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MOTIVATION AND OBJECTIVE

The seismic activity known as the Amatrice-Visso-Norcia seismic sequence began
on August 24th,2016, with the M6.2 earthquake in Amatrice, Italy. The largest
and most significant event occurred on October 30th, 2016, with a magnitude of
6.5 in Norcia, central Apennines.

In this study, weperform physics-based simulations and investigate the ground
motion variability for Norcia and Amatriceearthquakes using the Pitarka et al.
(2021) and Akinci et al. (2024) simulation approaches, respectively.

We generated broad-band ground-motion acceleration time histories up to higher
IUHTXHQLHY IRU WKHVH WZR HDUWKTXDNHYV XVLQ
functions (FK approach) and kinematic rupture models generated with the
Graves and Pitarka (2016) technique. Finally, we analyzed theperformance of our
1D simulation approach by comparing our synthetic ground motions with those
computedwith a regional 3D velocity model and the recorded ones.

-Accurate broadband ground motion simulations are essential for conducting
realistic hazard analyses.

- Employing simulation techniques characterized by accuracy and computational
efficiency is important also for near-quasi real time hazard evaluation.

- The most precise simulation methods may rely on 3D wave propagation
modeling. However, they are more costly than methods employing 1D wave
propagation.

- A key aspect of our analysis is determining the primary differences between 3D
and FK-GFs-based 1D simulation for the August 24th M6.2 Amatrice and
October 30th M6.5 Norcia earthquakes.
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Simulations are performed using a physics based
deterministic approach, modeling the earthquake rupture
and elastic wave propagation and running the parallelized
CPU version of the FK code on the Supercomputer Mercalli
INGV Cluster

Model Domain covers : 102kmx88kmx31km
Min grid spacing: 25 m

Min time spacing dt: 0.012 s

Min Vs: 400m/s

Fmax: 10Hz

Ground motion duration: 50 s

CPUs: 1 (serial runs)

Comparison with SW4 simulains on CINECA Cluster
Walltime 10 hours
CPs 2048
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FK Code

It solves the elastic-wave equation in the frequency domain by setting a cylindrical

set of coordinates. We generated broadband synthetic time histories (up to 10 Hz) for the

Amatrice and Norcia earthquakes.
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function repository executed sequentially and taking approximately one day to complete.

In contrast, the summation code is parallelized for each station to be simulated, resulting

in nearly instantaneous processing times.

GP Method: Kinematic rupture models generated using a technique developed

by Graves and Pitarka, 2016. The Kinematic rupture model for the Mw6.5 Norcia
earthquake adopted from Scognamiglio et al. (2018) and Amatrice Mw6.2 from

Tinti et al., (2016) using a hybrid approach (Graves and Pitarka, 2016) that combines
deterministic large slip patches with rectangular shape, with random perturbations.

COMPARING RECORDED DATA WITH SYNTHETICS IN TIME AND FREQUENCY DOMAINS
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CONCLUSIONS

1- The comparisons between the synthetic ground motion computed with the 1D method and the 3D
finite-difference method performed in previous studies (Pitarka et al., 2021, Akinci et al., 2024) indicate
minor differences between the two approaches in the investigated frequency ranges.

2- Our method enables us to obtain accurate simulations at higher frequencies comparable to those
obtained from the 3D method. Achieving similar results with the 3D method would require significantly
Increased computational resources.

3- We demonstrate the reliability of 1D deterministic ground motion simulations in reproducing observed
ground motion in the frequency range 0-10 Hz and the source-related spatial variability for the two
earthquakes.

4- Our findings suggest that 3D computationally expensive methods are not always necessary for this task.
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