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 The ESA GET-it (Geohazards Early Digital Twin Component) project proposes a
holistic approach to a DTC (Digital Twin Component) system.

« GETH-it offers a portfolio of cutting-edge processors and products fully exploiting EO
data encompassing the whole spectrum of volcano- and seismic-related geohazards,
in order to support information services and to address real needs of institutional and

commercial stakeholders.

Why a Geohazards DTC?

Being strongly oriented at filling the gap between the dispersed EO-based products,
GET-IT aims at gathering together a large number of tools and methods in a unique
place. The different stakeholder communities will benefit from the most modern
exploitation techniques for EO data, integrated in a highly customizable geohazard

simulator.
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Aim
 designing and testing a Digital Twin Component (DTC) for geohazards (volcanoes,

earthquakes, and other natural or anthropic origin geohazards) exploiting multi-
sensor EO data and Al techniques.

Objectives
« Provide DTC requirements based on stakeholders’ engagement
Prototype a future DTC for Geohazard fully exploiting EO data

Empower Digital Twin building blocks dealing with EO data-driven well established and innovative Al-
based analysis and modelling tools

Demonstrate GET-it in three use cases representative of multi-hazards in volcano and seismic
environments

Deploy a roadmap for a fully operational DTC and its future integration in Destination Earth
Maximise the use of the DestinE Core Service Platform
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* The Istituto Nazionale di Geofisica e Vulcanologia (INGV) is a public research body, the largest @;
in Geophysics and Volcanology of Europe. The primary mission of INGV is "to contribute to the s,
understanding of the dynamics of the Earth System, in its different phenomenologies and solid
and fluid components, and to the mitigation of associated natural risks".

* Terradue is a leading provider of Earth sciences applications and services, founded in Italy by terrayue
ESA researchers in 2006. The company supports application builders in Earth sciences througin
the development of algorithms and the production of Analysis Ready Data and Added Value
Products.

* The Spanish National Research Council (CSIC) is the largest public research organisation of . ~g|c
Spain devoted to scientific and technical research and one of most renowned institutions in the
European Research Area.

* The Is a research and public service
in the field of space aeronomy, using measurements from ground, air, and space, as well as /\
theoretical and numerical models. -
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« GET-it is based on EO data acquisition and processing, geohazard simulation
algorithms and data/products ready-to-use from pre-operational processing chains.

GeoPhysical System Monitoring and

Measurements

Demonstration T

'/ﬁdapting

Prescriptive models

Models and (Adaptation actions
decision Reradiractl
making emedy actions)

Added
value =
integrated
products

Predictive Models Descriptive Models
(Simulations, (Data models,
What-If test...) Products and

Analysis parameters...)

Ancillary
Data

Models
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* The work logic structure
ranges from the physical object
through a “transfer layer” (data
and analysis) to the DTC.

(G 3

InSAR Deformation mapping
Damage assessment

Gas and ash detection and retrieval
Topographic monitoring

* The algorithms and the
procedures provide tools for
supporting the stakeholders
activities (visualize and
analyse; what-if test to
evaluate possible predictable ,
and plus/less probable Shc) AT
evolutions; taking decisions - 4 ™ ‘H'H'Lﬁ

1 : ata and analysis What if <
during emergencies). — -

Level 2

P hys i caE [o) bj ects Deformation signal decomposition
Data integration

— Stakeholders
Level 3

Geodetic data modelling

Plume dispersion modelling

Lava forecasting modelling 2 |
N

<
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ECMWF 4 s ‘ || Scenarios
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Front-end
e Geohazards Exploitation Platform (GEP) services I
o Supports advanced geohazard monitoring and modeling workflows ceomon ||| |
o  Willintegrate GET-IT Geohazards DTC modules I~
e Modular & Interoperable Architecture e — LY
o Enables integration of geophysical models & real-time data processing o “, =T s
o Adapts to evolving user needs, technology, and complex geohazard e
scenarios B
o Fosters collaboration across scientific, industrial, and decision-making § Data Data Discovery
domains ; Processing _ and Access
Workflow Orchestration Eéicgl::: . vy Catalogue
e Seamless End-to-End Workflow Execution g .
. . . . . : v I
o Front-end services interact with data processing & execution engines
o Application repository ensures latest tools/models are accessible
o Scalable resource & data ingestion management for efficiency — Qpplicition Data Ingestion
Access epository
Management Version ) )
e Standardized & API-Based Interoperability o) e e T
o Components are either natively deployed in GEP or linked via APIs § ‘) @ ﬁ

o Outputs and services are accessible via the Destination Earth Core
Service Platform (DESP).

Control Plane

Resource Management

e Leverages the OGC EO Application Package Framework
o Ensures consistent, portable, and reliable deployment of geohazard
services
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Airlines Swiss International Air Lines

Definition of the specific requirements of the DTC,
given the stakeholders engagement, with the main _ sy
ObJ e CtIVGS Of Zurich Airport (Switzerland)

» identify and involve stakeholders among the - e
scientific and civil communities that may benefit e -
from a geohazard DTC; Oseratores s ol

« define the specific requirements taking into Publc/Private Organizations B
account users' and stakeholders' community .
needs , s ARISTOTLE

« detail the two planned use cases, to identify the e
communities that may be involved to maximise ke
the impact of the DTC. s Mo

Tokyo
Washington

Wellington
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Mt Etna 2018 eruption

The 2016 Earthquake sequence in
central Italy

Modules for the Use Case:

INSAR, DECOMP, DATAINT,
GEOMOD, TOP_MON,
CL_HOTSAT, GPUFLOW,
VOLCLOUDS, FALL3D.

Modules for the Use Case:
INSAR, DAMSAT,
DATAINT, GEOMOD

Modules for the Use Case:

DAMSAT, TOP_MON,
CL_HOTSAT, GPUFLOW,
VOLCLOUDS and
FALL3D
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Mt Etna 2018 eruption
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The 2016 Earthquake
sequence in central Italy
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La Palma 2021 eruption

27/09/2021 06:00

Volcanic
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forecast S g
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Google Earth
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Volcanic and Seismic source Modelling

e Modelling of the volcanic or seismic deformation
source based on observed surface displacement or
mean velocity, to study the pre-eruptive or syn-
eruptive phases, and the seismic cycle with near-real ;
time solution for moderate earthquakes of the world f

(INSAR, GNSS, etc.).

Products:

e Source parameters (position, depth, volume variation

or slip distribution)

e Modelled surface displacement or mean velocity

Users:

e \olcanic and seismic observatories, Civil Protection

agencies and local authorities, researchers/scientists,

academy.

sssssss

GET IT
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y ~
GEOMOD Al PREDICTION
OF SOURCE
PARAMETERS
» | [y ) INVERSION FRAMEWORK © ® % /|| DEFORMATION
FORWARD MODEL _SCENARIO __
In situ data %
i H H &
| patant | | pecomp | { B YRy A ’
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( ™

https://fini .ingv.it/v3/query

Satellite Data

DECOMP
DATINT

+ Displacement or velocity
Volcanic activity
(unrest, eruption,
efc.)

In situ data

+ GNSS, levelling, etc

Subsampling &
post-processing

= Obtain < 10'000 datapoints

= Remove pixels or areas

= Slice for time window

- Organize datasets for VSM tool

« Displacement/velocity maps
» Source optimal parameters
+ Performance analysis

Results

Post-processing

* Remove benchmarks
» Slice for time window
+ Organize datasets for VSM tool

Fetch from EPOS

Major seismic
event

portal

* Fault slip distribution
- Displacement maps

Results

i
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| satellite Data

C O n Ce p‘t - TOP_MON I.I: _ downscaling
Hotspot maps
. . . . ¥ CL_HOTSAT ———> - - .
e Physics-based model driven by near real-time satellite data for the woper |y “aﬂ'a“vem“l'er“mese"es
thermal and rheological evolution of lava flows (including temperature- s Ny fusonraieesimate |
dependent emissivity and cooling by radiation and air convection), a Voleai stupion GPURLOW | > Lava Invasion map
parallel implementation on graphic processing units (GPUs), and a \_ﬂ__ - % « levs flow thickness ditriarion
. . . . . . = lava flow temperature distribution
simpler and computationally more efficient solution to the grid bias QR * lava imndatin probabiy
problem.
In situ data
Products:

e Quantitative lava flow invasion scenarios including lava thickness and
temperature in each cell of the domain

Hazard maps showing the probability of lava flow inundation.
Spatial resolution of 10 meters (or less, depending on data input)

Users:

-
E "
]
A
(=1
=
B
de

=

e Volcanic observatories, Decision makers, Civil Protection agencies and
local authorities, researchers/scientists, academy.
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Concept: | o

I Aerosol Optical Depth
VOLCLOUDS ———» Effective Radius T’
kL

e Workflow to generate quantitative forecasts of volcanic
ash/SO2 clouds from numerical models by assimilating

| | Mass
near real-time geostationary satellite data. T T | T _

P # %
r \ | | 502 column mass maps
| Volcanic acltluy ECMWF data FALL3D tephra deposit mass loading

P rOd u CtS : \\H-- surface concentration maps

2022-11-27 01:00

e Quantitative volcanic ash (QVA) concentration
information including vertical column mass,
concentration at flight levels and layer-averaged
concentration.

e The products provide information about airspace areas
prone to be contaminated by hazardous concentrations
at cruise Flight Level with resolution between 1 and 10
km and a temporal frequency of 1 h, approximately.

Users:

32.5"W 30%wW 21.5°W 25"W 22.5"W 20°W 17.5'W 15°W

e Volcanic Ash Advisory Centers (VAACSs), airports,
aviation service providers, airlines.

10 4.0 10.0 40.0 100.0
502 mass loading (DU)
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GET-itis a tile of the DTE
mosaic of services dealing
with natural disaster and
disaster risk reduction.

By its completion, GET-IT will
develop:

a comprehensive roadmap
that outlines future
enhancements, up to move
to operational services;

the integration with other
systems;

an expansion plan to include
other types of geohazards.




ESA Digital Twin Earth Components:

Open Science Meeting
3-5 February 2025 | ESRIN | Frasca ti
Italy

=/~ GET—IT
<~~~  Geohazards Earl
;;::::EEEE;;;' I)é;iﬂ%iiﬁ%imimxii;i .

IIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIII

Thanks for your attention! rerraue
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