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The main goals, activities, and outcomes of this research effort

The SECURE project — “Regional-Scale Earthquake Ground 
Motion Predictions Through Physics-based and Empirical 
Approaches: A Case Study in Central Italy” — was designed 
to address one of the central challenges in seismology and 
seismic hazard assessment: 

 How to improve the reliability of ground-motion 
predictions in complex tectonic regions. 

 Accurate quantification of earthquake ground motion as a 
function of magnitude, distance, and frequency is 
fundamental for seismic hazard analysis, engineering 
applications, and civil protection strategies, including 
rapid response and early warning systems. 

 The Central Apennines provide an exceptional natural 
laboratory for this type of research, given the large 
amount of high-quality data produced by recent seismic 
sequences and the complex geological structures that 
strongly influence wave propagation.



Project Vision and Scientific Objectives

The main objective of SECURE was to study earthquake ground 
motion characteristics using innovative techniques, integrating 
empirical observations with advanced physics-based modeling 
approaches. In particular, the project focused on improving our 
understanding of the relationships between:

earthquake source processes (directivity effects, rupture velocity),  wave 
propagation (attenuation/quality factors) through the crust, and local site 
conditions (such as basins, topography, and near-surface structures).

By investigating these elements together, SECURE aimed to better 
quantify the spatial and temporal variability of ground shaking during 
seismic sequences and to reduce uncertainties in ground-motion 
predictions. 

Another key goal was the development of data-driven non-ergodic and 
physics-based ground-motion models, capable of capturing regional 
characteristics and temporal variations before, during, and after major 
earthquakes.



Research Activities
To achieve these objectives, the project implemented a 
multidisciplinary workflow. 

First, we worked on the construction of improved crustal 
velocity models for the Central Apennines using 
tomographic analyses and geological constraints. We 
developed comprehensive databases of earthquake 
recordings, integrating accelerometric and velocimetric data 
together with macroseismic intensity observations. 
(WP1, Resp. De Gori)

Second, we focused on the characterization of earthquake 
source properties and seismic attenuation (moment 
magnitude, stress drop, apparent stress, and radiated energy) 
using different approaches, while the spatial and temporal 
variability of S-wave attenuation was investigated to better 
understand its influence on ground-motion variability in the 
Central Apennines (WP2, Resp. Calderoni).

Third, we development of data-driven non-ergodic and generated physics-based ground-motion models and performed broadband 
3D ground-motion simulations at thousands of sites. These simulations provide synthetic ground motions that complement the 
empirical data and are particularly useful in near-fault regions where recordings are limited (WP3 Resp. Sgobba).

Finally, the project evaluated the performance of different ground-motion prediction approaches through systematic validation against 
observed seismic recordings and macroseismic data (WP4 Resp. Taroni).

. 



Collaboration and Team

SECURE has been a collaborative effort.

The project involved 29 researchers from 
INGV and about ten external scientists
from national and international institutions, 
including universities and research centers 
in Europe and the United States. 

This collaboration allowed us to combine 
expertise in seismology, earthquake 
physics, numerical modeling, and 
engineering seismology, and to connect 
SECURE with other ongoing international 
research initiatives.



Key Outcomes and Impact

The main outcomes of SECURE can be 
summarized in three points:

1. Improved physical understanding of 
ground-motion variability in the Central 
Apennines.

2. Development of advanced modeling 
frameworks combining empirical and 
physics-based approaches.

3. Generation of synthetic ground-motion 
scenarios and datasets that can support 
engineering applications and seismic hazard 
assessments.

These results contribute to advancing seismic 
hazard assessment and risk mitigation.



Final Remarks

SECURE represents an important step toward 
bridging the gap between observational 
seismology, numerical simulations, and 
engineering applications.

The methodologies and datasets developed 
within this project are not limited to Central 
Italy: 

they can be transferred to other seismically 
active regions, helping to improve ground-
motion predictions worldwide.

I would like to thank all the researchers, 
collaborators, and institutions that 
contributed to the success of this project.
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Key Scientific Questions to be addressed in the Project: 

● How should we improve the ground motion predictions in central Italy?

● What is the impact of earth structure, basins, topography, source rupture heterogeneity (kinematic, dynamic, and
geometrical), and seismic wave attenuation on the estimated ground motions at a given site?

● Can non-ergodic ground-motion models, accounting for spatial and temporal variability, improve the predictive capability of
ground shaking, particularly during a seismic sequence?

● To what extent can physics-based ground-motion simulations be considered a reliable framework for ground-motion
prediction?

● Is it possible to reduce the variability in ground-motion estimates by calibrating temporally non-stationary GMMs that
implicitly incorporate parameters describing rupture dynamics (e.g., stress drop or apparent stress)?

● Can the empirical relationships between macroseismic intensity and recorded ground motion be validated using robust
statistical testing?

● Can we develop validation tests for Ground Motion Models (GMMs) specifically designed to assess their performance in
engineering applications?

● Do regionalized hybrid GMMs, derived from the physics-based simulations and non-ergodic modeling approaches,
outperform existing GMMs currently used for Central Italy?




