Set up an organization (https://citlab.com/dtgeo) in GitLab including Workflow Registry and the Software Catalog.
Set up of Container Image Creation tool (for specific target machines).
CI/CD approach to validate the DTCs in the staging environment and generate push-driven container images.

Sorvaeo dtgeo )
©2022 A Digital Twin for GEOphysical extremes (DT-GEO) is a European project that aims to analyse and forecast the impact of tsunamis,
earthquakes, volcanoes, and anthropogenic seismicity. This project has received funding from the European Union's Horizon Europe

research and innovation programme under Grant Agreement n° 101058129.
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DT-GEO Documentation & o
D oreeo: Trainings and wikis 0 T1 &1

v M 'DVIT?:SEE?JE:::el;e;ata, SQaas and EPOS Turtle Files @ 0 03 81
O E EPosTuefies ® SQAaasS reports for the different DAs

>

q Q OQAtracking &

. . 2 months ago
Hosts SQAaa$ assesment reports for digital objects created during DT-GEO

SQA Assessment Cl Template & Q . .
Q Collection of pipeline templates designed to easily integrate SQAaas inside projects for Software Qualit... = - S Aaas p | pe I | n e tem p I ates

Site Demonstrators (SD) & o,
S D76E0: catalogue of Site Demonstrators S0 M1z 81

w Workflow Management System &

DTGE:Wrkfow ey, software catelag and COMPSs config Configuration files to submit COMPSs jobs to Slurm in different clusters

Q) C comPss Config & 1month ago

Q | mageCreation & Description of the software from DTCs using the Spack methodology

Service for creating container images for eFlows4HPC platform

a . software-catalog & 1month ago

Repository to store the description of the software to be used in DTC workflows using the Spack metho...

0 55, worktow-regitry © ... _| Storethe WF descriptions using the Spack environment methodology (at
G eyt s e e e e e Sk en least the TOSCA description of the WF), the code of the different steps, and

g R Repository Documentation &

DTLGE: eposhory docurmentaton and empltes the required software per step

Q @ SQA Assessment Image & 2 weeks ago



https://gitlab.com/dtgeo

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) will rely 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 / putacion / Vision general 2 User
royecto / Comy 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 o / /

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

Data architecture

+ Metadata schemes to characterise the DTCs and their

relationships (aligned with geo-INQUIRE): Generalisation

DCAT: Data Catalog vocabulary for publishing data Base entities
catalogs on the web (https://www.w3.ora/TR/ Link entities

Y - - -
WF WF-WF WF
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).



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

