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Abstract. The EC MEREDIAN project (Mediterranean-European Rapid Earthquake Data Archive and Information Network) is presented. The main objectives and innovations of the project are stated. Additionally, the Bulgarian participation in MEREDIAN-2 is considered. When finished the MEREDIAN-2 project Bulgaria, as all other NAS countries (New Associated States from "former" Eastern Europe), should be a full member of the European earthquake data infrastructure and will take an active role in ongoing future infrastructure improvements.
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Introduction

To obtain significant research advances and improved hazard mitigation Europe needs to make the high quality data, presently gathered throughout Europe, widely and readily available to both the research community and the decision making community. The EC MEREDIAN project aims at co-ordinating the different European (and Mediterranean) initiatives in (European) real-time earthquake disaster information and rapid international exchange of data. Improved (earthquake) disaster preparedness is obviously a main target in realising this real-time data exchange and this co-ordinating of user friendly information providing throughout Europe.

The MEREDIAN extension-MEREDIAN-2 aims at including eight New Associated States from the "former" Eastern Europe (NAS) within MEREDIAN project (including 10 participants). Several of the NAS participants represent countries with a significant risk for large damaging earthquakes. With this project the NAS countries will be integrated into the European earthquake data infrastructure and help considerably in improving research co-operation. 

The European infrastructure for earthquake waveform data exchange and archiving is maintained and co-ordinated by the Observatories and Research Facilities for European Seismology (ORFEUS), which is a non-profit foundation under the auspices of the European Seismological Commission (ESC).

MEREDIAN objectives and innovation1 

(1 Materials that are presented in this section are taken from MEREDIAN-2 proposal-Part B and Part C)
The international infrastructure for cross-border earthquake data exchange, essential for the European seismological research and seismic hazard mitigation community, lags behind in comparison to investments in the national earthquake data infrastructure. The EC-project MEREDIAN aims at improving this situation in 10 European countries. The MEREDIAN activities can be summarised as 8 European national and 2 international seismological observatories working together using e-science techniques to create a European Virtual Broadband Seismograph Network (EVBSN) and to lay the basis for a publicly accessible European waveform data archive.
However NAS countries, especially former Eastern European countries, have so far only benefited from individual bilateral co-operations, but have otherwise lagged behind in developing seismological data exchange infrastructures. The large consortium will be able to set European standards and influence global scale developments.

The overall objective for MEREDIAN and its extension MEREDIAN-2 is: 

To create/improve the European infrastructure for earthquake data exchange in such a way that it provides rapid uninhabited public access to most earthquake waveform data from high quality seismograph stations in the European-Mediterranean area for research and hazard mitigation.

To realise this objective the strategy is as follows: 

1. Implement robust real-time data exchange mechanisms at relevant observatories and stations (emphasis on SeedLink and SeisComP) and extending the EVBSN (Figure 1). 

2. Create publicly accessible archives with quality controlled data in a generally accepted format (SEED) and establish homogeneity of European gathered waveform data.

3. Co-ordinate an accessible distributed European Earthquake Waveform Data Archive.

4. Co-ordinate software development that facilitates data access, handling and analysis to provide homogeneity in, and added value to, the earthquake data and information offered to the public, decision makers and the scientific community. 

A major consideration throughout the project is to create a permanent infrastructure that will persist beyond the project’s duration. This has been a leading directive throughout the MEREDIAN project and especially in its extension MEREDIAN-2.
An important additional objective is to benefit from the available software knowledge in several participating NAS countries.

More than 70 seismological observatories operate within the European-Mediterranean area, mostly national and regional networks. Unfortunately, in many cases (rapid) transnational data exchange, both of real-time and archived data and information is cumbersome. This is due to, among others, inaccessibility, non-uniform exchange mechanisms, incompatible formats, lack of co-ordination, and poor exploitation of Internet facilities. This situation is presently slowly improving in Europe through the implementation of some new concepts. MEREDIAN provides a crucial contribution to this.
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Fig. 1. A European Virtual Broadband Seismograph Network

The main five innovative elements within MEREDIAN and its extension MEREDIAN-2 are:

A European Virtual Broadband Seismograph Network and its products. The MEREDIAN project envisions presently the creation of EVBSN. A virtual network combines real-time data from different existing stations, operated by different seismograph networks, into a totally new configuration of stations, i.e. a new virtual network. The EVBSN will enable rapid location and quantification of large-to-medium sized earthquakes in Europe and its immediate surroundings. The EVBSN is a new concept in Europe improving the quality of, and access to, earthquake data information in Europe

A data acquisition, processing and communication system: SeisComP/SeedLink. Within MEREDIAN a newly developed Linux based acquisition, communication and analysing system SeisComP, originally launched by GFZ, Germany. SeisComP includes a new, robust and simple communication protocol SeedLink. Within MEREDIAN it is further developed and implemented and SeedLink is broadly applied as a real-time data exchange protocol. NAS participants will add new developments and new plugins. 

A European Distributed Earthquake Waveform Data Archive. A newly developed software protocol for networking data centres (NetDC) is presently installed as a beta version at one of the participants to be tested on a global scale with three other international data centres. Within the MEREDIAN project NetDC will be further developed and installed with some of the major participating data centres. Once working on its full potential this tool will enable a user to access data from any connected data centre by issuing one simple electronic request to any data centre. 

Data access visualisation and analysis tool. Within MEREDIAN new software, QuakeExplorer, has been developed. QuakeExplorer enables both professionals and non-professionals to browse the earthquake waveform data presently available through the Internet. QuakeEplorer, developed in Java, is publicly available and will be further developed within MEREDIAN and other EC projects. 

Near real-time ground motion and earthquake parameters on a European scale. The EVBSN enables us to produce near real time products derived from the centrally gathered real-time European data. Within MEREDIAN -2 it is aimed to produce automatically rapid moment tensor, M, determinations, where M = M0 · m specifies the seismic moment M0 and the focal mechanism m. Only the NEIC and Harvard University, both in the US, are doing this on a global scale. A real-time shake map is another European near real time product to be implemented. 

The Geophysical Institute of the Bulgarian Academy of Sciences - the Bulgarian participant within MEREDIAN-2 

The Geophysical Institute (GI) at the Bulgarian Academy of Sciences (BAS) is a complex institute carrying out fundamental and applied studies in the field of: physics of the atmosphere, the ionosphere, seismology, geomagnetism and gravity. The institute was founded in 1960. The Geophysical Institute represents today a fairly compact body subdivided into five scientific departments and three operative services: Seismological (NOTSSI), Geomagnetic and Ionospheric. These services cover co-operation with world-wide data network services and data centres. The Institute takes an active part in the international scientific co-operation (as for example the international projects ECCOST238, COST251, PSMOST; European Commission project-RISK UE etc.).
The seismological observations on the territory of Bulgaria have traditions of more than 100 years. The first seismic station was established in Sofia in 1905. The seismic data serves as input information for reports, reviews, and bulletins required for building industry, dams, power plants and the media.

BAS-GI runs the Bulgarian seismological network-NOTSSI (National Operative Telemetric System for Seismological Information). NOTSSI was founded at the end of 1980. The overall objective for the NOTSSI is continuous monitoring of sismicity on the territory of Bulgaria connected with adjacent areas within the Balkan region. 

NOTSSI comprise today14 analog telemetry permanent seismic stations, two local net works and a Center for Data Collection and Analysis (CDCA) that is situated in the city of Sofia (Christoskov, 1996). There is a continuous record on drums in the CDCA from all stations. The latter are equipped with vertical seismometers– S-13 deployed on the surface or in tunnels. The data transfer from all stations to the CDCA is continuous by leased telephone lines. (The activities of NOTSSI, its configuration and equipment are described in Samardjiev et al., 1980; Christoskov et al., 1987); Christoskov, 1996). 

The seismological observatory VITOSHA (VTS, since 1979) was selected, within the project PLATO-1, to be upgraded as a station of the MEDNET network The VTS was equipped with 3-C VBB station (STS-1 type). The VTS-MEDNET station became fully operational since May 13, 1996 (for more details see Christoskov et al., 1996).

BAS-GI is presently implementing the upgrading of NOTSSI and has recently invested in 2 digital data acquisition system-Q330 and workstation hardware. Two digital BB stations-Plovdiv (PLD since 1977) and Jambol (JMB since 1982) will be put in operation within a couple of months. The upgrading is done in close consultation with ORFEUS and the MEREDIAN consortium member GFZ, Germany. 

An important objective for BAS-GI is to develop the NOTSSI toward European Rapid Earthquake Data Information and Archiving Network. The MEREDIAN-2 project will involve NOTSSI actively in a broad European network in which the western European countries can pool technical and programming skills relevant to the seismological data infrastructure.

The main objectives for BAS-GI within the EC-project MEREDIAN-2 are as follows:

1. Upgrade the Sofia Data Center as a permanent node of network for collection and exchange of digital broadband data on the basis of existing communication infrastructure (demonstrated graphically in Fig.2).

2. Cooperate with international bodies concerned with broadband seismology.

3. Provide an inhibited access in real (near real) time and archived earthquake data stored in Sofia data center for European data centers.

To realise these objectives the strategy is as follows: 
- Upgrade the existing center as a permanent center disseminating earthquake data in real time (near real time) to other centers within Europe and its surroundings.

- Installation of a modern software (SeisComP/SeedLink etc) with the aim to enable data users.

- Make this software operational with real time gathering procedures.

- Implement real time data transfer, relevant to SeisComP strategy, from the available VBB STS-1 at VTS station.

- Implement real time data transfer, relevant to SeisComP strategy, from the available CMG 40T (will be installed at PLD station and equipped with Q330).

- Organize a homogeneous data structures allowing rapid, easy access to the data relevant within MEREDIAN.

- Provide access to the data stored in the SeisComP server via WEB and FTP server.

- Go ahead for real-time (near real-time) data exchange through the Internet and extended developments of the SeisComP package.

- Integrate WEB and FTP server in existing Bulgarian Academy of Sciences domain.
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Fig.2.  Schematic overview of the Bulgarian network for broadband data

Conclusions

The MEREDIAN project is aiming at both a European and a regional data exchange infrastructure. Especially for the Balkan and its surrounding countries this new data exchange infrastructure can give a new impulse to new regional earthquake-hazard mitigation programs. The NAS participants in the MEREDIAN project will, with this project, start taking an active role in ongoing future infrastructure improvements.

Bulgaria is presently in a stage of upgrading the national seismic network-NOTSSI. For NOTSSI the participation in the MEREDIAN-2 project means that development of the local solution for data archiving and data exchange will be replaced by the European standardized solution. 

The MEREDIAN-2 project initiates the rebuilding of a much-needed regional data exchange infrastructure. Presently, this project is the only serious effort to rebuild the regional co-operation. This has implications for both hazard mitigation and earthquake research in Bulgaria.When finished the MEREDIAN-2 project Bulgaria should be a full member of the European earthquake data infrastructure.
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[image: image1.emf]Резюме.  В настоящата публикация е представен Европейският проект MEREDIAN (Mediterranean-European Rapid Earthquake Data Information and Archive Network). Посочени са основните задачи и новостите, които ще бъдат постигнати чрез реализацията на проекта. Отразено е българското участие в проект MEREDIAN-2. След завършване на проекта, България, както и всички участващи в него NAS (Ново Асоциирани Страни от “бивша” Източна Европа) страни ще бъдат пълноправни членове на Европейските инфраструктури за цифрови сеизмологични данни и ще изпълняват съществена роля в тяхното усъвършенстване.
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