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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 
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

Probabilistic Seismic Hazard Maps, PSHASECURE is designed to address 
questions related to predicting 

ground motions during important 
seismic events

Ground Motion Models, GMMsMotivations & Objectives



Ergodic: The statistical properties of a process can be deduced 
from a representative singles sample. It means, any sample of the 
process is completely representative of the process as a whole.

• Ground Motion Predictive Equations or Models (GMPE, GMMs) 
derive from a regression procedure on worldwide strong 
motion database.

• An ergodic assumption is commonly made in Probabilistic 
Seismic Hazard Assessment.

• To create robust GMMs, it is recommended to use a large dataset 
that contains the full range of magnitudes and distances. 

• Unfortunately, the available datasets used to construct GMMs are 
limited (particularly near source from strong events) 

Motivations



Objectives



Objectives



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. 



Study Area/s Central&North Central Italy

Area 1 Amatrice-Visso-Norcia

Area 2 L’Aquila Basin 

Area 3 Fucino Basin 

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.





Gantt Chart X 2024
MONTHS 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

WP1.1 X X X X X X X X X X X X

WP1.2 X X X X X X X X X

WP1.3 X X X X X X X X X X X X

WP2.1 X X X X X X X X X X X X X X X

WP2.2 X X X X X X X X X X X X X X X

WP3.1 X X X X X X X X X X X X X X X X

WP3.2 X X X X X X X X X X X X X X X

WP4 X X X X X X X X X X X X X X X

X la rendicontazione scientifica dell’anno 2023: ST_SECURE (Aybige Akinci) - Google Drive

https://drive.google.com/drive/folders/1TLK7TBcpTsf7IH0vnl94R-UNZzeFCxo6


Deliverable Description Months

WP1_D1  A detailed crustal model with the P and S wave speeds, VP and VS, and 
densities which are assigned to each crustal volume (up to 20-30km depth) 
including basin structures embedded in tomographic crust and upper mantle

10 area1
14 area2
20 area3

WP1_D2 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 QS) as a function of depth at points 
on a regular lattice covering the horizontal extent of the computational domain

12 area1
16 area2
24 area3

Deliverable Description Months

WP1_D3  Macroseismic intensity data linked with measured ground motion parameters 12

WP1_D4 Macroseismic intensity data linked with three-dimensional source parameters 
of the causative earthquakes.

18

WP1_D5 A dataset of weak and strong motion recordings in central Italy, classified in 
mainshock/aftershocks 

12

Deliverable Description Months

WP1_D6  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

24

WP1. Enhancements of Existing Crustal Velocity Models and Seismic 
Datasets

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

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 WP1.3 we expect to build a GIS repository 
containing the homogenized publicly 
available geological and structural data of 
the three study areas. 



WP2. Characterization of Earthquake Source and Seismic Wave 
Propagation in the Central Apennines

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).

Deliverable Description Months

WP2_D1  The source parameters for earthquakes M>3.0 are moment magnitude, stress
drop, apparent stress, and radiated energy in the Central Apennines

12

WP2_D2 Spatial and temporal variation of the stress drop parameter in the study areas 24

WP2_D3 Kinematic earthquake source model for events with M>6, estimated by jointly
inverting for seismic and geodetic data

18

WP2_D4 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

30

WP2_D5 Integration of Frequency-dependent directivity effects from seismic sequence
into traditional GMMs

30

Deliverable Description Months

WP2_D6  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.

18

WP2_D7 Spatial and temporal evolution of spectral decay parameter kappa 18

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.



Deliverable Description Months

WP3_D1  Stationary NE-ground motion model for central Italy 12

WP3_D2 Stationary NE-ground motion model for Italy 24

WP3_D3 Non-stationary NE-ground motion model 36

WP3_D4 An updated Intensity Prediction Equation (IPE) for the Italian area 24

WP3_D5 A regional intensity attenuation model for central Italy, obtained by means of
regional correctives assessed with the analysis of the residuals

36

Deliverable DESCRIPTION MONTHS

WP3_D6  Georeferenced shaking scenarios from physics-based ground motion
simulations for the selected M>6.0 earthquakes in Central Apennines

34

WP3_D7 Time histories and a series for ground motion parameters including the
permanent displacement

34

WP3_D8 Distribution of the simulation codes that developed and used in the project 36

WP3. Ground Motion Predictions using Innovative Approaches

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. 



WP4. Testing the Performance of Ground Motion Models and 
Empirical Relationships 
Deliverable Description Months

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.

36

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

36

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.

36

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