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Riunione Plenaria SECURE (Progetto Pianeta Dinamico 2023-25), 30 Gennaio 2024, Roma

9:15 Opening Alanci A, —
9:30 WPI. Miglioramenti dei Modelli Esistenti di Velacita della Crosta e Dati Sismici Resp. De Gori P.
9:30 Modelli di tomografia sismica locale /Vp. Vp/Vs) nelle tre aree studio del progetto De Gori P. . ) B
SECURE: stato dell'arte e lavori in preparazione. WP1 - INGV-ONT (Ref. Pasquale De Gori). Partecipanti (14):
945 | Nuovo catalogo stsmuco della sequenza dell Aquila 2009 deternunato attraverso | Fonzetts R. WP1.1 Pasquale De Gori, Francesco P. Lucente, Luisa Valoroso, Mario
I"applicazione di tecniche di Machine Learning. A Imi S B h Cl di Ch bb
10:00 Vincoli geologici superficiali e profondi per lo sviluppo dei modelli tomografici nelle tre Burrato P.F. nseimi, . amer ag ’ audio lara a. . . .
aree studio del Progetto SECURE. WP1.2 Pierfrancesco Burrato, Paola Vannoli, Andrea N. Rovida, Antonio
10:15 Costruzione e analisi di dataset di registrazioni e dati macrosismici per le attivita di ricerca Lanzano G. Gomez, Giovanni Lanzano, Vera D’AmiCO, Sara SgObba, Ayblge Akinci.
del progetto SECURE.
10:30 Discussione Q/A -
10:45 Pausa =
11:00 WP2 - Caratteristiche della Sorgente dei Terremoti e Propagazione delle Onde | Resp CalderomiG.
Sismiche nell' Appennina Centrale . . . . .
11:00 | Risultati preliminari del confronto dei parametri di sorgente stimati applicando diversi | Calderon G. WP2 - INQV—Roma1 (Ref. Qlovanna Calderoni). I_:’arteCIpantl (16): _
metodi. WP2.1 Giovanna Calderoni, Paola Morasca, Daniele Spallarossa, Dino
1115 | Aleune tecniche per la stima dei parametri di sorgente in Centro Italia Morasca P. Bindi, Matteo Picozzi, Antonella Cirella, Antonella Megna, Pietro Artale
11:30 Evoluzione temporale dell'attenuazione coda/S waves in funzione della frequenza Gabrielli et al. Harris. Frantisek Gallovic
nell'Appenmno Centrale. ’ .
1145 | Vanabiliti spazio-temporale del parametro di attenuazions in alta frequenza (x) ¢ | Colavitii etal. WP2.2 Simona Gabirielli, Leonardo Colavitti, Aybige Akinci, Edoardo Del
pa..rametfimzione ingegneristica degli effetti di direttivita di sorgente. - PeZZO, Luca De Siena, Raul Castro.
12:00 Discussione Q/A
12:15 Invited Talk: Seismic Source Characteristics and Ground-Motion Variability in Central | Bindi D Picozzi, =
Italy: a bridge between WP2 and WP3. M. Spallarossa.D.
13:00 | PAUSA PRANZO R : _ WP3 — INGV-Milano (Ref. Francesca Pacor). Partecipanti (9):
14:30 WP3 - Previsioni del Mato del Suelo Utilizzando Approcci Innovativi Resp. Pacor F. . .
1430 | Rasultat prelimsnan dellanalisi della variazione spaziale < temporale del moto sismico | Pacor £, Sgobba | L WP3.1 Francesca Pacor, Giovanni Lanzano, Sara Sgobba,
osservato in talia. S., Lanzano, G. WP3.2 Aybige Akinci, Pietro Artale Harris, Arben Pitarka, Irene Munafo,
14:45 S@uhﬂogwmmcheSD&lmlodel suolop«.er-l.lFerremot_GdJAmati.lcee-Nmm. i A.lctuaﬁ-x. Daniele Melini, Paola Bordoni
15-00 Simulazioni basate sul metodo 1D-FK deterministico per 1 terremoti dell’ Appennino | Artale Harris, P
centrale.
15:15 Modell di attenuazione dell'intensita macrosismuca calibrat in Mw per 1Ttalia. Gomez-Capera A
15:30 Discussione Q/A -
15:45 WP4. Prestazioni dei Maodelli di Moto del Suolo e delle Relazioni Empiriche Resp. Taroni M. . . . .
16:00 Caratteristiche dello scuotimento sismico negli Appennini Meridionali Zimmaro P. WP4 _ INGV_Roma1 (Ref' Matteo Tar0n|.). ParteCIpa.ntl (6) Matteo
16:15 Nuovi metodi per confrontare e testare 1 Ground Motion Models: applicazione al caso Taroni et al. = Tar0n|, Giovanni Lanzano, Gianluca Reg|na, Paolo Zlmmaro, llaria
studio dell’ Appennino Centrale in Italia_ Spassiani, Ayb|ge AKinci
16:30 Pausa o
17-:00 Tavola Rotonda Tutti Partecipanti
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Motivations & Objectives

SECURE is designed to address
questions related to predicting
ground motions during important
seismic events

PLY > y*| M=m,, R=r,]

my m; My L™

The reliable quantification of earthquake
ground motions as a function of
magnitude, distance, and frequency is
directly linked to seismic hazard analysis
for engineering, civil protection

o

Problem statement for Seismic Hazard and Risk

of structures (

PLY > y*| M=m,, R=r,]
P[Y > y*| M=m,, R=r,]

purposes, and systems designed to
provide earthquake rapid response and
early warning.

Realistic modeling of earthquake ground
motions can be achieved only when the
rupture process on causative fault, the
medium property of the seismic wave
path, and the local site condition are
accurately represented

Path

a Source

T

Seismic Hazard Assesment

Seismic RiskTAssessment
(Damage or losses to society)

SECURE

/ Ground Motion Models, GMMs

Probabilistic Seismic Hazard Maps, PSHA
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Objectives

Ergodic and non-ergodic process :Ground Motion Variability

Ground Motion Variability of GMPEs B
GMPE: In(Y) = foc(M, ...) + fpaen(R, M, ...) + fsite(VS30 ...) + A
Total variability: A= AB + AW

AB is the between-events variability with standard deviation T
» Earthquake-to-earthquake variability
» Represent average source effects
» Effects of stress drop, slip velocity, rupture speed, geometrical fault
complexity, etc. not captured by the source terms in the GMPE

AW is the within-events variability with standard deviation ¢

» Record-to-record variability

» Represent azimutal variation in source, path and site effects

» Effects of crustal heterogeneities, deeper geologicat structures, basins, near
surface layering, etc, not captured by the path and site terms in the GMPE

AB and AW are uncorrelated, then total standard deviation is

o=+ G

Note: The variability or residuals are the deviation of the observed quantity with
respect to the median predictor model
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Objectives ,
We can develop a database of synthetic earthquakes To

fill the gaps of lack of data (Dalguer and Mai, 2011)

_I'ﬂl

Developments of Physics-based earthquake models

» Contribute to substantial advances in our understanding of different
aspects related to earthquake mechanism and near-source ground
motion.

» Input data to the model (fault geometry and geological structure)

can be generic or constrained to the site or region of interest
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Main Objectives of SECURE

The main goal of SECURE is to study earthquake ground motion characteristics, through innovative techniques to
improve ground motion predictions for seismic hazard mitigation in the Central Apennines.

® explore the links between earthquake source physics, wave propagation, and ground motion variability.
® investigate the variability of ground motion both in space and time.
® develop data-driven non-ergodic and physics-based ground-motion models.

® generate physics-based 3D simulations at near-fault regions, (shaking significant, and missing data from
large earthquakes).

® test, and validate the predicted ground motions against the seismic recordings, GMMs, and macroseismic
intensity (MI) data available in the study area.

® ranking scheme in accordance with well-established engineering metrics (e.g. fragility curves for different
types of structure) to provide direct means for engineering applications.
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Study Areals Central&North Central Italy

¥ reference earthquakes |2

[l cPTIi5v40M=6.0

Area 1 Amatrice-Visso-Norcia

— ITHACA active faults

[ 1 DISS selected sources 3 . H
DISS sources Area 2 L’Aquila Basin

Seismic stations

A site effect stations 4

A 2009 sequence network :

A 2016 sequence network

Area 3 Fucino Basin

ver
(aneummmn\'\

" hug242016
Mws.39

Mw = 6.0 earthquakes from the CPTI15 catalog (blue squares; Rovida et al. 2022) and seismic
station networks deployed to monitor the space-time evolution of the 2009 and 2016-2017
seismic sequences (green and red triangles). The small blue triangles are temporary stations
deployed for measuring site effects after the 2009 and 2016-2017 sequences and, in the
Fucino basin, in the frame of the 2008-2009 and 2012 DPC projects The epicenters of the
mainshocks of the three sequences are shown as yellow stars. In orange are the individual
seismogenic sources of the DISS v3.3.0 database (https:/diss.ingv.it/). The “selected”
individual sources are those associated with the main shocks of the three sequences. Red
lines are the active and capable faults of the ITHACA database.
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Project Workflow
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Gantt Chart X 2024
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X la rendicontazione scientifica del’anno 2023: ST SECURE (Aybige Akinci) - Google Drive
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https://drive.google.com/drive/folders/1TLK7TBcpTsf7IH0vnl94R-UNZzeFCxo6

WP1. Enhancements of Existing Crustal Velocity Models and Seismic

Datasets
Deliverable Description
WP1_D1 A detailed crustal model with the P and S wave speeds, Vy and Vg, and

WP1_D2

Deliverable
WP1_D3

WP1_D4

WP1_D5

Deliverable

WP1_D6

densities which are assigned to each crustal volume (up to 20-30km depth)
including basin structures embedded in tomographic crust and upper mantle

Mesh files to be used in WP3.2 and be refined through the SW4. These files
contain the values of the model features (P-velocity, S-velocity, density, and
optionally the attenuation factors Qp and Qg) as a function of depth at points
on a regular lattice covering the horizontal extent of the computational domain

Description
Macroseismic intensity data linked with measured ground motion parameters

Macroseismic intensity data linked with three-dimensional source parameters
of the causative earthquakes.

A dataset of weak and strong motion recordings in central Italy, classified in
mainshock/aftershocks

Description

The same GIS repository will also contain the different seismogenic source
models published for the earthquake sequences that hit the three study areas,
containing some of the ground motion simulation results

Months

10 area1
14 area2
20 area3

12 areal
16 area2
24 area3

Months
12

18

12

Months

24

In WP1.1, we expect to construct 3D
velocity models of the three target regions by
merging the results of high resolution 3D
tomographic models and detailed geological
information for the shallower geological units.

In WP1.2, the main results are: i) the improvement
and enhancement of the comprehension of ground
motion propagation in terms of macroseismic
intensity; i) the creation and validation of datasets
suitable for testing the results of ground motion
scenarios and finite-fault simulations.

In WP1.3 we expect to build a GIS repository
containing the homogenized publicly
available geological and structural data of
the three study areas.
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WP2. Characterization of Earthquake Source and Seismic Wave
Propagation in the Central Apennines

Deliverable

WP2_D1

WP2_D2

WP2_D3

WP2_D4

WP2_D5

Deliverable

WP2_D6

WP2_D7

Description

The source parameters for earthquakes M>3.0 are moment magnitude, stress
drop, apparent stress, and radiated energy in the Central Apennines

Spatial and temporal variation of the stress drop parameter in the study areas

Kinematic earthquake source model for events with M>6, estimated by jointly
inverting for seismic and geodetic data

A series of stochastic and deterministic’/hybrid physics/based kinematic
earthquake rupture models for faults activated during M>6.0 earthquakes
(L'Aquila M6.2, Amatrice M6.0, Norcia M6.5, and Fucino M7.0) in the Central
Apennines

Integration of Frequency-dependent directivity effects from seismic sequence
into traditional GMMs

Description

The spatial distribution and temporal evolution of the total attenuation of S-
waves (Qs) as a function of frequency in the Central Apennines, focusing on
the seismic sequences of L’Aquila and Amatrice, Visso, Norcia.

Spatial and temporal evolution of spectral decay parameter kappa

Months

12

24

18

30

30

Months

18

18

In WP 2.1, we expect to estimate several
earthquake source-related parameters, such
as moment magnitude, stress drop, apparent
stress, and radiated energy, that will be
determined using independent approaches
(spectral ratios, spectral fitting and coda
methods).

In WP2.2 we expect to estimate the anelastic
attenuation of the S-wave in space and time.
This can affect the variability of ground
motion in the central Apennines before,
during, and after the occurrence of significant
earthquakes.
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WP3. Ground Motion Predictions using Innovative Approaches

Deliverable
WP3_D1
WP3_D2
WP3_D3

WP3_D4

WP3_D5

Deliverable

WP3_D6

WP3_D7

WP3_D8

Description

Stationary NE-ground motion model for central Italy

Stationary NE-ground motion model for Italy

Non-stationary NE-ground motion model

An updated Intensity Prediction Equation (IPE) for the Italian area

A regional intensity attenuation model for central Italy, obtained by means of
regional correctives assessed with the analysis of the residuals

DESCRIPTION

Georeferenced shaking scenarios from physics-based ground motion
simulations for the selected M>6.0 earthquakes in Central Apennines

Time histories and a series for ground motion parameters including the

permanent displacement

Distribution of the simulation codes that developed and used in the project

Months
12
24
36

24

MONTHS

34

34

In WP3.1, we expect to produce non-ergodic
ground-motion models, with improved
accuracy through the inclusion of spatial and
temporal non-stationarities.

In WP3.2, we expect to capture the impact of
earthquake source rupture (fault geometry
and the kinematics, slip heterogeneity, and
nucleation points), seismic wave attenuation
(Q(f)), and 3D earth structure (basins,
topography) on the ground shaking
intensities, particularly in the near field.
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WP4. Testing the Performance of Ground Motion Models and

Empirical Relationships

Deliverable Description

WP4_D1 A set of tables and figures presenting the LLH and WLLH values for each
ground motion model for the whole dataset as well as for the specific set of
information relative to the distance and the magnitude.

WP4_D2 A set of tables indicating the specific weights to be associated with each
selected ground motion model determined from the whole dataset as well as
for the specific set of information relative to the distance and the magnitude

WP4_D3 A table with the results of the statistical tests for the empirical relationships
between the macroseismic intensities and the observed ground motion
parameters.

WP4_D4 Final report where we describe the data method and results in detail

Months

36

36

36

36

In WP4 we will evaluate GMM
predictions against independent
observations of ground motions. Such
tasks will be performed for various IMs
such as peak ground acceleration and
velocity, PGA and PGV, and spectral
accelerations at various periods, Sa(T).
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