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ABSTRACT

The largest dataset ever recorded during a normal fault seismic sequence
was acquired during the 2009 seismic emergency triggered by the
damaging earthquake in L'Aquila (Italy). This was possible through the
coordination of different rapid-response seismic networks in Italy, France
and Germany. A seismic network of more than 60 stations recorded up to
70,000 earthquakes. Here, we describe the different open-data archives
where it is possible to find this unique set of data for studies related to
hazard, seismotectonics and earthquake physics. Moreover, we briefly
describe some immediate and direct applications of emergency seismic
networks. At the same time, we note the absence of communication
platforms between the different European networks. Rapid-response
networks need to agree on common strategies for network operations.
Hopefully, over the next few years, the European Rapid-Response Seismic
Network will became a reality.
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1. Introduction

The rapid deployment of temporary seismic stations
soon after the occurrence of a moderate-to-large earthquake
is an essential action. This serves both to upgrade the
resolution of the permanent monitoring systems of the on-
going seismic crisis, and to ensure the availability of high
quality scientific datasets for studies related to hazard,
seismotectonics and earthquake physics. Moreover,
temporary improvement of the detection capabilities of
local and regional networks during periods of special
interest, such as for foreshock/aftershock sequences and for
unusual background, swarm or induced seismicity, is
becoming a major aim for the whole of the seismological
community.

The near-real-time availability of high-quality datasets

recorded by rapid-response temporary networks also
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Figure 1. Location of the earthquake that occurred near L'Aquila on April 6, 2009, at 01:32 UTM. The map shows the instrumental seismicity of the INGV
Italian Seismic Bulletin (from January 1, 2003, to December 31, 2008, with M=>2.5).

provides a crucial source of information for decision makers
to evaluate and update the existing situations, and for the
support of emergency management during seismic crises.

In Europe, the temporary deployment of local seismic
networks is mainly a national task, and it is generally
managed by some of the major public research Institutions.
The networking of the existing capabilities throughout
Europe would improve the ability for rapid and more
efficient response networks to support the emergency
management, with a valuable impact on hazard mitigation.

An example of spontaneous and collaborative rapid-
response seismic network coordination in a European
framework was triggered by the occurrence of the disastrous
L'Aquila earthquake (central Italy) in April 2009, when
groups from different European institutions installed dense
local networks to record the aftershock sequences
[Chiaraluce et al. 2011].

In this report, we will overview this experience, to
highlight the positive aspects, and those that require further
effort to optimize the outcomes, in terms of coordination
between the European seismological communities.

2. The L'Aquila earthquake emergency
On April 6, 2009, at 03:32 local time, a shock with a
moment magnitude greater than 6 (Mw = 6.1, Scognamiglio
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et al. 2010; Mw = 6.3, Pondrelli et al. 2010) woke up millions
of people in central Italy, including many in Rome and in
many other towns from the Tyrrhenian to the Adriatic coast,
and through the regions of Abruzzo, Lazio, Umbria, Marche
and Molise. The town of L'Aquila and its ~70,000 inhabitants
were sleeping right above the fault that ruptured that night.
More than half of the buildings in down-town L'Aquila were
severely damaged, and many collapsed; more than 300 people
died under the ruins. The artistic, historic and cultural heritage
of this beautiful area disappeared in a handful of seconds.

Using the data collected by the seismic and geodetic
monitoring systems in Italy [Amato and Mele 2008] that are
managed by the Istituto Nazionale di Geofisica e
Vulcanologia (INGV) and funded by the Italian National
Civil Protection (DPC), the main parameters of this
earthquake were immediately evaluated and made available
to the scientific and civil community (web page
http:/ /iside.rm.ingv.it/iside/standard/index jsp).

The permanent seismic stations in the region (RSN and
Mednet) had a mean inter-station distance of 30 km. To
improve the monitoring resolution of these seismic and
geodetic networks, several Italian teams moved into the
epicentral area to install temporary monitoring networks
only a few hours after the mainshock occurred. Two groups,
Rete Mobile INGV-CNT (Centro Nazionale Terremoti,
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National Earthquake Center) Roma (Re.Mo), and Rete Mobile
Telelemetrata  from the INGV-CNT Grottaminarda
(ReMo'Tel), had already started the installation on the
morning of April 6, 2009: by the end of that day, eight stand-
alone and three real-time stations were operating, which
reduced the mean inter-station distance to about 20 km. The
new geometry of the network was defined to optimize the
seismic network coverage while taking into account the main
cultural noise sources and the land topography. In less than
30 h from the mainshock, the French seismic crisis
committee had made 20 seismic stations available to the
INGV. Then four scientists from the Laboratoire de
Géophysique Interne et Tectonophysique (LGIT) of
Grenoble moved from France to arrive in L'Aquila on the
evening of April 7, 2009. After a coordination meeting with
the INGV-CNT personnel, starting on April 8, 2009, all of
the 20 stations were deployed in four days through this
spontaneous Italian-French teamwork. By this time, the
spacing between stations had decreased to below 10 km (two
stations were also installed by INGV-Catania [CT] as part of
Re.Mo); the configuration of the network, devoted to
earthquake location was fixed from April 12 to June 26, 2009.

The day after the mainshock (April 7, 2009), other
groups started installing stations to detect site effects and
building responses; the Institutions involved in this activity
included: the INGV (Milano-Pavia [MI-PV]; Sismologia e
Tettonofisica, Romal; Centro Nazionale Terremoti [CNTT;
Osservatorio d'Arezzo), Helmholtz Zentrum Potsdam (Geo-
Forschungs-Zentrum [GFZ]), Universita della Basilicata and
two French groups (LRPC de Nice, Centre d'Etudes
Techniques de 'Equipement Mediterranée [CETE], and the
Bureau de Recherches Géologiques et Miniéres [BRGM]).

By April 12, 2009, the deployment in the epicentral area
(Figure 2; Table 1) included a total of 61 stand-alone seismic
stations (23 of which were devoted to site and building
responses) and nine seismic stations connected in real time to
the monitoring room in Rome and integrated into the INGV
National Seismic Network (Figure 2; Table 1).

The contacts between the different groups did not
follow any pre-defined communication channels or
procedures. This aspect resulted in the need for several
operational meetings, which slowed down the initial process
of station deployment. It was decided that each group
(Italian, French and German) had to take care of the initial
deployment of their stations, while the maintenance was
mainly a joint and coordinated effort. In this way we were
able to optimize the use of the stations, to accomplish the
different tasks necessary.

In the following months, the network geometry was
reorganized according to different needs. Stations devoted to
site response investigations were moved to areas of particular
interest for the Civil Protection, to collect data that would
be useful for seismic microzonation studies [Cultrera et al.
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2011]. Stations devoted to earthquake location were
reorganized according to their availability, to better follow
the temporal and spatial evolution of the seismic sequence
[Margheriti et al. 2010]. Some of the real-time stations
operated until the end of 2010.

3. The data archives

The team (INGV-CNT and LGIT) that was running the
networks that were mainly devoted to earthquake detection
and location decided that it was important to share the
continuous recordings. To achieve this aim, the common
SEED (Standard for the Exchange of Earthquake Data) data
format was chosen. The continuous data recorded by the 21
mobile stations operated by the INGV-CNT that were
deployed during the L'Aquila sequence (Re.Mo network-
RMO01 to RM32 stations IV network) were checked and
converted to the SEED data format, and then made available
to the scientific community using the EIDA platform
(European Integrated Data Archive, http://eida.rm.ingvit/).
All of the metadata available was also checked and converted
to the SEED format. These datasets spanned from a few
hours after the April 6, 2009, mainshock (first data recorded
at 04:43:08 UTC) to March 23, 2010, when the last nine
stations of Re.Mo were closed, and they consist of some 270
GB of data. A total of 30 sites where occupied during this
period, with the network geometry adapted to the evolution
of the seismic sequence. The data recorded by the 20 seismic
stations installed by LGIT (Grenoble, France) between April
and June 2009 were distributed in the same SEED format (at
http:/ /www.fosfore.ipgp.fr/en/ in "Fosfore Portal" under
"Stations", network XJ), together with the metadata.

The EIDA archive also provides access to the National
Seismic Network data, including the Re.Mo.Tel stations that
were deployed after the mainshock and received in real time
(T0101 to TO110 stations IV network). Some of these
stations operated until the end of 2010, and they contributed
to the real-time hypocentral locations for many hundreds of
local and regional earthquakes, thus significantly lowering
the detection threshold of the National Seismic Network in
the region.

All of the other data that were recorded to evaluate site
effects and to monitor building structures have been archived
by their reference Institutions. A set of events with
magnitudes greater than 3 is now shared by all participants,
and some of these waveforms are archived inside ITACA
http:/ /itaca.mi.ingv.it/, the Italian accelerometric archive.

Further steps should be followed to build upon the
automatic procedures, to rapidly have all of the data in the
same format and in the same archive.

4. Direct applications of the rapid-response networks
This large amount of data collected is very valuable for
scientific studies related to hazard, seismotectonics and
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Figure 2. Deployment of the seismic stations during the L'Aquila April 2009 seismic sequence. Several European rapid-response seismic networks took
part in the deployment.

Institute Network name Numl.)er of Sta. Recording mode Main aims of the stations ~ Data availability
stations name

9 To101 . . . Eida (continuous
INGV-CNT Re.Mo.Tel./IV To110 Real time Improved detection capacity recordings)
INGV CNT-CT Re Mo/IV 21 RMO1 Stand alone Seismotectonics afnd Eida (gontmuous

RM32 earthquake physics recordings)

20 LGO1 Seismotectonics and Fosfore (continuous
LGIT /X LG20 Standalone earthquake physics recordings)
BRGM 2 Stand alone Seismotectonics gnd Itaca (main events)

earthquake physics
NICE 3 Stand alone Site effects Itaca (main events)
INGV MI RAIS/IV 5 Stand alone Site effects Itaca (main events)
GFZ 5 Stand alone Monitoring building Itaca (main events)
structures

INGV RM1-AR 7 Stand alone Site effects Itaca (main events)

Table 1. Temporary stations deployed in the epicentral area. For abbreviations, see main text.
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earthquake physics. Several studies have already been carried
out with the collected data, both for seismotectonic purposes
[Chiarabba et al. 2009, Di Stefano et al. 2010, Chiaraluce et al.
2011] and for site effect evaluations [Mucciarelli et al. 2009,
D'Alema et al. 2010, Picozzi et al. 2010, Ameri et al. 2011,
Bergamaschi et al. 2011, Bordoni et al. 2011, Di Giulio et al.
2011, Milana et al. 2011, Puglia et al. 2011]. Here, we report
on two direct applications of the dataset, which helped the
decision makers to assess the current situation during the
seismic sequence, in terms of indicating villages and towns
where checks on building vulnerabilities were urgent, and
orienting the definition of the areas for reconstruction.

4.1. Earthquake location improvements

The deployment of emergency networks during seismic
crises temporarily improves the detection capacity of local
and regional networks, through lowering the detectable
magnitude threshold. The deployment of the Re.Mo.
Re.Mo.Tel. and LGIT networks allowed us to detect all of
the earthquakes with a magnitude M; > 0.7 for the time
period from April to June 2009 [Valoroso et al. 2011].
Moreover, these networks made the hypocentral location
approximations more precise. This general improvement in
the location parameters is illustrated in Figure 3, which
shows a map with earthquakes of M > 1.9 and their location
parameters using only the national network (Figure 3a), and
combined with the emergency networks (Figure 3b). The
residuals for both the arrival times and the location errors
halved when the emergency network data were considered

(Figure 4).

4.2. Microzonation

The data collected for site-response purposes were used
for microzonation studies in the months following the
mainshock [Gruppo di Lavoro MS_AQ 2010]. Site-response-
related parameters were estimated, such as the fundamental
resonance frequencies (fo; Figure 5), calculated as the first
peak in the earthquake and noise spectral ratios
(http:/ /www.protezionecivile.gov.it/ docs/ www.ulpiano11.
com/docs/microzonazione_pdf/Macroareal/M1_Milana
RumoreStrumentaleMacrol.pdf), and the amplification
factors (Fa). The Fa is here defined as the ratio of the integral
of the earthquake response spectra between a soft site and a
reference rock site, evaluated in two frequency ranges (0.5
Hz < f<2Hz and 2 Hz < f < 10 Hz). These fo and Fa
parameters promoted the easy and fast mapping of the zones
that showed different seismic responses. Furthermore, the
resonance frequency information helped to constrain the
thickness of the soft sediments in the geological model used
for the one-dimensional simulations of ground motion that
were carried out to estimate the theoretical Fa after
calibration with the observed amplification factors (Fa)
[Gruppo di Lavoro MS_AQ 2010].
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5. Towards a coordinated European Rapid Response
Seismic Network

The experiences gained during this emergency that
arose following the L'Aquila 2009 earthquake emphasized
the necessity to define the communication platforms that are
needed to facilitate rapid information exchange among the
European rapid-response network community.

Some efforts to join forces and to establish contacts had
already been carried out in the framework of the ORFEUS
Working Group on mobile seismology (http:// www.orfeus-
eu.org/ WorkingGroups/ WG3/ mobile-stations-summary-
onshore.html), within which several European nations are
participating: Austria, Czech Republic, Denmark, Finland,
France, Germany, Great Britain, Greece, Ireland, Italy, The
Netherlands, Norway, Portugal, The Slovak Republic, Spain,
Sweden and Switzerland.

A further plan of activities for rapid-response-network
coordination is included in the NERA project (Network of
European Research Infrastructures for Earthquake Risk
Assessment and Migitation) that was approved by the EEC
funding scheme: Combination of Collaborative Projects and
Coordination and Support Actions for Integrating Activities
(CP-CSA); this started in November 2010.

In this framework Italy, Germany, Switzerland and
France are looking to establish a unique European Rapid
Response Seismic Network (ERRSN) for optimal
intervention after earthquakes. In this context, and despite
the difficulties that have been encountered, the scientific
results gained with the L'Aquila experience underline the
importance of wide deployment, and hence of coordination
at the European level.

Rapid-response networks need to agree on common
strategies for network operations. Decision making must be
streamlined and coordinated, and based on the improved
knowledge of the potential losses and existing local
capacities. Partners should agree beforehand on suitable
communication channels, and decide also on the need for
specialization. These procedures will be defined over the next
year. Different partners can cover different tasks; e.g. one
specializing in very rapid response with light equipment,
another in sustained efforts for month-long monitoring, and
another in investigating site effects and/or monitoring
building structures for engineering purposes. The project
will also work to develop the tools necessary to allow
optimization of the network geometry, taking into account
the main cultural noise sources, the historic seismicity, the
building distribution, and the land topography, and will
develop and produce tutorials to increase inter-operability
between the crews in the field.

The data needs to be exchanged using common
protocols for data archiving (in terms of waveforms and
metadata), and common database formats are needed; the
NERA project has proposed the EIDA platform as the
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common archive. Hopefully, in the next few years the
ERRSN will became a reality.
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