
FINITE SOURCE EFFECTS IN SHAKEMAP MODELLED THROUGH SYNTHETIC
SEISMOGRAMS: TESTS ON THE 2009 MW=6.3 L’AQUILA EARTHQUAKE
L. Moratto, A. Saraò 
Istituto Nazionale di Oceanografia e di Geofisica Sperimentale - OGS, Centro Ricerche Sismologiche, Trieste, Italy

The ShakeMap software (Wald et al., 1999) automatically generates, in real-time, shaking maps
using as input the epicentre location, the ground motion parameters (PGA, PGV and SA) extracted
from the recorded waveforms and possibly the finite fault rectangle representing the rupture area.
The software has been properly calibrated for the Italian territory by Michelini et al. (2008) at
INGV. 

The 2009 L’Aquila earthquake (Mw 6.3) occurred on April 6 at 01:32 UTC was the first impor-
tant application of the ShakeMap in Italy and it gave the opportunity to test and improve the stan-
dard procedure. The earthquake was very well instrumented being recorded by many broadband and
strong motion instruments placed in the near field but for different reasons, not all the data were
soon available after the earthquake. The INGV broadband stations saturated up to 80-90 km from
the epicentre whereas the strong motion station data of the Rete Accelerometica Nazionale (RAN)
network were available only some hours after the event occurrence (Michelini et al., 2009). For
these reasons, the first ShakeMaps generated for the L’Aquila earthquake in near real-time were
incomplete and updated several times during the day, as new data were available (Michelini et al.,
2009). Only few days later, it was possible to compute a ShakeMap including all the recorded data
together with an accurate source model computed by waveform inversion (Cirella et al., 2009). The
difference between the maps generated immediately after the earthquake and the latest ShakeMaps
are noticeable: there are large uncertainties in the zone with more damages and casualties principal-
ly due to the lack of near field strong motion data in real time. Several authors (e.g. Moratto et al.,
2009) claim the need to integrate records and ground motion empirical relations (GMPE’s) with
synthetic data including seismic source radiation effects to overcome the lack of data when this
occurs. Nevertheless, to be effective the computation of synthetics should be done in near real time,
and to include the source effects, also the main features of the source should be obtained in short
time. 

In this study, we compute rapid synthetics using a stochastic approach. The simplified finite
source model is computed by inversion of teleseismic data. The synthetic data are then used to com-
pute ShakeMap of the L’Aquila earthquake in order to test if the integration of synthetics could have
really ameliorated the near real time ShakeMap of the 2009 L’Aquila earthquake.

Tab. 1 - Moment tensor computed for the 2009 L’Aquila earthquake by USGS (GS), Harvard (HRV), MedNet
(MED) and OGS.
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The rapid gross source features. To carry out the slip distribution, we applied the modified
Kikuchi and Kanamori method (2003), based on a finite fault inverse algorithm that deconvolve
complex body waves using teleseismic long period P waves. The advantage of using teleseismic
data is their immediate availability through the database on the web (e.g. IRIS Data System). 

In the slip inversion we fixed the focal mechanism (strike=136°, dip=45°, rake =-116°) that we
computed by the Time Domain Moment Tensor inverse code (TDMT_INVC, Dreger, 2003) using
data recorded at OGS in real time. Our moment tensor (Tab. 1) is well in agreement with the
moment tensor obtained by other agencies (USGS, Harvard, MedNet). The fault dimension, a rec-
tangular section 30 km long and 20 km wide was fixed by the Wells and Coppersmith (1984) empir-
ical relation and oriented following the moment tensor solution. The rupture velocity was fixed at
3.0 km/s. 31 teleseismic broad-band P wave data were selected and analysed and a total seismic
window of 80 s length was
inverted. From this first inver-
sion we got a single asperity
showing a possibly unilateral
fault with rupture propagating
from NW to SE (Fig. 1) and
maximum slip on the fault of 70
cm, in agreement with the model
obtained by Cirella et al. (2009).
On purpose we did not refine the
slip inversion in order to test
how good could be the informa-
tion coming from a preliminary
quick inversion results.

Modelling of synthetic data.
The synthetic seismograms were
computed applying the stochas-
tic approach called “EXSIM”
(Motazedian and Atkinson,
2005). EXSIM models the finite-
fault ground motions dividing a large fault into subfaults, where each subfault is considered as a
small point source. It requires a calibration based on information about the structural model, the
path duration and the attenuation factor related to the studied zone; in this study we calibrated the
software utilizing the parameters proposed for the L’Aquila region by Bindi et al. (2009). We com-
puted synthetics for the following cases: 1) at the missing data stations with a maximum JB distance
of 100 km (test S1) and 2) at bedrock receivers placed on a regular grid with nodes distant 0.1° each
other with maximum epicentral distance of 50 km (test S2). In all tests the signals were filtered with
a low pass cut-off frequency of 0.1 Hz and a high pass cut-off frequency of 25 Hz. 

Test S1 mimics the lack of data due to transmission problems after an earthquake occurrence;
such a data gap can produce large uncertainties in ShakeMaps especially in near field where the
damages and human causalities can be relevant. The synthetic seismograms are computed for 22
accelerometric stations closer than 100 km from the epicentre. Finally the ground motion parame-
ters (PGM) are extracted and used as input in the ShakeMaps generation.

Test S2 is a generic grid with 60 stations that can be easily developed around any earthquake epi-
centre.

ShakeMap computation: real data integrated by synthetic estimates. After the ShakeMaps
generation, the comparison with final INGV ShakeMap (test T1) shows that test S1 underestimates
the ground motion in near field and above the rupture area because the data recorded at two stations
(AQG and AQV) cannot be reproduced. If we remove the data of those two stations, the compari-
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Fig. 1 - The slip distribution on the rupture area obtained by
applying the Kikuchi and Kanamori (2003) approach. The black star
represents the nucleation of the rupture; the fault is 30 km long and
20 km wide. 



son between test S1 and INGV ShakeMap (now called test T2) is very good: the maps are very sim-
ilar in area close to the source and in far field. The differential map between the two ShakeMaps
(Fig. 2A) evidences that the differences are limited within 5%g with more relevant variation in sites
of recording stations placed above the fault.

The ShakeMaps, using data of test S2 has large PGA (more than 25%g) towards SE at the end
of finite fault. The related instrumental intensity maps estimates intensity larger than VIII° in zone
above the rupture area in accordance with the macroseismic observations. The comparison between
tests S2 and T2 evidences that the receivers grid underestimates the ground motion in the northern
rupture area (close to epicenter) while overestimates the shaking at the end of the fault (SE from
epicenter) where no recording stations is operating (Fig. 2B); this is the zone where the directivity
effects are stronger and the absence of real data could take to relevant uncertainties on the
ShakeMaps. 

Conclusions. In this work we aim to verify if the integration of synthetics could have decreased
the uncertainties of the first ShakeMap of the 2009 L’Aquila earthquake, computed without all the
recorded data. To this purpose we integrated the ShakeMap of the L’Aquila earthquake with syn-
thetics computed using a stochastic approach including a simplified finite source quickly retrieved
using teleseismic data. 

The comparison between our hybrid ShakeMaps, obtained using both recorded data soon avail-
able after the earthquake and synthetics, and the final INGV ShakeMap (test T2), computed with all
the available information, reveal that our approach is promising in trying to overcome the lack of
data: if we exclude two stations (AQG-AQV) that recorded anomalous PGA values (local site
effects?) we obtain very similar maps. The ShakeMaps with the synthetic regular grid reproduce the
maps generated with all recorded data. Such a computation on a regular grid can be easily imple-
mented in the ShakeMap computation and can reduce the uncertainties in the near field area. It is
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Fig. 2 - PGA (in %g) differential maps between T2-S1 (A) and T2-S2 (B). The triangles show the recording stations
used to generate ShakeMap while the circles show the grid nodes where the synthetic seismograms were computed.



fundamental to highlight that, for Civil Defence purposes, the ShakeMaps must be generated as
faster as possible. In this regard the methodology that we applied is particularly effective since we
are able to invert the finite source and to compute synthetic seismograms in a short time compati-
ble with the ShakeMap demands.
Acknowledgements. This research has benefited from funding provided by the Italian Presidenza del Consiglio
dei Ministri – Dipartimento della Protezione Civile (DPC) under the contract 2007–2009 DPC-S3.
“Valutazione rapida dei parametri e degli effetti dei forti terremoti in Italia e nel Mediterraneo”. Scientific
papers funded by DPC do not represent its official opinion and policies. The facilities of the IRIS Data
Management System, were used for access to waveform and metadata required in this study for the inversion
of teleseismic data. We acknowledge Pier Luigi Bragato for his technical management of ShakeMap software,
Alberto Michelini and Licia Faenza from INGV for providing us the data used to generate the ShakeMaps of
this study. 

References
Bindi D., Pacor F., Luzi L., Massa M., Ameri G.; 2009: The Mw 6.3, 2009 L’Aquila earthquake: source, path and site effects from

spectral analysis of strong motion data. Geophys. J. Int., 179, 1573–1579.
Cirella A., Piatanesi A., Cocco M., Tinti E., Scognamiglio L., Nichelini A., Lomax A., Boschi E.; 2009: Rupture history of the 2009

L’Aquila (Italy) earthquake from non-linear joint inversion of strong motion and GPS data. Geophys. Res. Lett., 36, L19304,
doi:10.1029/2009GL039795.

Dreger D.S.; 2003: TDMT_INV: Time Domain Seismic Moment Tensor INVersion. In: Lee. et al, International Handbook of
Earthquake and Engineering Seismology, Academic Press, London, 81B, pp. 1627-1628. 

ITACA, Working Group; 2010: Data Base of the Italian strong motion records: http://itaca.mi.ingv.it
Kikuchi M., Kanamori H.,; 2003: Note on Teleseismic Body-Wave Inversion Program, http://www.eri.u-tokyo.ac.jp/
Michelini A., Faenza L., Lauciani V., Malagnini L.; 2008: ShakeMap implementation in Italy. Seism. Res. Lett., 79, 688–697.
Michelini A., Faenza L., Lauciani V.; 2009: INGV ShakeMaps for the L’Aquila earthquake. SAFER-Seismic eArly warning For

EuRope, Final Meeting, Potsdam – Germany, 3-5 June 2009
Moratto L., Costa G., Suhadolc P.; 2009: Real-time generation of ShakeMaps in the Southeastern Alps. Bull. Seismol. Soc. Am.

99, 2489–2501.
Motazedian D., Atkinson G.M.; 2005: Stochastic finite-fault modeling based on a dynamic corner frequency. Bull. Seismol. Soc.

Am., 95, 995–1010.
Wald D.J., Quitoriano V., Heaton T.H., Kanamori H., Scrivner C.W., Worden C.B.; 1999: TriNet “ShakeMaps”: Rapid generation of

peak ground motion and intensity maps for earthquakes in Southern California. Earthq. Spectra., 15, 537-555.
Wells D.L., Coppersmith K.J.; 1994: New empirical relationships among magnitude, rupture length, rupture width, rupture area,

and surface displacement. Bull. Seismol. Soc. Am., 84, 974-1002.

SCENARI DETERMINISTICI DI SCUOTIMENTO SISMICO - VERIFICA DEI METODI
NUMERICI, VALIDAZIONE DEI MODELLI E VINCOLI SULL’INPUT
E. Priolo, P. Klin 
Dip. “Centro Ricerche Sismologiche”, Istituto Nazionale di Oceanografia e di Geofisica Sperimentale - OGS, Trieste-Udine

In questa presentazione saranno introdotti alcuni concetti che stanno alla base degli scenari
deterministici di scuotimento basati sull’applicazione di metodi di simulazione numerica della pro-
pagazione e generazione delle onde sismiche. In particolare sarà evidenziata l’importanza di alcu-
ne fasi preliminari alla costruzione di uno scenario deterministico atte a: 1) verificare l’adeguatez-
za e l’accuratezza del metodo numerico usato per risolvere la fisica del problema specifico; 2) vali-
dare il modello fisico rispetto alle specifiche osservazioni disponibili (es.: modello strutturale late-
ralmente omogeneo o disomogeneo, reologia dei materiali, tipo di sorgente, …) e al tipo di output
richiesto; e infine 3) vincolare al meglio i parametri di input che descrivono le singole simulazioni
(es.: distribuzione del momento sismico della sorgente, ...). 

Per la necessità di ridurre costi e tempi di esecuzione, la stretta applicazione di queste fasi pro-
pedeutiche allo sviluppo di ogni scenario è una pratica spesso applicata in modo sbrigativo, se non
addirittura disattesa. Si mostrerà invece come, nel corso di una serie di progetti nazionali e interna-
zionali, sia maturata una solida coscienza sulla loro fondamentale importanza e inderogabilità. In
questo senso, il cuore della presentazione sarà costituito dall’esperienza acquisita nel corso del pro-
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