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Introduction

At present, European data on earthquake strong motion are available from different European networks [START_REF] Luzi | ITACA (Italian Accelerometric Archive): A Web Portal for the Italian Strong-motion Data[END_REF][START_REF] Péquegnat | The French accelerometric network (RAP) and national data center (RAP-NDC)[END_REF][START_REF] Ign | Base de datos de aceleración 1984-1997[END_REF][START_REF] Akkar | A predictive ground-motion model for Turkey and its comparisons with recent local and global GMPE´s. 2nd Euro-Mediterranean meeting on accelerometric data exchange and archiving[END_REF][START_REF] Vilanova | PAD-1.0 Portuguese Accelerometer Database, CD-Rom[END_REF] and from some compilations [START_REF] Ambraseys | European Strong-Motion Database[END_REF][START_REF] Ambraseys | Internet site for European strong motion data[END_REF][START_REF] Douglas | Alpine Accelerometric Data-Base[END_REF]. In the absence of an archive for European data, NERIES project [START_REF]Network of Research Infrastructures for European Seismology[END_REF] among many other topics developed a distributed data-base of accelerograms to provide waveform data, open to the scientific and engineering communities, similarly to what is done in several Worldwide organizations such as COSMOS [START_REF] Archuleta | The COSMOS Virtual Data Center: a Web Portal for Strong Motion Data Dissemination[END_REF], K-Net [START_REF] Kinoshita | Kyoshin Net (K-Net), Japan[END_REF] and CWB of Taiwan [START_REF] Shing | Strong Motion Instrumentation programs in Taiwan[END_REF].

After a first survey of the existing accelerometric stations in the Euro-Mediterranean region, to achieve this goal several tasks were developed by the 6 agencies participating in the Project: (i) a detailed characterization of the recording instrumentation and a brief description of the site properties (geotechnical and installation facilities); (ii) the development of a computer software to determine in a homogenized way a collection of 36 parameter values per component, such as peak, spectral values, duration, and various "intensity" values; (iii) assembling all these parameters together with the seismic event characteristics which originate them; (iv) obtaining an identifier, "UNID" to link each event of each Agency with the EMSC earthquake data bank; (v) assembling the metadata for all the sensors operating at the various networks contributing to the project; and (vi) developing a web-portal to manage the access of users to retrieve the parameter values and wave form data in current seismological and engineering formats (ASCII, SEED, MiniSEED, SAC,…) based on queries dealing with a desired range of parameter values under interest.

The Network Agencies constituting the core implementation group are: Institut Geològic de Catalunya, IGC; Instituto Superior Técnico, IST; Laboratoire de Geóphysique Interne et Tectonophysique, LGIT; Kandilli Observatory and Earthquake Research Institute, KOERI; Institute of Engineering Seismology and Earthquake Engineering, ITSAK; Swiss Federal Institute of Technology, ETHZ. A total of 25,040 records (components) have been made available, ranging from events of ML1.0 to 7.4 recorded at epicentral distances varying from a few km to over 1000 km. Data, provided from 1995 to today, are recorded with modern digital instrumentation.

Accelerometric station and event metadata

The first step of the project was to carry out an exhaustive survey of the existing accelerometric networks in the Euro-Mediterranean region, giving an overview of the European situation on accelerometer geographic coverage. This yielded to an inventory of various characteristic data on the operating networks, including status and working procedures, as well as detailed information on the stations specifications. The station metadata includes geographic location, soil condition and instrument technical characteristics among other information.

According to this survey a total of 51 networks operate strong motion stations in the Euro-Mediterranean region. Those networks are installed in 39 countries distributed in a large area such as from Yemen to Norway. . As on April 2008, 3695 stations were in operation in the Euro-Mediterranean region, 498 of them being monitored by the 6 Agencies composing the NA5 working group. From the reported stations 52% are installed in buildings and 38% are placed on free-field. A particular attention was given to the stations installed at building basements which represent 86% of those installed in buildings. Digital equipment is used for 78% of the stations. The distribution of accelerometric stations in the Euro-Mediterranean region, with available metadata information, is presented in Figure 1.

Concerning epicentral characteristics of the event recorded by agencies, EMSC has created an identifier, called UNID, to link this event to the EMSC data bank of source parameters. This UNID enables the linkage among all the tables constituting the complete distributed data-base, as it will be described later. 

Standard Processing Procedures: parameter definition and software description

In addition to the acceleration time series, earthquake engineers usually use various simplified waveform parameterisations. These can allow simple characterisation of the complex ground motion for use in anlysing expected structural response to the ground motion. Therefore, we provide not only the raw, complete accelerograms, but also the response spectrum and several engineering parameters computed for each record (component). These parameters are used inside the distributed data-base to perform queries on earthquake events and records. To obtain consistency among the parameters of the various data sets it is important to have all them computed in a homogeneous way. Therefore, a standard computation procedure was developed [START_REF] Marsal | Implementation of Accelerometric Parameters[END_REF] and used by all the contributing accelerometer networks. A simplified flowchart of this process is shown in Figure 2 A more detailed description of the computed engineering parameters [START_REF] Chen | Earthquake Engineering Hanbook (New Directions in Civil Engineering[END_REF][START_REF] Lee | International Hanbook of Earthquake and Engineering Seismology[END_REF] and of the computation process is given below.

-Raw acceleration, a(t): acceleration time-history, in cm/s 2 , baseline corrected by one degree polynomial approximation fitted by least squares technique.

-Raw PGA: Peak Ground Acceleration, in cm/s 2 , from raw acceleration record a(t).

-High-pass filter (acausal): Butterworth IIR high-pass filter of two poles was implemented, with a cut-off frequency of 0.1 Hz for all records. This value was a compromise to take into account the wide variety of instrument types as well as the difference in resolution among networks, but a way to preserve the homogeneity and to avoid being too restrictive. Filtering was applied in positive time direction as well as in the opposite time direction in order to avoid phase distortion. Data padding has been introduced to avoid low frequency distortion. A number of zeros equivalent to 5% of the time duration has been added, both at the beginning and at the end of signal [START_REF] Boore | Effect of causal and acausal filters on elastic and inelastic response spectra[END_REF]. No tapering has been applied.

-Filtered acceleration: acceleration time-history obtained after the application of the previously defined filter.

-PGA: Peak Ground Acceleration, in cm/s 2 , from filtered record. It is directly obtained from the maximum absolute value of the filtered acceleration time-history.

-AI: Arias Intensity [START_REF] Arias | A measure of earthquake intensity[END_REF], in cm/s. A specific function related to the energy content, calculated as:

-TD: Trifunac duration is the time interval, in seconds, between the 5% and 95% of the Husid function [START_REF] Husid | Terremotos: análisis spectral y características de acelerogramas como base de diseño sísmico[END_REF]:

-CAV: Cumulative Absolute Velocity, in cm/s, according to the expression:

-PSV (5%): Pseudo-velocity Response Spectrum, in cm/s, computed for 28 frequencies logarithmic equally spaced from 0.15 Hz to 39 Hz.

-HI: Housner intensity [START_REF] Housner | Spectrum intensities of strong-motion earthquakes[END_REF] or response spectrum intensity, in cm. This is the time integral of a 5% damped PSV calculated between 0.1 and 2.5 sec, and gives a measure of the damage potential of the accelerogram for typical engineered structures.

, with -Integration: the trapezoidal method (time domain) was used to obtain velocity and displacement time-histories.

-Velocity time history (cm/s): integration of the filtered acceleration time-history -PGV: Peak Ground Velocity, in cm/s. It is directly obtained from the maximum absolute value of the calculated velocity time-history, v(t).

-Displacement time history (cm): integrated velocity time history.

Note that the cut-off filtering frequency is constant for all the records, irrespective of amplitudes, in order to ensure the homogeneity of the process. As small amplitude records will be contaminated with microseismic noise and long period instability, it was decided that the peak ground displacement (PGD) is not incorporated in the list of computed parameters. Large records would also require a variable filter, possibly beyond 10 s, to produce correct displacement estimates. It is beyond the scope of this project to compute automatically PGD in this complex process.

The software PARAMACC was written in Matlab®; the software can be applied automatically to a set of records, and includes an option to visualize the time-histories (acceleration, velocity and displacement) and response spectrum. This last feature is critical for checking the validity of the processing, eliminating corrupted data files. An illustration is presented in Figure 3. 

First Contributors Dataset

As mentioned before, the core implementation group has contributed with preliminary data to the distributed European data-base.

Table 1 shows the number of records (components) processed by each Agency, with reference to the time interval of events and ranges of magnitudes and epicentral distances. A total of 25,040 records (components) corresponding to 1,374 events were processed and their parameters analysed. Data analyzed up to now, certainly not complete, include a number of different situations related to event sizes, hypocenter location, recording stations and distances, and consequently they can be considered a representative sample of the Euro-Mediterranean Region.

All the data will be freely available through the seismic Data Portal and they can always be accessed through each contributing Agency.

A sample of the analyzed data [START_REF] Oliveira | Statistical analysis of European accelerograms parameters homogeneously computed from NERIES Database[END_REF] is shown in Figure 4, where PGA's from accelerograms corresponding to a range of magnitudes between 3 and 4, recorded by RAP and ITSAK are plotted versus epicentral distance. It can be seen the data coherence between the PGA values of the two agencies that provided data sets of very different magnitude range. It can be seen that recording threshold of instruments from ITSAK is much higher than those from RAP. 

Definition of waveform data standards and protocols

The European-Mediterranean data-base structure was initially based on the experience of the French Accelerometric data-base [START_REF] Péquegnat | The French accelerometric network (RAP) and national data center (RAP-NDC)[END_REF]. Structure and formats of the tables and core of the database took into account station metadata described in section 1.

Specifications of protocols and formats for waveforms access were defined by the core implementation group. The data server is certainly the less visible part of the system for the data user, but it is essential for collecting, processing and storing the data and information that will allow the dissemination through a single standard system.

Conversion tools from engineering seismology standard formats (ASCII) to seismology standard formats (MiniSEED, SAC) were included in order to increase the dissemination of these data to a larger community. For this reason the accelerometric system has been defined (see Figure 5) following this architecture: i) data provider (accelerometric networks), in charge to give access to their data and metadata; ii) portal access to the data, for the management of the end-users requests, and iii) the data server, only focused on the processing, the conversion and the download of the data, following the request file transmitted by the accelerometric Portal.

A metadata stream protocol between the seismic Data Portal and data server has been developed. A data request mechanism allows end-users to collect data from the different data-bases already available in Europe, thus creating a distributed archive ( Figure 5), with the features presented in the following sections 

Waveform data

Original primary data stay on each Agency dedicated site for an efficient operativity and a better updating procedure: no central archive was planned, and data can be downloading on request.

Data are waveforms (accelerograms) and engineering parametric data, homogeneously computed as described in section 3. Moreover, the data are "event based", that means that they are explicitly linked to events. Station characterization is resident at the Acceleration Data Explorer on a Station_Table.xls.

Data provider nodes are ftp servers offering protected access to primary waveforms and partial metadata in two ASCII tables: Events_Table.txt and Parameters_Table.txt.

Data access

Data selectors and data extraction tools implemented at the seismic Data Portal are based in three kinds of criteria: seismological-station parameters (magnitude, distance, soil condition at station, etc.) and engineering parameters (PGA, PSV and other defined in section 3) of the recorded data.

Two different data formats are available, those dedicated to high-level data processing (SEED, MiniSEED, SAC, etc.) and those for applied research (ASCII).

Data in ASCII format will be split in two volumes: the first for accelerograms and the second for parameters (time history parameters and pseudo-velocity response spectra for 5% damping at 28 frequencies) with a common header.

An example of the Acceleration Data Explorer in the seismic Data Portal with the Euro-Med map zoomed in the Pyrenees region, with the epicenters and stations resulting from a request, the list of records available and the status of the download process, in three different windows, is shown in Figure 6. 

Data server

The Station_Table provided by each Agency contains a large number of properties both of the instrument as well as of the site. As far as the instrument, the specific properties such as type of instrument, orientation, sampling, trigger procedure, local data access, etc. are included. For site information, the basic geotechnical properties and the type of installation facility are given. Poles and Zeros for each instrument will be able to retrieve its transfer function. The data server processes queries and data.

Validation procedure

The following validation procedures were included at various levels by the core implementation group, in order to improve the quality of the entire process:

-At the level of each Agency, besides the increased motivation to better organize the accelerometric data, many inconsistencies were found, from station properties to event assignments.

-At the level of the entire group, the comparison of data provided by different Agencies led to detect outliers, differences in processing data, etc.

-At the level of EMSC, the creation of the "UNID" was a fundamental development widely tested by all participants.

-At the level of the Portal developers, many functionalities were added to render the Portal more friendly-user and extensively tested by the participants.

Long term vision

The number and quality of strong motion accelerometer stations in Europe is increasing. A significant number of accelerometers are now being placed in buildings and other engineered structures such as dams, industrial facilities, bridges and lifelines, in addition to the free-field sites. Moreover, new instruments capabilities are now available, i.e.: weak motion in an extended frequency band, new acquisi-tion technologies including real-time communications or high volume data storage in new formats.

Thus, different applications of accelerometric data have been identified, based on: i) different ground motion parametric values; ii) different recording site types; and iii) different recording access, storage systems and formats.

Table 2, summarizes the type of data required by different end-users according to the type of applications.

It is important to take into consideration the different user requirements shown in Table 2 in order to introduce future developments in the Accelerometric data exchange systems toward providing enhanced user oriented service.

We propose to continue the: -Gathering user requirements from different communities for improving portal functionalities.

Type of data A p p l ication

-Continuing efforts to enlarge the current contributing community.

-Securing the future archival of the NA5 datasets and development of a strategy to archive continuous accelerometric data (in real-time).

-Improving station metadata information with site conditions and additional information for accelerometers on structures.

-Creating a formal association of European accelerometric networks. The association would settle institutional agreements, organize periodic meetings among partners, support data interchange protocols, define international rules for network, station codes and formats consensus.

Conclusions

We created in Europe a distributed database of European-Mediterranean accelerograms. At present, a core implementation group represented by the authors has carried out the developments needed to start the service of providing access to an accelerometric data through a seismic Data Portal. We computed accelerogram parameters from our own databank, with a standard NERIES procedure and put the data freely available. Implementation on the seismic Data Portal (www.seismicportal.eu) has been performed and portal has been validated. Software and procedures are freely available for candidate agencies to join this distributed data system. Some suggestions for long term sustainability of the system are given emphasizing the end users applications and it is expected that this service will be continued in time and extended to other agencies.
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 1 Fig. 1. Distribution of digital and analog accelerometric stations in Euro-Mediterranean Region (as April 2008).
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 2 Fig. 2. Flowchart for the parameters computation with Software PARAMACC V.8
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 3 Fig. 3. Visualization mode of a component through the RegisterVisor programme.
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 4 Figure 4. PGA values corresponding to a range of magnitudes between 3 and 4, recorded by RAP and ITSAK plotted versus epicentral distance.
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 5 Figure 5Description of the three nodes of the system, between the accelerometric data explorer, the data providers and the data server[START_REF] Pequegant | Distributed archive and single access system for Accelerometric event data: a NERIES initiative[END_REF] 
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 6 Figure 6: Example of a request to the Acceleration Data Explorer in the seismic Data Portal with a) the Euro-Med map zoomed in the Pyrenees region, with the epicenters and stations resulting from a query "Accelero Search Criteria". b) The list of records available ("Waveform Chooser ") and c) status of the download process ("Queries").

Table 1 .

 1 Number of accelerometric records t (as Dec 2009) by Agency, Dates, Magnitude range and epicentral distance.

			# of		Epicentral Dis-	# of re-
	Agency	Dates	events	Mag.	tance (km)	cords
	IST	1996-2006	238	2.1 -5.9	1 -490	1158
	IGC	1996-2008	71	1.0 -5.2	3 -240	345
	LGIT	1995-2007	378	3.0 -6.8	1 -863	5253
	KOERI Izmit Eq.1999	7	5.2 -7.4	13 -273	369
	ETHZ	2003-2009	286	2.5 -5.5	0 -495	15536

Table 2 .

 2 Summary of the type of data required by different end user applications
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