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[1] We investigate the effect of extended faulting
processes and heterogeneous wave propagation on the
early warning system capability to predict the peak ground
velocity (PGV) from moderate to large earthquakes
occurring in the southern Apennines (Italy). Simulated
time histories at the early warning network have been used
to retrieve early estimates of source parameters and to
predict the PGV, following an evolutionary, probabilistic
approach. The system performance is measured through the
Effective Lead-Time (ELT), i.c., the time interval between
the arrival of the first S-wave and the time at which the
probability to observe the true PGV value within one
standard deviation becomes stationary, and the Probability
of Prediction Error (PPE), which provides a measure of
PGV prediction error. The regional maps of ELT and PPE
show a significant variability around the fault up to large
distances, thus indicating that the system’s capability to
accurately predict the observed peak ground motion
strongly depends on distance and azimuth from the fault.
Citation: Zollo, A., et al. (2009), Earthquake early warning
system in southern Italy: Methodologies and performance
evaluation, Geophys. Res. Lett., 36, LO0B07, doi:10.1029/
2008GL036689.

1. Introduction

[2] Earthquake Early Warning Systems (EEWS) are real-
time information systems that are able to provide an alert on
the potential damaging effects of an impending earthquake
through the rapid telemetry and processing of data from
dense instrument arrays deployed in the source region
(regional systems) or in the site where the target to be
protected is located (on-site systems) [Kanamori, 2005].
Following different technological and methodological
approaches, prototypes or validated EEWS are currently
operating in Japan, California (USA), Taiwan, Mexico,
Turkey and Romania.

[3] In 2005, the development and implementation of a
regional EEWS was started in southern Italy, based on a
dense, wide dynamic seismic network deployed along
the Apenninic belt region [Weber et al., 2007], equipped
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with both acceleration and velocity sensors (see auxiliary
material).! This is the region where large, destructive earth-
quakes in Italy have occurred during last centuries and there
exist a significant probability for a M > 5.5 earthquake
occurrence in the next decade [Cinti et al., 2004].

[4] Methodologies for earthquake early warning assume
a point-source model of the earthquake source and isotropic
wave amplitude attenuation. These assumptions may be
inadequate to describe the earthquake source and wave
amplitude attenuation effects and they can introduce signif-
icant biases in the real-time estimation of earthquake
location and magnitude. This issue is critically related to
the EEWS performances in terms of expected lead-time
(i.e., the time available for earthquake mitigation actions
before the arrival of damaging waves) and of uncertainties
in predicting the peak ground motion at the site of interest.

[s] The best practice would be to use the recordings of
past strong earthquakes acquired at the network stations
and, by means of an off-line analysis, to investigate the
system capabilities to rapidly estimating the source parame-
ters. This is not possible in the southern Apennines due to the
relatively low seismicity rate in the magnitude range M > 6
and to the young age of the implemented EEWS. Therefore
we adopted a different strategy, where the efficiency of early
warning methodologies are investigated by the simulation
of a large number of M6.9 and M6.0 earthquake scenarios,
including the use of a standard 1-D Ground Motion Predic-
tive Equation (GMPE) to predict the peak motion at distant
sites.

2. Synthetic Waveforms and Earthquake Ground
Motion Scenarios

[6] A massive synthetic waveform data-base has been
produced for testing the performance of the southern Italy
EEWS, using waveform play-back procedures which run
off-line on simulated, synchronized earthquake records.

[7] The synthetic waveforms have been computed using
the hybrid k-squared source model [Gallovi¢ and Brokesova,
2007], which combines the integral approach based on the
evaluation of the representation theorem for the low fre-
quencies (<1 Hz) and the composite approach for the high
frequencies (1-20 Hz). Both approaches are based on a
common set of sub-sources providing “k-squared” slip
distribution [Herrero and Bernard, 1994]. The source
model is coupled with full-wavefield bedrock Green’s
functions for a 1D layered crustal model determined by
the discrete wave-number method [Bouchon, 1981].

'Auxiliary materials are available in the HTML. doi:10.1029/
2008GL036689.
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Figure 1. Acquisition layout of the numerical experiment for the evaluation of the EEW system performances and
examples of synthetic accelerograms. Synthetic seismograms are computed at the early warning network (squares) and at a
set of virtual stations (circles) in order to obtain a better coverage at regional scale. The locations of STA22 and STA16,
whose PE plots are shown in Figure 2, are also indicated. The location, fault extent, focal mechanisms and moment

magnitude of the simulated earthquakes are also shown.

[8] In this study we have simulated possible rupture
scenarios for one M6.9 and two M6 earthquakes (Figure 1).
The faults characteristics used for simulations are from the
Italian active fault catalogue [Basili et al., 2008]. The fault
responsible for the main sub-event of the 1980 Irpinia
earthquake is assumed as the source of the M6.9 earth-
quake. This fault is a NE dipping normal fault, striking
along the Apennines direction (Figure 1). In the middle of
the fault we assume a M6 event. The third M6 source is
related to the causative fault of the 1930 earthquake that is a
predominantly normal fault NE dipping located close to the
north-eastern edge of the seismic network.

[¢9] The synthetic accelerograms corresponding to each
earthquake scenario have been computed at the irregular
grid of receivers shown in Figure 1. Only the ISNet stations
are used for the real-time location and magnitude determi-
nation. For the Green’s functions calculations, the 1D
velocity model of Improta et al. [2003] is assumed.

[10] In total, 2 x 90 and 300 scenarios for the two M6
and the M6.9 earthquake, respectively, have been computed
by considering variable nucleation points in the lower half
of the fault, slip, and rupture velocity. The scenarios provide
relatively large variability of the synthetics as illustrated in
Figures 1 and 2. In order to make synthetic waveforms
realistic in terms of ambient noise and site response, the
records have been modified by adding synthetic noise as
inferred from the observed power spectral density curves
and by convolution with site transfer functions generated

using the Kennett’s [1983] reflection matrix approach and
P-, S-velocity and density profiles obtained from the Italian
strong motion database (Working Group ITACA, 2008,
http://itaca.mi.ingv.it).

3. Data Processing and Results

[11] We implemented a real-time, probabilistic evolution-
ary algorithm for early warning, whose main components
are the automatic first-P picking, event location, magnitude
estimation and prediction of ground motion intensity mea-
sure at a given target site.

[12] The automatic picks of P-arrival times on synthetic
traces have been preliminarily carried out using a standard
STA/LTA algorithm. The synthetic records have been filtered
using a two poles, zero-phase shift Butterworth filter, in the
frequency band 0.075—-3 Hz following the processing scheme
detailed by Zollo et al. [2006, 2007]. The three-component
accelerograms have been double-integrated to obtain displace-
ment and to evaluate the peak amplitude modulus in a time
window A, as PD = max \/NS(I)2+EW(I)2—|—UD(t)2 .

[13] At each second tg%{er the first automatically detected

P-pick, the real-time location procedure proposed by
Satriano et al. [2008] (RTLoc) is used to provide the
hypocentral location, as soon as the first P—measurement
is made available. Magnitudes are estimated from PD values
in windows of 2 and 4 seconds for the P phase, and 2 seconds
for the S phase following a Bayesian approach [Lancieri
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