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Project S4 - Overview

Research units
G. Milana2: INGV-Roma

S. Parolai8: GFZ - Postdam

D. Albarello7: Uni-Siena

G. Lanzo6: Uni-Roma1

M. Mucciarelli5: Uni-Basilicata

S. Foti4: Poli-Torino

R. Paolucci3: Poli-Milano

L. Luzi1: INGV-Milano Pavia

Resp.RU

Objective To update the ITalian ACcelerometric
Archive (ITACA), starting from the 
alpha version released by Project S6 
of the 2004-06 DPC-INGV agreement
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Project S4 - Overview

Task 1 – ITACA update

Task 2 – Compilation of geological-geotechnical station 
reports

Task 3 – Seismic characterization of selected sites by
surface waves methods

Task 4 – Identification of stations with distinctive features in 
their seismic response

Task 5 – Seismic classification of ITACA stations
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Project S4 – L’Aquila earthquake

Corrected and uncorrected records of the mainshock 
published on Apr 22, 2009

Corrected and uncorrected records of the 12 MW > 4 
aftershocks published on May 18, 2009

About 900 waveforms included from 65 digital stations

Publication of records
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Project S4 – L’Aquila earthquake
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Project S4 – L’Aquila earthquake

Many visits
and data 
downloads ...
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Project S4 – L’Aquila earthquake

... from many countries ...
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Project S4 – L’Aquila earthquake

(...) By the way, members of the CESMD staff, both at 
the USGS and CGS, have commented on the 
effectiveness and level of station metadata, and the 
rapidity with which the Italian network collected and 
preliminarily processed the L’Aquila earthquake data.

... and many words of appreciation !

Christopher Stephens
Center for Engineering Strong Motion Data (CESMD)
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Project S4 – L’Aquila earthquake

Characterization of recording stations
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Project S4 – L’Aquila earthquake

Characterization of recording stations
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Project S4 – L’Aquila earthquake

Characterization of recording stations

Confirmed by HVSR inversionGFZESACONN

UNISIESAC+HVSRAQP

POLITOMASW

Planned in spring 2010INGV – RM (?)MASWGSA

GFZESACBZZ

Available in ITACA from
Project S6CHAQV

INGV Station to be included in 
ITACAINGV – RM (?)MASWAQU

AQM

Borehole to 54 m depth
DH still to be performed

DPC - (UNIRM1)DHAQK

UNISIESAC+HVSRAQG

Borehole at 30 m depthDPC – UNIRM1DH
AQA

NotesInstitutionSurveyStation
Surveys at near-fault stations
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Project S4 – L’Aquila earthquake

Other contributions of Project S4 RUs to
the investigations on L’Aquila earthquake

(see posters)

Strong ground motion studies ⇒ INGV-MI, INGV-RM, POLIMI

Geological/Geotechnical investigations ⇒ INGV-RM, UNIRM1, POLITO

In-field instrumental surveys ⇒ INGV-MI, INGV-RM, UNIBAS, UNISI, GFZ
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Project S4 – Task1 – ITACA update

ITACA 1.0 under testing phase. Release planned within mid-November
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ITACA 1.0 – Main updates

REXELite, software for automatic selection of 
a suite of 7 accelerograms from the ITACA 
database compatible with a target spectrum

re-processed and corrected records

new header of files

re-sampled response spectra

improved download procedure

Project S4 – Task1 – ITACA update
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Example of co-located analog (NCR) and digital (NCR2) records
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Project S4 – Task1 – ITACA update
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Problems and solutions for processing strong-motion records in 
the Italian ITACA database

Paolucci R., F. Pacor, R. Puglia, G. Ameri, C. Cauzzi, L. Luzi, M. Massa

to ensure the compatibility of corrected accelerograms, so that the no further 
correction is required to obtain by single and double integration the velocity and 
displacement traces;

to check the accuracy and reliable frequency range of corrected records
and compare them with the corresponding records available within other 
international databases, such as the PEER and the European Strong Motion 
Database;

to identify in ITACA the late-triggered records and to provide whenever 
possible meaningful and usable corrected waveforms from analog instruments  that 
recorded most of the Italian earthquakes up to 1990.

Project S4 – Task1 – ITACA update
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Comparison with records available from other data sources

Project S4 – Task1 – ITACA update
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Comparison with records available from other data sources

Project S4 – Task1 – ITACA update
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Project S4 – Task1 – ITACA update
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REXELite – example of output
Individual spectrumin 

the combination

Averagespectrum of 
the combination

Code spectrum

Tolerancesin average
matching

Compatibilityinterval

Brief information 
about the recordsand 

(eventual) scaling
factors

Project S4 – Task1 – ITACA update
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Events
1002 earthquake from 1972 to 2004.
2 events from the 2008 Parma sesimic sequence
13 from the 2009 L’Aquila seismic sequences

Waveforms
2550 3-component waveforms in the uncorrected version
2401 3-component waveforms in the corrected version together with acceleration 

velocity and displacement time series and acceleration 5% damped response 
spectra

Stations
616 presently in ITACA, each one characterized by: name, code, address, 

coordinates, topographic map location, EC8 classification , type of installation, 
etc.

About 100 sites to be characterized by the end of S4 by geotechnical or 
geophysical parameters, such as: stratigraphy logs, NSPT logs, Vs/Vp
profiles, dispersion curves, fundamental frequencies, site response functions, 
etc.

Project S4 – Task1 – ITACA update

Present situation of ITACA Poster by Pacor et al. 
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ITACA 1.0 about to be released, including REXELite. Under testing phase

re-process and check of the whole records (more than 2500!) 
accomplished, together with metadata

records from Parma and L’Aquila earthquakes processed and released

old unpublished records of the Friuli earthquake processed and added

contacts for ITACA to be linked with COSMOS and NERIES activated

process and release of 2005-07 RAN records in progress

addition of records from INGV, Basilicata region and Trento province in 
progress 

Comments on Task 1 progress

Project S4 – Task1 – ITACA update
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Project S4 – Task2
Geological-geotechnical catalogue of ITACA stations
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new format  for the ITACA station reports completed

module for dynamic online compilation of station reports developed and 
made available to RUs;

detailed geological-geotechnical investigation of L’Aquila station sites

16 fully updated reports of stations recording the Irpinia earthquake 
completed;

57 reports of stations recording the L’Aquila earthquake in progress;

Re-compilation of reports for the other stations in the new format, including 
150 recent HVSR noise measurements made by DPC, in progress;

This activity has suffered an important delay owing to the L’Aquila
earthquake. Actions have been taken to recover the delay.

Comments on Task 2 progress

Project S4 – Task2
Geological-geotechnical catalogue of ITACA stations
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Project S4 – Task3 – Seismic characterization of ITACA stations
by surface wave methods

LEGEND

GFZ Potsdam

INGV Roma

University of Siena

University of Basilicata

Politecnico di Torino

yellow symbol = executed surveys (44)

Red symbol = planned survey (13)



DPC-INGV 2007-09 - Project S4 – The Italian strong motion database

Multimodal inversion of surface waves (RU4 - POLITO)
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Project S4 – Task3 – Seismic characterization of ITACA stations
by surface wave methods
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Modena

Onna

ESAC technique (RU8 - GFZ)

Project S4 – Task3 – Seismic characterization of ITACA stations
by surface wave methods
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MASW + HVSR (RU5+RU7)

HVSR test

Array (Vertical)

Joint Inversion 
(Genetic Alg.)

100 m

Marsico Vetere

Project S4 – Task3 – Seismic characterization of ITACA stations
by surface wave methods
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of the planned 57 in-field surveys, 44 have already been performed. The 
results will be available shortly, and included in the station reports.

as for the 13 missing surveys, these were mainly due because the INGV-RM 
teams  were forced to move their instruments for the microzonation of L’Aquila. 
These surveys will be delayed to the last months of the project.

aside from the previous problem, the progress of this task is fully satisfactory.

Comments on Task 3 progress

Project S4 – Task3 – Seismic characterization of ITACA stations
by surface wave methods
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Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

Analysis of ITACA strong motion records

Residuals corrected for the inter-event variability for the representative station of Rieti (RTI) 
located on deep alluvium (soil classification 2 according to Sabetta & Pugliese, 1996). Filled 
dots indicate the median value, while the vertical bars denote the 16°-84° percentiles. 

Poster by Bindi et al. 
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Identification of building-soil interaction effects activity by UNIBAS

Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

Parolai S. , Picozzi M. , Di Giacomo D. , Pilz M. , Bindi D. , Strollo A.1  1  1  1  1,2 1

1

2
.Deutsches GeoForschugsZenrtum GFZ, Telegrafenberg 14473 Potsdam Germany, parolai@gfz-potsdam.de
INGV Via Bassini 15, 20133, Milano, Italy 

Transfer functions evaluated to
the San Demetrio housing.
The estimated frequencies are: 6.7 
Hz and 60 Hz respectively for the 
housing and for the pillar. 

Other stations investigated in 
Abruzzo: Cittaducale, Bussi, Scafa
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Monitoring and numerical modelling

Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

Gubbio

Norcia

Rieti

Avezzano

Narni
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Monitoring of a hill in central Italy to study 
possible topographical effects: the case of 
Narni (TR) ridge

Poster by Lovati et al. 

Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

NRN8

NR10

NRN9

Instrumentation
7 Lennartz LE3D-5s 
Seismometer 

5 Reftek 130/01 24 
bits Data Logger

2 Lennartz Mars-Lite
24 bits data Logger  



DPC-INGV 2007-09 - Project S4 – The Italian strong motion database

Fucino basin seismic monitoring activity by INGV RM (oct 2008 → oct 2009)

HVNSR results for Fucino Basin. The colored dots indicate the position of stations. Dots
colors are related to f0 value, dots size to HVNSR amplitude.
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Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response
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Norcia basin seismic monitoring activity by GFZ (mar 2009 → may 2009)

Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

Parolai S. , Picozzi M. , Di Giacomo D. , Pilz M. , Bindi D. , Strollo A.1  1  1  1  1,2 1

1

2
.Deutsches GeoForschugsZenrtum GFZ, Telegrafenberg 14473 Potsdam Germany, parolai@gfz-potsdam.de
INGV Via Bassini 15, 20133, Milano, Italy 

Temporary seismic array in Norcia. The recordings of the 6 April 2009 mainshok of the l’Aquila
sequence and of an aftershock are shown. Note the variability of ground motion within the basin, 
also clear in the clipped recordings of the mainshock.
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3D Numerical simulations: the Gubbio basin Poster by Smerzini et al.

Project S4 – Task4 – Identification of ITACA stations with 
distinctive features in their seismic response

Parolai S. , Picozzi M. , Di Giacomo D. , Pilz M. , Bindi D. , Strollo A.1  1  1  1  1,2 1

1

2
.Deutsches GeoForschugsZenrtum GFZ, Telegrafenberg 14473 Potsdam Germany, parolai@gfz-potsdam.de
INGV Via Bassini 15, 20133, Milano, Italy 

Spectral element model including the 
Gubbio basin and the Umbria-Marche
earthquake fault

Observed SSR vs. 1D and 3D 
numerical simulations
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Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification

Task 5: Preliminary site classificatio

EC8 seismic classification of all ITACA stations

(a) based on Vs,30 if available (only for ~ 100 stations)

(b) based on an expert evaluation if Vs,30 
is not available, taking account of:

• detailed geology and available and 
stratigraphy profiles
• H/V from noise and/or earthquake data
• 1:100,000 lithological map

A tentative seismic classification of ITACA 
stations has already been proposed, for use 
within REXELite (estimated classifications 
denoted by “*”)
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Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification

EC8 seismic classification of all ITACA stations

Example of classification report in the station monography (AQA)
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Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification

EC8 seismic classification of all ITACA stations
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GIS-based topographic classification
of ITACA recording stations

Poster by Pessina et al. 

Morphometric analyses of high resolution 20x20m digital elevation models (DEM), with
the support of Geographic Information Systems (GIS), have been implemented to provide
a practical tool for the identification of topographic sites possibly affected by relevant
seismic amplification effects.

Application to Marche region

Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification
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Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification

Proposals of a novel seismic classification of ITACA sites (a)

Poster by Di Alessandro et al. 

Definition of site classes 
based on the 
predominant period of 
H/V response spectral 
ratio
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Project S4 – Task5 – Characterization of Italian strong-motion 
recording sites in the perspective of a new soil classification
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Oral presentation by Luzi et al. 
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Final remarks on the S4 progress (1)

The successful progress of ITACA, with the beta version on line and the 1.0 release 
about to be published, is a product of a positive interaction between DPC, seismologists 
and engineers, which ensured the quality of the advancement achieved so far.

The S4 Project has benefited, on one side, from the L’Aquila earthquake, and from the 
previous Parma earthquake as well, since these events have been demanding but 
successful benchmarks for the Project and have dramatically increased the worldwide 
visibility of ITACA.

As a consequence, some of the Project activities have been moved towards the 
immediate needs highlighted by the L’Aquila earthquake emergency, such as the 
geological-geotechnical characterization of the Abruzzo region sites, and the 
improvement of the quality of ITACA accelerograms, such as the new correction and 
check of available data, new file headers, re-sampling of response spectra, 
implementation of RexelLite, improvement of downloading procedures.
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Final remarks on the S4 progress (2)

At this stage of the Project, it is the opinion of the coordinators that the future of ITACA 
is an a important issue to be addressed. 

This point should be discussed  together with the other main actors involved, in order to 
plan the best way to promote and maintain ITACA, and to provide the due support both 
from a scientific and from an operational point of view.

For this purpose, a “permanent” task force should be recommended, including both 
scientific and operational personnel from DPC and INGV and from the other research 
institutions that mainly contributed to the development of ITACA.
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Thanks to everybody ...

... and especially to the S4 teams!


