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1. Introduction

At 00:08 UTC on 23rd July 1930, a seismic
event completely destroyed several villages (Vil-
lanova del Battista, Trevico, Aquilonia and
Lacedonia) in the Campania Region of South-
ern Italy, causing the loss of about 1500 lives.
The earthquake was felt over a wide area of
about 36000 km2 that covered the Campania,
Puglia and Basilicata Regions of Southern
Italy (Alfano, 1931). The maximum estimated

intensity for the earthquake was X MCS
(Gruppo di Lavoro CPTI, 1999). The damaged
area had an elliptical trend that stretched in the
Apenninic direction (NW-SE) and showed a
weak concavity toward the SW (fig. 1). 

In modern seismology, ground motion simu-
lation techniques aim to provide more exact
predictions of the ground shaking than those
obtained, for example, from conventional seis-
motectonic analyses and/or from the use of em-
pirical peak attenuation relationships. These
can be realised through the calculation of reli-
able earthquake scenarios. On this basis, the
simulation of a seismic wave field has a funda-
mental role in any predictive estimation of the
ground motion parameters that are of engineer-
ing interest (ground motion peak parameters,
signal spectral content, etc.). Simulation meth-
ods are also important in studies of past earth-
quakes where the instrumental data were poor
or completely absent. As shown by the present
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study, simulation of the seismic radiation can
be considered a useful approach in the valida-
tion of a source model proposed on the basis of
seismological, geological and geophysical data.

In the present study, we first reviewed the
source parameters of the 1930 Irpinia earth-
quake, and then we applied a hybrid stochastic-
deterministic model of earthquake rupture (Zol-
lo et al., 1997) to assess the acceleration field
associated with a number of source models pro-
posed for this earthquake. We also compared the
simulated acceleration maps with the macroseis-
mic field to gain insights into the 1930 Irpinia
earthquake source parameters. Finally, we pro-
pose a new model for this earthquake source.

2. Epicentre location of the 1930 Irpinia
earthquake

The international seismic bulletins list more
than 100 stations that reported P- and/or S-wave

arrival times following the 1930 Irpinia earth-
quake, which were mostly from Italian and Eu-
ropean observatories. The arrival times are giv-
en with an accuracy within some seconds, with
large inaccuracies that depend on the mechani-
cal clocks used in the seismological observato-
ries at that time. The residuals of the P arrival
times reported for some close seismic stations in

Fig. 1. Isoseismal curves for the 1930 Irpinia earthquake (after Postpischl, 1985). Only the curves correspon-
ding to the degrees VIII, IX and X are reported. The red shaded area corresponds to the region used for this sim-
ulation study.

Table I. Epicentre locations for the 1930 Irpinia
earthquake, as proposed in various studies.

Epicentre Reference
Lat. North Long. East

41°06′ 15°24′ Karnik (1969)
41.04° 15.45° Postpischl (1985)
41.05° 15.42° NEIS Catalogue
41.05° 15.37° Boschi et al. (1995)

41°03′31′′ 15°25′15′′ Oddone (1930)



1745

Inferences on the source mechanisms of the 1930 Irpinia (Southern Italy) earthquake 

the bulletin amount to several tens of seconds.
Using these data, various authors have estimat-
ed the epicentre location for the 1930 Irpinia
earthquake using different methodologies (Odd-
one, 1930; Karnik, 1969; Postpischl, 1985;
NEIS Catalogue; Boschi et al., 1995), as report-
ed in table I and fig. 2. All of the proposed epi-
centre locations are close to the maximum in-
tensity area. However, and as discussed in the
following, the epicentre area and the maximum-
damage area should not coincide as the latter is
associated with the geometric and dynamic
characteristics of the rupturing source as well as
the quality of the constructions.

3. Magnitude and seismic moment

The seismic intensity data were broadly
used in the estimation of the magnitude of the
1930 Irpinia earthquake. Empirical relation-
ships using the maximum intensity in the epi-

centre area, Io, were applied to obtain a value of
the magnitude. For example, Postpischl (1985)
assigned a magnitude of 7.0 using an empirical
relationship between the maximum intensity
and magnitude proposed by Karnik (1969). 

Westaway (1992) revised the source param-
eters for the large historic Italian earthquakes,
and determined the relationships among the
radii of greater value isoseismal curves and the
magnitudes. Applying this to each isoseismal
from I=VI to I=X, Westaway (1992) deduced a
mean value of M = 6.3 ± 0.2 for the 1930 Irpinia
earthquake. This thus showed that the magni-
tude scale that was obtained was equivalent to
the surface wave magnitude, MS.

Using a uniform methodology, Margottini et
al. (1993) analysed about 500 bulletins from
seismological observatories to estimate the
magnitudes of 647 earthquakes that occurred in
Italy in the period of 1900-1986. For each
earthquake, they used the values of the maxi-
mum amplitudes of the recorded ground motion

Fig. 2. Epicentre locations for the 1930 Irpinia earthquake proposed by different studies. The isoseismal curve
for degree X is also reported. The blue lines are the fault traces for the 1980 Irpinia earthquake (after Bernard
and Zollo, 1989).
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according to the characteristics of the recording
instruments, and the period that was associated
with them. Moreover, in order to account for
the effects of crustal structure, they determined
a correction factor for each station. In particu-
lar, for the 1930 Irpinia earthquake, they used
the amplitude of surface waves recorded at 41
seismic stations, thus obtaining a surface wave
magnitude MS = 6.6 ± 0.3.

Gasperini et al. (1999) proposed a method
that used the macroseismic intensity data to as-
sess the location, geometry and magnitude of the
source of large historic earthquakes. Based on a
dataset of 75 instrumental magnitude values for
Italian earthquakes, they calibrated a regression
law to obtain the equivalent moment magnitude
Me using the epicentre intensity Io and the radii
of areas of different intensity levels. The esti-
mated equivalent moment magnitude for the
1930 Irpinia earthquake was Me = 6.7.

The seismic moment was estimated by
Jiménez (1988), who analysed the records of
the 1930 Irpinia earthquake obtained at the seis-
mic station of Jena, Germany. This study pro-
posed a method for the retrieval of the focal
mechanism parameters and the seismic moment
for intermediate sized earthquakes from the sur-
face waves recorded at a single seismic station
located at a regional distance. Jiménez (1988)
performed a dispersion analysis on the regional
Love and Rayleigh wave data in the period
range of 30-100 s, and used this to infer the fo-
cal mechanism. An analysis of the spectral con-
tent of the fundamental modes of the surface
waves was then used to calculate the seismic

moment. The value obtained for the 1930 Ir-
pinia earthquake was M0=2 × 1018 Nm.

Table II summarises the proposed magni-
tudes and seismic moment values for the 1930
Irpinia earthquake. 

4. The focal mechanism

There have been several studies of the
geometry of the fault-plane of the 1930 Irpinia
earthquake that have evaluated the focal mech-
anisms by P-wave polarities or that have ap-
plied semi-empirical relationships to macro-
seismic data. Martini and Scarpa (1983) used
the P-polarities reported in the seismic bulletins
or taken from the original seismograms. They
assumed the epicentre given by Karnik (1969),
with a depth of 13 km. The solution proposed
by Martini and Scarpa (1983) shows a normal
fault mechanism with a moderate strike-slip
component, with nodal planes oriented approx-
imately in the ESE and WSW directions and
dipping 40°-60° (fig. 3).

Jiménez (1988) obtained a fault mechanism
with a large strike-slip component with nodal
planes oriented in the N-S and E-W directions
(fig. 3). Gasperini et al. (1999) analysed macro-
seismic data and proposed an azimuth of
N109°W±11° for the fault plane, with a fixed
mean dip of 45°.

In the present study, independent estima-
tions of focal mechanism were obtained using
two different methods on the same dataset as
that used by Martini and Scarpa (1983). The da-

Table II. Magnitude and seismic moment for the 1930 Irpinia earthquake, as proposed in various studies (bold
type). The values in normal typescript were calculated using the Hanks and Kanamori (1979) relationship:
LogMo= 9 + 1.5 M.

Magnitude Seismic moment (Nm) Reference Data used

6.5 7 ×1018 Martini and Scarpa (1983) After Karnik (1969) catalogue
6.1 2 ×1018 Jiménez (1988) Surface waves (spectral analysis)
7.0 3.2 ×1019 Postpischl (1985) Maximum intensity value

6.3 ± 0.2 (MS) 3.5 ×1018 Westaway (1992) Radii of greatest isoseismal areas
6.6 ± 0.3 (MS) 1 ×1019 Margottini et al. (1993) Amplitudes of surface waves from bulletins

6.7 (Me) 1.1 ×1019 Gasperini et al. (1999) Epicentre intensity and isoseismal areas
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al., 1988). The second method was that pro-
posed by Zollo and Bernard (1991), based on
the probabilistic evaluation of the maximum
likelihood model. The fault plane solutions ob-
tained are given in fig. 3 and summarised in
table IV. These are similar to those proposed by
Martini and Scarpa (1983), and are consistent
with the azimuthal value of 109° for the fault
plane given by Gasperini et al. (1999).

5. Fault dimensions and mean value of slip

The length, L, and the width, W, of a fault
that has generated an earthquake of magnitude
M can be calculated by the relationships pro-
vided by Wells and Coppersmith (1994)

. .
. .

L M
W M

Log
Log

2 44 0 59
1 01 0 32

=- +
=- +

where the fault dimensions are expressed in km.
Gasperini et al. (1999) inferred a source dimen-
sion of 32.6 × 13.6 km2 using these Wells and

Table III. P-polarities used for focal mechanism calculations.

Location Code Epicentre distance Azimuth Polarity
(degrees) (degrees)

Piacenza (Italy) PCN 5.9 317 up
Athens (Greece) ATH 7.1 111 down
Toledo (Spain) TOL 14.8 273 down

Copenhagen (Denmark) COP 14.9 354 up
Durham (Great Britain) DUR 18.4 326 down

Uppsala (Sweden) UPP 19.1 4 up
Pulkovo (Russia) PUL 21.1 21 up

Tachkent (Uzbekistan) TAS 40.1 71 down

Fig. 3. Fault plane solutions for the 1930 Irpinia
earthquake.

Table IV. Source models used for the numerical modelling of the accelerometric field.

Model Length Width Max depth Strike Dip Rake Reference
(km) (km) (km)

A 14.5 9 13 290° 60° −90° This study
B 14.5 9 13 100° 30° −90° This study
C 32 14 15 109° 45° −90° Gasperini et al. (1999)
D 14.5 9 13 280° 55° −60° Martini and Scarpa (1983)

ta used are reported in table III. The first ap-
proach was based on a search for the two planes
that optimise the polarities distribution on the
focal sphere (FPFIT algorithm, Oppenheimer et
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Coppersmith (1994) relationships. Applying the
Wells and Coppersmith (1994) relationships to
the magnitude value M = 6.1 proposed by
Jiménez (1988), the fault plane dimensions that
are obtained are about 14.5 × 9 km2.

Once the seismic moment is known, it is
possible to estimate the fault dimensions and
the mean final slip value for the earthquake un-
der consideration. Using the relationship be-
tween seismic moment and fault length for in-
traplate earthquakes provided by Scholz et al.
(1986), we obtained a fault length of about 10-
15 km. Moreover, by studying the seismic frac-
ture in conditions of uniform static stress re-
lease, Madariaga (1977) established that

D
CWDS= n

where <D> is the mean slip value; W is the fault
width; DS is the static stress release; µ is the
rigidity; and C is a factor that depends on the
geometry of the fractured area and assumes a
value of 0.7 for a circular surface and 1.6 for a
rectangular fault characterized by a width that
is negligible with respect to its length. Combin-
ing this relationship with the definition of seis-
mic moment (M0= µLW〈D〉), we obtain a fault
width of about 5-10 km. The mean value of the
final slip is then between 0.4 m and 1.3 m.

Table IV summarises the proposed source
parameters for the 1930 Irpinia earthquake.

6. Ground acceleration field simulation

The goal of our simulation study was to de-
termine the reliabilities of the proposed source
models for the 1930 Irpinia earthquake through
a comparison of the simulated acceleration field
with the macroseismic map. With this in mind,
we simulated the ground acceleration field as-
sociated with the four source models reported
in table IV. For each of the source models con-
sidered, we performed simulations of 100 dif-
ferent rupture processes, with each of them
based on parameters defined by different posi-
tions of the rupture nucleation point (randomly
chosen in the lower half of the fault) and by dif-
ferent heterogeneous final slip distributions

Fig. 4. Peak ground acceleration field simulations
for the four source models of table IV. The rectangles
represent the surface projection of the fault. The dip-
ping directions of the fault planes and the focal
mechanism are also shown. The numbered triangles
represent towns (01: Aquilonia; 02: Lacedonia; 03:
Scampitella; 04: Villanova; 05: Trevico; 06: Anzano;
07: Ariano Irpino; 08: Bisaccia; 09: Carife; 10: Cas-
tel Baronia; 11: Flumeri; 12: Monteverde; 13: Roc-
chetta S. Antonio; 14: S. Nicola Baronia; 15: S. Sos-
sio Baronia; 16: Vallata; 17: Zungoli; 18: Melfi; 19:
Barile; 20: Rionero; 21: San Fele; 22: S. Agata; 23:
Atella; 24: Candela; 25: Castelfranco; 26: Frigento;
27: Savignano; 28: Andretta).

(calculated according to the k-square model
proposed by Herrero and Bernard, 1994). For
each rupture process, we calculated the ground
acceleration at a regular grid of 121 receivers
located in an area of 60 × 60 km2 (the red shad-
ed area in fig. 1). The spacing between adjacent
receivers was 5 km. The maximum frequency
content of simulated accelerograms was 5 Hz.
For each receiver, the ground motion parameters
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of interest (e.g., the mean values of Peak Ground
Acceleration – PGA) were evaluated assuming
that the simulated peak accelerations were log-
normally distributed. In our modelling, we simu-
lated 100 different rupture processes for each
fault model considered, after having verified that
a larger number of simulations did not produce
substantial differences in the estimation of the
mean values of PGA for each receiver.

Figure 4 shows the maps of the PGA (mean
values calculated from the 100 simulated rupture
processes) for the four source models of table
IV. As can be clearly seen, the spatial distribution
of the accelerometric field depends on the orien-
tation and dimension of the ruptured surfaces.

The PGAs can then be converted into macro-
seismic intensities using empirical relationships.
In fig. 4 the colour scale was created so that the
acceleration ranges for yellow and red corre-
spond to macroseismic intensities in the range
IX-X, according to the relationship proposed by
Trifunac and Brady (1975)

. .I0 3 1 986= - .Log PGA

In this way, we can compare qualitatively the iso-
seismal curves of fig. 1 for the highest intensity
degrees with the yellow and red areas of fig. 4.

We also compared the macroseismic intensi-
ty data available from the NT4.1 catalogue (Ca-
massi and Stucchi, 1998) with the theoretical in-
tensity values estimated from the simulated ac-
celerations by the Trifunac and Brady (1975) re-
lationship for several towns. In fig. 4, the white
triangles mean that the expected intensity is con-
sistent (within the range of one statistical stan-
dard deviation) with the actual intensity data,
whereas the black and red triangles mean that the
theoretical intensities are greater than and less
than the actual data, respectively. Since we do
not take in account either site effects or the qual-
ity of the constructions, which can strongly in-
fluence macroseismic data, we believe that this
comparison is not completely satisfactory.

7. Results: a new source model

Seismological and macroseismic observa-
tions agree on the azimuth of the causative fault

of the 1930 Irpinia earthquake, and suggest an
Apenninic orientation (approximately ESE-
WNW) for the fault plane. There are some un-
certainties in the definition of the dipping direc-
tion of the fault plane (towards the SW or the
NE). This ambiguity also remains after the analy-
sis of the fault plane solution because we found
two possible solutions with the same probability.
However, in general the concave shape of the
macroseismic field can be associated with a fault
plane dipping in the direction of maximum con-
cavity. In the case of the 1930 Irpinia earthquake,
the isoseismal curves of fig. 1 show a weak con-
cavity toward the SW, suggesting a plane proba-
bly dipping towards the SW. The results from the
simulations for source models B and C in table
IV (fig. 4B,C), which are characterized by fault
planes dipping toward the SW, show an acceler-
ation field characterized by a concavity in the
fault dipping direction. On this basis, we chose a
fault plane oriented in the Apenninic direction
and dipping towards the SW.

From fig. 4A,D, it appears that the lateral ex-
tension (i.e. in the anti-Apenninic direction) of
the peak acceleration field reproduces well the
analogue extension of the isoseismal curves (fig.
1). On the other hand, by comparing the results
for source models A and B in table IV (fig.
4A,B), we note that when the seismic moment
and fractured area are the same, the dip angle is
smaller, and the lateral extension of the higher
PGA area is larger. In comparison with the
macroseismic field, this observation allows us to
exclude a sub-horizontal fault plane for the 1930
Irpinia earthquake, and to consider a fault plane
with a dip angle of between 40° and 70°.

The effects of a major strike component in
the focal mechanism on the acceleration field
can be inferred through comparing the PGA
maps for source models A and D of table IV
(fig. 4A,D); this produces a larger extension in
the ESE direction that is not so evident in the
macroseismic field (fig. 1).

While we were able to reproduce quite close-
ly the lateral extension of the isoseismal curves
corresponding to the highest intensity levels, the
longitudinal extension (i.e., in the Apenninic di-
rection) of the highest acceleration areas for
source models A, B and D of table IV appears to
underestimate the analogous extension of the
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isoseismal curves (i.e., the area corresponding to
the intensities of IX-X). As a consequence, we
can conclude that the fault dimensions associat-
ed with source models A, B and D are too small.
On the other hand, in the case of source model C,
characterized by the largest fault dimensions
among the models considered in this study, we
found an acceleration field that greatly overesti-
mates the macroseismic field extension corre-
sponding to the highest intensity levels.

On the basis of the above-mentioned obser-
vations, we propose the source model reported
in table V for the 1930 Irpinia earthquake. This
model is characterized by dimensions which are

Fig. 5. Final sketch of the 1930 Irpinia earthquake. Left: map of the simulated peak ground acceleration field.
The rectangle represents the surface projection of the fault. The dipping direction of the fault plane and the fo-
cal mechanism are also shown. The triangles represent towns (see legend to fig. 4). The white triangles repre-
sent towns for which the actual intensity data are consistent with that simulated; the red triangles represent towns
for which the actual intensity data are greater than simulated. Right: same map as fig. 2 but with the fault repre-
sented (red rectangle).

intermediate to those of models A, B and D, and
model C, of table IV. The magnitude of about
6.5, which was evaluated according to the Wells
and Coppersmith (1994) relationships, corre-
sponds to a seismic moment of 5.6×1018 Nm.

To validate our proposed source model, we
calculated the mean PGA field associated with
100 possible rupture processes occurring on this
fault. We then converted the PGA estimated for
the 28 towns in the area under consideration into
macroseismic intensities through the Trifunac
and Brady (1975) relationship, and searched for
the fault position able to minimise the differences
between the estimated and observed macroseis-
mic data available from the NT4.1 catalogue (Ca-
massi and Stucchi, 1998). The final results are
shown in fig. 5. The synthetic acceleration field
reproduces the characteristics of the macroseis-
mic field well. Moreover, the fault moves about
10 km in a SW direction as compared to the pro-
posed epicentre locations shown in fig. 2. As can
be seen, the fault position does not coincide with
the maximum area where it was felt.

The «Database of Potential Sources for
Earthquakes Larger than M 5.5 in Italy» (Valen-
sise and Pantosti, 2001) adopts the source pa-
rameters and location proposed by Gasperini et

Table V. Source model for the 1930 Irpinia earth-
quake proposed in this study.

Length (km) 25
Width (km) 12

Max depth (km) 15
Strike 110°
Dip 55°

Rake −90°
Seismic moment (Nm) 5.6 × 1018
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al. (1999). These are based only on the analysis
of macroseismic intensity data. However, as
pointed out by Basili and Burrato (2001), the
1930 Irpinia earthquake did not generate clear
surface faulting and this makes it difficult to de-
termine the exact position of the causative fault.

In conclusion, we propose that the fault as-
sociated with the 1930 Irpinia earthquake is lo-
cated in the central part of the Southern Apen-
nine chain, and dips in a SW direction, similar

Appendix

This appendix is devoted to the description of the method used in this study to simulate the seis-
mic ground motion associated with an extended fault, as proposed by Zollo et al. (1997). 

Radiation from a seismic source Σ can be calculated from the representation theorem. The ground
displacement as a function of time t at the point r" for the wave c is given by (Aki and Richards, 1980)

"

( , ) ( , , ) ( , )u r t G r r u r t d rc )= ∆
Σ

"

t
" " " " "

( )Σ0 0 0## (A.1)

where ∆u is the slip function at the point r"0 on the fault, and G
"

is the Green’s function for a point dis-
location source.
The exact calculation of G

"

is a very difficult problem that leads to complicated numerical methods.
Bernard and Madariaga (1984) and Spudich and Frazer (1984) independently proposed that it is pos-
sible to use only the far-field Green’s function in eq. (A.1). This approximation is valid when the
wavelengths under consideration are much shorter than the smallest distance to the fault. The range
of validity of this approximation does not depend on the dimensions of the fault. Farra et al. (1986)
provided numerical justification for the use of an asymptotic Green’s function at high frequencies al-
so for wavelengths shorter than the distance to the fault. In other words, they showed that the as-
ymptotic method yields good results for wavelengths of the order of the distance to the fault, and that
this deteriorates relatively quickly once the wavelengths become longer. The general form of the
Green’s function in far-field approximations was given by (Farra et al., 1986)

"

, , ( )ReG r t
c cJ

c
F t T r0

4
,FF c

c c

0 0

3

0 0 0

0= -
rt
n

t
t

∆
"

" "
"

% ob l : D( 2 (A.2)

where µ and ρ are the rigidity and the density, respectively; c is either the P- or S-wave velocity, ac-
cording to the type of wave under consideration (the suffix 0 means «evaluated at the source»); J is
the geometric spreading factor; Fc

"

is a vector radiation pattern which depends on the take-off angle of
the ray at the source and on the geometric properties of the dislocation source; Π contains the product
of all of the complex reflection and transmission coefficients at the different interfaces encountered by
the ray on its trajectory; i tr( ) ( )t t= -d∆ ; and Tc is the travel time. Complex Π occurs when a ray
is reflected at supercritical angles, whereas J ≤ 0 if the rays have touched a caustic. Thus, eq. (A.2) is
very general, and allows the calculation of all of the geometric rays. The most important advantage of
using the far-field Green’s function is that the numerical evaluation of eq. (A.1) becomes very fast. Each
Green’s function is convolved with the Azimi’s attenuation function (Aki and Richards, 1980) based on
parameters defined by a constant quality factor Qc in order to account for the Earth anelasticity.

to the eastern segment associated with the 1980
Irpinia earthquake.
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The slip function in eq. (A.1) can be approximated by a ramp function
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where r( )D
"

0 , r( )x "

0 and rR ( )T
"

0 represent the final slip, the rise time and the rupture time associated
with the fault element with a position of r"0, respectively.

In the near-source distance range (i.e., when the distance between the source and the receivers is
comparable to the dimensions of the fault), the details of the rupture process may largely influence
the high frequency seismic radiation. On the other hand, the heterogeneous final slip and rupture ve-
locity distributions of the fault are rather complex, as can be seen from near-source strong motion da-
ta (Hartzell and Heaton, 1983; Heaton, 1990). This complexity can be related to the variable rock
strength and/or applied stress field along the faulting surface. Thus, to sum up, in the near-source
range, the high frequency seismic radiation is controlled by the complexity and heterogeneity of the
rupture processes that dominate the character of the signals when the site effects can be considered
as being weak or negligible.

Under a constant rupture velocity hypothesis, the ω-square behaviour of the seismic ground mo-
tion spectra (Aki, 1967) can be related to self-similar slip and stress-drop distributions over the fault,
that follow a negative power law as a function of the radial wave number k (Andrews, 1981; Frankel,
1991; Herrero and Bernard, 1994). We adopted the k-square model by Herrero and Bernard (1994)
to obtain a heterogeneous final slip distribution on the fault plane from the two-dimensional inverse
Fourier transform of the complex function

)

2
y,D k k
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m
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where k is the radial wave-number. The cut-off wave-number, kc, corresponds to the minimum fault
dimension (Herrero and Bernard, 1994) and represents the characteristic dimension of the fault.
When k > kc, the dislocation is supposed to be incoherent on the fault plane and, in this case, the
phase ϕ in eq. (A.4) is chosen randomly. The slip distribution is then tapered by a two-dimensional
cosine-taper filter to avoid unrealistically sharp slip transitions at fault edges. Finally, the constant
C in eq. (A.4) is evaluated by normalizing the slip distribution, to obtain an a priori value of seis-
mic moment.

If a constant rupture velocity is used, the far-field seismic radiation is dominated by the slip het-
erogeneity instead of the irregularities in the rupture velocity distribution. This approximation may
not be valid for highly discontinuous fracture phenomena, but it is reasonable when the rupture ve-
locity varies smoothly along the fault.

The rise time value in eq. (A.3) is generally chosen as the cut-off frequency of the low-pass filter
that is applied to the synthetic seismograms. In this case, the onset of slip appears to be instantaneous
with the passage of the rupture front. This choice maximizes the expected amplitude of the ground
motion in the far-field approximation.

The representation integral in eq. (A.1) is evaluated numerically by dividing the fault into discrete
sub-faults, and then summing up their contributions. A fine fault grid is needed to calculate the rep-
resentation integral up to high frequencies, to avoid undesired numerical effects due to the fault di-
viding (e.g., spatial aliasing). Zollo et al. (1997) suggested characteristic sub-fault dimensions of
about 20-30 m.
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This simulation method can be used to obtain predictive estimates of strong ground motion pa-
rameters of engineering interest (peak parameters and spectral ordinates) in seismically active areas.
Paleoseismic evidence of the occurrence of repeated rupture episodes along the same fault (or fault
system) suggests that some characteristics, like fault geometry, source mechanism, and average slip,
depend on the direction and intensity of the regional stress field, and it is reasonable to consider these
constant on a large time scale. This concept is supported by several paleoseismic studies performed
on active faults in different tectonic environments (e.g., Pantosti and Valensise, 1990; Pantosti et al.,
1993; Meghraoui et al., 2000). However, numerical simulations of fracture development suggest that
the fracture process may not repeat the same style of nucleation, propagation and arrest in successive
rupture events along a given fault (e.g., Rice, 1993; Nielsen et al., 1995, 2000). On this basis, a mas-
sive calculation of synthetic seismograms produced by a large number of possible rupture processes
occurring on the same a priori known fault is performed. Assuming a constant rupture velocity, the
history of each rupture is built from a heterogeneous final slip distribution and a rupture nucleation
point randomly chosen over the fault plane. Considering that the source effects are dominant at near-
source distances, the variability of the synthetic strong motion records should account for the a pri-
ori unknown rupture complexity. The range of expected variations of typical strong-motion parame-
ters for a given seismogenetic fault (or fault system) can therefore be estimated by statistical analy-
sis. For these reasons, Zollo et al. (1997) defined their simulation method as a hybrid stochastic-de-
terministic technique.

This simulation approach was used by Zollo et al. (1997) to estimate the strong ground motion
parameters for the Friuli earthquake (1976, M=6.5), and by Zollo et al. (1999) to calculate the ground
motion scenario associated with a hypothetical earthquake occurring on the Ibleo-Maltese fault sys-
tem in South-Eastern Sicily. It has also been recently validated by Emolo and Zollo (2001), who sim-
ulated the two main shocks of the Umbria-Marche seismic sequence (26th September, 1997; the MW =
= 5.5 and MW = 6.0 events).
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