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Preface 

The Istituto Nazionale di Geofisica e Vulcanologia (INGV) is a public research institution and the 
most important European scientific survey dealing with the study of the Earth. It has three 
Observatories: the Osservatorio Etneo, which monitors above all the Sicilian volcanoes; the 
Osservatorio Vesuviano, which deals in particular with the volcanoes in Campania; the 
Osservatorio Nazionale Terremoti, which monitors the seismicity all over the entire Italian 
territory and the surrounding areas, including Mediterranean tsunami. Every 30 minutes an 
earthquake is recorded in Italy and in the seismic surveillance room of the National Earthquake 
Observatory, where 24­hour duty workers monitor the seismicity of Italy in order to give the 
timeliest communication, either to citizens or to all the civil protection authorities. The ONT 
provides a fundamental aid to the research in the earthquake studies framework. We are still 
far from being able to predict them, but we have some important indications that can empower 
prevention activities, also linked to tsunami warnings.  
In conclusion, the Osservatorio Nazionale Terremoti is truly a backbone of the INGV because it 
contributes not only to basic research, but also to its fundamental applications for society. 

Carlo Doglioni - President of INGV 

The INGV President, Carlo Doglioni, interview. 

https://www.youtube.com/watch?v=ifX8oJiFCrM
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Introduction 

The “Giornata ONT 2023” arises from the will to let know within INGV how many activities do 
people from the Osservatorio Nazionale Terremoti (ONT), and how strong is their contribution 
to the INGV missions: Research, Services, Education, Communication. 
In the nearly seven years of the current management the ONT has experienced a continuous 
evolutionary, sometimes complex, path. But it is always a straight path to pursue the objective 
of a continuous growth of the ONT.  
During these years the ONT has changed its name (from Centro Nazionale Terremoti – CNT, to 
ONT); it has experienced the coming out of some employees that moved to create the Irpinia 
new Section; it has lived the novelty of incoming people (example from the Centro Allerta 
Tsunami). It has also faced the need to overcome the limitations due to the worldwide pandemic 
emergency COVID19, either for the h24 services or for the research activities. Therefore in 
2020 and 2021 we have only remotely attended the ONT days. The drive to be “in presenza” 
comes from this latter issue. We strongly want to meet, to talk face to face, to “Welcome” the 
young colleagues who are the injection of new ideas and perspectives, that are the necessary 
fuel to evolve the knowledge. 
As a matter of fact it emerges from the DNA of the ONT, i.e. the inclusiveness and the 
multidisciplinarity. This latter is widely testified by the ONT activities that are shared among the 
three Departments and their strategic objectives.  
The agenda of the “Giornata ONT 2023” has specifically emphasized the variety of the technical 
and scientific contents, that for sake of simplicity have been collected in the following themes: 

Infrastructures, Data­Sharing and Laboratories•
Analysis, Modelling, Interpretation of Geophysical Phenomena•
National and International Projects (Research Results and Products from Completed•
Projects; Ongoing Projects)
Society ­ Communication, Dissemination, Emergency Management•
Seismic Surveillance And Tsunami Warning•

Overall, the contributions have been 100, most of which are posters (77) and the remaining (23) 
in different exhibit formats. The wide interest about the proposed contents and the positive 
feedback from the attendance, pushed the decision to collect and publish the contributions in 
a Miscellanea INGV, where the documents can be easily found.  
And we are finally ready to make the Miscellanea available to the reader. 
I would warmly thank the Authors for their enthusiastic acceptance to contribute, the Conveners of 
the “Giornata ONT 2023” Sessions for their availability to organise and manage the submitted 
poster/exhibits, the Editorial Board members for their hidden work that led to this Miscellanea. 
In conclusion, let me spend a few words about my personal journey as Director of the ONT. 
After 2504 days it has come to an end and the “Giornata ONT 2023” and the Miscellanea are, 
somehow, the cherry on top. 
It is really difficult to say “Thanks” one by one to the people who helped me along this complex 
and long path. 
So, please, let me simply say  

Grazie a tutti voi! 

Salvatore Stramondo - Director ONT (2017-2023) 
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Don’ t judge each day by the harvest you reap  

but by the seeds that you plant. 

[Robert Louis Stevenson] 

The Giornata dell'Osservatorio Nazionale Terremoti 2023’s video. 

A Special Thank to: Patrizia Battelli for the very appreciated graphic design, Sergio Falcone for the clear and 
useful webpage, Marco Cirilli for his esteemed work, to stare at the special moments of the day, Nicole Silvestri, 
Giorgia Magalotti, Giulio Lozzi, Luca Raimondi, Massimiliano Ascani e Stefano Silvestri for their kindness and 
the irreplaceable technical support 

The ONT staff.  

Keywords   Osservatorio Nazionale Terremoti; GIORNATA ONT 2023; Research scientific and 
service 

https://www.youtube.com/watch?v=6NPsb18cEQk
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Evolution and improvements of the National Seismic Network 

Sandro Rao*, Catello Acerra, Augusto Bucci, Carlo Calamita, Antonio Costanzo, Fabio Criscuoli, 
Antonino D’Alessandro, Roberto D’Anna, Sergio Del Mese, Gaetano De Luca,  
Pierdomenico Del Gaudio, Sergio Falcone, Stefano Farroni, Anna Gervasi,  
Edoardo Giandomenico, Lucian Giovani, Chiara Ladina, Simone Marzorati, Matteo Migliari, 
Milena Moretti, Debora Pantaleo, Massimo Pascolini, Giuseppe Passafiume, Massimo Perfetti, 
Ulderico Piccolini, Leonardo Salvaterra, Salvatore Scudero, Andrea Serratore, Stefano Speciale, 
Paolo Strappaveccia, Giovanni Vitale 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: sandro.rao@ingv.it

The ONT is the leader in the management, development, and maintenance of the Italian National 
Seismic Network (Rete Sismica Nazionale, RSN), the nationwide permanent seismological 
network managed by the INGV. This important goal is shared with the other INGV sections of 
Milano, Pisa, Bologna, Irpinia, Naples and Catania, and with the help of many external 
collaborators, like other institutions and observatories with which INGV has framework 
agreements or conventions. We remember, among the most important: DISTAV [University of 
Genoa, 1967], Seismological Research Center [OGS, 2016], “A. Bina” Seismic Observatory 
[https://www.binapg.it/], Prato Ricerche Foundation [http://www.pratoricerche.it/], Universities of 
Naples, Bari and Calabria [Università Della Calabria, 1981], Enel GreenPower. Due to this 
“federal” aspect, the network is increasingly referred to today as the integrated RSN [INGV, 
2005]. The INGV monitoring network was born in the early 80s, following the Irpinia earthquake 
of November 23, 1980. Today, RSN is composed of about 450 stations mainly broadband, about 
110 stations have also co­located strong motion instruments, and about 180 have GPS receivers 
and belong to the National GPS network [INGV RING Working Group, 2016]. Technological 
advancements and obsolescence of instrumentation used in the sites of the RSN has led to 
inevitable changes and improvements to the network itself. Several projects have made this 
possible, such as the FISR or the PON projects. The “escape from Nanometrics” was concluded 
with new connectivity techniques, leading, for certain stations, to redundant transmission of 
seismic data, with the use of Viprinet equipment. Additionally, power systems have been 
improved and many sites equipped with an accelerometer or other geophysical instrumentation. 
New stations have been added to improve the network geometry, to compensate for any 
malfunctions of strategic ones or due to decommissioning in some monitoring sites. 

References 
INGV RING Working Group (2016). Rete Integrata Nazionale GNSS. https://doi.org/10.13127/Ring 
INGV, (2005). Rete Sismica Nazionale (RSN). INGV. https://doi.org/10.13127/SD/X0FXNH7QFY 
OGS, (2016). North-East Italy Seismic Network [Data set]. FDSN. https://doi.org/10.7914/SN/OX 
Uni. della Calabria, Italy. (1981). Rete Sismica Unical [Data set]. FDSN. https://doi.org/10.7914/SN/IY 
Uni. of Genoa, (1967). Regional Seismic Network of North Western Italy [Data set]. FDSN. 
https://doi.org/10.7914/SN/GU 
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Poster presented at the “Giornata ONT 2023”. 
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Seismic monitoring of central-eastern Italy 

Carlo Calamita*, Debora Pantaleo, Simone Marzorati, Chiara Ladina, Milena Moretti 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: carlo.calamita@ingv.it

In the Ancona headquarters of the INGV, an acquisition system has been implemented to 
integrate the seismic data of central­eastern Italy. 
The Ancona office is equipped with a Data Processing Center (CED) directly connected to the 
Rome office (LAN INGV) and a local monitoring room focused on the seismicity of central­
eastern Italy. 
The data exchange between the Ancona and Rome offices is redundant through 2 acquisition 
servers. The staff of the Ancona office is involved in shifts to ensure the continuity of the 
acquisition system. Currently, data are acquired from 117 sites where seismic stations are 
installed, equipped with velocimeters and/or accelerometers. 
In Ancona, the 92 sites under the responsibility of the headquarters are acquired directly, but 
45 are also called by the Rome headquarter. The remaining 25 are acquired by the Italian 
National Seismic Network (Rete Sismica Nazionale, RSN [Istituto Nazionale di Geofisica e 
Vulcanologia, 2005]) to be integrated into the regional monitoring system. 
Through the Agreement with the Marche Region, INGV has a transmission band for the passage 
of Seismic Data through the MarcheWay telecommunications backbone and 19 SIMs for 
transmission by LTE routers. MarcheWay is a broadband wireless network (WIFI) based on a 
backbone of radio links owned by the Marche Region. 35 seismic stations currently pass along 
MarcheWay: 20 installed in the Marche region, 15 belonging to the infrastructure of the Near 
Fault Observatory EPOS­TABOO [Chiaraluce et al., 2014]. Furthermore, data is acquired from 
the local LAN networks of public structures (municipalities, universities, schools). 

References 
Chiaraluce L., Amato A., Carannante S., Castelli V., Cattaneo M., Cocco M., et al., (2014). The Alto Tiberina 
Near Fault Observatory (northern apennines, Italy). Ann. Geophys. 57 (3). https://doi.org/10.4401/ag­6426 
Istituto Nazionale di Geofisica e Vulcanologia (INGV) (2005). Rete Sismica Nazionale (RSN). Istituto 
Nazionale di Geofisica e Vulcanologia (INGV). https://doi.org/10.13127/SD/X0FXNH7QFY 
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Poster presented at the “Giornata ONT 2023”. The work presents the infrastructure organization, 
network geometry and main transmission vectors.
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The technical management of the Central-Eastern Italy seismic 
monitoring, Ancona headquarters 

Debora Pantaleo*, Carlo Calamita, Simone Marzorati, Chiara Ladina, Milena Moretti 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: debora.pantaleo@ingv.it

The Ancona office manages, hosted at the Functional Center of the Civil Protection Service of 
the Marche Region, the operation and functioning of the geophysical monitoring stations and 
the acquisition system for the area of central­eastern Italy, in particular in the territory of 
Marche, Umbria and surrounding areas. 
In particular, the Ancona office deals with the management of the stations of the Italian National 
Seismic Network (Rete Sismica Nazionale, RSN [Istituto Nazionale di Geofisica e Vulcanologia, 
2005]) and the permanent and temporary local networks, the development of control systems 
for the operation of the seismic network (for example electrical voltage monitoring, transmission 
systems), signals quality, implementation of new technologies for the improvement and diffusion 
of accelerometer monitoring in open fields and in urban environments, also in collaboration with 
Universities and local Authorities. Operation tests of power systems, sensors and data 
acquisition systems are carried out in the laboratory. The Headquarters manages part of the 
instruments of the SISMIKO operational task force and participates actively in the installation 
of emergency networks [Moretti et al., 2023]. 
The Headquarters manages the infrastructure “The Altotiberina Near Fault Observatory - TABOO-
NFO” [Chiaraluce et al., 2014] with regards to the installation and maintenance of the stations, 
the control of sensors, the transmission and power systems, the raw data acquisition. 
Furthermore, support activities are carried out for the maintenance of multi­parametric sites 
where geodetic and geochemical instrumentation is present. 

References 
Chiaraluce, L., Amato, A., Carannante, S., Castelli, V., Cattaneo, M., Cocco, M., et al., (2014). The Alto 
Tiberina Near Fault Observatory (northern apennines, Italy). Ann. Geophys. 57 (3). 
https://doi.org/10.4401/ag­6426 
Istituto Nazionale di Geofisica e Vulcanologia (INGV) (2005). Rete Sismica Nazionale (RSN). Istituto 
Nazionale di Geofisica e Vulcanologia (INGV). https://doi.org/10.13127/SD/X0FXNH7QFY 
Moretti, M., Margheriti, L., D’Alema, E., and Piccinini, D., (2023). SISMIKO: INGV operational task force for 
rapid deployment of seismic network during earthquake emergencies. Front. Earth Sci. 11:1146579. 
https://doi.org/10.3389/feart.2023.1146579 
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Poster presented at the “Giornata ONT 2023”. The work presents the technical management of the 
Central­Eastern Italy seismic monitoring, carried out by INGV staff at the Ancona headquarters.
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Upgrade of the National Seismic Network in Sicily as part of 
the PON GRINT Infrastructure project 

Antonino D’Alessandro*, Roberto D’Anna, Salvatore Scudero, Stefano Speciale, Giovanni Vitale, 
Sandro Rao, Salvatore Stramondo 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: antonino.dalessandro@ingv.it

GRINT (Italian Research Infrastructure for Geosciences, [https://progetti.ingv.it/it/pongrint]) is a 
project in the framework of “Programma Operativo Nazionale”. It envisages the upgrade of 
monitoring systems in the already existing nodes, and the integration of new nodes. 
The main objective is to build a multiparametric network which integrates the seismic network, 
with the monitoring of other geophysical signals. Sicily is one of the target areas of the GRINT 
project. 
The technological activities are targeted on the enhancement and upgrade of existing systems. 
The sensing part is upgraded with sensors covering the entire bandwidth of the seismic signal 
(velocimeters and accelerometers). Power­supply systems, data loggers, data transfer systems 
are also updated to optimize the performances, reduce the maintenance and the costs, and 
ensure the full operational services also during a possible crisis. 
The laboratory and field activities were carried out by the INGV­ONT group which operates in 
Sicily. The most challenging task was the installation of 35 post­hole sensors. They were installed 
in already existing wells or in apposite drilled perforations. Post­hole installations sharply reduce 
the level of noise and make stable temperature, pressure, and humidity. In most cases, site­
specific technical solutions were developed to cope with the peculiar conditions at each location 
(e.g. deployment and anchoring systems, extension cables, wiring). Moreover, a devoted 
software for the evaluation of the angular correction for the azimuthal position of the downhole 
sensor was developed. 
Such a general upgrade of the seismic network in Sicily will provide the improvement of both 
seismic surveillance and scientific research. 

M
IS

CE
LL

A
N

EA
 IN

G
V

 n
. 7

9

https://progetti.ingv.it/it/pongrint


Giornata ONT 2023  -  Proceedings Volume Rome, 14th November 2023

27

Poster presented at the “Giornata ONT 2023”.



28

The ONT Mobile Seismic Network for temporary experiments: 
where are we headed? 

Mario Anselmi, Diana Latorre, Stefano Farroni, Sandro Rao, Luisa Valoroso*, Fabio Villani 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: luisa.valoroso@ingv.it

The ONT in Rome operates and maintains a temporary seismic network (Rete Mobile 
network, Re.Mo. [https://www.ont.ingv.it/monitoraggio-e-sorveglianza/le-reti-temporanee-e-in-
emergenza/rete-sismica-mobile-dell-ont-rsm]) composed by about 30 continuously recording 
seismic stations (Reftek 130) equipped with velocimeters (broadband Trillium 120 sec; short­
period Lennartz 1 or 5 sec instruments) and accelerometers (Episensor Kinemetrics), set up 
also for real­time data transmission (UTMS).  
Since 2007, the COREMO group (Commissione Rete Mobile) group stations from this INGV 
infrastructure have been landed to INGV researchers to conduct more than 30 temporary 
experiments to study areas of particular scientific interest (see the geographical distribution of 
the experiments in the map). Furthermore, temporary stations were used during the last large 
seismic sequences that happened in Italy (Potenza 1990, Umbria Marche 1997­98, Molise 2002, 
Aquila 2009, Emilia 2012, Centro Italia 2016­17), helping following the spatio­temporal 
evolution of the the seismic sequences and furnishing fundamental seismological data to 
develop understanding on the earthquake generation processes.  
Data acquired with the Re.Mo. network are stored in the European Integrated Data Archive 
database [https://eida.ingv.it/it/] after the end of the temporary experiment. Thus, data recorded 
during seismic sequences as well as during temporary experiments are made open­access to 
the scientific community.  
Nowadays, the Re.Mo. infrastructure requires a technological renovation spurring for an updated 
and modern research infrastructure (e.g., integrated transmitting protocols, higher resolution, 
lighter instruments, high efficiency with low­power consumption), along with the need for a 
dedicated technical staff, able to guarantee the sustainable maintenance of this important 
infrastructure.  
Then, the COREMO invites all the Re.Mo. collaborators and friends to meet up to share ideas 
about the Re.Mo. near­term and long­term future. 

Acknowledgment 
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Poster presented at the “Giornata ONT 2023”. Map showing the past temporary experiments and 
seismic sequences conducted by using stations of the Re.Mo. seismic network.
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Thematic Core Service TSUNAMI (TCS TSU) in the 
pan-European research infrastructure EPOS 
(European Plate Observing System) 

Silvia Filosa*, Stefano Lorito, Roberto Basili, Beatriz Brizuela, Sergio Bruni, Fabrizio Romano, 
Roberto Vallone, Manuela Volpe and TCS Tsunami 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: silvia.filosa@ingv.it

The strong earthquakes and subsequent giant tsunamis in recent decades have stimulated the 
study of the complex mechanisms of tsunami generation, propagation and inundation. Various 
scientists from all over the world have founded the GTM network to coordinate actions for 
tsunami hazard and risk assessment, and to develop shared methods and guidelines. In Europe 
in particular, they identified EPOS as the research infrastructure that facilitates the integrated 
use of data, data products, and facilities from the solid Earth science community. 
The Tsunami Thematic Core Service (TCS TSU) joined EPOS in July 2021 with Candidate status 
and will become fully operational at the end of 2023. It currently counts 30 institutions from 
14 European countries. Noteworthy, the TCS TSU includes the Tsunami Service Providers (TSP), 
in charge of Tsunami Early Warning within the framework of NEAMTWS, coordinated by IOC­
UNESCO.  
The TCS TSU provides sustainable and harmonized services based on four thematic pillars: 
support to TSPs, tsunami data, numerical models, and hazard and risk products to support 
research and risk reduction at national, European and international levels. 
In Italy, the TCS TSU participates in the EPOS­Italy Joint Research Unit (JRU), signed by Public 
Research Organizations, Universities and Consortia to support the Italian scientific community 
in its data and services integration into EPOS, and to promote the development of further 
national infrastructures. It involves INGV, UNINA, ISPRA, CINECA, and UNIBO.  
It currently participates with EPOS in various European projects such as DT­GEO, and GEO­
Inquire. 
Further information in EPOS web site [www.epos-eu.org/tcs/tsunami] and TCS Tsunami Portal 
[https://tsunamidata.org].  
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GNSS Survey Networks managed by ONT 

Alessandro Galvani*, Mirko Iannarelli, Marco Anzidei, Roberto Devoti, Alessandra Esposito, 
Grazia Pietrantonio, Federica Riguzzi, Vincenzo Sepe, Andrea Terribili 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: alessandro.galvani@ingv.it

The activities of the ONT includes the management, development and collection of GNSS data 
on survey­style networks. In particular, some dense mesh networks with interdistance between 
vertices ranging from 3 to 5 km have been designed for the near field study of the main 
seismogenic structures of the central and southern Apennine with the aim to provide new 
insights into the present­day deformation of this seismically active area, and information on 
seismic hazard assessment and evaluation of the seismogenic sources. The CAGEONET and 
SAGNET networks [Anzidei et al., 2005; Galvani et al., 2012; Esposito et al., 2020] are located 
in the main structures of central and southern Apennines. The MefiteNET is located around the 
degassing area of Mefite d’Ansanto (AV). The POLLINO network, established in the framework 
of a scientific collaboration between ONT, Università di Milano and the Politecnico di Milano, 
is located in the northern side of Calabria region [Cambiotti et al. 2020]. ONT also manages 
discontinuous networks in volcano areas: the COLLI ALBANI network established for monitoring 
the Alban Hills [Anzidei et al., 1998, Riguzzi et.al, 2009] later upgraded to CGPS stations; the 
ISCHIA network installed in cooperation with Osservatorio Vesuviano (OV) [Galvani et al., 2021]; 
PANAREA and SALINA Networks located in the Eolian Islands [Esposito et al., 2015; 
https://progetti.ingv.it/it/pian-din]. 
We also describe the design and implementation of portable, self­sustaining cases containing GNSS 
instrumentation and the associated power supply system of non­permanent geodetic networks. 
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NFO Federated Specific Data Gateway: an innovative portal for 
advancing multidisciplinary Earthquakes Science 
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*Corresponding author: ivano.matiddi@ingv.it 
 
 
Federated Specific Data Gateway (FRIDGE) is an innovative resource that grants access to data 
and scientific products sourced from the European Near Fault Observatories (NFO) community 
[Chiaraluce et al., 2014; 2022]. The NFO community is coordinated within the framework of 
the European Plate Observing System (EPOS). 
NFO are a vital part of EPOS Thematic Core Services, consisting of six observatories located in 
various tectonic regions throughout Europe. Equipped with advanced multi­parametric sensors, 
providing dense networks of seismic, geodetic, geochemical, and other geophysical sensors 
located near active faults. Anticipating moderate to large earthquakes along pivotal plate 
boundary systems like MARMARA, CORINTH, TABOO, IRPINIA, VALAIS, and VRANCEA. 
The resources are categorized into Seismology, Geochemistry, and Geodesy. In addition to 
displaying seismic station distributions, FRIDGE provides access to both raw and curated 
instrumental earthquake data. It also directs users to other platforms established by Solid Earth 
communities that offer complementary seismological and geodetic data. The platform provides 
visualization tools that allow users to access GNSS data, station information, and Radon Meteo 
Co2 Vp/Vs [Poggiali et al., 2019] data in time series. Each data category includes specific 
instructions for selection, adjusting the time range, visualization, and download in standard 
formats like text, QuakeML, and JSON.The FRIDGE workflow starts with the FEDERATOR 
server granting access to data web services from NFO. Users choose the NFO observatory and 
service, then specify a temporary range to obtain data in standard formats and generate time 
series graphs. 
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ONT IT infrastructure and services 
 
Emiliano Della Bina*, Peter Danecek, Stefano Pintore, Massimo Fares, Ivano Carluccio, 
Diego Franceschi, Michele Maniscalco, Flavia Tavani, Alfonso Giovanni Mandiello 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: emiliano.dellabina@ingv.it 
 
 
The current IT infrastructure available to the ONT department is designed to supply IT resources 
to some essential services like national monitoring room, tsunami warning centre [Margheriti 
et al., 2021], EIDA Italian node [https://eida.ingv.it/en/; Danecek et al., 2021], and various 
strategic projects that are actually the core business of the department. This infrastructure 
consists of both physical and virtual servers, located in two data centres at Rome INGV 
headquarters displaced in two different floors. To implement infrastructure redundancy, VMware 
clusters are utilized, distributed across 2 data centres. This infrastructure provides, also, a backup 
facility in order to assure VMs availability in any case: periodic snapshots of virtual machines 
are taken using Veeam software on a dedicated hardware to ensure immediate restore of each 
VM. Furthermore, on all data acquired a specific policy is applied. 
Our policy for long­term­preservation is to have 3 copies: in local storage, then make a 
replication at a new storage archive in Naples and a backup in a tape library, compliant to 3­2­
1 backup policy coined by P.K. Test suite on data backuped is performed on a regular basis. As 
an IT infrastructure it is also provided a ticket system in order to allow the users to request a 
VM for their purpose (European project, specific experiment, and so on). 
Currently, both the OpenStack infrastructures in the Rome and Naples offices have been 
certified by Canonical, the company that managed the design and deployment. 
Soon, tests will be started to clone applications for data and product exchange in both 
infrastructures. 
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SeiSpark: a computational archive for seismology 
 
Peter Danecek, Stefano Pintore, Massimo Fares, Ivano Carluccio, Diego Franceschi, 
Michele Maniscalco, Flavia Tavani, Alfonso Giovanni Mandiello* 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: alfonso.mandiello@ingv.it 
 
 
The seismology data archive at INGV, a node of the EIDA federation [Danecek et al., 2021], 
currently holds more than 100 TB of seismological waveform data. However, it is getting 
increasingly more challenging to make good use of all these data assets, because the currently 
established workflows require users to download the dataset of interest (usually a rather small 
portion of the archive), and to process them on local resources. This approach gets at its limits 
when a more significant portion of the data holdings should be processed, both for the user and 
for the data centre. The user would need to ensure adequate local resources for storage, I/O 
and computation, while the data centre gets challenged by the immense amount of data requests 
for which the provided services and infrastructure were not designed. We have implemented 
the concept of a “computational archive” for seismological waveform data where storage 
resources and computational resources converge. The platform provides significant 
computational resources in combination with an adequate processing and analysis framework. 
This concept follows the paradigm of data locality, thereby avoiding unnecessary data transfers 
on every level. The processing framework leverages existing solutions from the BigData 
ecosystem, notably Apache Spark [https://spark.apache.org/; Zaharia et al., 2012], and combines 
them with the popular open source Scientific Python framework [https://numpy.org, 
https://scipy.org, https://matplotlib.org, https://jupyter.org/) which is well established in 
seismological research. ObsPy [https://obspy.org; Krischer et al., 2015], the well­known Python 
framework for processing seismological data, provides the domain­specific functionality.  
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Data dissemination: real time sharing and EIDA italian node 
 
Ivano Carluccio, Massimo Fares, Emiliano Della Bina, Peter Danecek, Stefano Pintore, 
Diego Franceschi, Michele Maniscalco, Flavia Tavani, Alfonso Giovanni Mandiello* 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: alfonso.mandiello@ingv.it 
 
 
ONT is a data aggregator centre for both the Italian National Seismic Network (Rete Sismica 
Nazionale, RSN [Istituto Nazionale di Geofisica e Vulcanologia, 2005]) and data from other Italian 
and foreign institutions. This responsibility includes making these data as accessible as possible, 
including all those archived over the years. The primary user of real­time data is the monitoring 
system in Rome. ONT is responsible for distributing real­time data to all INGV sections, other 
Italian data exchange centres, and, finally, to foreign institutional partners, following INGV’s 
data policy rules. We distribute data and metadata via web services compliant with the FDSN 
standard, namely the Dataselect service for waveforms in mseed format, the WFCatalog service 
for waveform metadata regarding availability and metrics and the StationXML service for station 
metadata mainly in xml format. These web services are also integrated within the EIDA Italia 
web portal [https://eida.ingv.it]. The European Integrated Data Archive is an initiative within 
ORFEUS, constituting a distributed federation of data centres established to securely archive 
seismic waveform data and metadata gathered by European research infrastructures, and 
provide transparent access to data for the geosciences research communities. INGV constitutes 
one of the EIDA founding nodes since 2013 and represents an important building block of the 
European Plate Observing System (EPOS), being one of the main EPOS services for seismology. 
The EIDA Italia node node [https://eida.ingv.it/; Danecek et al., 2021] is the INGV managed 
datacenter that stores and distributes seismic waveforms collected by the INGV seismic 
networks and other Italian and foreign data providers; Data from other countries in the Euro 
Mediterranean area are collected directly by INGV and partners by the MedNet network 
[MedNet Project Partner Institutions, 1990].  
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Italian Seismic Bulletin working group: new web site and  
data dissemination strategies 
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M. Michele, L. Miconi, V. Misiti, G. Modica, C. Montuori, N. Pagliuca, M. Pastori, S. Pinzi, L. Pizzino, A. Rossi, A. 
Sciarra, T. Sgroi, S. Spadoni, R. Tardini, C. Thermes, A. Bono, M. Fares, D. Franceschi, A.G. Mandiello, M. Moretti, 
S. Pintore, M. Quintiliani, L. Scognamiglio

The analysts of the Italian Seismic Bulletin (Bollettino Sismico Italiano­BSI) routinely review the 
data recorded by the Italian National Seismic Network (managed by INGV) and other networks 
run by other institutions [Margheriti et al., 2021]. Arrival times readings of P and S waves and 
ground motion amplitudes are manually revised allowing to compute earthquake hypocenter 
locations and the associated magnitude. The obtained information flows into the INGV database 
and is delivered to the community. The data publication frequency is four months since 2015 
and the format is QuakeML 1.2; this format contains the earthquake locations with the estimate 
of the errors, the magnitudes, the arrival times of the P­ and S­ phases. From 2020 the BSI faced 
a new update in terms of working group organisation strategies thanks to the experience of the 
emergency during the 2016­2018 seismic sequence in Central Italy. This has allowed the group 
to set new goals to achieve nowadays and for the future. Indeed, the BSI analysts group recently 
started early revision of first motion polarities for ML≥3.5 occurring in Italy and surrounding 
areas in order to update the catalogue of focal mechanisms from polarities [Ciaccio et al., 2021] 
in quasi­real time. Furthermore, the BSI informatics staff implemented tools to convert QuakeML 
format in text files useful for scientific community (NonLinLoc Observations input file, Hypo71 
phases input file, location and magnitude parameters file) and finally it designed a new website 
to better disseminate the BSI datasets and publications. First version of the new BSI website 
will be soon available; forward steps are scheduled to improve in terms of a complete release 
of the entire BSI catalogue from the beginning, with interactive downloads tools and multiple 
data formats.  
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SISMIKO: Emergency Seismic Data Dissemination and Recovery 
 
Ezio D’Alema*, Simone Marzorati, Milena Moretti, Alfonso Giovanni Mandiello, 
Ivano Carluccio, Mario Locati and SISMIKO Working Group** 
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*Corresponding author: ezio.dalema@ingv.it 
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Since 2008, a INGV team of people that become SISMIKO Operational Group in the 2015, 
manage systems finalised to collect seismological data during seismic sequence [Moretti et al., 
2023]. The most important were the emergencies of 2009 (L’Aquila [Margheriti et al., 2011]), 
2012 (Po Plain, [https://sismiko.ingv.it/; Moretti et al., 2012]) and 2016 (Central Italy [Moretti et 
al., 2016]) during which more than 20 temporary stations were installed. 
Actually, thanks to codified procedures, the metadata parameters are preconfigured to allow 
the centralization of all emergency seismic stations into a dedicated INGV seismic data 
acquisition system. This guarantees rapid response after an earthquake and rapid integration of 
the data in the INGV Rome headquarters and if necessary, for use in the room INGV 24/7 
seismic surveillance system. All data acquired by the SISMIKO, are made available to the 
scientific community, without any restrictions, via italian node of the EIDA portal which assures 
a high level of data quality [Danecek et al., 2021]. To uniform the dataset of the seismic sequence 
before the new codified acquisition system, the recovery of the continuous digital waveforms, 
the station metadata was performed. For each recovered emergency dataset, a new network 
code is requested to the International Federation of Digital Seismograph Network (FDSN) that 
in some case substitute the “IV” code with the aim to extract the temporary stations from the 
Italian National Seismic Network of the INGV (Rete Sismica Nazionale, RSN [Istituto Nazionale 
di Geofisica e Vulcanologia, 2005]). 
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National Seismic Network 
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*Corresponding author: alfonso.mandiello@ingv.it 
 
 
The INGV seismic network makes use of different models of seismic sensors (VBB, BB or SP) 
and different digitizers (Quanterra, Nanometrics, home made GAIA and many others). We have 
any possible installation’s typology (inside tunnel, borehole, next to city or open) and geology. 
We show an overall analysis of seismic background noise in order to obtain some models that 
could establish the station functionality as fast as possible. We have used probabilistic power 
spectral densities (PPSDs) to characterize the seismic ambient noise with the methodology 
proposed by McNamara and Boaz [2005]. We have established to make use of SQLX software 
which has analysed continuous streams of more than 500 INGV seismic stations. We have 
extracted one or more of the stored statistics as mode, median etc. We have found that noise 
levels are homogeneous enough across the network in the microseismic band (3–20 s) but it 
varies outside this range due to different instruments at low frequency and to geology and 
human activity. In the poster we carried on an analysis based on the instruments used in the IV 
[Istituto Nazionale di Geofisica e Vulcanologia, 2005] and MN networks [MedNet Project 
Partner Institutions, 1990] during the year 2022. All the computations can be easily applied also 
for other years, by changing parameters of our procedure. For 2022, we distinguished 79 
different pairs of sensors and data loggers in use and we tried to check the average behaviour 
of the stations. We focused our attention to the low frequencies, where we can more easily see 
the contribution of the instrument to the signal. This can help us to retrieve a mean trend of 
the signal for the stations with the same instruments and to compare them, quickly showing 
the possible anomalies. 
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Data Ingestion: acquisition system at ONT 
 
Diego Franceschi, Ivano Carluccio, Emiliano Della Bina, Peter Danecek, Stefano Pintore, 
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*Corresponding author: alfonso.mandiello@ingv.it 
 
 
The core of the ONT acquisition system is based on the SeedLink protocol, a de­facto standard 
originally created as a transport layer for SeisComP [https://www.seiscomp.de]. It includes tools 
to collect, distribute and archive waveform data, and it has proven to be a reliable and robust 
product. For redundancy, a dual data flow is implemented, preferably at least one directly from 
the stations and the other, if not possible directly, from a server located at the peripheral 
sections. When a seismic emergency occurs, the acquisition system has been designed to 
provide immediate access to stations installed, making them available to the monitoring and 
INGV products. Furthermore, the SeisComP acquisition software is implemented within Linux 
containers (Docker) in order to have rapid configuration and installation to be ready for operation 
in a short time. The system configuration is fully integrated with the FDSN StationXML web 
service and the station management system. To ensure the reliability of the Real­Time data 
acquisition, regardless of the quality of the transmission system, we have made the servers 
resilient by placing them in high­availability (HA) configurations. Therefore, automatic 
procedures are implemented for data recovery from both the stations and peripheral servers. 
We are implementing a new concept of data ingestion that provides a data validation system 
and quality assessment before allowing its preservation, following well­defined rules thanks to 
our data policy. The same policy and rules are applied also to all data sets from experiments and 
research projects that need to be ingested, preserved and disseminated by our systems. 
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Seismic Data Life Cycle 
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The EIDA Italian node data archive [https://eida.ingv.it/en/; Danecek et al., 2021] currently totals 
130 TBytes of waveform data available for download, originating from 40 networks and 1156 
stations, provided by INGV, MedNet, or contributed by various partner institutions. 
Geographically, it covers mainly Italy and some stations from the Mediterranean region. The 
archive is currently growing at a rate of approximately 15 TB/yr. INGV recently strengthened 
its data management capabilities, resources, and infrastructure to effectively respond to the 
growing scale of station inventory, Archive, and volumes of delivered data, and to acknowledge 
increasing attention toward open data sharing, appropriate attribution, and FAIR principles 
(Findability, Accessibility, Interoperability, and Reuse), as well as higher demands on data quality 
and expectations of the scientific user community. To this end, it established a dedicated internal 
unit in charge of all relevant activities related to the Italian EIDA node: the EIDA­Italia­Team. In 
these last years the Team is doing a brand new Data Management (thanks to a new Data 
Management Plan) exploiting new technologies and a modern approach; this is a long term work 
in progress but some new features are already in place and the others are coming soon in 
production.  
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Data Curation: toward FAIR data 
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In 2014, a set of fundamental principles were developed to enhance the reusability of research 
data. They represent a set of guidelines and best practices designed to ensure that data or any 
digital object is “Findable, Accessible, Interoperable, and Reusable”, known as the FAIR data 
principles [Wilkinson et al., 2016; De Smedt et al. 2020]. So, ideally, open research data can be 
reused or redistributed without restrictions, but open data sharing increases their exposure, 
thereby necessitating continuous control and ongoing checks to ensure research reproducibility 
and facilitate broader collaborative efforts. For these reasons, a virtuous path has been initiated 
and is well underway to enhance the qualification of seismic data stored at ONT. This involves 
developing tools for data control, qualification, and the calculation of various metrics useful for 
quality control of both data and metadata. Finally, a long­term goal is to achieve CoreTrustSeal 
certification for the seismic data repository. In detail, we have embarked on the two necessary 
paths: the first is to make the input, control, and distribution of metadata, more efficient; the 
second point is to establish a data policy that enables checks, as automated as possible, 
consistency and their coherence with the metadata. To achieve this, we have implemented a 
Policy Enforcement Point (PEP) called RUM, which is a rule manager developed in­house, using 
YML files, it describes the policies to be applied to our data files. Additionally, we have developed 
two new metadata schemes, WF­Handle and WF­Provenance, which assist in accurately 
describing our data. These schemes enable users to interact with our data more effectively and 
with greater awareness.  
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GAIA-IV: the new version of the INGV seismic data logger 
 
Leonardo Salvaterra*, Sandro Rao, Catello Acerra, Massimiliano Vallocchia, Massimo Perfetti, 
William Thorossian, Ulderico Piccolini, Fabio Criscuoli, Augusto Bucci, Paolo Strappaveccia, 
Edoardo Giandomenico, Carlo Salvaterra 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: leonardo.salvaterra@ingv.it 
 
 
GAIA­IV is the new data logger, designed and built in INGV ­ Rome laboratories, with improved 
features compared to the old model GAIA2 [Salvaterra e Rao, 2013], widely used in the National 
Seismic Network [Salvaterra et al., 2008].  
To anticipate the obsolescence of the GAIA2 system components, the development project of 
the new GAIA­IV started in 2014. Several prototypes have been built over the years, culminating 
in the current design. The aim was to include next­generation, energy­efficient components that 
are easy to procure over time. The project was completed in 2020, while production of the first 
100 systems was delayed due to pandemic and the resulting electronic chip crisis. 
The technical features include 6 channels (3 independent ­ 9 optional), up to 2000 sps (one 
channel), temporal precision ±20 μsec TVCXO GPS synchronized and manual date setting, 2 
USB port, FTP server, SSH server, WEB server, mass centering, information of temperature, 
input voltage and current, GPS status, sensor mass position (6 channels), current consumption 
of sensors, ABS case (IP66), LCD display, LED and membrane switches and finally wall or DIN 
rail fixing. 
Finally, to proceed with the configuration and status control of GAIA­IV, communication via 
WEB interface was chosen without any additional software to be installed. The new interface, 
developed in PHP, is structured with tabbed graphics and has been designed so that it can be 
viewed correctly not only from a PC ­ Tablet, but also with a Smartphone, regardless of the S.O. 
 
References 
Salvaterra, L., e Rao, S., (2013). Nuova interfaccia WEB della stazione sismica digitale GAIA2. Rapp. Tec. INGV, 
251: 1:42. https://doi.org/10.13127/rpt/251 
Salvaterra, L., Pintore, S., Badiali, L., (2008). Rete sismologica basata su stazioni GAIA. Rapp. Tec. INGV, 68: 
1:28. https://editoria.ingv.it/archivio_pdf/rapporti/67/pdf/rapporti_68.pdf 
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Laboratory of Geophysical and Seismometric Instrumentation 
 
Paolo Strappaveccia*, Sandro Rao 

 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: paolo.strappaveccia@ingv.it 
 
 
In seismological research, and in scientific fields in general, the choice of the necessary devices 
to equip an experiment depends on an assessment of the parameters stated by the manufacturer 
in the technical datasheets of the devices themselves. The problem is that these parameters are 
almost always only indicative. In the ONT’s Geophysical Instrumentation and Seismometry 
Laboratory, which is in operation at the Rome office, acquisition devices and sensors are 
characterized through the design and development of specific measuring benches for each 
physical magnitude, in order to achieve accurate measurements in compliance with the reference 
standards for determining measurement uncertainty. In our poster presented at the “Giornata 
ONT 2023” we illustrated the measurement of electrical power absorption by different seismic 
stations under different operating conditions, to verify both the accuracy of the values reported 
in the datasheets, and to compare the different devices being used at our Institute 
[Strappaveccia e Rao, 2023]. Knowledge of this parameter facilitates appropriate sizing of the 
photovoltaic panel­based power system, in order to ensure continuous operation of remote 
seismic stations regardless of weather conditions. 
We also introduced the measurement of the resolution of seismic digitizers by showing the 
instrumentation required to make a measurement bench with a specific communication bus and 
dedicated software for control using a PC. During the event we also showed our visitors our 
laboratory. 
 
References 
Strappaveccia, P., Rao, S., (2023). Misura della potenza elettrica assorbita da diverse stazioni sismiche. Rapp. 
Tec. INGV, 460: 1­28, https://doi.org/10.13127/rpt/460 
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Analysis of full-GNSS observations by comparing different 
choke-ring antennas: LEIAT vs TRM 
 
Roberto Devoti, Mirko Iannarelli*, Grazia Pietrantonio, Andrea Terribili 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: mirko.iannarelli@ingv.it 
 
 
Permanent GNSS stations are often equipped with choke­ring antennas (of type Dorne­
Margoline) that are especially designed to drastically reduce the multipath noise. The national 
RING (Rete Integrata Nazionale GNSS [INGV RING Working Group, 2016]) infrastructure is now 
going to carry out a major upgrade of the GNSS equipment, mainly to include full GNSS 
capabilities. Therefore it is interesting to screen the working, almost 20­year old, technology 
with the most up­to­date electronic devices in order to establish the pros and cons of those 
upgrades. We tested two LEIAT choke­ring antennas (LEIAT504 and LEIAT504GG), designed 
originally for tracking only GPS and GPS/GLONASS satellites, by scoring the acquired 
observations from the full­GNSS constellation. We perform a complete quality check comparing 
the observations of the LEIAT antennas with those of an up­to­date TRM choke ring antenna 
used as reference. The test sessions are carried out using the same receiver type (Trimble Alloy). 
Both LEIAT antennas do acquire full­GNSS observations, although the LEIAT504GG only 
partially, at a few percent lower rate with respect to the TRM (Trimble) antenna. The 
LEIAT504GG antenna apparently is unable to track the L5 band observations of both GPS and 
GALILEO satellites. 

 
References 
INGV RING Working Group (2016). Rete Integrata Nazionale GNSS. https://doi.org/10.13127/Ring 
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MAST satellite Multimission Acquisition System for  
Earth Observation at INGV Rome headquarters 
 
Dario Stelitano*, Luca Merucci, Stefano Corradini, Pietro Ficeli, Francesco Zanolin, 
Lorenzo Guerrieri 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: dario.stelitano@ingv.it 
 
 
This exhibit shows and describes the MAST satellite acquisition system (Multimission Acquisition 
SysTem [Stelitano et al., 2023]) operating at the INGV headquarters in Rome since 2019 and 
part of the main instrumentation of the ADEO laboratory (Earth Observation Data Acquisition) 
established in May 2021 by the Remote Sensing Functional Unit of the ONT section. 
The EUMETSAT Consortium through the EUMETCast system distributes more than 120 Earth 
observation data and products (EO) in near real time acquired from instruments on board 
satellites in geostationary and polar orbit operated by major international space agencies. 
MAST receives and processes environmental satellite data and products transmitted by 
EUMETCast services. The system responds to the need to provide the INGV with information 
on major volcanic, environmental and seismic events. It also provides the necessary 
infrastructure to develop and implement new monitoring and research products generated using 
Earth Observation data. 
The MAST system has also been designed with the redundancy of its hardware and software 
components to increase the overall reliability of the system. Modular hardware components and 
open­source capture software based on Python were used in the GNU­Linux Os­based 
environment. These choices allow easier management of the MAST system completely 
controlled by INGV personnel without additional maintenance and licensing costs. All the 
software components are encapsulated inside Docker containers and in turn managed via 
Portainer GUI. This presentation describes both the hardware and software structure related 
to the acquisition and organization of satellite data used as the basis of the generated products. 

 
References 
Stelitano, D., Merucci, L., Ficeli, P., Zanolin, F., (2023). Satellite Acquisition System at INGV Rome 
headquarters. Rapp. Tec. INGV, 470: 1 34. https://doi.org/10.13127/rpt/470 
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The products (ash RGB, Brightness Temperature Difference, Top cloud height and Total Ash Mass) 
created during an eruption (top, left). The Telegram platform automatic messages (top, right). The MAST 

frontend dashboard and meteorological WMO profiles (bottom). 
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Institutional activities and research projects of the 
INGV-Rende headquarters 
 
Antonio Costanzo*, Pierdomenico Del Gaudio, Sergio Falcone, Daniela Fucilla,  
Anna Gervasi, Raffaele Giordano 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: antonio.costanzo@ingv.it 
 
 
The module presents a compendium of the institutional activities and participation in 
research/technical projects of the staff belonging at the INGV headquarters in Calabria. 
The staff is employed in the following activities: 

deployment and management of the stations of seismic networks (e.g. in urban •
environment, historic centres and campaign) (e.g. [Caserta et al., 2016]); 
investigation activities for new sites useful for hosting new RSN stations to integrate •
existing ones; 
training\information activities at schools, dissemination to the public and management •
of relationships with public bodies in the region (Regional Civil Protection Department, 
Departments of the University of Calabria, municipal administrations, etc.); 
research and technical activities through participation in national and international •
projects: PON­MASSIMO, H2020­ARCH, PON­RAFAEL, PON­GRINT, PNRR­MEET, PD­
CHIOMA, PD­GEMME; 
management of IT system, monitoring of critical infrastructures, cultural heritage and •
databases (e.g. [Costanzo et al., 2021]); 
support in the management of the research projects and the purchasing procedures. •

 
Furthermore, specific exhibits will be presented on two new recent systems: 
the multi­mission satellite data reception system through EUMETCast multicast service (Figure 
a), that was installed as part of the PON GRINT; 
the first results of the implementation of a prototype seismic monitoring system (delayed by a 
few hours) by machine­learning­based processing (Phasenet code) of the waveforms recorded 
by seismic networks (Figure b). 
 
References 
Caserta, A., Doumaz, F., Costanzo, A., Gervasi, A., Thorossian, W., Falcone, S., et al., (2016). Assessing soil-
structure interaction during the 2016 central Italy seismic sequence (Italy): preliminary results. Ann. Geophys., 
59. https://doi.org/10.4401/ag­7250 
Costanzo, A., Falcone, S., D’Alessandro, A., Vitale, G., Giovinazzi, S., Morici, M., et al., (2021). Technological 
System for Post-Earthquake Damage Scenarios Based on the Monitoring by Means of an Urban Seismic Network. 
Sensors, 21, 7887. https://doi.org/10.3390/s21237887 
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Web pages of the exhibits created for the “Giornata ONT 2023”. (a) Diagram of the satellite data 
reception infrastructure based on the EUMETSAT multicast service installed within the PON­GRINT 

project. (b) Dashboard implemented in ArcGIS Online with the list of earthquakes detected by the 
process based on machine learning algorithms, with indications of the phases associated with the 

single event. 
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CARS - Catalog of Relative Seismic Locations of 
1981-2018 Italian Seismicity  
 
Maddalena Michele*, Raffaele Di Stefano, Lauro Chiaraluce, Diana Latorre, Barbara Castello 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: maddalena.michele@ingv.it 
 
 
We used the Catalog of Absolute Earthquake Locations (CLASS [Latorre et al., 2023]) as the 
initial dataset for generating relative locations of the same 310K events recorded by the Italian 
National Seismic Network (Rete Sismica Nazionale, RSN) plus permanent regional networks 
(PRN) occurred in Italy during 1981­2018. In detail, P­ and S­ waves arrival times dataset consists 
of data by RSN plus PRN for the period 1981­2008 and only by RSN for 2009­2018. For 2009­
2018, absolute travel times data were integrated with ~17 million P­ and ~23 million S­wave 
delay times, retrieved through a waveforms cross­correlation analysis. For the location, we used 
1D velocity models pertaining to 18 different but geologically, seismically and tectonically 
homogeneous sub­regions of the Italian territory (after Pastori et al. in the framework of the 
DPC­B2 project 2019­2021, personal communication). Then, to both preserve the steady 
operational mode of HypoDD and to repeat hypocentral locations to be merged, we additionally 
discretized each area in 100x100km2 cells, spatially overlapped by the 80%. Final relative 
location errors estimated on the computed final weighted mean locations, were assessed by 
bootstrapping with replacement the final double­difference residual vector. Error ellipsoids were 
obtained at the 90% confidence level for 100 samples. With the new relative locations (CARS), 
seismicity distribution better defines local fault structures and regional alignments, testifying 
an improved resolution of the new catalog.  
 
References 
Latorre D., Di Stefano R., Castello B., Michele M., Chiaraluce L. (2023). An updated view of the Italian seismicity 
from probabilistic location in 3D velocity models: The 1981–2018 Italian catalog of absolute earthquake locations 
(CLASS). Tectonophysics, 846, 229664. https://doi.org/10.1016/j.tecto.2022.229664 
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A 10-year-long earthquake catalogue of area monitored by  
The Altotiberina Near Fault Observatory  
(Northern Apennines, Italy) 
 
Samer Bagh1,*, Raffaele Di Stefano1, Adriano Gualandi2, Marco Cattaneo1, Debora Pantaleo1, 
Carlo Calamita1, Chiara Ladina1, Simone Marzorati1, Lauro Chiaraluce1 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2University of Cambridge, Department of Earth Sciences 
 
*Corresponding author: samer.bagh@ingv.it 
 
 
We present a new earthquake catalogue 10­year­long (2010–2020) related to the activity of 
the Altotiberina (ATF) low­angle normal fault system (Northern Apennines of Italy). The analyzed 
seismicity has been recorded by the seismic network of The Altotiberina Near Fault Observatory 
(TABOO [Chiaraluce et al., 2014]). TABOO seismic network is a dense array of broadband and 
short period seismographs covering an area of 120×120 km2. Such a network configuration 
allows a very low detection threshold of seismic events, resulting in a catalogue composed by 
high­resolution locations of almost 100,000 events with a completeness magnitude ≈ 0.1 ML. 
Up to May 2013, the earthquakes composing the revised catalogue were manually treated, and 
since June 2013 an automatic procedure was adopted to detect phase arrival times, where pick 
identification is checked and refined iteratively, based on the computation of earthquake 
locations using the Hypoellipse code [Lahr, 1999]. Arrival times were manually revised whenever 
the automatic procedure fails to reach a satisfying result. As of November 2016, an updated 
version of the automatic detection­location system has been adopted, Including an enhanced 
picking scheme and NonLinLoc earthquake location code [Lomax et al., 2001]. Based on these 
starting locations and arrival times, we have been firstly working on the construction of a 
consistent MySQL­database. Then we worked on the improvement and homogenization of 
earthquake locations and magnitudes calculation for the new locations. Earthquake locations 
have been computed with the NonLinLoc, including newly estimated static station corrections. 
 
References 
Chiaraluce et al., (2014). The Alto Tiberina Near Fault Observatory (northern Apennines, Italy). Ann. Geophys., 
57, 3, 2014, S0327. https://doi.org/10.4401/ag­64 
Lahr, J. C., (1999, revised 2012). HYPOELLIPSE: a computer program for determining local earthquake 
hypocentral parameters, magnitude, and first-motion pattern. U.S. Geological Survey Open­File Report, 99­
23, version 1.1, 119 and software, available at http://pubs.usgs.gov/of/1999/ofr­99­0023 
Lomax, A., Zollo, A., Capuano, P., and Virieux, J., (2001). Precise, absolute earthquake location under 
Somma‐Vesuvius volcano using a new 3D velocity model. Geophysical Journal International, 146, 313–331. 
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The September 18th, 2023, MW 4.9, earthquake in the  
northern Apennines (Marradi, FI): the work of the BSI on the 
early days of the seismic sequence 
 
Arianna Lisi*, Luca Arcoraci, Patrizia Battelli, Michele Berardi, Barbara Castello, 
Maria Grazia Ciaccio, Diana Latorre, Alessandro Marchetti, Maddalena Michele, Valeria Misiti, 
Anna Nardi, Davide Piccinini, Antonio Rossi and BSI working group** 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: arianna.lisi@ingv.it 
 
**BSI working group: A. Battelli, B. Cantucci, C. Castellano, D. Cheloni, L. Colini, M. De Caro, A. Frepoli, L. Improta, 
A.M. Lombardi, A. Malagnini, L. Margheriti, M.T. Mariucci, G. Mele, C. Melorio, L. Miconi, G. Modica, C. Montuori, 
N. Pagliuca, M. Pastori, S. Pinzi, L. Pizzino, A. Sciarra, T. Sgroi, S. Spadoni, R. Tardini, C. Thermes, A. Bono,  
I. Carluccio, E. Della Bina, M. Fares, D. Franceschi, V. Lauciani, A.G. Mandiello, M. Maniscalco, S. Pintore,  
M. Quintiliani, M. Moretti, R. Di Stefano, L. Scognamiglio 
 
 
On September 18th, 2023, an earthquake with a magnitude of ML 4.8 (MW 4.9) occurred 4 km 
SW of Marradi (near Firenze) at a depth of ~8 kilometers. The earthquake, preceded by a 
foreshock with a magnitude of ML 3.3 (MW 3.4), triggered a seismic sequence that, in the first 
week, provided about 500 aftershocks localized by the staff on duty in the Seismic Monitoring 
Room of the INGV in Rome, including 5 earthquakes with a magnitude of ML ≥ 3.0. 
The analysts of the BSI (Italian Seismic Bulletin [Marchetti et al., 2016]) focused on reviewing 
the first three days of the sequence, with particular attention to the hours immediately following 
the mainshock. This analysis allowed for the identification of an earthquake of ML 3.4, occurring 
approximately one minute after the mainshock and missed during the surveillance service. 
Therefore, a thorough effort to recover smaller seismic events not analyzed in the Seismic 
Monitoring Room led to the localization of nearly 30% more events in the first three days. 
The BSI working group revised picking of P and S phases and their proper weighting, the 
recovery of undetected P­ and S­wave arrival times, as well as the verification of the maximum 
amplitudes to be used for ML computation. Earthquakes detected in the first 3 days of the 
sequence were localized using a double differences location code and a regional velocity model. 
Simultaneously, an analysis based on the template matching technique was used to extract those 
events that the Earthworm system operating in the Seismic Monitoring Room had not identified. 
In this case, the number of detections increases by ~60%, highlighting the usefulness of 
incorporating this type of analysis as a support to the work of the BSI. 
 
References 
Marchetti, A. et al., (2016). The Italian Seismic Bulletin: strategies, revised pickings and locations of the Amatrice 
seismic sequence. Ann. Geophysics. 59, FAST TRACK 5. https://doi.org/10.4401/ag­7169 
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Moment vs local magnitude scaling of small-to-medium 
earthquakes from seismic moment estimation of 10 years 
(2009-2018) of Italian seismicity 
 
Mariano Supino*, Lauro Chiaraluce, Raffaele Di Stefano, Maddalena Michele 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: mariano.supino@ingv.it 
 
 
We computed the moment magnitude (MW) for about 250,000 earthquakes occurred in Italy 
from 2009 to 2018 and recorded at seismic stations of the Italian National Network managed 
by INGV. We use raw velocity waveforms and invert the displacement spectra of more than 
2,000,000 S­waves manually picked. We use the probabilistic method SPAR by Supino et al. 
[2019; 2020] to estimate the a­posteriori joint probability density function of seismic moment 
M0 and corner frequency fc. MW is converted from M0 using the Kanamori equation. We 
observe a self­similar scaling between fc and M0 for MW larger than 2.5. For smaller magnitudes, 
S­wave spectra show an almost constant fc (~10 Hz). We interpret this as the constant cut­off 
frequency of the anelastic attenuation, which produces an apparent corner frequency lower 
than source fc and corresponds to an apparent larger source duration. Because of the 
conservation of total displacement integral after a low­pass filtering, signals must exhibit an 
apparent lower maximum amplitude to “compensate” the apparent larger source duration. Local 
magnitude (ML) values are therefore expected to be underestimated while MW, by definition, 
are not affected by this as they are proportional to the displacement integral. Coherently, the 
comparison of our MW and ML estimates shows the systematic underestimation of ML with 
respect to MW for small magnitude events. The deviation from a 1:1 scaling between ML and 
MW overlaps the magnitude range where the constant apparent fc arises in the M0 ­ fc scaling 
(ML < 2.5). Our results suggest that a robust analysis of the statistical features of earthquake 
catalogs with a completeness magnitude << 2.5 should use MW instead of ML. 
 
References 
Supino, M., Festa, G., Zollo, A., (2019). A probabilistic method for the estimation of earthquake source 
parameters from spectral inversion: application to the 2016–2017 Central Italy seismic sequence. Geophysical 
Journal International, 218(2), 988­1007. https://doi.org/10.1093/gji/ggz206 
Supino, M., Poiata, N., Festa, G., Vilotte, J. P., Satriano, C., Obara, K., (2020). Self-similarity of low-frequency 
earthquakes. Scientific Reports, 10(1), 6523. https://doi.org/10.1038/s41598­020­63584­6 
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ML-based workflow for earthquake detection and location. 
Preliminary results from the northern Apennines 
 
Giulio Poggiali1, Samer Bagh2, Lauro Chiaraluce2,*, Chris Marone1, Zachary E. Ross3,  
Weiqiang Zhu3 
 
1La Sapienza Università di Roma, Rome, Italy 
2INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
3Seismological Laboratory, California Institute of Technology, Pasadena, USA 
 
*Corresponding author: lauro.chiaraluce@ingv.it 
 
 
Recent advances in machine­learning (ML) based analysis have dramatically increased the 
quantity of low­magnitude earthquakes detected and properly located leading to a new 
generation of earthquakes catalogs. TABOO­NFO seismic network is an ideal site to better 
understand earthquakes driving processes in a shallow crust surrounded by deep fluid 
circulation. To build an earthquake catalog for this area from 2010 to present, we created a 
tailored ML­based workflow starting from an updated version of the deep learning picker 
PhaseNet [Zhu and Beroza, 2018] including polarity estimation and better detection of close­
in­time events. We trained PN on TABOO waveforms manually labeled by analysts with P, S 
phases and polarities [Cattaneo et al., 2017]. Training the model with local data results in a 
significant improvement in S­phases accuracy and polarities. The result is a massive dataset 
composed of tens of millions of P and S arrival times making the events association a challenge. 
For this task we used the GAMMA [Zhu et al., 2022] algorithm, which treats the association as 
an unsupervised clustering problem in a probabilistic framework estimating rough locations, 
origin times and magnitudes. We end up with 1.4M earthquakes. Then, to estimate the absolute 
hypocentral locations we used an updated version of HypoSVI [Smith et al., 2022], a probabilistic 
location method in which the forward model is based on a physics informed neural network 
trained to solve the Eikonal equation. This location procedure makes use of source­specific 
station terms that can vary as a function of source position, allowing better correction for the 
unmodeled velocity structure. 
 
References 
Cattaneo, M., Frapiccini, M., Ladina, C., Marzorati, S., Monachesi, G., (2017). A mixed automatic-manual 
seismic catalog for Central-Eastern Italy: analysis of homogeneity. Ann. Geophys. 60, 6, S0667. 
https://doi.org/10.4401/ag­7333 
Latorre, D., Mirabella, F., Chiaraluce, L., Trippetta, F., Lomax, A., (2016). Assessment of earthquake locations 
in 3‐D deterministic velocity models: A case study from the Altotiberina Near Fault Observatory (Italy). Journal 
of Geophysical Research: Solid Earth, 121(11), 8113­8135. https://doi.org/10.1002/2016JB013170 
Smith, J.D., Ross Z.E., Azizzadenesheli, K., Muir, J.B., (2022). HypoSVI: Hypocentre Inversion with Stein 
Variational Inference and Physics Informed Neural Networks. Geophysical Journal International, Volume 228, 
Issue 1, January 2022, Pages 698–710. https://doi.org/10.1093/gji/ggab309 
Zhu, W., and Beroza, G., (2018). PhaseNet: A Deep-Neural-Network-Based Seismic Arrival-Time Picking 
Method. Geophysical Journal International 216 (1): 261–73. https://doi.org/10.1093/gji/ggy423 
Zhu, W., McBrearty, I. W., Mousavi, S. M., Ellsworth, W. L., & Beroza, G. C. (2022). Earthquake phase 
association using a Bayesian Gaussian Mixture Model. Journal of Geophysical Research: Solid Earth, 127, 
e2021JB023249. https://doi.org/10.1029/2021JB023249 
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Map, cross sections (1­3, width=5km) and longitudinal section (4, width=20km). Cross sections 1 and 2 
clearly depict the Altotibernia Fault at depth and the shallower seismicity pertaining to the Pietralunga 

(1) and Gubbio (2) sequences. The lithological model on the background is from Latorre et al. [2016]. 
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Vp and Vp/Vs tomographic model of the  
Fucino fault-controlled basin obtained through a  
very dense temporary seismic network 
 
Pasquale De Gori*, Luigi Improta, Maurizio Vassallo, Fabrizio Cara, Gaetano De Luca, 
Alberto Frepoli, Samer Bagh, Luisa Valoroso, Mario Anselmi, Francesco Pio Lucente 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: pasquale.degori@ingv.it 
 
 
In this study we present a new local earthquake tomography model of the Fucino basin and 
surrounding regions aimed to reveal the crustal structure of this sector of Apennines 
characterized by a complex system of normal­faults responsible of the main historical 
earthquake (MW 7.0, 1915 January 13) occurred in central Italy. The tomographic inversion 
benefits of seismic data recorded by a dense passive seismic survey that was carried out, in 
2008­2009, in the Fucino area to investigate the basin seismic response and local site effects 
[Cara et al., 2011]. The temporary network consisted of 18 stations, with an average spacing 
of 2­3 km, operating in continuous mode with a sampling rate of 125 Hz and equipped with 
5 second seismometers. In order to detect the maximum number of local earthquakes, we 
applied a trigger algorithm on the continuously recorded dataset of the Fucino temporary 
array integrated by the permanent stations of the Italian seismic network installed on the 
surrounding ridges.  
The extracted events were manually analyzed for the determination of the P and S waves arrival 
times. For the more energetic earthquakes, we included the seismic phases of the regional 
Abruzzo network operating in trigger mode. 
We realized a new earthquake catalog to perform a local­scale passive tomographic survey. 
The tomographic model, presented in terms of Vp and Vp/Vs, allow to image the crustal 
structure with a spatial resolution finer with respect to previous tomographic surveys of central 
Apennines. The 3D distribution of Vp and Vp/Vs and of relocated events helped us to identify 
the velocity contrasts related to the main faults and to improve our knowledge on their 
geometry at depth. 
 
References 
Cara, F., Di Giulio, G., Cavinato, G.P. et al., (2011). Seismic characterization and monitoring of Fucino Basin 
(Central Italy). Bull Earthquake Eng 9, 1961–1985 (2011). https://doi.org/10.1007/s10518­011­9282­2 
 
 
 

 

M
IS

CE
LL

A
N

EA
 IN

G
V

 n
. 7

9

https://doi.org/10.1007/s10518-011-9282-2


Giornata ONT 2023  -  Proceedings Volume Rome, 14th November 2023

77

Map of the Fucino temporary array. 
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Technical-scientific activities and products relating to the 
agreement between INGV-Ancona and the Marche Region 
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The collaboration between INGV and the Marche Region has continued for over twenty years, 
starting from the 2002 Framework Agreement, with the aim of improving seismic monitoring, 
obtaining timely information on the seismicity of the territory and promoting activities related 
to seismic risk. 
The Marche Region provides resources for the transmission and centralization of data and a 
headquarters; while INGV integrates regional monitoring networks into its national system and 
provides technical­scientific support during seismic sequences.  
The regional seismic activity (e.g. tectonic events, quarry explosions, blasting of war devices, 
snow avalanches) is monitored through permanent seismic networks and temporary 
measurement campaigns, allowing us to compile regional earthquake catalogues. 
The impact of earthquakes on regional infrastructures is estimated in near real time to prepare 
automatic reports. Furthermore, we conduct temporary experiments for strategic and relevant 
public buildings.  
In addition, initiatives are promoted in the context of Rapid Response to earthquakes and 
Earthquake Early Warning, through feasibility studies of warning systems and studies on risk 
perception [Ladina et al., 2021]. 
In coordination with the Civil Protection Service of the Marche Region, products and 
dissemination initiatives relating to the “Third Mission” and Services for Society of the INGV are 
developed, the staff participates in prevention and safety days in the regional territory, events 
for the anniversary of historic earthquakes, educational workshops with schools. 
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Poster presented at the “Giornata ONT 2023”. The work presents the technical­scientific activities and 
products of the collaboration between INGV­Ancona and the Marche Region.
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Broadband Ground Motion Simulations of M≥6.0 earthquakes 
in Central Italy using a Frequency-Wavenumber Approach  
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1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Lawrence Livermore National Laboratory, Livermore, USA 
 
*Corresponding author: pietro.artale@ingv.it 
 
 
The seismic activity known as the Amatrice­Visso­Norcia seismic sequence began on August 
24th, 2016, with the M6.2 earthquake in Amatrice, Italy. This sequence included eight additional 
earthquakes with magnitudes above 5.0. The most significant event occurred on October 30th, 
2016, with a magnitude of 6.5 in Norcia. 
Here we perform physics­based simulations and investigate the ground motion variability for 
Norcia and Amatrice earthquakes using the Pitarka et al. [2021] and Akinci et al. [2023] 
simulation approaches, respectively. We generate broad­band ground motion acceleration time 
histories (0­10 Hz) for these two earthquakes using frequency­wavenumber Green’s functions 
(FK approach) and kinematic rupture models generated with the Graves and Pitarka technique 
[Graves and Pitarka, 2016]. The FK Green’s functions were computed using the propagator 
matrix method of Zhu and Rivera [2002] and a 1D velocity model of Central Italy. The FK­based 
broad­band simulation method allows for fast and realistic generation of synthetic seismograms, 
provided that an appropriate GF storage and source rupture models are available. Finally, we 
compare and test the performance of our synthetic 1D FK simulations with those from 3D 
simulations and recordings by analyzing the goodness of fit (GoF) between recorded and 
simulated ground motion. We find that the FK­based simulation approach and the 1D CIA 
velocity model produce ground motion that compares well with recorded data throughout the 
region in the modeled frequency range of 0­10 Hz. Because this simulation technique is very 
fast and reliable, it can be used to produce seismic hazard assessment for scenario earthquakes 
in Central Italy. In figure we show the spatial variability of the simulated ground motion for 
Amatrice and Norcia, as well as the GoF analysis indicating a good agreement between the 
recorded and simulated data. 
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The upper left and right figures depict the spatial distribution of ground motion intensities, specifically 
the mean horizontal components of PGV (maximum frequency at 5 Hz) at 8633 (Amatrice) and 8712 
(Norcia) virtual stations. These stations are arranged in a regular grid with 1 km × 1 km spacing. The 

simulation model covers an area of 102 km by 88 km and extends to a depth of 31 km. The black 
rectangles indicate the free­surface fault projection of the two earthquakes, while the red stars denote 
the location of the rupture initiation point. Triangles represent the station locations. In the bottom left 

and right figures, the goodness of fit (GoF) between recorded and simulated ground motion is 
presented, illustrating the model bias (solid line) and standard deviation (dashed lines) of the residuals 

for RotD50 SA values in the 0.1–10 s period range. These values are averaged over 41 and 37 stations 
for the Norcia and Amatrice earthquakes, respectively.
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Centroid Moment Tensor computation: inversion based on  
a 3D velocity model 
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Moment tensor (MT) is a mathematical representation of the movement on a fault during an 
earthquake, and of the size, or magnitude, of the event. Such a tensor is often described through 
“beachballs”, a graphic representation symbol that indicates the fault orientation and the type 
of slip that occurs during an earthquake. Usually, seismologists use source inversion procedures 
based on 1D wave speed models in order to routinely compute MTs (e.g. TDMT [Scognamiglio 
et al., 2009]. In recent years, due to the incredible progress of computer science, also 3D models, 
which can describe lateral velocity variations of the medium, have been successfully adopted 
to compute MTs. Here we present source solutions for a few Italian earthquakes obtained by 
using a source inversion method based on 3D wave speed models [Liu et al., 2004; Scognamiglio 
et al., 2016; Artale Harris et al., 2022]. To obtain the new Centroid Moment Tensor in 3D 
(CMT3D) solutions we consider the 3D Italian lithospheric velocity model “IMAGINE_IT” 
[Magnoni et al., 2022]. The computation needs a reliable starting MT and allows for a variability 
estimate of the source parameters, due to a bootstrap procedure. In our analysis, the starting 
focal mechanisms for CMT­3D inversions are the TDMT solutions. Nonetheless, if an accurate 
initial MT is not available, our procedure has been generalized to use several starting solutions, 
such as the focal mechanism obtained by first p­waves arrivals.  
In the figure we show an example of fit used by pycmt3d to compute the solution and a 
comparison of TDMT and CMT­3D solutions for the MW 3.8 12/31/2020­21:54:38 Sicily 
Earthquake. 
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a) Example of fit (top) and envelope (bottom) used by pycmt3d to compute the solution. The red 

seismogram is the one computed by SPECFEM3D from TDMT+3Dmodel, the black one is the data, 
and the green one is the inverted solution by pycmt3d. Bottom: comparison of b) TDMT and c) 

CMT­3D solutions. We observe a noteworthy increase of used stations and an increase of Double 
Couple as well. 
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Earthquake Detection and Phase Picking using  
Deep Learning method: a case study on local events 
(Groningen Region, Netherlands) 
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*Corresponding author: andrea.dibenedetto@ingv.it 
 
 
The continuous expansion of the seismic network produces a large amount of data that can be 
used for tuning an algorithm for Earthquake Detection and Phase Picking purposes. In this work, 
we tested a Transformer model that uses an Attention Mechanism, called EQTransformer 
(Earthquake Transformer [Mousavi, et. al., 2020]) in order to detect earthquakes and seismic 
phases arrival time. Transformer models, by their nature, are suitable for the analysis of time­
series data, such as seismic signals generated by earthquakes. We applied it on 467 manually 
reviewed low­magnitude (0.1 to 3.4) local events catalogued in Groningen Region (Netherlands) 
from 2016 to 2020. The 80% was used for training and the remaining 20% for validation/testing. 
Preliminary results for testing show 98% Accuracy for Event Detection. As a future improvement, 
we are working on tuning picking P and S phases, reviewing the data and making new 
experiments on the euro­mediterranean area. 
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 The Transformer model called EQTransformer [Mousavi, et. al., 2020] to detect earthquakes and 
seismic phases arrival time. Preliminary results for testing show 98% Accuracy for Event Detection. 
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Preliminary results of QuakeFlow application:  
the case of L’Aquila 2009 seismic sequence 
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Nowadays the use of artificial intelligence (AI) in seismology has become very common, allowing 
the creation of complete seismic catalogs including very small magnitude events that remained 
undetected by human analysts and standard monitoring room procedures. Here, we apply the 
QuakeFlow (QF [Zhu et al., 2023]) workflow, which combines two machine learning algorithms 
called PhaseNet and GaMMA to pick P­ and S­waves, to associate picks and estimate 
approximate earthquake locations and magnitudes, to the 2009/04 of the L’Aquila 2009 seismic 
sequence. We compared our new catalog with the INGV bulletin in order to analyse the 
detection capabilities of QF with respect to manual picking performed by the INGV analysts. 
We used data coming from 66 seismic stations (46 from ING and 20 from RESIF station 
networks), identifying about 128,000 seismic events (best locations in Figure b).  
We filtered the QF catalog considering only those events with 6 P­ and 4 S­ waves arrival times, 
obtaining 95,992 seismic events, and we relocated them by means of Hypoellipse using an ad­
hoc 1D velocity model. Therefore, we compared the INGV bulletin with the QF catalog, by 
selecting common events (i.e., events having P­ and S­waves arrival times at common stations 
within 2 seconds). All bulletin events (i.e. 8,542) are within the QF catalog (Figure b­d). 
Our results show that AI detection and association methods yield a significant increase in the 
number of events, 10 times more than the data within the INGV bulletin.  
In the next steps, we will apply QF to the entire seismic sequence, in order to test its 
performance as compared with the high­resolution catalog developed by Valoroso et al. [2013]. 
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study. Journal of Geophysical Research: Solid Earth, 118(3), 1156­1176. 
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 Comparison between the same seismic events that occurred in April 2009 of QF (blue dots) and INGV 
seismic catalog (orange dots). a) map view of the common seismicity distribution. All the stations (red 

and purple triangles) are used by QF (including the LG French network, 4A temporary and IV permanent 
INGV networks); while the purple triangles are the seismic stations used by INGV. The black lines are 

traces of vertical cross sections; b) all the seismicity extracted by QF with ERH < 0.1 km and ERZ < 0.2 
km (i.e. 39, 616 seismic events); c) some of the most interesting vertical sections (strike of N50°E) which 

show the depth distribution of seismic events occurring within ±0.8 km distance from the section; c) 
Distribution histograms of number of P­ and S­waves, RMS (s), ERH (km), ERZ (km) GAP (°). 
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Automatic seismic source modeling of InSAR displacements 
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In this work we describe the implementation of a processing chain for a fully automatic 
modeling of the seismic source parameters and its slip distribution through the inversion of the 
InSAR displacements generated from the EPOSAR service. This processing chain consists of a 
suite of procedures and algorithms handling a sequence of steps: selection of the highest quality 
InSAR datasets, definition of the area of interest, image sampling, non­linear and linear 
inversions to get, respectively, the source geometry and its slip distribution [Atzori et al., 2019]. 
A set of side procedures and interfaces also allows an interactive refinement and the publication 
of results, consisting of scientific data and graphical outputs. The whole procedure has been 
developed, tested and validated by considering 100 events with magnitudes between 5.5 and 
8.2, worldwide distributed and covering an exhaustive range of mechanisms and tectonic 
contexts. Main aim of this work is describing the implementation of the automatic modeling 
procedures, used to produce solutions in real time, already during the emergency phase. These 
sources, validated by experts before their publication, can be a reference for operational 
purposes and for the first scientific analyses. The creation of this repository also sets the 
framework to store, out of the emergency time, more sophisticated solutions, manually revised 
and with peer­review quality. 
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Geodetic modelling of recent earthquakes in Turkiye:  
from the 2020 MW 6.8 Elazig earthquake to the 2023 MW 7.8 
Kahramanmaras seismic sequence 
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In this work, we propose geodetic models for several strong earthquakes that occurred in Turkiye 
between 2020 and 2023. We used Global Navigation Satellite System (GNSS) and 
Interferometric Synthetic Aperture Radar (InSAR) measurements to investigate the ground 
displacement field caused by the 2020 MW 6.8 Elazig earthquake, by the major events of the 
2023 MW 7.8 Turkiye seismic sequence, and by other smaller earthquakes occurred in nearby 
regions, and to infer, by using elastic dislocation modeling, the fault geometry. 
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models for tsunami forecasting 
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Computational­based probabilistic forecasting for earthquake­generated tsunamis typically 
deals with large numbers of scenarios to be numerically simulated over large domains. For 
accurate inundation forecasting, the resolution required is typically on the order of meters. To 
contain the associated high computational cost, one can try to reduce the size of the ensemble 
and the resolution of individual simulations. Additionally, some approximations are often 
adopted in terms of both the generation and propagation of the tsunami itself. For instance, 
one common approach is to impose a static and instantaneous initial condition in a purely 
shallow water hydrodynamic modeling framework. This work, part of a PhD research project, is 
developed along two complementary research lines: on the one hand, to select a subset of the 
ensemble that can optimally describe a given problem; on the other hand, to improve the 
physical approximation in the tsunami initial condition depending on the hazard sensitivity to it 
and the desired level of accuracy. Regarding the first line, we propose a possible approach for 
reducing the number of simulations to be conducted while quantifying the epistemic 
uncertainties associated with the inundation modeling. We developed a workflow based on the 
methodology proposed by Davies et al. [2022], which has been adapted for both site­specific 
S­PTHA and real­time PTF. For the latter case, we propose a new methodology to solve the 
model for calculating optimal tsunami initial conditions for a static displacement [Nosov and 
Kolesov, 2011], depending on the local bathymetry. Both methodologies are thought to be 
parallelized on either CPU or GPU based HPC clusters. 
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The diagram summarises the practical limitations associated with seismic PTHA. The objective is to 
accurately and efficiently describe the tsunami hazard with as few scenarios as possible and avoiding 

overestimates in numerical simulations. 
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Deep­Seated Gravitational Slope Deformations (DSGSDs) are extensively documented, yet their 
evolution and kinematics remain elusive, demanding a multidisciplinary approach. This study 
delves into the complex geometry and kinematics of the Pisciotta DSGSD, a roto­translational 
sliding mass involving turbiditic rocks and impacting man­made structures [De Vita et al., 2013; 
Albano et al., 2023]. 
Mapping DSGSD landforms involved in­situ surveys, stereoscopic analysis of historical aerial 
images, and high­resolution drone mapping. Structural data and ground surveys unveiled a 
weathered and folded turbiditic sequence with sandstone and calcarenite units alternating with 
disrupted argillite and mudrock layers. 
Remote sensing, including optical imagery and Synthetic Aperture Radar data, allowed to assess 
its past and current kinematics. Distinct stages emerged: a prefailure period with accelerating 
displacement rates, a failure period with maximum displacement rates, and a post­failure period 
with decelerating rates. 
Analytical modeling established the DSGSD’s deep reach (up to 85 m), estimating its bottom 
surface and volume, validated by boreholes and inclinometric measurements. 
Numerical modeling emphasized the progressive weakening of DSGSD materials, coupled with 
alterations and changes in groundwater dynamics, as primary mechanisms driving observed 
kinematics. 
In summary, this study unravels poorly understood aspects of DSGSDs, focusing on the Pisciotta 
case. Integrating diverse methodologies contributes to a nuanced understanding of the complex 
interplay between geological factors and human infrastructure in deep­seated gravitational slope 
deformations. 
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Volcanic and Seismic source Modeling (VSM) is an open­source Python tool to model ground 
deformation [Trasatti, 2022]. VSM allows the user to choose one or more deformation sources 
of various shapes as a forward model among sphere, spheroid, ellipsoid, rectangular dislocation, 
and sill. It supports multiple datasets from most satellite and terrestrial geodetic techniques: 
Interferometric SAR, GNSS, levelling, Electronic Distance Measurements, tiltmeters, and 
strainmeters. Two sampling algorithms are available: one is a global optimization algorithm based 
on the Voronoi cells and yields the best fitting solution, while the second follows a probabilistic 
approach to parameters estimation based on the Bayes theorem and the Markov chain Monte 
Carlo method. VSM can be executed as a Python script, in Jupyter Notebook environments, or 
by its Graphical User Interface. Its broad applications range from high­level research to teaching, 
from single studies to near real­time hazard estimates. Potential users range from early­career 
scientists to experts. It is freely available on GitHub [https://github.com/EliTras/VSM] and is 
accompanied by step­by­step documentation in Jupyter Notebooks. This study presents the 
functionalities of VSM and test cases to describe its use and comparisons among possible 
settings. 
 
References 
Trasatti, E., (2022). Volcanic and Seismic Source Modeling: An Open Tool for Geodetic Data Modeling. Front. 
Earth Sci. 10:917222. https://doi.org/10.3389/feart.2022.917222 
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 Scheme of the VSM. The input of VSM consists of at least one dataset. The forward model is one or 
more deformation sources. One of the two available sampling algorithms can be selected. Several 

products are generated as output. Redrawn from Trasatti [2022]. 
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Volcanic clouds characterization of the 2020-2022 sequence of 
Mt. Etna lava fountains using MSG-SEVIRI and comparison 
with other products 
 
Lorenzo Guerrieri1,*, Stefano Corradini1, Nicolas Theys2, Dario Stelitano1, Luca Merucci1 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2BIRA-IASB | Royal Belgian Institute for Space Aeronomy, 1180 Brussels, Belgium 
 
*Corresponding author: lorenzo.guerrieri@ingv.it 
 
 
In this work, the characterization of the 66 paroxysmal explosive episodes that occurred at Etna 
volcano in the period 2020­2022 is presented. This analysis was performed by processing the 
satellite images collected from the SEVIRI sensor on board MSG­4 geostationary satellite every 
15 minutes. The Volcanic Cloud Top Height (VCTH) was computed by exploiting three different 
algorithms (“Darkest Pixel”, “Cloud Tracking” and “HYSPLIT”). The discrimination between ash and 
ice in the volcanic cloud has been realized by exploiting the Brightness Temperature Difference 
(BTD) procedure. More than two thousand SEVIRI images were processed and, for each of these, 
the corresponding ash/ice effective radius, aerosol optical depth, columnar abundance and SO2 
columnar abundance maps were obtained. Results indicate a VCTH variation between 4 and 13 
km asl, while the cumulative ash, ice, and SO2 emitted from all the 2020–2022 lava fountains 
in the atmosphere are about 750, 2300, and 670 Gg, respectively. The retrieval products 
obtained from Volcanic Plume Retrieval (VPR) algorithm have been compared with those 
computed from Look Up Table (LUTp) procedure and other satellite sensor data (S5P­TROPOMI). 
The use of geostationary satellites is essential to characterize explosive volcanic events and 
provide a quantitative estimation of particles and gases emitted into the atmosphere, thus 
contributing to mitigate the risks that these phenomena induce on population, environment 
and airspace security. The results of this work have already been published in “Remote Sensing 
(MDPI)” international, peer­reviewed, open access journal, in April 2023 [Guerrieri et al., 2023].  
 
References 
Guerrieri, L., Corradini, S., Theys, N., Stelitano, D., Merucci, L., (2023). Volcanic Clouds Characterization of 
the 2020–2022 Sequence of Mt. Etna Lava Fountains Using MSG-SEVIRI and Products’ Cross-Comparison. 
Remote Sens. 2023, 15, 2055. https://doi.org/10.3390/rs15082055 
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20 years of geodetic measurements reveal the degassing 
magma cooling processes under the Ischia resurgent caldera 
 
Alessandro Galvani*, Mirko Iannarelli, Giuseppe Pezzo, Vincenzo Sepe, Guido Ventura 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: alessandro.galvani@ingv.it 
 
 
The knowledge of the processes that drive volcanoes deformation is of primary importance to 
decipher the dynamics of magmatic systems. We present twenty years (1997–2018) of geodetic 
GNSS and leveling data collected on survey­style Ischia Island network (Italy), which include a 
caldera affected by resurgence, hydrothermal manifestations, and shallow seismicity. The data 
from the GNSS Network and the leveling surveys reveal a continuous subsidence of the 
resurgent block with values up to −15 ± 2.0 mm/yr and centripetal, horizontal displacements 
with the largest values concentrated on the southern flank of the volcano. The modeling of 
GNSS and leveling data suggests a 4 km deep source deflating by degassing and/or magma 
cooling and it agrees with independent geophysical data. Degassing and magma cooling of 
reservoirs below the southern flank of Monte Epomeo are responsible for the Ischia deformation 
pattern that is not linked to gravity or volcano­tectonic processes. The Ischia shallow seismicity, 
located on active gas and hot water discharge areas, is due to the activities of the shallow 
hydrothermal system being neither temporally nor spatially related to the deflation. 
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 Sketch of Ischia Island model.
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Monitoring of the River Po drought using SAR data  
 
Emanuele Ferrentino1,*, Marco Polcari1, Francesca Silverii1, Christian Bignami1, 
Ferdinando Nunziata2, Maurizio Migliaccio2, Salvatore Stramondo1 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Università Degli Studi di Napoli Parthenope, Dipartimento di Ingegneria, Naples, Italy 
 
*Corresponding author: emanuele.ferrentino@ingv.it 
 
 
One of the significant challenges faced by society and the environment in this century is climate 
change, which has led to various impacts, such as the severe drought in the Po River basin. 
Increasing temperatures and a shortage of rainfall have primarily caused this condition. The Po 
River District Basin Authority announced in June 2022 that this is the worst water crisis 
experienced in the last 70 years. Monitoring the river basins continuously can be crucial for 
understanding the issue’s evolution and aiding in formulating regional or national water resource 
management strategies. Decision­makers can rely on cost­effective and dependable data on the 
river basins through the analysis of time­series satellite­based measurements. Within this 
context, remote sensing plays an important role and the Synthetic Aperture Radar (SAR) can be 
particularly advantageous for monitoring river basins due to its high­resolution imaging 
capabilities. The main goals of this study are to develop multi­temporal methods to effectively 
monitor the change of surface water area of the Po River, which is the longest river in Italy. The 
selected test site was strongly affected by drought in the Summer of 2022. Hence, monitoring 
it can be fundamental to understanding his emplacement evolution as well as the effects of 
climate change. Results are obtained by processing a set of 88 dual polarimetric (DP) SAR data 
collected at C­band from the Sentinel­1 and show that the SAR sensor can effectively monitor 
the water body changes that occurred over the river Po basin in an effective way. 
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CO2 capture and storage: a current transversal issue  
that involved ONT 
 
Mario Anselmi1,*, Mauro Buttinelli1, Barbara Cantucci1, Sabina Bigi2, Claudio Chiarabba1 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Università degli Studi di Roma La Sapienza, Italy 
 
*Corresponding author: mario.anselmi@ingv.it 
 
 
CO2 capture and storage (CCS) is an industrial technology that reduces greenhouse gas 
emissions in the atmosphere. It consists of a sequestration of the CO2 produced by industrial 
activities, the transportation from the industrial plants to the storage sites, and the geological 
storage in oil/gas­depleted reservoirs. Since 2014, under a joint research agreement with a 
private research institute, a research team of ONT and Roma1 was involved in a project of a 
“fault lab” a test site for the development and testing of CO2 monitoring technologies 
(microseismicity, leakage, deformation, flux dynamic, etc.). For the INGV task, our team carried 
out a passive seismic experiment to assess the seismic baseline in an area in the South­Western 
Sardinia (Sulcis). In addition to this activity, since 2016, our team has participated every year at 
the annual meeting of CO2 Geonet (the significant European association promotes studies and 
technologies in CCS) and built a European research network with private companies and public 
research institutes engaged in CCS issues and emission reduction. The current need to achieve 
CO2 emission neutrality worldwide in 2050 could address the growing involvement of ONT and 
the whole INGV in the future in terms of seismic and environmental themes. 
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Monitoring of different hazards and environmental impact due 
to heavy industrial activity and natural phenomena through 
Remote Sensing Data  
 
Cristiano Tolomei1,*, Lianhuan Wei2, Fang Wang2, Shanjun Liu2, Christian Bignami1, 
Bing Li3, Donglin Lv4, Elisa Trasatti1, Yuan Cui3, Guido Ventura1, Meng Ao2, 
Stefano Salvi1, Shiliu Wang2, Xingyu Pan2 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2School of Resources and Civil Engineering, Northeastern University, Shenyang, China 
3Department of Geological Environment Monitoring, Liaoning 10th Geological Brigade, Fushun, China 
4Energy Geology Institute, Liaoning Geology and Mineral Resources Group, Shenyang, China 
 
*Corresponding author: cristiano.tolomei@ingv.it 
 
 
In the framework of the ESA­MOST Dragon­5 project, the INGV from Italy, Northeastern 
University (NEU) and Jilin Earthquake Agency from China conduct collaborative research on the 
multiple mining­induced geohazards in Northeast China and the Changbaishan active volcano 
(Jilin Province, ~300 km east from Shenyang) using time Series SAR images. The Fushun west 
Opencast coal mine (FWOCM), located in the southwest of Fushun city, China, is the largest 
opencast mine in Asia. Since the 1920s, more than 90 landslides have been reported in FWOCM, 
especially the huge landslide on the south slope. In order to analyze the spatial pattern and 
temporal evolution of different periods of the landslides and subsidences, MT­InSAR techniques 
have been performed considering Sentinel­1 and Cosmo SkyMed SAR images collected during 
2017 to 2022 to monitor the ground displacement [Wei et al., 2023]. Moreover, analysis on the 
multi­hazards of Changbaishan is very important because a population of ~135000 in China 
and 31000 in North Korea lives within 50 km far from the volcano. We analyzed the deformation 
of Changbaishan volcano during 2018–2022 processing by means of the Permanent Scatterers 
technique [Ferretti et al., 2001] a dataset consisting of 23 ALOS­2 images (L­Band, StripMap 
mode), acquired along the ascending orbit and revealing a low­level unrest occurred during 
2020.12­2021.6. Modeling results suggest that three active sources are responsible for the 
observed ground velocities: a deep tabular deflating source, a shallower inflating NW­SE 
elongated spheroid source, and a NW­SE striking dip­slip fault. 
 
References 
Ferretti, A., Prati, C., and Rocca, F., (2001). Permanent scatterers in SAR interferometry. IEEE Trans. Geosci. 
Remote Sens., 39(1), 8– 20. https://doi.org/10.1109/36.898661 
Wei, L., Wang, F., Tolomei, C., Liu, S., Bignami, C., Li B., Lv D., et al., (2023). Displacements of Fushun west 
opencast coal mine revealed by multi-temporal InSAR technology. Geo­spatial Information Science. 
https://doi.org/10.1080/10095020.2023.2239285 
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The VULCAIN project: a CubeSat space mission  
dedicated to volcanoes  
 
Vito Romaniello*, Maria Fabrizia Buongiorno, Malvina Silvestri 

 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: vito.romaniello@ingv.it 
 
 
This work aims to present the VULCAIN mission study to design new CubeSat satellites for the 
observation of volcanoes. The project, funded by the Italian Space Agency (ASI) and supervised 
by the European Space Agency (ESA), includes six Italian partners. The project involves the 
construction of two 12U nanosatellites flying in formation in order to obtain stereoscopic 
images. Each satellite embarks two instruments on­board: a Commercial Off­The­Shelf (COTS) 
visible camera and a multispectral thermal camera with four channels in the 8­12 µm spectral 
range. The expected spatial resolution is <40 m and <100 m for visible and thermal cameras, 
respectively. The combination of VIS­TIR data allows to reduce the geolocation error and 
enhance the spatial resolution of thermal measurements. The main scientific objectives are to 
measure the Land Surface Temperature (LST), as well as the SO2 content in degassing plumes 
and to detect ash emissions from active volcanoes. Moreover, the use of two nanosatellites in 
formation allows us to obtain 3D images of volcanoes to support the morphological analysis. A 
total of 34 worldwide volcanic sites have been selected as primary targets for the VULCAIN 
space mission. 
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Shear waves velocity model of the crust and uppermost mantle 
in the eastern Alps from Receiver Functions Pseudo-Tomography 
 
Francesco Pio Lucente*, Irene Bianchi, Massimo Di Bona, Carlo Doglioni, Aladino Govoni, 
Simone Salimbeni and AlpArray Working Group** 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: pio.lucente@ingv.it 
 
**AlpArray Working Group: http://www.alparray.ethz.ch/en/seismic_network/backbone/data-policy-and-
citation/ 
 
 
In the receiver function technique, the P­to­S seismic waves conversions at the Earth’s internal 
discontinuities provide information about the depth of such discontinuities beneath the 
recording seismometer and about the seismic waves’ velocity between the discontinuities and 
the receiver. The combination of receiver function (RF) data from multiple seismic stations is 
routinely used to map the main discontinuities in the Earth’s crust and mantle. In this study, 
we took advantage of the RFs computed at the dense network of temporary and permanent 
seismic stations deployed in the framework of the AlpArray Project [www.alparray.ethz.ch] to 
construct a 3D continuous shear waves velocity model of the Earth’s crust and uppermost 
mantle in the eastern Alp region, down to 100 km depth. Through this pseudo­tomographic 
model, we reconstruct the lateral and vertical distribution of the S­waves velocities: the result 
is a very heterogeneous structure, far away from a simple layered crust model. Among the main 
findings we highlight the very low velocity structure of the Alpine roots and beneath the 
Molasse basin, the presence of shallow high velocity bodies beneath the Pannonian basin, and 
the lack of continuities of a Moho­like seismic velocity horizon in the central­western part of 
the study region. 
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Shear waves velocity model of the Earth’s crust and uppermost mantle in the eastern Alps from 
Receiver Functions analysis.
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Recent results from geodynamic and seismotectonic 
investigations in the western Alps 
 
Elena Eva1, Marco G. Malusà2, Stefano Solarino1,* 
         

1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Department of Earth and Environmental Sciences, University of Milano-Bicocca, Milano, Italy 
 
*Corresponding author: stefano.solarino@ingv.it 
 
 
The European Alps are the result of the oblique subduction of the Alpine Tethys under the 
Adriatic microplate since the Late Cretaceous, followed by continental collision between the 
Adriatic and European paleomargins in the Cenozoic. Despite the role of this chain in the 
geodynamic evolution, its deep tectonic structure has long been poorly constrained by 
independent geophysical evidence. However, in the last years, many seismological projects 
provided new data both on transects (Cifalps, Cifalps2 [https://www.isterre.fr/english/research-
observation/research-projects/other-projects/completed-projects/article/projets-cifalps-cifalps-2-
china-italy-france-alps-seismic-survey.html], Ivrea complementary array 
[http://www.alparray.ethz.ch/en/research/complementary-experiments/ivrea/overview/]) or on a 
grid geometry (Alparray [http://www.alparray.ethz.ch/en/]), from local to a regional scale. 
The INGV­ONT group based in Genova joined all projects and cooperated with research groups 
of INGV (Bologna section for CIfalps e Cifalps2) and several Countries to exploit this 
unprecedented amount of data making use of local earthquake seismicity, high precision location 
methods, receiver function, full inversion of teleseismic waveforms, ambient noise tomography, 
seismic anisotropy among the others. The main results [Malusà et al., 2021] can be summarized 
as follows: ­ first seismic evidence of European crust subducted into the Adriatic upper mantle 
­ evidence of the major involvement of the mantle wedge during crucial steps of (U)HP rock 
exhumation ­ high­resolution image of a fossil subduction channel providing evidence of a 
serpentinized plate interface that favors continental subduction ­ evidence of a continuous slab 
beneath the Western and Central Alps, ruling out the classic hypothesis of slab breakoff 
magmatism ­ evidence of a polyphase development of anisotropic mantle fabrics, either 
representing active mantle flows inducing localized weakening of the overlying lithosphere, or 
fossil fabrics inherited from previous rifting stages. 
Data availability: Cifalps and Cifalps2 [https://www.fdsn.org/networks/detail/XT_2018/]; 
Alparray [https://www.fdsn.org/networks/detail/Z3_2015/]; Ivrea complementary array  
[https://www.fdsn.org/networks/detail/XK_2017/]. 
 
References 
Malusà, M. G., Guillot, S., Zhao, L., Paul, A., Solarino, S., Dumont, T., et al., (2021). The deep structure of the 
Alps based on the CIFALPS seismic experiment: A synthesis. Geochemistry, Geophysics, Geosystems, 22, 
e2020GC009466. https://doi.org/10.1029/2020GC009466 
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Station map of the recent passive seismic experiments in the Northwestern Alps. 
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The temporary seismic network “FXLand”:  
contribution to the project “Fiber Optic Cable Use For Seafloor 
Studies Of Earthquake - FOCUS” 
 
Lucia Margheriti1,*, Milena Moretti1, Chastity Aiken2, Salvatore Claudio Alparone1, Ornella 
Cocina1, Danilo Contrafatto1, Antonio Costanzo1, Pierdomenico Del Gaudio1, Sergio Di Prima1, 
Sergio Falcone1, Rocco Lorenzo Festa3, Anna Gervasi1, Aladino Govoni1, Marc­Andre Gutscher2, 
Graziano Larocca1, Mario La Rocca3, Diana Latorre1, Alfonso Giovanni Mandiello1, Alessandro 
Marchetti1, Shane Murphy2, Anna Nardi1, Marina Pastori1, Davide Piccinini1, Stefano Pintore1, 
Michela Ponte3, Salvatore Rapisarda1, Luciano Scuderi1, Salvatore Stramondo1 
 
1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Geo-Ocean | Unité Mixte de Recherche 6538 CNRS - Ifremer - UBO - UBS 

3UniCal | Università della Calabria, Laboratorio di Sismologia, Cosenza, Italy 
 
*Corresponding author: lucia.margheriti@ingv.it 
 
 
In the context of the Fiber Optic Cable Use for Seafloor (FOCUS) project [Gutcher et al., 2023], 
a temporary seismic network – called FXland (1J, Figure A [Moretti et al. 2021; Margheriti et 
al., 2024]) ­ was set up on land to monitor seismic activity in the Ionian Sea. This experiment 
aims to improve the detection of seismicity, the accuracy of earthquake localizations and define 
the crustal structure of the region in greater detail, with particular attention to the seismogenic 
structures present.  
FXland was deployed on land to integrate in real time the permanent networks of the INGV for 
surveillance purposes and it was archived in the EIDA archive. Moreover, the FXOBS (XH) 
network was deployed at sea in stand­alone mode, the data will be released in EIDA in the next 
few years. The institutions involved in the project are collaborating on the acquisition and 
processing of data, the imaging of the Earth’s interior and its modeling with advanced techniques.  
During the operation period (December 23, 2021 ­ February 2, 2023), 1186 regional 
earthquakes and 153 magnitude 6+ teleseisms were recorded [terremoti.ingv.it]. The Bollettino 
Sismico Italiano (BSI) analysts reviewed local events, including seismic sequences near Catania, 
in the Strait of Messina, and in the Ionian Sea from February to April 2022. A template match 
technique was applied, we obtained good results in the first two cases doubling the number of 
detected events, while for the seismicity in the Ionian Sea, there was no improvement; we plan 
to use the data of the XH network. 
 
References 
Gutscher, M., et al., (2023). Detecting strain with a fiber optic cable on the seafloor offshore Mount Etna, 
Southern Italy. Earth and Planetary Science Letters, 616, 118230. 
https://doi.org/10.1016/j.epsl.2023.118230 
Marchetti A., et al., (2016). The Italian Seismic Bulletin: strategies, revised pickings and locations of the Amatrice 
seismic sequence, Ann. Geophysics, this issue. https://doi.org/10.4401/ag­7169 
Margheriti L., et al., (2024). La rete sismica temporanea “FXLand”: contribuito al Progetto “Fiber Optic Cable 
Use For Seafloor Studies Of Earthquake - FOCUS”. Rapp. Tec. INGV, 479: 1­26, 
https://doi.org/10.13127/rpt/479 
Moretti, M., et al., (2021). Seismic Data acquired by FocusX temporary land-network (FXland), Southern Italy 
[Data set]. Istituto Nazionale di Geofisica e Vulcanologia (INGV). 
https://doi.org/10.13127/sd/o5qwm6wjcd M
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 A) Map of the stations of the FXLand network in the frame of the permanent INGV network.  

B) Event ML 0.6 of May 31st in the Messina Strait. Analysis done using the software of the Italian 
Seismic Bulletin. 
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Finding a seismic signature of the Morrone Fault: 
the Majella-Morrone experiment 
 
Mario Anselmi*, Samer Bagh, Claudio Chiarabba, Pasquale De Gori, Rossella Fonzetti,  
Irene Menichelli, Giuseppe Pezzo, Gilberto Saccorotti, Francesca Silverii 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: mario.anselmi@ingv.it 
 
 
In the PON­GRINT project framework, an ONT working group, some Ph.D. students, and 
researchers of other INGV venues designed and carried out a passive seismic experiment. The 
field activities began in May 2022 and are still ongoing in the Abruzzi region (Central Italy). 
Between May and October 2022, an amount of 23 temporary seismic stations were deployed 
in a ~ 250 km2 area extending from the Sulmona­Pratola Peligna basin to the eastern side of 
Mount Morrone.  
The location of the study area is in the Central Apennines, southeast of the area struck by the 
2009 L’Aquila seismic sequence. Although the last 20 years have been characterized by a low­
magnitude seismicity, the presence of the Morrone Fault (a debated active fault at the south­
western front of the Monte Morrone) motivated the realization of our experiment with the goal 
of detecting the microseismicity that occurred in the whole area and also the possible release 
from the Morrone Fault.  
The field activity results in the building of a temporary network, integrated with regional and 
national seismic networks, with an average station inter­distance of about 7­8 Km. We deployed 
a subset of network seismic stations to make a transect across the Monte­Morrone to define 
the fault structure using ambient noise seismological techniques.  
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Map of the temporary seismic network of the experiment and a preliminary location of the seismicity 

recorded between October and December 2022.
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Deformation of Mefite d’Ansanto area (AV). FURTHER Project 
 
Alessandra Esposito*, Fawzi Doumaz, Alessandro Galvani, Mirko Iannarelli, Mimmo Palano, 
Grazia Pietrantonio, Federica Riguzzi, Vincenzo Sepe, Federica Sparacino, Daniele Trippanera  
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: alessandra.esposito@ingv.it 
 
 
In the frame of the Departmental FURTHER project (The role of FlUids in the pReparaTory pHase 
of EaRthquakes in Southern Apennines [https://progetti.ingv.it/en/further]), we focus on the 
geodetic monitoring of the Mefite d’Ansanto deep CO2 degassing area (AV, Italy) to provide an 
improved picture of the regional crustal deformation pattern. We analyzed all available 
continuous GNSS observations with the new data collected at episodic benchmarks. The area 
represents the largest low­temperature non­volcanic CO2 emission of the Earth [Chiodini et al., 
2010]. The main degassing vent is a wide horse­shoe shaped erosion hosting the lake Mefite, 
about 20 m2. We implemented a new local GNSS network (Figure), and we carried out a survey 
with flew over the area with a quadcopter drone to obtain a high­resolution Digital Elevation 
Model (DEM) (Figure); that also aim is also ed to estimate the amount and the variations of the 
Mefite lake level in space and time. The new local GNSS network, MefiteNet, consists of one 
permanent and three episodic stations. The permanent MEFI station was installed on 14th April 
2022, in the Serro del Bosco location. Since 21th April 2022 MEFI is part of the RING network 
[Selvaggi et al., 2006; INGV RING Working Group, 2016]. On 14th October 2022 three GNSS 
stations, named SAFE, DGAS and STAC respectively were installed. 
To create the DEM, an aerial photogrammetric survey was conducted using a DJI Mavic 2 Pro 
drone. We chose to perform a Terrain Follow Flight to ensure a constant pixel size and avoid 
issues with ground coverage. To increase the accuracy of the products and achieve the most 
precise georeferencing possible, we conducted a ground­based GPS measurement (RTK) using 
a STONEX S900A Rover receiver. This allowed us to measure 16 Ground Control Points, 
resulting in a ground resolution of 4.5 cm. 
 
References 
Chiodini, G., Granieri, D., Avino, R., Caliro, S., Costa, A., Minopoli, C. et al., (2010). Non-volcanic CO2 Earth 
degassing: Case of Mefite d’Ansanto (southern Apennines), Italy. Geophys. Res. Lett., 37, L11303. 
https://doi.org/10.1029/2010GL042858 
Selvaggi et al. (2006). La “Rete Integrata Nazionale GPS” (RING) dell’INGV: una infrastruttura aperta per 
la ricerca scientifica. https://www.earth­prints.org/bitstream/2122/2475/1/1101.pdf 
INGV RING Working Group (2016). Rete Integrata Nazionale GNSS. https://doi.org/10.13127/Ring 
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 GNSS MefiteNet and high­resolution Digital Elevation Model (DEM). a ­ location of benchmarks. Red 
square area of Digital Elevation Model. b, c, d, e ­ monumentation of the network at different 

benchmarks. f ­ first DEM of the degassing area. g ­ orthophoto with the Ground Control Points (yellow 
dots) position used during the UAVsurveys. h ­ detail of GCP. i ­ degassing area view, geological setting. 

l ­ detail of survey.
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ARISTOTLE: A multi hazard scientific expert assessment service 
for the EC Emergency Response Coordination Center 
 
Adriano Azzarone, Stefano Carlino, Spina Cianetti, Stefano Corradini, Claudia D’Oriano, 
Gianfilippo De Astis, Paola Del Carlo, Alessio Di Roberto, Mauro Antonio Di Vito,  
Licia Faenza, Giovanna Forlenza*, Carlo Giunchi, Roberto Isaia, Enrica Marotta, Luca Merucci, 
Alberto Michelini, Rosella Nave, Ilaria Oliveti, Marco Olivieri, Lucia Pappalardo,  
Mario Paratore, Massimo Pompilio, Dmitri Rouwet, Emiliano Russo, Giuseppe Salerno, 
Simona Scollo, Jacopo Selva, Giulia Sgattoni, Letizia Spampinato, Claudia Spinetti 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: giovanna.forlenza@ingv.it 
 
 
This presentation describes the activities provided by the All Risk Integrated System TOwards 
Transboundary hoListic Early warning (ARISTOTLE [http://aristotle.ingv.it]) consortium to the 
Emergency Response Coordination Centre (ERCC) of the European Civil Protection and 
Humanitarian Aid Operations Directorate (DG­ECHO) for the realization of the European 
Natural Hazards Scientific Partnership (ENHSP). The ARISTOTLE partnership includes 
(currently) 24 institutions from EU and non­EU Countries and from European international 
organizations operating in the Meteorological and Geophysical domains. The service provided 
by the ARISTOTLE consortium responds to the needs of the ERCC to coordinate very rapidly 
the delivery of assistance to disaster­stricken countries within the EU Civil Protection 
Mechanism both within and outside the Union. It features a 7/24H operational system 
providing multi­hazard expert advice on six hazards: volcanoes, earthquakes, tsunami, severe 
weather, flooding and forest fires. Core to the service is the multi­hazard board (MHB) that is 
composed by one representative per hazard on duty call 7/24H for a total of six (i.e., the number 
of hazards currently active) people. They constitute the European Natural Hazards Scientific 
Partnership, ENHSP. 
ARISTOTLE provides ERCC with three different operational services: emergency (ERM), routine 
(ROM) and the Scientific Technical Assistance Facility (STAF); the latter subdivided in fast track 
and operational preparedness. The ERM and ROM reports are assembled and created through 
the Scientific Products Archiving and Document Assembly (SPADA) platform. It consists of back­
end software developed in the Python script language [https://www.python.org/], and of a front­
end web browser application developed using the Tiki­Wiki [https://tiki.org/] and the PHP 
[https://www.php.net/] softwares. The activities carried out by the ARISTOTLE Consortium rely 
on a well consolidated, flexible and scalable governance structure that has allowed integrating 
new service components and additional hazard types into it and will continue progressing 
toward new technological development for further multi­hazard operational services. 
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 The operational 24/7 multi­hazard advisory structure with the central core (the Multi­Hazard 
Board ­ MHB). 
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INGV-MASE (Ministero dell’Ambiente della Sicurezza 
Energetica) Research Agreement - Subsidence Project 
 
Francesca Silverii, Matteo Albano, Letizia Anderlini, Giulia Areggi, Roberto Devoti, 
Dung Thi Vu, Mimmo Palano, Francesco Pintori, Marco Polcari, Michele Proietto, 
Enrico Serpelloni, Federica Sparacino, Nikos Svigkas, Elisa Trasatti, Giuseppe Pezzo* 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding authors: giuseppe.pezzo@ingv.it 
 
 
We describe the activities carried out in the framework of the Research Agreement 2020 
between INGV and the Ministry of Environment and Energy Security (MASE). Aim of the project 
is to develop a monitoring workflow to detect and quantify the different factors contributing to 
ground deformation, and, in particular, the hydrocarbon production and storage. 
The pilot area is the eastern sector of Po Valley where ground deformation can be attributed to 
different processes, both natural and anthropogenic, characterized by different temporal trends 
and spatial distributions. 
We tested an approach based on a workflow of 4 operational levels that start from deformation 
data processing and progressively extract information from these to provide an interpretation 
in a systematic and standardized manner, conceptually tracing the different steps of a ground 
deformation monitoring system. 
In Level 1 we used GNSS and InSAR data, processed by INGV and Hydrocarbon Companies, 
obtaining integrated and validated displacement fields. Afterwards (Level 2), i) we collected and 
standardized deformation and ancillary (gas extraction/injection, hydrological and rain data) 
datasets; ii) based on time series frequency analysis and spatial/temporal signal decomposition, 
we defined parametric indices characterizing different ground deformation effects; iii) we 
compared (correlation analysis) displacement and ancillary data. Analytical modeling (Level 3) 
provided a first quantitative estimation of the anthropogenic contribution to the ground 
deformation. The final interpretation (Level 4) returns a successful workflow in which all data, 
analysis and modeling contributed to multiscale monitoring systems. 
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Study goal, involved study area and datasets used. Two examples of the techniques applied in Level 2 
are presented. These show the results obtained respectively through the parametric indices 

computation and the data­driven decomposition, both applied on GNSS and InSAR data. 
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Sea level rise projections up to 2150 in the northern 
Mediterranean coasts 
 
Antonio Vecchio1,2, Marco Anzidei3,*, Enrico Serpelloni3 
 
1Radboud Radio Lab, Department of Astrophysics/IMAPP–Radboud University, The Netherlands 
2LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, Meudon, France 
3INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: marco.anzidei@ingv.it 
 
 
Vertical land movements (VLM) play a crucial role in affecting the sea level rise along the coasts. 
They need to be estimated and included in the analysis for more accurate Sea Level (SL) 
projections. Here we focus on the Mediterranean basin characterized by spatially variable rates 
of VLM that affect the future SL along the coasts. To estimate the VLM rates we used geodetic 
data from continuous GNSS stations with time series longer than 4.5 years in the 1996­2023 
interval, belonging to Euro­Mediterranean networks and located within 5 km from the coast. 
Revised SL projections up to the year 2150 are provided at 265 grid points and at the locations 
of 51 tide gauges of the Permanent Service for Mean Sea Level, by including the estimated VLM 
in the SL projections released by the Intergovernmental Panel on Climate Change (IPCC) in the 
AR6 Report [Vecchio et al., 2014]. Results show that the IPCC projections underestimate future 
SL along the coasts of the Mediterranean Sea since the effects of tectonics, volcanism and other 
local factors were not properly considered. Here we show that revised SL projections at 2100, 
when compared to the IPCC, show a maximum and minimum differences of 1094 ±103 mm and 
­773±106 mm, respectively, with an average value that exceeds by about 80 mm that of the 
IPCC in the reference Shared Socio­economic Pathways and different global warming levels. 
Finally, the projections indicate that about 19.000 km2 of the considered Mediterranean coasts 
will be more exposed to inundation for the next decades, leading to enhanced impacts on the 
environment, human activities and infrastructures, thus suggesting the need for concrete actions 
to support vulnerable populations to adapt. 
 
References 
Vecchio, A., Anzidei, A., Serpelloni, E., (2024). Sea level rise projections up to 2150 in the northern 
Mediterranean coasts. Environ. Res. Lett., 19 014050. https://doi.org/10.1088/1748­9326/ad127e 
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Relative sea level rise projections at 2150 relative to 2020, for the coasts of the Mediterranean basin 
for SSP8.5 scenarios at the PSMSL tide gauges (green dots) and on a geographical grid of 0.5°× 0.5° 

(color scale). The map results from the combination of the IPCC AR6 projections at regional scales with 
the VLM derived from GNSS data (only grid points that include GNSS stations are represented). The 

VLM value in each cell is obtained by calculating the median of all the GNSS measurements contained 
in the given cell. 
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A new webGIS for the interactive sea level rise and storm surge 
scenarios up to 2100 for the Mediterranean costs 
 
Antonio Falciano1, Marco Anzidei2,*, Michele Greco3,4, Maria Lucia Trivigno1, 
Antonio Vecchio5,6, Charalampos Georgiadis7, Petros Patias7, Michele Crosetto8, 
Josè Navarro8, Enrico Serpelloni2, Cristiano Tolomei2, Giovanni Martino3, 
Giuseppe Mancino1, Francesco Arbia4, Christian Bignami2, Fawzi Doumaz2 
 
1CGIAM | Center of Integrated Geomorphology for the Mediterranean Area, Potenza, Italy 
2INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
3UNIBAS | Engineering School, University of Basilicata, Potenza, Italy 
4FARBAS | Regional Environmental Research Foundation of Basilicata, Potenza, Italy 
5Radboud Radio Lab, Department of Astrophysics/IMAPP–Radboud University, The Netherlands 
6LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Meudon, France 
7AUTH | School of Civil Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece 
8CTTC | Centre Tecnològic de Telecomunicacions de Catalunya, Barcelona, Spain 
 
*Corresponding author: marco.anzidei@ingv.it 
 
 
Here we show a new thematic webGIS released in the frame of the SAVEMEDCOASTS­2 project. 
The aim is to provide a new tool to support land planners and decision­makers against the 
expected effects of Relative Sea Level Rise (RSLR) along the Mediterranean coasts. The webGIS 
has been developed according the formulation and prioritisation of climate­resilient adaptive 
pathways and realised under the umbrella of the European Union (DG­ECHO), to respond to the 
need for people and assets prevention from natural disasters of coastal communities in areas 
prone to the combined effect of Sea Level Rise (SLR) and vertical land movements (VLM). The 
geospatial data are based on high­resolution Digital Terrain Models (DTM) from available LiDAR 
data or specifically realised by UAVs, bathymetric data, rates of VLM, and multi­temporal coastal 
flooding scenarios for 2030, 2050, and 2100 with respect to 2021, as a consequence of RSLR. 
The latter are realised according to the 5th Assessment Report (AR5) released by the 
Intergovernmental Panel on Climate Change (IPCC, www.ipcc.ch) for two different 
Representative Concentration Pathways of climate projections (namely, RCP2.6 and RCP8.5 
corresponding to low and high greenhouse gases emission scenarios). The high resolution maps 
of RSLR scenarios included in the webGIS, also take into account the contribution of the highest 
astronomical tides (HAT) and storm surges (SS) that exacerbate the RSLR effects on coastal 
infrastructures, environment and threatening human activities and safety.  
 
References 
Falciano, A., Anzidei, M., Greco, M., Trivigno, M.L., Vecchio, A., Georgiadis, C., et al., (2023). The 
SAVEMEDCOASTS-2 webGIS: The Online Platform for Relative Sea Level Rise and Storm Surge Scenarios up to 
2100 for the Mediterranean Coasts. J. Mar. Sci. Eng., 11, 2071. https://doi.org/10.3390/jmse11112071 
Vecchio A., Anzidei M., Serpelloni E. (2023.) Sea level rise projections up to 2150 in the northern 
Mediterranean coasts. Environ Res Lett. https://doi.org/10.1088/1748­9326/ad127e  
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 The Ebro delta (Spain). Multitemporal RSLR scenarios in 2030 (yellow), 2050 (orange), and 2100 (red) 
for the RCP8.5 climate projections from the regional IPCC AR5 Report, integrated with the 

contribution of the mean VLM rate derived from the combined InSAR­GNSS analysis.  
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Relative Sea Level Rise projections and flooding scenarios for 
2150 A.D. for the Island of Ustica (Southern Tyrrhenian Sea, Italy) 
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*Corresponding author: marco.anzidei@ingv.it 
 
 
The island of Ustica is exposed to the effects of sea level rise that is threatening its coastal zone. 
With the aim to assess the expected sea levels by 2150 under the climatic projections shown 
in the AR6 Report of the IPCC, a detailed evaluation of the potential coastal flooding under 
different climatic scenarios and the ongoing vertical land movements has been carried out for 
three coastal zones [Anzidei et al., 2023]. Scenarios are based on the determination of the 
current rates of land subsidence from GNSS data, coastline position, high­resolution Digital 
Terrain and Marine Model and the SSP1­2.6, SSP3­7.0 and SSP5­8.5 climatic projections. 
Relative sea level rise projections allowed to map the potential inundated surfaces for 2030, 
2050, 2100 and 2150. Results show rising sea levels for 2150 ranging from a minimum of 66±40 
cm (IPCC AR6 SSP2.6) to a maximum of 128±52 cm (IPCC AR6 SSP8.5). In such conditions, 
considering the SSP8.5 scenario, during storm surges with return time (RT) of 1 and 100 years 
the expected maximum wave run up along the island may vary from 3 m (RT=1) up to 14 m 
(RT=100), according to the coastal morphology. Our results show that adaptation and mitigation 
actions are required to protect the touristic and harbor installations of the island.  
 
References 
Anzidei, M., Trippanera, D., Bosman, A., Martin, F.F., Doumaz, F., Vecchio, A., et al., (2023). Relative Sea-
Level Rise Projections and Flooding Scenarios for 2150 CE for the Island of Ustica (Southern Tyrrhenian Sea, 
Italy). J. Mar. Sci. Eng. 2023, 11(10), 2013. https://doi.org/10.3390/jmse11102013 
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 The potential submersion areas for Ustica Harbor in storm surge conditions for a return time (RT) of 100 
years, based on the 2019 sea level and the RSLR conditions in 2150 for the SSP5­8.5 climatic scenario. 
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Real-time seismicity dashboards 
 
Maurizio Pignone*, Sergio Falcone, Raffaele Moschillo 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: maurizio.pignone@ingv.it 
 
 
Cloud­GIS applications of the “dashboard” type allow the creation of visualization tools for 
datasets and their associated information through simple, and even dynamic, infographics, which 
are highly effective for communicating with non­expert users. The use of dashboards is 
becoming increasingly common in seismology as well, to display the spatio­temporal evolution 
of seismicity or seismic sequences. Since 2021, thanks to the evolution of ArcGIS Online 
[https://www.arcgis.com/], it has been considered to use this tool for real­time visualization and 
interaction with real­time seismicity recorded by the Italian National Seismic Network’s stations 
(Rete Sismica Nazionale, RSN). 
By querying the web services of the terremoti.ingv.it portal, a service has been developed to 
continuously read seismic events within a certain spatial, temporal, or magnitude range and 
store them within a Geodatabase on SQL Server. All events are classified, filtered, and organized 
for the creation and publication of services, enabling the creation of numerous dashboards to 
interact with seismicity localized in Italy over the last 7, 30, and 90 days 
[https://storymaps.arcgis.com/collections/e667de03a68f4a788cb786cc6ef6d771]. 
The dashboard interface (Figure) presents various information in the form of dynamic maps, 
lists, and infographics that update automatically or with a browser refresh. Dashboards are a 
very valid tool also during the dissemination events and information days that the INGV 
promotes through the use of touch screens that allow the creation of real exhibits to interact 
with the public, demonstrating the potential of GIS in risk communication. Furthermore, real­
time seismicity dashboards are used during a seismic emergency as they allow you to follow the 
trend of seismicity or a sequence and view the related information contained in the infographics. 
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 Graphic interface of one of the dashboards with real­time seismicity over the last 30 days. 
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Earthquake and Tsunami Stories 
 
Maurizio Pignone*, Anna Nardi, Maria Di Nezza, Carlo Meletti, Raffaele Moschillo,  
Alessandro Amato, Silvia Filosa, Laura Graziani, Lorenzo Cugliari 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: maurizio.pignone@ingv.it 
 
 
In recent years, INGVterremoti [https://ingvterremoti.com/] has published numerous story maps 
to narrate various aspects of earthquakes and tsunamis that have affected the Italian territory 
and the Mediterranean basin in the past and more recent times. These story maps integrate 
descriptive, photographic, and multimedia information with georeferenced data from INGV’s 
seismological and seismotectonic databases. You can access the entire collection of story maps 
created by INGVterremoti on their page at https://ingvterremoti.com/storymaps/. 
In particular, between 2022 and 2023, four story maps have been published that recount events 
and sequences, some more recent than others, which are associated with interesting and often 
impactful stories. The first two relate to two significant seismic sequences that affected the 
Italian territory in the decade from 2002 to 2012. The third tells the story and memory of an 
earthquake that struck Irpinia and Sannio in the early 1960s, and the fourth narrates the 
unimaginable stories of wrecks linked to the 2011 Japanese tsunami (Figure). 
 
In Figure, from the top to bottom: 
“I terremoti in Pianura Padana del 2012 - Un viaggio in 10 tappe nella sequenza sismica iniziata nel 
mese di maggio di dieci anni fa” 

[https://storymaps.arcgis.com/stories/2dd75b9a57c54466b19b1dc48053f148]; 
 

“21 agosto 1962: un terremoto dimenticato - Il racconto e la memoria del terremoto che colpì l’Irpinia 
e il Sannio agli inizi degli anni ‘60” 

[https://storymaps.arcgis.com/stories/f351489b8da7483b978c2e52e6dc9f75]; 
 

“I terremoti in Molise del 2002” 
[https://storymaps.arcgis.com/stories/4da97a5cf09e4398b850223dba8d21e4];  
 

“Maremoti e relitti - Storie straordinarie di oggetti dispersi dal maremoto giapponese dell’11 marzo 
2011” 

[https://storymaps.arcgis.com/stories/50a616d2d6bf4eb8adc3b98d81948d89]. 
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The four­story maps published by INGVterremoti between 2022 and 2023.  
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The Earthquake Calendar 
 
Maurizio Pignone*, Sergio Falcone, Anna Nardi 
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*Corresponding author: maurizio.pignone@ingv.it 
 
 
You can consult day by day the occurrences of the strongest earthquakes that have struck the 
Italian territory in the past and more recently on the INGVterremoti channels 
[https://ingvterremoti.com/] and ONT website [https://www.ont.ingv.it/], using data, information, 
and testimonies contained in the historical seismicity databases curated by INGV and in­depth 
articles published on INGVterremoti. 
The Earthquake Calendar allows access to the data and information contained in the catalogues 
and studies of historical seismology collected in the Italian Historical Macroseismic Archive 
(ASMI). It also presents the estimated magnitude (Mw) and maximum perceived intensity (Imax) 
parameters proposed by the Catalogo Parametrico dei Terremoti Italiani (CPTI15 
[https://emidius.mi.ingv.it/CPTI15-DBMI15/]). From the Calendar, you can directly access the 
informative pages of ASMI [https://emidius.mi.ingv.it/ASMI/] for each event through the 
respective link. If the earthquake is also listed in the Catalogo dei Forti Terremoti (CFTI5Med 
[https://storing.ingv.it/cfti/cfti5/]), a link to the relevant page is available. Finally, a link to the 
articles published on INGVterremoti.com in the categories “Earthquakes in History” and 
“Earthquakes in Italy” is provided or to the relevant story map if it has been created. 
To date, the calendar has included approximately 115 earthquakes, selected based on estimated 
magnitude and their effects on the territory; in the future events with effects related to the 
tsunami will also be included. The Earthquake Calendar is available as a story map 
[https://arcg.is/1rmLnH] on the ONT website (Figure [https://www.ont.ingv.it/informazione-e-
divulgazione/alla-scoperta-dei-terremoti/calendario-terremoti]) in a dedicated page and is also 
shared as a post on the INGVterremoti Facebook page. 
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 Earthquake Calendar graphical interface on the ONT website. For each event, the pop­up can be 
displayed with the relevant information and available links. 
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Tsunami Ready in Italy. 
A programme to mitigate tsunami risk 
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Cecilia Valbonesi1,2, Maurizio Pignone1 
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Tsunami Ready aims to foster tsunami risk awareness and effective tsunami risk management 
by coastal communities, who are encouraged to take an active role in defining and implementing 
life­saving measures. Tsunami Ready is a voluntary, performance­based recognition programme 
that promotes prevention and preparedness through the active collaboration of national and 
local civil protection agencies, land­use authorities, scientists and citizens [Amato et al., 2020; 
2023]. In taking the programme as one of its objectives, the IOC/UNESCO developed 
international guidelines as a guide for accrediting individual municipalities to be declared 
Tsunami Ready. INGV’s Tsunami Alert Centre is working on the objectives of the Ocean Decade, 
particularly on the “Safe Ocean”. Among the challenges in this area is to increase the resilience 
of communities towards the risks of the oceans and seas, and Tsunami Ready is one of the main 
tools to achieve this [UNESCO­IOC, 2023]. In 2020, the INGV and the Civil Protection 
Department launched the first initiatives in some pilot coastal municipalities that decided to 
join the programme with enthusiasm: the Municipality of Minturno in Lazio, the Municipality of 
Palmi in Calabria, and the Municipality of Pachino in Sicily; in 2023, the Municipality of Otranto 
in Puglia also joined the programme. We are currently waiting for the municipal resolution of 
the municipality of Lipari (ME), which will join the programme with Stromboli Island. Meanwhile, 
the first joining municipalities have taken important steps (Figure). 
 
References 
Amato, A., (2020). Some reflections on tsunami early warning systems and their impact, with a look at the 
NEAMTWS. BGTA. https://doi.org/10.4430/bgta0329 
Amato, A., Valbonesi, C., Cugliari, L., Graziani, L., Romano, F., (2023). Tsunami Ready in Italy: towards the 
UNESCO recognition. EGU General Assembly 2023, EGU23­15864. https://doi.org/10.5194/egusphere­
egu23­15864 
UNESCO­IOC, (2023). The North-Eastern Atlantic, the Mediterranean and connected seas Tsunami Early 
Warning and Mitigation System (ICG/NEAMTWS) 2030 Strategy (summary). Paris, Intergovernmental 
Oceanographic Commission of UNESCO. 2023. (IOC Brochure 2023­2). 
https://unesdoc.unesco.org/ark:/48223/pf0000385120 (coord. A. Amato and Brian McConnell) 
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Map with the location and some information of the 5 pilot sites that have joined the UNESCO Tsunami 
Ready program. Three of them started in 2021 (Minturno, Palmi, Pachino­Marzamemi), whereas the 

other two (Otranto and Stromboli volcano) joined in 2023. 
 
 



14
6

The social impact of Earthquake Early Warning systems. 
Testing the survey questionnaire 
 
Lorenzo Cugliari*, Giuseppe Ruzza, Alessandro Amato, Chiara Ladina, Simone Marzorati, 
Luigi Zarrilli 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: lorenzo.cugliari@ingv.it 
 
 
Earthquakes pose a particular risk to human lives. They are in fact unpredictable, temporally 
and spatially variable as well as occurring sequentially or in series. Depending on the territorial 
context, even small magnitude earthquakes can cause damage. Most of the Italian peninsula 
has a high seismic hazard. Earthquake Early Warning (EEW) is one of the most effective tools to 
protect human lives. The EEW allows the public to be alerted or to activate automatic protection 
mechanisms from a few seconds to a to a few tens of seconds (depending on the distance of 
the hypocentre from the person receiving the alert) before the earthquake­induced vibration is 
felt. In some regions, EEW systems have been operational for several years. In New Zealand, 
the system has not yet been implemented, so a team of sociologists surveyed the opinions of a 
sample of citizens on the degree of acceptance and what they thought of such a system [Becker 
et al., 2020]. In Italy, an operational earthquake early warning system does not yet exist [Satriano 
et al., 2011]. Based on New Zealand’s experience, we translated the questionnaire they 
implemented and then administered it to a sample of Italian students visiting the INGV 
headquarters in Grottaminarda (Figure) to assess the acceptability and social impact of an EEW 
system in Italy. This administration is also essential to pre­test the survey instrument and to 
understand whether it works. To date, 212 questionnaires have been collected. This initiative is 
part of the: “Ricostruzione Centro Italia DL50 - Monitoraggio e analisi fenomeni sismici / WP 
Earthquake Early Warning project” (coord. Simone Marzorati and Claudio Martino). 
 
References 
Becker, J. S., Potter, S. H., Vinnell, L. J., Nakayachi, K., McBride, S. K., & Johnston, D. M., (2020). Earthquake 
early warning in Aotearoa New Zealand: A survey of public perspectives to guide warning system development. 
Humanities and Social Sciences Communications, 7(1), 1­12. https://doi.org/10.1057/s41599­020­00613­9 
Satriano, C., Elia, L., Martino, C., Lancieri, M., Zollo, A., Iannaccone, G., (2011). PRESTo, the earthquake 
early warning system for southern Italy: Concepts, capabilities and future perspectives. Soil Dynamics and 
Earthquake Engineering, 31(2), 137­153. https://doi.org/10.1016/j.soildyn.2010.06.008 
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Earthquake Early Warning Questionnaire administration. 
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Longitudinal assessment of tsunami knowledge in an Italian 
school 

Lorenzo Cugliari*, Alessandro Amato, Massimo Crescimbene 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: lorenzo.cugliari@ingv.it

Italy is at tsunami risk, a phenomenon characterized by low frequency of occurrence that can 
cause widespread and destructive impact on coastlines. The activities carried out by the INGV’s 
Tsunami Alert Center (CAT­INGV), in concert with Italian Department of Civil Protection, include 
tsunami risk mitigation through: i) the study of tsunami risk perception, ii) the Tsunami Ready 
program, and iii) educational and dissemination activities with different methodologies. In this 
work we analyze the effectiveness and durability of learning about knowledge and tsunami risk 
with Lazzaro Spallanzani Scientific High School students, in Tivoli (Rome province). The 
assessment involved the administration of an online questionnaire composed of selected items 
from the tsunami risk perception survey carried out by CAT for the tsunami risk perception study 
[Cerase et al., 2019; Cugliari et al., 2022]. The survey sample consists of 90 students identified 
by age group (16­19 y.o.) and study address (high school scientific address). Data analysis shows 
an evident increase in tsunami risk knowledge (e.g. Figure). Student educational needs also 
emerge that can be used as leverage to structure targeted and effective interventions and 
increase young people’s awareness of tsunami risk in other areas. There is also evidence that 
fieldwork, with the aid of multimedia and possibly interactive or assisted media, provides 
successful maintenance of attention and facilitates assimilation.  
The survey’s preliminary outputs were presented at the 2023 EGU [Cugliari et al., 2023]. 

References 
Cerase, A., Crescimbene, M., La Longa, F., Amato, A., (2019). Tsunami risk perception in southern Italy: first 
evidence from a sample survey. Natural Hazards and Earth System Sciences, 19(12), 2887­2904. 
https://doi.org/10.5194/nhess­19­2887­2019  
Cugliari, L., Crescimbene, M., La Longa, F., Cerase, A., Amato, A., Cerbara, L., (2022). Tsunami risk perception 
in central and southern Italy. Natural Hazards and Earth System Sciences, 22(12), 4119­4138. 
https://doi.org/10.5194/nhess­22­4119­2022  
Cugliari, L., Crescimbene, M., Amato, A., (2023). Longitudinal assessment of tsunami knowledge in an Italian 
school. In EGU General Assembly Conference Abstracts (pp. EGU­15923). 
https://doi.org/10.5194/egusphere­egu23­15923  
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Response percentages to the question “Which Italian regions do you think are most likely to be hit by a 
tsunami?” by stage.
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A website concept for navigating into the earthquakes 
parameters 
 
Giorgio Maria De Santis 
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A well designed, simple and immediate user experience makes the use of a software more 
enjoyable, usable, immediate and more accessible to a wider audience of users. 
In recent years the development of web GIS, web scripting and geospatial data storage 
technologies has made possible the creation of high performance web sites with interactive maps. 
Our project aspires, using the aforementioned technologies, to realize a web interface that 
allows the consultation of seismic events using both a canonical tabular representation and an 
interactive and dynamic map. Furthermore, the introduction of the map as an additional tool to 
represent seismic events, allows less experienced users to make specific geographic queries and 
researches with more ease and with the possibility of combining it with more canonical 
instruments. 
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Screenshot extracted from the website presented at the “ONT Giornata 2023”.
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Disseminating knowledge and best practice  
in low seismicity areas 
 
Elena Eva*, Stefano Solarino 
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*Corresponding author: elena.eva@ingv.it 
 
 
In Liguria, Valle d’Aosta and Piedmont, earthquakes are not the main threat. Seismicity is of low 
to moderate magnitude and rarely exceeds 5.0. Large earthquakes date back more than a 
hundred years and are perceived as impossible or at least uncommon events. However, there is 
a demand for educational activities from teachers and the public. These are valuable 
opportunities not only to inform about earthquakes, but also to promote best practices. 
Educating people about natural hazards is a hard task that needs to overcome a certain public 
reluctance and must be addressed using proper and appealing language, often using alternative 
means like videos, serious games, and apps. As expected, the attention of the public and 
especially of the press is strictly dependent on the occurrence of earthquakes and, in the case 
of schools, often concentrated in peculiar periods dependent on school planning. We have 
designed tools to be implemented in happenings or as standalone as described, for example, in 
Musacchio and Solarino [2019] or Solarino et al. [2021]. 
The activities have been carried out in the form of conferences, frontal classes, laboratories, 
quizzes in public meetings or online. We discuss the pros and cons of each group of initiatives, 
keeping in mind that the hardest task is to check how much of the education message is 
transferred to the interlocutors and converted to best practices. Overall, risk communication is 
a great opportunity to transform scientific knowledge into preventive actions.  
 
References 
Musacchio, G., and Solarino, S., (2019). Seismic risk communication: an opportunity for prevention. Boll. Geof. 
Teor. Appl., 60, 2. https://doi.org/10.4430/bgta0273 
Solarino, S., Musacchio, G., Ferreira, M.A., and Eva, E., (2021). Playing games for risk prevention: design, 
implementation and testing of serious games in recent European projects UPStrat-MAFA and KnowRISK. Ann. 
Geophys. 64, 3, SE327. https://doi.org/10.4401/ag­8436 
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Some shots from the recent ONT Genova branch education/dissemination activities. 



15
4

The ONT’s contribution to the Collane Editoriali INGV 

Milena Moretti*, Christian Bignami, Lorenzo Cugliari, Anna Nardi and  
Collane Editoriali INGV Team** 
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**Collane Editoriali INGV Team: Milena Moretti, Laura Alfonsi, Barbara Angioni, Raffaele Azzaro,  
Christian Bignami Simona Carannante, Massimiliano Cascone, Viviana Castelli, Rossella Celi, Luca Cocchi,  
Rosa Anna Corsaro, Luigi Cucci, Lorenzo Cugliari, Alessia Di Caprio, Roberto Di Martino, Domenico Di Mauro, 
Francesca Di Stefano, Domenico Doronzo, Filippo Greco, Alessandro Iarocci, Marcello Liotta, Mario Mattia, 
Daniele Melini, Anna Nardi, Lucia Nardone, Marco Olivieri, Nicola Pagliuca, Patrizia Pantani, Pierangelo Romano, 
Maurizio Soldani, Sara Stopponi, Umberto Tammaro, Andrea Tertulliani, Stefano Urbini  

The ONT is a distinctive section within the INGV, characterized by strong technical and 
technological capabilities. Its core activities encompass technological development, 
infrastructure management—including monitoring networks and databases—and associated IT 
services. Disseminating acquired knowledge and showcasing implemented innovations, 
technical and scientific results, as well as highlighting significant accomplishments from national 
and international collaborations, stand as primary objectives of our institute. 
The Collane Editoriali INGV [https://editoria.ingv.it/] serves as an ideal platform for fulfilling these 
objectives. Comprising technical­scientific journals subjected to a single­blind peer­review 
process, the Collane Editoriali INGV includes the scientific journal Quaderni di Geofisica, 
alongside the technical­scientific journals Rapporti Tecnici INGV and Miscellanea INGV. These 
publications cover a broad spectrum of Earth sciences, focusing on environmental issues, 
seismology, and volcanology—representing the key research areas of the three INGV 
departments: Environment, Earthquakes, and Volcanoes. 
The inaugural publication of the Collane Editoriali INGV was Quaderni di Geofisica in 1998, with 
189 volumes published as of October 1, 2023. Subsequently, Rapporti Tecnici INGV debuted in 
2002, accumulating 476 issues by October 1. The last addition to the Collane Editoriali INGV, 
Miscellanea INGV, commenced in 2008 and presently boasts 76 issues. 
Each of the three Collane Editoriali INGV holds an International Standard Serial Number (ISSN), 
and since 2015, every publication is assigned a DOI, with ongoing efforts to retroactively provide 
DOIs for earlier releases. A qualified Editorial Board, in collaboration with the Editorial Office, 
plays a pivotal role in selecting and managing high­quality papers. 
We take pride in showcasing ONT’s significant contributions to the Collane Editoriali INGV 
throughout its 25 years of active engagement. 
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Poster presented at the “Giornata ONT 2023”. We show the current configuration of the Collane: the 
members of the Editorial Board and the Editorial Office. We also show the contribution made by the ONT.
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International Training Schools. Past and future activities at 
ONT and Roma 2 

Stefano Corradini*, Massimo Musacchio, Claudio Cesaroni 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: stefano.corradini@ingv.it

Training activities are essential for the dissemination of the most advanced knowledge in the 
different fields of science. For several years, at ONT and Roma 2, training schools have been 
organized in the field of monitoring convective and volcanic clouds (Convective and Volcanic 
Cloud Training School­CVC), calibration and validation (International Remote Sensing Summer 
School­IRSSS) and the study of ionospheric processes (East African Capacity Building Workshop 
on GNSS and the Low Latitude Ionosphere). The aim of the schools is to train new generations 
of researchers who are able to use innovative instruments and the most advanced techniques 
to understand natural phenomena and their effects on the environment and society. Schools 
promote an ideal environment capable of facilitating students’ interaction with each other and 
with experts in different research fields as much as possible, in order to encourage the exchange 
of experiences and future collaborations. The poster in Figure describes the main activities of 
the three international training schools organized at ONT and Roma 2. As the poster shows, 
among the frontal theoretical lectures, great importance is given to field measurements and 
hands­on sessions using different instrumentations in order to allow students to understand 
advantages and drawbacks of these kinds of crucial activities. Exploiting the great success of 
the past editions, in 2024 other training schools will be organized.  
In particular, the 9th edition of the CVC will be held in October in Nicolosi [CVCtrainingschool.org], 
at the slopes of Etna. The participants will also have the possibility to make ground based remote 
sensing measurements of the volcano emission and to process the data in near real time. 
As part of the NORISK project [norisk.rm.ingv.it], INGV will organize the second Eastern Africa 
Capacity Building Workshop in October 2024 to be hosted at ICTP in Trieste, mainly dedicated 
to students coming from Africa. 
In 2024 the IRSS Summer School will be dedicated to remote sensing in mountain areas. During 
the 5 days school, the student will be deeply involved in the estimation of superficial parameters 
suitable for the healthy status definition of a glacier area.  
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Poster presented at the “Giornata ONT 2023”.
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Paper Volcanoes: laboratory a seven years’ journey to engage 
(pre)scholar children on the wonderment of volcanoes 
 
Stefania Amici*, Barbara Castello, Pasqualino Cappuccio, Concetta Felli, Chiara Ladina, 
Stefania Lepidi, Vincenza Maiolino, Chiara Montagna, Loredana Napoli,  
Giovanna Lucia Piangiamore, Donatella Pietrangeli, Diego Sorrentino, Sabina Spadoni, 
Francesca Di Laura, Daniela Riposati 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: stefania.amici@ingv.it 
 
 
Natural disasters are relevant topics in the frame of Geoscience education; volcanic eruptions, 
wildfires, flooding, tornados, are few examples of natural disasters which are regularly in the 
news and grab kids’ attention. The idea of the Paper Volcanoes Laboratory was born in 2016 
when, exploring educational resources for pre­scholar kids, limited material was found compared 
to the educational activities to communicate natural hazards for scholar age children. To 
contribute in filling this gap Amici and Castello [2018] have been exploring playful approaches 
to be used to let kids familiarize themselves with volcanoes. Paper Volcanoes Laboratory uses 
an experience based and “object play” approach to create an engaging and easy­to­perform 
learning experience. The activities have been field tested in both open days and schools 
perfected and subsequently structured in a toolkit enriched with pedagogical elements [Amici 
and Castello, 2021]. 
Since 2016, it has involved more than 390 children in Italy, New Zealand [Singh et al., 2019], 
Australia and Africa [Amici et al., 2022] and aroused the interest of educators who, during the 
pandemic 2020, have requested the activity to meet the needs of children in the primary school 
as well. The concept of the paper volcanoes laboratory Junior edition was initiated and after 
three years work and monthly meetings led to the creation of the Italian Volcanoes Identity cards.  
With the growth of interest, the team of the Paper Volcanoes Laboratory has also grown from 
2 to 47 INGV staff units from the INGV base quarter in Rome and from INGV branches in 
Palermo, Catania, Pisa, Grottaminarda, L’Aquila, Ancona, Napoli, Lerici. 
 
References 
Amici, S., and Castello, B., (2018). Paper volcanoes Laboratory. ICERI2018, Seville, Spain, Proceeding 
Paper,12­14 November 2018. 
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Childhood And Primary School Children On Earth Science In Africa. COV 11 12­17 June 2022. 
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Poster presented at the “Giornata ONT 2023”. Poster presented shows the method, the material and 
the flow of the activities carried out by the Paper Volcanoes laboratory in the last 7 years. A QRCode 

allows the reader to access extended information in relation to pre­scholar, primary and the IUGG 
project in Kenya.
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4 years of virtual reality at the ONT 
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Scientific divulgation can be defined as discourse activity, whose main objective is to 
communicate some knowledge previously produced in scientific contexts to a non­expert 
massive audience. One of the difficulties science divulgators need to overcome is to explain 
specific concepts from a given discipline in a language simple and understandable for their 
interlocutors. 
Digital games today play a large role in young people’s lives. Games are directly connected to 
the life of today’s adolescents. Therefore, digital games should be included and broached as a 
subject in the classroom. Experiences in cyberspace or environments allow a complete 
immersion through the extension of systems of representation, three­dimensional modelling, 
virtual reality (VR) and simulation systems extending their imagination. Inquiry learning offers 
authentic experience to engage in a process of knowledge construction. Considering that the 
childhood stage is indispensable in the education of human beings and especially critical to 
children’s scientific aspects, I realized didactic video games to teach geophysics and Earth 
sciences to high and low­school students. 
Different VR scenarios were developed in the past four years aiming to teach thematic topics 
such as volcanoes, ocean environments and the solar system. 
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The exhibition poster presented at the “Giornata ONT 2023”. 
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The INGVterremoti Rapid Mapping Service 

Maurizio Pignone*, Sergio Falcone 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

Corresponding author: maurizio.pignone@ingv.it 

Thanks to a research operational agreement with the Digital Earth LabGIS at the University of 
Rome3, a RAPID MAPPING service has been developed to enhance the communication of data 
from the seismic surveillance service by integrating seismic, seismotectonic, and geological 
databases from INGV and other organizations. The research project undertaken has led to the 
creation of a GIS application on the ArcGIS platform by ESRI, involving the development of 
various Python scripts using ArcPy, a Python library package provided by ESRI within the ArcGIS 
Desktop environment. Multiple thematic projects were established to create individual maps 
by integrating real­time seismic data through web service queries from the terremoti.ingv.it 
portal and other European and global portals (e.g., CSEM and USGS). The seismicity data was 
overlaid on datasets extracted from the INGV and other institutions’ databases (e.g., ISPRA for 
geological data). The result is the automatic and near real­time production of a series of thematic 
maps with clear and easily understandable symbology. These maps are stored on a server and 
then sent via a dedicated service to a list of email addresses. Approximately three minutes after 
the definitive location of a seismic event with a magnitude greater than 3.0 in Italy, 7 maps in 
A4 format are produced and sent via email which contain and integrate information on 
instrumental seismicity from 1985 to today, historical seismicity, seismic hazard, seismotectonics 
and geology. Furthermore, weekly, fortnightly and monthly maps of seismicity in Italy are 
produced and made available. 
For earthquakes with a magnitude of M ≥ 4.0 in the EURO­MEDITERRANEAN region, 4 maps 
are produced and sent via email, and for earthquakes with a magnitude of M ≥ 6.0 in the 
GLOBAL region, an additional 3 maps are created and sent (Figure). 

Acknowledgment 
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Poster presented at the “Giornata ONT 2023”.
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Seismic emergencies and INGV operational task force 
 
Raffaele Azzaro, Fabrizio Cara, Ezio D’Alema, Paolo Marco De Martini, Giuseppe Di Giulio, 
Emanuela Ercolani, Laura Graziani, Milena Moretti*, Concetta Nostro, Davide Piccinini, 
Stefano Pucci  
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: milena.moretti@ingv.it 
 
 
INGV has six task forces which are activated immediately in case of significant earthquakes 
(generally for a local magnitude ML equal to or greater than 5.0) or prolonged seismic sequences 
on the national territory or tsunami [Pondrelli et al., 2016]. 
These are the main objectives of the INGV­OG: 

COES (Seismic Emergency Operational Coordination): provides support to INGV personnel •
involved in emergency activities in the countryside but also to rescue operators involved 
in emergencies, local administrations and the population affected by the event [Pondrelli 
et al., 2019]. 
EMERGEO: deals with the survey of the effects of earthquakes and tsunamis on the •
environment, in Italy and in the Mediterranean area [https://emergeo.ingv.it/].  
EMERSITO: deals with the study of site effects and microzonation activities •
[http://emersitoweb.rm.ingv.it]. 
IES (Information in Seismic Emergency): aimed at information activities for schools and •
the population involved. 
QUEST (QUick Earthquake Survey Team): which carries out the macroseismic survey •
[https://quest.ingv.it]. 
SISMIKO represents the coordination of the INGV Mobile Seismic Networks in an •
emergency. Installing a temporary seismic network allows you to significantly improve 
monitoring by optimizing the ability to detect seismic events and the quality of their 
locations [https://sismiko.ingv.it/; Moretti et al., 2023]). 

  
Each task force has codified the main actions to be carried out in case of emergency through 
operational protocols.  
Many researchers and technicians from the ONT are part of the task forces and participate in 
the activities inherent to seismic emergencies. 
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https://doi.org/10.13127/qdg/137 
Pondrelli, S., Nostro, C. e Moretti, M. (2019). Emergenza sismica nel centro Italia (2016-2017): le attività del 
Centro Operativo Emergenza Sismica (COES) e prospettive future. Rapp. Tec. INGV, 404: 1­72. 
https://doi.org/10.13127/rpt/404 
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SISMIKO: INGV operational task force for seismic network 
rapid deployments 
 
Davide Piccinini*, Ezio D’Alema, Milena Moretti, Marina Pastori, Adriano Cavaliere, 
Antonio Costanzo, Danilo Galluzzo, Salvatore Claudio Alparone, Luciano Zuccarello, 
Angelo Castagnozzi, Stefano Speciale, Lucia Margheriti, Paolo Augliera, Simone Marzorati 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
*Corresponding author: davide.piccinini@ingv.it 
 
 
SISMIKO coordinates all working groups of the INGV for the rapid deployment of temporary 
seismic stations in the area hit by a significant earthquake or a seismic sequence causing concern 
and interest with impact on people [https://sismiko.ingv.it/; Moretti et al., 2023]. Decreasing the 
average distance between the seismic stations improves detection, accuracy of the earthquake 
locations, shakemaps and strong motion parameters. 
SISMIKO was established formally in 2015. In these years, notable improvements have been 
made in the organisation of interventions and in the management of the data acquired. Today, 
over 100 INGV personnel join the task force: technicians, technologists and researchers from 
many of the offices distributed across the national territory. Furthermore, consolidated 
relationships with European research institutions and universities guarantee coordinated 
deployment in the event of strong earthquakes. The new configuration in Activity Groups allows 
to coordinate the distributed personnel and to cover all the aspects in the preparation of the 
emergency. The type of activities included in the new organisation refer to: ­ technical 
management of the instrumentation ­ field operations ­ relations with the INGV Crisis Unit and 
the other Operational Groups ­ development of the automatic procedures to analyse seismic 
data From the evaluation of the best choices of the equipment up to publication of the 
continuous digital raw data with associated DOI, reports and papers, the SISMIKO team 
contributes to create new knowledge about seismic sequence through high quality scientific data. 
 
References 
Moretti, M., Margheriti L., D’Alema, E., and Piccinini, D., (2023). SISMIKO: INGV operational task force for 
rapid deployment of seismic network during earthquake emergencies. Front. Earth Sci. 11:1146579. 
https://doi.org/10.3389/feart.2023.1146579 
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Italian 24/7 real-time earthquakes and tsunamis monitoring 
system 

Salvatore Stramondo*, Lucia Margheriti, Laura Scognamiglio, Alessio Piatanesi, 
Concetta Nostro, Alessandro Amato and Reperibili ADS** 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: salvatore.stramondo@ingv.it

**Reperibili ADS: Fabrizio Bernardi, Andrea Bono, Sergio Bruni, Ivano Carluccio, Emiliano Della Bina,  
Massimo Fares, Valentino Lauciani, Matteo Quintiliani 

The INGV carries out the seismic surveillance service in the Italian territory and the tsunami 
warning in the Mediterranean Sea. 
In the monitoring room, at the headquarters of the INGV in Rome, there are two seismologists, 
a tsunami specialist and a technician/engineer who work on three daily shifts to provide the 
services on a 24/7 basis [Margheriti et al., 2021]. They calculate, as quickly and accurately as 
possible, the location and magnitude of all Italian M2.5+ earthquakes and quickly disseminate 
the information to emergency authorities, government agencies, to the public and the media 
through various platforms (email, SMS and via Facebook and Twitter). Hypocentral and 
magnitude parameters together with moment tensors, historical seismicity maps and shakemaps 
are published in quasi­ real time. 
The Tsunami alert center CAT­INGV is one of the Tsunami service providers operating in the 
North­East Atlantic, Mediterranean and related seas (NEAM) region of the Intergovernmental 
Oceanographic Commission (IOC)/UNESCO and is responsible for monitoring the seismicity of 
the Mediterranean Sea and disseminating promptly the tsunami warning messages to Member 
States and EU agencies that subscribe to its services [Amato et al., 2021]. 
The operation and performance of the INGV monitoring system is ensured and developed by a 
dedicated research and IT staff that facilitates the acquisition and distribution of waveforms 
and develops real­time seismic processing systems. 

References 
Amato, A., Avallone, A., Basili, R. Bernardi, F., Brizuela, B., Graziani, L., et al., (2021). From seismic monitoring 
to tsunami warning in the Mediterranean Sea. Seismol. Res. Lett. https://doi.org/10.1785/0220200437 
Margheriti, L., Nostro, C., Cocina, O., Castellano, M., Moretti, M. Lauciani, L., et al. (2021). Earthquake 
Monitoring in Italy. Seismol. Res. Lett. XX, 1–13. https://doi.org/10.1785/ 0220200380 
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CaravelDB: a specific relational database model for  
seismic parametric data, geospatial information and 
communication services 
 
Matteo Quintiliani 

 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
Corresponding author: matteo.quintiliani@ingv.it 

 
 
CaravelDB [Bono et al, 2021] is a relational database model designed to represent information 
related to seismic events and their associated parameters. It consists of three different logical 
schemas: “quaked”, “boundaries” and “seispress”. “quaked” is an evolution of the “seisev” MySQL 
database. It extends and optimizes the logical model, extends representation capacity, and offers 
new features, along with enhanced performance through the PostgreSQL/PostGIS DBMS. A 
complex migration procedure allows the restructuring and copying of all information from 
“seisev” into “quaked” at a specific point in time, preserving the entire history into the new model. 
“quaked” can manage information from multiple earthquake location systems while preserving 
their local entity IDs. It is also designed to represent all parameters encoded in the QuakeML 
XML interchange schema [Quintiliani and Pintore, 2013]. For each seismic event generated by 
a single instance, it is possible to configure an automatic selection of the preferred origin, 
magnitude, and focal mechanism entities, which can then be manually adjusted. Furthermore, 
it is possible to group seismic events generated by different instances that refer to the same 
real seismic event and establish an order of representativeness based on the quality and 
reliability of the results. “boundaries” is a relational model for storing geospatial information 
related to administrative and geographic boundaries. “Seispress” is the relational model used by 
SeisPressNG, the seismic event reporting system. CaravelDB is a component of the new Caravel 
System infrastructure based on microservices for 24/7 Italian Seismic Surveillance and can be 
deployed using Docker Containerization. 
 
References 
Bono, A., Lauciani, V., Margheriti L., and Quintiliani, M., (2021). Caravel: A New Earthworm‐Based 
Open‐Source Development for the Italian Seismic Monitoring System. Seismological Research Letters 92.3, 
pp. 1738–1746. issn: 0895­0695. https://doi.org/10.1785/0220200355 
Quintiliani, M., and Pintore, S., (2013). Mole: An Open Near Real‐Time Database‐Centric Earthworm 
Subsystem. Seismological Research Letters 84.4, pp. 695–701. issn: 0895­0695. 
https://doi.org/10.1785/0220120066 
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Dante: A robust Web Service for seismic data evaluation and 
accessibility through a microservices approach 

Valentino Lauciani 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

Corresponding author: valentino.lauciani@ingv.it 

Real­time earthquake assessment includes the evaluation of seismic data, including picks, 
preliminary and automatic hypocenters, local magnitudes, and ground­motion parameters. In 
response to this demand, Dante emerges as a robust Web Service developed using the PHP 
Laravel framework. Dante offers a suite of Micro RESTful APIs, enabling seamless interaction 
with QuakeDB, our dedicated earthquake database, to access seismic data. 
The adoption of OpenAPI specifications enhances accessibility and simplifies the generation of 
client development classes in multiple programming languages. Dedicated software tools, such 
as ‘openapi­generator­cli,’ further expedite this process. The utilization of the JSON format 
ensures efficient and interoperable communication between the Web Service and client 
applications. 
Notably, Dante leverages containerization and employs a microservices architecture, facilitating 
deployment on Docker Swarm. This architectural approach fosters the scalability of individual 
components, while Dante’s compatibility with Kubernetes broadens deployment possibilities. 
In summary, Dante stands as a significant advancement for interacting with earthquake 
parameters, offering a comprehensive and versatile solution that is accessible, efficient, and 
seamlessly integrates with modern containerization technologies. 
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Apollo: An OpenAPI-based Web Service for 
Seismic Localization and Magnitude Calculation 
 
Valentino Lauciani 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
Corresponding author: valentino.lauciani@ingv.it 
 
 
Apollo is a Web Service developed using Laravel, specifically designed to expose seismic 
localization software “hyp2000” and magnitude calculation software “PyML” through APIs. This 
work highlights the key features of Apollo, including its OpenAPI­based development, JSON 
communication, containerization, and open­source nature. The adoption of OpenAPI 
specifications enhances accessibility and facilitates the generation of client development classes 
in various programming languages using dedicated software tools (ie: “openapi-generator-cli”). 
JSON format ensures efficient and interoperable communication between the Web Service and 
client applications. Apollo integrates dockerized versions of “hyp2000” [Klein, 2002] and “PyML” 
[Di Stefano et al., 2023] for precise and rapid earthquake localization. Furthermore, Apollo’s 
presence on GitHub fosters a collaborative environment, encouraging researchers and 
developers to contribute, improve, and utilize the system for advancements in seismic research. 
Its versatility enables potential integration with other software, such as evaluating the possibility 
of making the NonLinLoc software a web service. Apollo leverages containerization and employs 
a microservices architecture, enabling seamless deployment on Docker Swarm for the scalability 
of individual components. In conclusion, Apollo presents a robust Web Service for seismic 
localization and magnitude calculation, adhering to OpenAPI standards, ensuring efficient 
communication, and offering versatility for potential integrations. 
 
References 
Di Stefano, R., Castello, B., Chiaraluce, L., Michele, M., Latorre, D., (2023). Local magnitude estimation for 
10 years of italian seismicity (2009-2018) based on new peak-to-peak amplitudes calculation on digital 
waveforms, and class catalog probabilistic locations. GNGTS ­ Atti del 41° Convegno Nazionale, p.76­83. 
https://gngts.ogs.it/atti/GNGTS2023/HTML/76/ 
Klein, Fred W., (2002). User’s Guide to HYPOINVERSE–2000, a Fortran Program to Solve for 
EarthquakeLocations and Magnitudes. U.S. Geological Survey Open­File Report 02­171, 123 
pp. https://pubs.usgs.gov/of/2002/0171/ 
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Introducing PFX: A new multiplatform tool for 
interactive seismic signal analysis 
 
Andrea Bono 
 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
Corresponding author: andrea.bono@ingv.it 
 
 
PFX is a new cutting­edge software designed for interactive seismic signal analysis. After nearly 
three years of dedicated research and development, as a part of the upcoming Caravel system 
[Bono et al., 2021], PFX is ready to replace the old revision tool, SisPick, and improve the 
earthquake analysis at the INGV seismic control room in Rome. PFX represents a significant leap 
forward in seismic data analysis. It has been meticulously crafted to meet the evolving needs of 
the seismological community, offering a comprehensive set of features embedded in a user­
friendly interface. PFX is designed to seamlessly integrate the existing systems and data sources 
and it can easily access and analyse data from multiple sources, providing a unified platform for 
seismic monitoring. It boasts the state­of­the­art of signal recovering and processing algorithms, 
ensuring that users can easily access all the available data in near­real­time. It offers intuitive 
graphical representations, allowing the users to effortlessly explore and interpret seismic signals. 
PFX is designed with simplicity in mind, ensuring that both seasoned seismologists and 
newcomers can navigate the software. With the introduction of PFX, we can expect: improved 
accuracy and speed in revising events, enhanced situational awareness through interactive 
dashboard, streamlined operations, a smoother transition from the legacy software and 
increased efficiency in safeguarding lives and infrastructure. The development of PFX represents 
my personal commitment to innovation and my dedication to providing the best tools for seismic 
monitoring. 
I invite you to explore PFX and experience the future of interactive seismic signal analysis. 
 
References 
Bono, A., Margheriti, L., Quintiliani, M., Lauciani, V., (2021). Caravel: A New Earthworm‐Based Open‐Source 
Development for the Italian Seismic Monitoring System. Seismological Research Letters, 92 (3): 1738–1746. 
https://doi.org/10.1785/0220200355 
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SeisPressNG: a system for publishing and disseminating 
information relating to seismic events in near real time 
 
Matteo Quintiliani 

 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
Corresponding author: matteo.quintiliani@ingv.it 

 
 
SeisPressNG is a seismic event reporting system capable of sending SMS and email notifications, 
printing reports, publishing on Twitter, activating external services via Webhooks, and triggering 
internal service mechanisms such as generating hazard maps and historical seismicity 
ShakeMaps. It represents a complete redesign of the current SeisPress system which is based 
on the “seisev” MySQL database. 
SeisPressNG (NG stands for “next generation”) is designed as a microservices and event­driven 
architecture. Information exchange occurs through an Apache Kafka/ZooKeeper architecture. 
The primary data source is CaravelDB [Bono et al., 2021] which is based on the 
PostgreSQL/PostGIS DBMS. 
“connectors” monitor the insertion and modification of specific database tables, generating real­
time messages on Kafka topics. The “scheduler” component listens to messages from topics and 
schedules requests based on SeisPressNG configurations and received messages. The requests 
are then fulfilled by the “agent” components, responsible for executing the requested services. 
The “supervisor” component monitors the successful completion of all processes. To optimize 
response times and prevent redundant operations, certain information is stored and shared 
among different microservices via the REDIS system. 
Interface “seispressui” allows you to configure, monitor operations, and consult logs. 
SeisPressNG is a component of the new Caravel System infrastructure based on microservices 
for 24/7 Italian Seismic Surveillance and can be deployed using Docker Containerization. 
 
References 
Bono, A., Lauciani, V., Margheriti L., and Quintiliani, M., (2021). Caravel: A New Earthworm‐Based 
Open‐Source Development for the Italian Seismic Monitoring System. Seismological Research Letters 92.3, 
pp. 1738–1746. issn: 0895­0695. https://doi.org/10.1785/0220200355 
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Earthworm-Docker-Sandbox: a Docker tool for learning, 
testing, running and developing Earthworm System within 
single or multiple enclosed environments 
 
Matteo Quintiliani 

 
INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
 
Corresponding author: matteo.quintiliani@ingv.it 

 
 
Earthworm is the most widely used open­source seismic data acquisition and automatic 
earthquake detection processing system for regional seismic networks [Johnson et al., 1995]. It 
is a modular system composed of numerous software components developed by various authors. 
Maintaining and developing core library and modules code to ensure functionality across 
different platforms Linux, Windows and Mac OS X is very challenging. For a single module 
developer, this task can often exceed their skills and become overly burdensome in terms of the 
cost­benefit ratio. Time that could otherwise be more profitably invested in improving the logic 
of their software. Moreover, successfully compiling every individual part does not guarantee 
that the software will behave perfectly identically on different platforms. Docker 
Containerization offers the possibility to easily create isolated environments in which to compile 
and run Earthworm, develop modules, test features and configurations, customize the 
compilation of specific software components, facilitate versioning of different binary 
compilations, ensure reproducibility and uniformity in software behavior, and launch native 
binaries on Linux. Earthworm­Docker­Sandbox is a command­line tool that primarily allows you 
to: 1) easily build custom Docker images of Earthworm and other desired software; 2) create 
different Earthworm configuration environments with ease; 3) launch various Docker images in 
separate containers using different configuration environments. Earthworm instances used in 
production for the Italian National Seismic Surveillance Service are launched via Earthworm­
Docker­Sandbox. 
 
References 
Johnson, C. E., Bittenbinder, A., Bogaert, B., Dietz, L., Kohler, W., (1995). Earthworm: A flexible approach to 
seismic network processing. Incorporated Research Institutions for Seismology (IRIS) Newsletter 14, pp 1­4. 
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PRECISE: PRobabilistic Earthquake location Catalog of the 
Italian SEismicity in 3D tomographic models and 1D regional 
velocity models 

Diana Latorre*, Raffaele Di Stefano 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: diana.latorre@ingv.it

In recent years, two catalogs of absolute earthquake hypocenter locations of the Italian 
seismicity have been created through the application of the NonLinLoc code within the scope 
of the DPC­B2 projects. These catalogs consist of: 
The CLASS catalog [https://ingv.github.io/class/locations; Latorre et al., 2023], which encompasses 
earthquakes occurring between 1981 and 2018 whose hypocenters were localized within the 
3D tomographic model of Di Stefano and Ciaccio [2020]. 
The B2_2012­2020 NLL1D catalog, which includes earthquakes recorded between 2012 and 
2020, and localized in the regional 1D velocity models defined by Pastori et al. in the framework 
of the DPC­B2 project 2019­2021 (personal communication). 
Both the catalogs are based on P and S arrival time readings revised by the Italian Seismic 
Bulletin (BSI [https://terremoti.ingv.it/bsi]) for the period beyond 2009. Additionally, the CLASS 
catalog incorporates the CSI 2.0 integrated phases [https://ingv.github.io/class/phases] for the 
period spanning from 1981 to 2008. 
Employing (1) identical model parameterization, (2) NonLinLoc control file settings, and (3) 
computed station corrections, we have extended the earthquake hypocenter locations 
within both catalogs to more recent times. This extension (the PRECISE­1D and ­3D 
catalogs) allows us to establish a temporal link between them and the real­time automatic 
locations computed by the NLL@INGV machine [Di Stefano & Latorre, 2024], in order to 
produce maps and vertical sections for visualization of the more recent real­time automatic 
locations compared to the previously located instrumental seismicity. The PRECISE­1D and 
­3D catalogs will be stored in the QuakeDB database developed by the informatic crew of 
the ONT UF2 “Sala Operativa” [https://www.ont.ingv.it/sezione/organizzazione-descrizione-
uf/unita-funzionali?view=article&id=58&catid=2]. 

References 
Di Stefano, R., Ciaccio, M. G., (2020). Seismic Velocity Model of P- and S-waves for the Italian Lithosphere 
(Version 1.0) [Data set]. Zenodo. https://doi.org/10.13127/tomorama.1 
Di Stefano, R., Latorre, D., (2024). PRECISE: Probabilistic 1D and 3D real-time automatic location of the Italian 
seismicity with INGV monitoring room data: the “NLL@INGV” procedure. In this Volume. 
Latorre, D., Di Stefano, R., Castello, B., Michele, M., Chiaraluce, L., (2023). An updated view of the Italian 
seismicity from probabilistic location in 3D velocity models: The 1981–2018 Italian catalog of absolute 
earthquake locations (CLASS), 846, Tectonophysics. https://doi.org/10.1016/j.tecto.2022.229664 
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PRECISE: Probabilistic 1D and 3D real-time automatic location 
of the Italian seismicity with INGV monitoring room data:  
the “NLL@INGV” procedure 

Raffaele Di Stefano*, Diana Latorre 

INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 

*Corresponding author: raffaele.distefano@ingv.it

In the framework of the new INGV monitoring room, a renewal from the database to the 
dissemination, we have treasured our experience in producing high quality images of the 
Amatrice­Visso­Norcia seismic sequence from real­time revised picks, and in building the CLASS 
1981­2018 NLL absolute 3D locations catalog, and the B2 2012­2020 NLL absolute 1D 
locations catalog. Based on this know­how, we have setup and configured a fully automatic 
procedure (NLL@INGV) that uses the real­time revised data (P­ and S­ arrival times by the 
analysts­seismologists on duty in the INGV monitoring room) to locate the detected earthquakes 
in quasi­real­time with a nonlinear probabilistic approach (NonLinLoc [Lomax et al., 2000]), with 
stations’ corrections, and in both a national 3D velocity model and regionalized 1D velocity 
models. The whole procedure and the output data are hosted on a virtual machine supplied and 
supported by the ONT UF 3. The results are first stored in a local MySQL database and then 
exposed on a website originally intended for development only. The website allows users to 
query the DB, to visualize the new locations versus the official one, to access the parameters of 
each nonlinear location and to produce maps and vertical sections (beta version) of the NLL 1D 
and 3D seismicity from 2019 to present. Finally, by using the API’s developed by the informatic 
crew of ONT UF2 “Sala Operativa” [https://www.ont.ingv.it/sezione/organizzazione-descrizione-
uf/unita-funzionali?view=article&id=58&catid=2], the NLL@INGV earthquakes’ locations are now 
posted to the QuakeDB, to be part of the new Monitoring Room Real­Time dataset. The next 
step is to implement the procedure itself as an API, able to get picks and restitute a location 
through a web route, for full compatibility and flexibility.  

References 
Lomax, A., Virieux, J., Volant, P., Berge, C., (2000). Probabilistic earthquake location in 3D and layered models: 
Introduction of a Metropolis-Gibbs method and comparison with linear locations. Advances in Seismic Event 
Location Thurber, C.H., and N. Rabinowitz (eds.), Kluwer, Amsterdam, 101­134. 
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Testing the Probabilistic Tsunami Forecasting 

Valeria Cascone1,*, Stefano Lorito1, Alice Abbate1, Hafize Basak Bayraktar1, Fabrizio Bernardi1, 
Sergio Bruni1, Louise Cordrie1, Andrea Di Benedetto1, Marco Pagani3, Alessio Piatanesi1,  
Fabrizio Romano1, Jacopo Selva2, Matteo Taroni1, Roberto Tonini1, Manuela Volpe1 

1INGV | Istituto Nazionale di Geofisica e Vulcanologia, Italy 
2Department of Physics -Ettore Pancini-, University of Naples Federico II, Naples, Italy 
3Fondazione GEM, Pavia, Italy 

*Corresponding author: valeria.cascone@ingv.it

Probabilistic Tsunami Forecasting (PTF) is an innovative approach for real time forecast of 
tsunamis (Figure). It provides the probability of exceedance as a function of the tsunami intensity 
at given coastal points soon after a potentially tsunamigenic earthquake, once its location and 
magnitude are available [Selva et al., 2021]. Presently, in the NEAMTWS, Tsunami Early Warning 
Systems use a conservative, false­alarm prone, Decision Matrix to provide deterministic tsunami 
alert levels (ALs) without any uncertainty quantification. On the contrary, PTF enables 
uncertainty­informed AL definition. The PTF has been tested against available data from recent 
past events in the Mediterranean Sea and the Pacific Ocean. Given the relatively limited number 
of recent tsunamigenic events instrumentally recorded in the Mediterranean, more extensive 
tests are necessary for a thorough benchmarking and calibration, before adopting the PTF within 
an operational context, as also requested by the INGV Scientific Committee. We perform a large 
number of synthetic tests of the PTF with ̴ 3.5M of seismic events belonging to a Monte Carlo 
catalog in the Mediterranean, spanning ~200kyrs, based on the GEM hazard model. We present 
some preliminary results by comparing the PTF results for a large set of scenarios, over a wide 
range of magnitudes and fault mechanisms, against the numerical tsunami simulations 
performed for the same set of scenarios. 

References 
Selva, J., Lorito, S., Volpe, M., et al., (2021). Probabilistic tsunami forecasting for early warning. Nature 
Communication 12, 5677 (2021). https://doi.org/10.1038/s41467­021­25815­w 
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 Display of the PTF concept. On the basis of the earthquake parameters and their uncertainties, the 
PTF allows for an estimate of probability of tsunami impact. Using rules set in advance by the decision­

makers, it is possible to convert the PTF results into ALs.
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Sea-level data acquisition 

Sergio Bruni*, Fabrizio Bernardi 
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The aim of INGV sea level data acquisition system is to collect mareographics data, distributed 
worldwide by many providers, in heterogeneous formats and protocols, and make them available 
from a single standard server provider, that is seedlink. 
The main application that runs in INGV survey center, JET [Bono et al., 2019], acquires 
mareographics data from seedlink. Moreover, JET gets from the database, named “tsunami”, the 
tsunami alert messages automatically generated by the PTF (Probabilistic tsunami forecasting 
system) from a potentially tsunamigenic event located by Early­est [http://early-
est.rm.ingv.it/warning.html].  
When a tsunamigenic earthquake occurs, and the related alert message is shown by the JET 
panel, the operator of CAT (Centro Allerta Tsunami [https://cat.ingv.it/en/]) examines the map 
with all the tide gauge stations around the earthquake, then She/He examines the tide gauges 
of those stations, and makes decisions about the weight of the situation, alerting the Italian Civil 
Protection for any action to take to protect the population.  
The message sent to the Civil Protection is compiled in a CAP standard format (Common Alert 
Protocol) and may also contain some tide measures taken by CAT operators from the tide 
gauges. 

References 
Bono A., Pintore S., Lauciani V., (2019). JET Java Estimate Tsunami. Sistema di analisi interattiva di 
mareogrammi per il Centro Allerta Tsunami. Rapp. Tec. INGV, 408:1­20. https://doi.org/10.13127/rpt/408 

M
IS

CE
LL

A
N

EA
 IN

G
V

 n
. 7

9

http://early-est.rm.ingv.it/warning.html
http://early-est.rm.ingv.it/warning.html
https://cat.ingv.it/en/


Giornata ONT 2023  -  Proceedings Volume Rome, 14th November 2023

19
1

The figure shows the tide gauge data flow, from the providers to the seedlink server.
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Ten Years of Tsunami Risk Mitigation in the Mediterranean: 
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In 2014 the INGV established an experimental service of tsunami warning for the Mediterranean 
basin, in the framework of the ICG/NEAMTWS (Intergovernmental Coordination Group for the 
North East Atlantic, Mediterranean and connected seas Tsunami Warning System). After acting 
3 years as a NEAM candidate Tsunami Service Provider, the Italian Centro di Allerta Tsunami 
(CAT [https://cat.ingv.it/en/]) became operational in 2016, monitoring tsunamis of seismic origin 
worldwide, with a special attention to the Mediterranean coasts. From January 2017 to 
November 2023, CAT has released more than 40 tsunami Information and Alert messages to 
the Italian authorities and to the NEAM National Tsunami Warning Centers of several Euro­
Mediterranean countries, for earthquakes in the magnitude range 5.5 ­ 7.8. 
In the same period, in cooperation with DPC and ISPRA, the inundation areas for the entire 
coastal belt of Italy have been mapped based on the PTHA results of the TSUMAPS­NEAM 
project. In the past 3 years, the CAT has also been involved in several activities aimed at 
increasing people’s awareness, such as the analysis of tsunami risk perception in Italy, the 
development of a website (in Italian and English), the participation in campaigns and drills, and 
rolling out the Tsunami Ready project in some pilot municipalities. 
Ongoing activities include: 

the adoption of Probabilistic Tsunami Forecast for real time warning;•
an improved PTHA model for the Italian coasts;•
hazard modeling and inundation mapping across scales, from global to local;•
sea level instrumental improvements, including the deployment of two deep sea pressure•
sensors in the Ionian Sea;
connection of the regional NEAM system with the local one operating in Stromboli island•
for volcanic tsunamis.

All this is done with a continuous update of the legal and procedural frameworks to remain 
aligned with the scientific and technological developments and best practices worldwide. 
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Home page of the CAT website [https://cat.ingv.it/en/]. The red line indicates the area of competence, 
within which information and warning messages are issued (for earthquakes of M≥5.5 at sea or near 

the coasts). The green, orange and red symbols represent the epicenters of the earthquakes that 
triggered the CAT from January 2017 to November 2023 (legend on the left). 

Click the image and watch the video.

https://cat.ingv.it/en/
https://editoria.ingv.it/miscellanea/2024/miscellanea79/files/media/video/video1.mp4
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The activities carried out by the Support Service in the 
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**Servizio di Supporto nella Gestione dei Servizi di Sorveglianza Sismica e di Allerta Tsunami: 
https://www.ont.ingv.it/sezione/organizzazione-descrizione-uf/servizi-e-gruppi 

The Seismic Surveillance and Tsunami Warning Services are complex activities that are carried 
out in the ONT­Rome Monitoring Room with the involvement of 12 figures on shift in presence 
(Seismologists, Technicians and CAT Shift Workers) and 12 on call. 
Since 2015, the ONT Director has created a Support Service in the Management of Seismic 
Surveillance and Tsunami Warning Services (hereinafter Servizio Sala) to carry out the activities 
connected to the two Services. Specifically, the Servizio Sala processes the shift and ensures all 
the logistical aspects necessary for the smooth functioning of the Monitoring Room ­ with 
particular attention during the health emergency. It also plans new arrivals on shift and on­call; 
identifies training needs and draws up guidelines for training and refresher activities; organises 
the courses and manages the evaluation process of new trained personnel and their placement 
in the role, making use of the Permanent Training Group. 
The Servizio Sala is also the context that activates the collaboration between the ONT UFs 
involved in the two Services, in order to harmonise the contributions aimed at improving the 
Services themselves; collaborates with the representatives of the other INGV Operating Rooms 
to improve communications between monitoring rooms and with DPC. 
The Servizio Sala collaborates with the CAT CD for the management of the Tsunami Warning 
Service, pre­operational since 2015; takes care of the drafting and updating of the regulations, 
protocols, guidelines and job descriptions relating to the two Services, made official in 2021 by 
the INGV Board of Directors, and collaborates with the ONT Information, Communication and 
Web Service for dissemination activities and in general for visits to the Seismic Surveillance and 
Tsunami Monitoring Room. 
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The ONT­Rome Monitoring Room where the 24­hour Seismic Surveillance and Tsunami Warning 
Services take place. 
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Since 2015, the ONT Director has been assisted by the Group for the Permanent Training of 
Seismologists and CAT Shift Workers and Officers, Technical Shift Workers, and On­Call staff 
(Permanent Training Group) in carrying out activities related to the training of personnel involved 
in the Seismic Surveillance and Tsunami Alert Services. This Group plans and organises training 
and refresher courses for shift workers, on­call staff and officers, with the collaboration of the 
Support Service in the Management of Seismic Surveillance and Tsunami Warning Services and 
the ONT ­ Information, Communication and Web Service. 
The training and refresher activities carried out continuously from 2015 to today by the 
Permanent Training Group have guaranteed the entry of new staff on shift to replace those 
who left the service due to personal details or work commitments incompatible with a 24­hour 
service and to make the Services themselves more and more efficient. Furthermore, the 
teaching experience gained over the years has made it possible to identify for each role carried 
out within the Seismic Surveillance and Tsunami Warning Services a specific and necessary 
training path for the correct carrying out of the same (frontal lessons, exercises, coaching in 
the monitoring room). 
In recent years, 5 training courses have been held for new Seismologist shift workers and the 
same number for new CAT shift workers, 4 refresher courses for Seismologist shift workers and 
2 for CAT shift workers. Training and refresher courses were also held for Seismology Officers, 
CAT Officers and ADS on­call personnel. All the educational material produced to date for the 
various training and refresher courses (course programmes, presentations and video recordings, 
guidelines for the various phases of the training process, etc.) has been organised within a 
Google Site and is available at the following link: https://sites.google.com/ingv.it/formazione-
turnisti-sala-ont/home. 
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Website for the training of shift workers and officers. 
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