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Early DTCs Development Actions

aimed at advancing maturity and

readiness levels, engage

stakeholders in the development

process and implement a

feasibility study and prototype

and demonstration.

ESA-DTE-B-02 EARLY DTCS DEVELOPMENT ACTIONS

12 months duration

Background and overview to the DTC

The GET-IT project 
aims at building a 

Digital Twin 
Component (DTC) 

for geohazards 
based on EO data. 

Filling the gap 
between the EO-

based products and 
the large number of 
tools and methods.

Engage stakeholders to 
benefit from the most 
modern exploitation 

techniques for EO data, 
integrated in a highly 

customizable 
geohazard simulator.



GOAL: Designing and testing a Digital Twin Component (DTC) for geohazards
(volcanoes, earthquakes, etc) exploiting multi-sensor EO data and AI techniques.

Aim and objectives 

GET-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
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• Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 
Research and public service in the field of space aeronomy, advancing our understanding of Earth’s 

atmosphere, climate, and space environment by using measurements from ground, air, and space, as well 

as theoretical and numerical models. 

• Spanish National Research Council (CSIC) 
The largest public research organisation of Spain devoted to scientific and technical 

research and one of most renowned institutions in the European Research Area.

• Terradue
Leading provider of Earth sciences applications and services, founded in Italy by ESA researchers in 2006. 

The company supports application builders in Earth sciences through the development of algorithms and 

the production of Analysis Ready Data and Added Value Products. 

• Instituto Nazionale di Geofisica e Vulcanologia (INGV)
Public research body, the largest in Geophysics and Volcanology of Europe. The primary mission of INGV

is "to contribute to the 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".
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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 AI-
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 
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Use of EO datasets

The Geohazard DTC developed in GET-IT is inspired to find

strategies to mitigate the geohazard risk associated to volcanic

and seismic phenomena, employing EO dataset.

EO-derived products are effective in 

monitoring and operational environments

Ground 

deformation 

mapping

Thermal imaging of active lava domes and 

lava flows
Damage assessment

Volcanic ash/gas clouds detection and 

retrieval, and sulphur dioxide (SO2) flux rates



Engagement with stakeholders and design of Use Cases

To collect the stakeholders main requirements, a 

survey was developed as a google form 
(https://forms.gle/RsqEU4WrKsZ788qR7)

The survey has been organized as follows:

• generic description of the GET-IT project and SMs;

• request of some information from the stakeholders;

• general questions common to all SMs;

• specific questions about the different SMs products.



The number of the stakeholders compiling the survey is 19 with the following backgrounds:

14 Research/Academia, 3 Government Agency/Policy Maker, 3 Civil Protection/Emergency Management, 2

Meteorological services and 1 VAAC (some stakeholders selected more professional backgrounds).

Most stakeholders indicated that

they have not previously used

digital twin technology for

geohazard analysis (63.2%) but

that they used geohazard-related

data daily (63.2%). All the SM’s are

of interest for the users, the most

requested is FALL3D with 57.9% of

preferences.
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Engagement with stakeholders 

and design of Use Cases
The GEO Geohazard Supersites and 

Natural Laboratory initiative (GSNL) is a 

voluntary international partnership aiming 

to improve, through an Open Science 

approach, geophysical scientific 

research and geohazard assessment in 

support of Disaster Risk Reduction.

Volcanic Ash Advisory Centers

● The International Emergency management Society

● TIEMS is a global forum for education, training and certification in emergency and disaster management

● TIEMS international expert network comprises users, planners, researchers, industry, managers, response 

personnel, practitioners, social scientists, and other interested parties within emergency and disaster management

● Within its network TIEMS stimulates to the exchange of information on the use of innovative methods and 

technologies within emergency and disaster management to improve society's ability to avoid, mitigate, respond 

to, and recover from natural and technological disasters

ARISTOTLE will deliver world leading multi-hazard capability to the Emergency Response 

Coordination Centre (ERCC). It has been designed to offer a flexible and scalable system that can 

provide new hazard-related services to the ERCC that can support the ERCC with regard to 

situation assessments in crisis situations.

- Thematic Core Service (TCS) Volcano 

Observations

The European Plate Observing System 

(EPOS), is a multidisciplinary, distributed 

research infrastructure that facilitates the 

integrated use of data, data products, 

and facilities from the solid Earth science 

community in Europe.

- TCS Satellite Data

- TCS Seismology

- TCS Near Fault Observatories

- TCS GNSS Data and Products

Airports

Airlines Companies

Stakehold

ers



As a general conclusion, the "GET-IT DTC for Geohazards User Survey" has provided a wealth of information on the needs and 

requirements of the target user communities. The survey results demonstrate a strong demand for GET-IT proposed services, 

and they highlight the importance of the user-centered design approach to services’ development.

DAMSAT

Damage level map at City 

block scale

GEOMOD

Source parameters forecast

GPUFLOW

Lava flow inundation probability
The key cross-cutting themes that emerge from the analysis are the:

• need for an operational setup and near real-time monitoring;

• necessity for the highest possible spatial and temporal resolutions;

• reliability, uncertainty quantification and communication of data products;  

• need for user-friendly interfaces and clear documentation;

• GeoTIFF and KLM/KMZ as the most required output formats;

• unwillingness to pay for services based on SM products, but the majority 

of the users is interested in participating in a discussion or beta testing for 

the services.

SNAPPING

Displacement Time Series

FALL3D

Concentration at flight levels
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GET-IT Outcomes

Mt Etna 2018 eruption La Palma 2021 eruptionThe 2016 Earthquake 

sequence in central Italy

Sentinel 1A/B

interferograms

Probability

of

inundation

from lava

flows

Ash

columnar

abundance

map

Volcanic ash 

forecast

Lava flow inundation map 

Coseismic 

deformation 

map from S1 

data

Fault Slip 

distribution 

Damage Map

of Amatrice 

Village 
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GET-IT DTC validation plan – Status overview

FALL3D, DAMSAT, GEOMOD, GPUFLOW, SNAPPING

Module integration & output check

Compare with independent datasets (e.g. TROPOMI, IASI, VIIRS)

Baseline vs. retrospective input testing

Format & content validation

User requirements fulfillment

Identifying gaps & improvements

Added value assessment

Enhanced geohazard monitoring

Cross-module insights & synergy monitoring

Scenario models validation

Dataflow / workflow verification

DTC solution validation



The Roadmap: Future opportunities and next steps

Adapting and extending the

functionalities of the modules01
● Scenario Modules Evolution

● Extended use of the modules to volcanoes and 

seismic areas everywhere

● Federation with DestinE platform

Requirements to evolve beyond 

GET-IT02
● Simulation capabilities 

● Decision support tools for stakeholders

● User interface and visualization

● Scalability

Extension to other geohazards03
● Landslides

● DSGS (Deep Seated Gravitational Slope) deformation

● Involving additional Institutions

Synergies with other 

Programmes and Initiatives04
● Explore synergies and complementarities across different DTCs 

(LEAD and EARLY)

● Identify relevant initiatives and programmes at European level

● Other non-EU initiatives complementing the development of the 

Geohazards DTC 



Adapting and extending the

functionalities of the modules01
● Scenario Modules Evolution

● Extended use of the modules to volcanoes and 

seismic areas everywhere

● Federation with DestinE platform

GEOMOD

● Implementation of GNSS data from public repositories,

creating dedicated connections to data related to Supersites;

● Develop a fully operational chain from the SNAPPING module

results to the data input files for VSM;

● Implementation of ML capabilities for time-series data

assimilation;

● Implementation of the slip distribution modelling code in the

VSM tool for added value products related to the seismic

deformation;

● Extension of the deformation sources portfolio in the VSM to

cover more geohazards producing surface deformation;

● Metadatation of the simulations and products compliant with

the EU and EPOS-ERIC indications.

FALL3D

● Implementation of a data assimilation module based on the Parallel 

Data Assimilation Framework (PDAF), enabling the integration of near 

real-time satellite observations to enhance simulation accuracy.

● Workflow automation using CWL-compatible languages (Common 

Workflow Language), facilitating execution in HPC and cloud 

environments. This includes automatic acquisition of meteorological and 

satellite data, quality assessment, triggering of the dispersal model, 

multiple assimilation cycles, and post-processing.

● Improved integration with observational data, such as those 

provided by the VOLCLOUDS module, allowing direct feedback 

between observations and simulations.

● Advanced scalability in multi-GPU and HPC cluster systems, 

optimizing performance for real-time simulations and “what-if” scenarios.
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Requirements to evolve beyond 

GET-IT02
● Simulation capabilities 

● Decision support tools for stakeholders

● User interface and visualization

● Scalability
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Extension to other geohazards03
● Landslides

● DSGS (Deep Seated Gravitational Slope) deformation

● Involving additional Institutions

Twenty-two out of 37 contacted European 

countries currently have national landslide 

databases, and six other countries have only 

regional databases. 

The national databases contain 633,696 

landslides, of which 485,004 are located in 

Italy, while Austria, the Czech Republic, 

France, Norway, Poland, Slovakia, and the 

UK also have more than 10,000 landslides in 

their databases (European Soil Data Centre 

(ESDAC)).

Additional Institution TBD
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Synergies with other 

Programmes and Initiatives04
● Explore synergies and complementarities across different DTCs 

(LEAD and EARLY)

● Identify relevant initiatives and programmes at European level

● Other non-EU initiatives complementing the development of the 

Geohazards DTC 

Synergies and complementarities across different DTCs that may capitalize the data and computing services developed in GET-It. Among the

DTCs:

● those devoted to reconstruct the water cycle and the hydrological systems (Earth Hydrology Next and Hydr’Avatar) may capitalise the

surface deformation mapping by INSAR/SNAPPING module plus the GNSS data, and the possible modelling of the effect of the water sheets

on the deformation by VSM/GEOMOD;

● the Coastal Processes and Extremes DT covers phenomena that may be monitored also by the EO-data suitable for the GET-It modules; in

addition, DAMSAT and INSAR/SNAPPING produce results that cover coastal processes (e.g., tsunami impacts);

● the DT Antarctica, and the other DTs related to glaciers and ice sheets have several synergies with the Geohazard DTC since they can

exploit INSAR/SNAPPING modules. In addition, frontier studies on the impact of the accelerated ice melt due to climate change on volcanic

activity are currently developed and may lead to a joint effort among ice and geohazard DTCs.

● the DT Ocean is complementary to the Geohazard DTC, and also can exploit the data and simulations of hazards related to volcanic

eruptions. The lava flow possibly reaching the sea, and the dispersion and fallout of ash are among them;

● the DT Climate Hot Spots and DT Urban are complementary to the Geohazard DTC in terms of possible risks directly related to the

population.
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Synergies with other 

Programmes and Initiatives04
● Explore synergies and complementarities across different DTCs 

(LEAD and EARLY)

● Identify relevant initiatives and programmes at European level

● Other non-EU initiatives complementing the development of the 

Geohazards DTC 

INGV has recently agreed to add the development of a Digital Twin of the Earth System among the Strategic

Objectives in the 2026-2028.

Last November the following call for project has been opened:

Advanced Earth geo-observation with remote sensing, proximal, and in situ data for the development of

Earth System Digital Twins.

The proposals submitted (5) are actually “under review” by an international board of experts.

4 M€ allocated - 2 (max) projects selected - 4 years (2026-2029, in line with DestinE program) project lenght
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Walkthrough demonstration of DTC prototype (video or live demo)

https://drive.google.com/file/d/1L2Som-g1xoRfLcquFK5YvbC-aWIRTbb7/view?usp=drive_link


Walkthrough demonstration of DTC prototype (video or live demo)

https://drive.google.com/file/d/1SdyBO7OvpvFdMiJJubu7jMBvdkCzafGn/view?usp=drive_link


Thanks for your attention!


