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ORFEUS 
 

making seismic waveform data available 
 

from 1987 to EIDA 
 

from a centralized data center to a federated data archive  
 

history and present status 
 

Madrid, 8 March 2018 



Some history of International and European Coordination  
of Seismology:  FDSN and ORFEUS 

• IDA (International Deployment of Accelerometers) began in 1975 to 
create a global network of long period seismometers of an advanced 
design and based on the La Coste gravimeter. 
 

• GEOSCOPE (France; 1981) – global 3-component network  of broad-band 
stations (STS-1) 
 

• IRIS established (1984; US); Incorporated Research Institutions for 
Seismology; establishment of GSN and PASSCAL 
 

• 1984:  BB network deployments in Canada  and China 
 

• 1984: proposal by the EGS (European Geophysical Society) working 
group on global seismic networks  for establishing a ‘European Copying 
Center for broad-band data’ => ORFEUS 

 



Some history of International and European Coordination  
of Seismology:  FDSN and ORFEUS 

• 1986: founding meeting of the FDSN  (Federation of Digital Seismograph 
Networks) 



1986 

Statutes 
of the 

Foundation 

1987 - ORFEUS Foundation into existence 



Romanowicz, B. and A.M. Dziewonski (1987). Global digital seismographic network: research opportunities and recent initiatives, in 
Composition, Structure and Dynamics of the Lithosphere-asthenosphere system, C. Fuchs , C. Froidevaux Eds., A.G.U., Public., 
Geodynamics series, VOl. 16, 99-110 



services 
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• 80’s – early 90’s: 
 - off-line data collection by ODC (tapes: e.g. GRSN, BN, NARS, G) 
 - event data only; visual quality check 
 - data distribution: CD-ROM 

 
• Mid 90’s:  
 - ftp, CD-ROM  
 - AutoDRM (uncoordinated growth & decline of ‘nodes’) 

 
• Late 90’s:  
 - towards continuous data 
 - increased number of networks/stations 

 
• Early 00’s: 
 - start of the real-time data exchange protocols  
   (e.g. SeedLink, Antelope, SCREAM) 
 
• Mid/Late 00’s: 
 - Website services (e.g. Spyder, Wilber) 
 
• Today: 
 - Distributed & federated archive and standardized services (EIDA) 
 

Evolution of European Seismological Data Management, Exchange and Services 

‘Loose sand’ 

‘Brick building’ 

‘Solid fundament’ 



Huge increase in number of stations and amount of data: 
• Supported by European projects on infrastructure developments 
• Requires European coordination on data management / technical challenges 
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ORFEUS NGO (since 1987) www.orfeus-eu.org 
       Observatories and Research Facilities for European Seismology 
MEREDIAN EC-project FP5 (2000 – 2005) 
       Mediterranean-European Rapid Earthquake Data Info- & Archiving Network 
NERIES EC-Research Infrastructure (I3) Project FP6 (2006 - 2010)   
       Network of European Research Infrastructures for Earthquake Seismology 
NERA EC-Research Infrastructure (I3) Project FP7 (2010 – 2014) 
       Network of Europ. Research Infrastructures for Earthquake Risk Assessment and Mitigation 
       → commencement of European Integrated Data Archive (EIDA) in 2013  
EPOS Preparatory Phase Project (2010 – 2014) 
       Preparing the governance, legal, financial structure and technical concept of EPOS 
EPOS Implementation Phase Project (2015 – 2018) 
      Implementation of a realistic roadmap toward EPOS construction (TCS, ICS, EPOS-ERIC) 
SERA  INFRAIA-01-2016-2017  (2017 – 2020) 
       Seismology and Earthquake Engineering Research Infrastructure Alliance for Europe 
EPOS operational Phase (2019 - ...)   

Infrastructure developments in Europe since 2000 (ORFEUS) 
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Technical challenges 
• Data Gathering (inhomogeneous data; connecting) 
• Quality Control (metadata, time, …) 
• Archival (multiple data centres; data identifications: DOI, PID) 
• Access and exchange (standardized, DB  service speed) 
• Multidisciplinary data integration (standards) 
• Analysis and Interpretation tools (data products + meta data + workflows) 
• Handling large data sets (analysis, workflows, transfers, …) 
 

Non technical challenges: 
• What more waveform data do we archive (SP, SM, OBS, synthetics, …) 
• Geography / distributed observations (> 100 observatories) 
• Financial (different national priorities and budgets) 
• Political boundaries and constraints 

Integrated access to European seismological data:  challenges  



EIDA is the European Integrated Data Archive 
infrastructure within ORFEUS to provide access to 
seismic waveforms in European archives. 
 

Currently 11 archives are distributing their own 
data (self operated networks) as well as data on 
behalf of other network operators in standard 
formats.   
 

EIDA data holdings: 
• 8000+ stations 
• 99 permanent networks 
• 97 temporary deployments 
• 400 TB federated in 11 nodes 
 

 

EIDA  - The European Integrated Data Archive 

• Operation of EIDA nodes rely on  
      national/institutional funding 
• Some European funding available for 

software developments (e.g. projects; 
small number of nodes) 
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Virtual Seismic Network 

- web portal(s) 
- web services 
- ObsPy 

 

Waveform data 
Waveform metadata (QC) 
Station metadata 
Routing 

LMU 

IPGP 

ETH BGR GFZ 

ODC INGV RESIF NOA 

KOERI 

NIEP 



EIDA  - The European Integrated Data Archive 

EIDA Management Board (EMB) and Technical Commision (ETC) 

How to become an EIDA node:  www.orfeus-eu.org/data/eida/guidelines/ 
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EIDA virtual network (2018) 
Green 
Open stations 
 
Orange 
Restricted 
Stations 
 
Total: 8089 
In operation: 3365 
Stopped: 4724 
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EIDA nodes 
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Station distribution by EIDA node 



Iberian seismic stations currently available through EIDA 
 
Iberian stations @ 
ODC & GFZ 
 
 



Iberian seismic stations currently distributed by EIDA 
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FDSN networks: 
ES: Spanish Digital Seismic Network (ODC) 
IG: Southern Spain Broadband Seismic Network (ODC) 
WM: Western Mediterranean Seismic Network (GFZ) 
CA: Catalan Seismic Network (ODC) 
PM: Portuguese National Seismic Network (GFZ) 
LX: University of Lisbon Seismic Network (ODC) 
IP: Instituto Superior Tecnico Broadband Seismic Network (ODC) 
IB: Topo Iberia seismic network (ODC) 

ES: IGN network  

IG: Southern Spain Broadband  
Seismic Network  

WM: Western Mediterranean  
Seismic Network   
 

 CA: Catalan Seismic Network  
(ODC) 
 



Schematic overview of (raw) 
waveform and metadata services 
currently up and running. 
 
• EIDA interactive portal 
• web services  
• Station Book  

 

   ORFEUS EIDA waveform services    

• EIDA stations map 

Derived products and services via: 
• RRSM  
• ESM  
 



ORFEUS Annual Workshop & Open EPOS Seismology meeting                                                                                     25-27 October, Lisbon, Portugal 

EIDA interactive portal 

select earthquake catalogue 



ORFEUS Annual Workshop & Open EPOS Seismology meeting                                                                                     25-27 October, Lisbon, Portugal 

EIDA interactive portal 

select network(s) 

select station(s) 
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EIDA interactive portal 

download your requested data  
from different EIDA nodes 
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EIDA webservices 

fdsnws-dataselect  |   FDSN standardized webservice for mini-SEED waveform data. 
fdsnws-station |   FDSN standardized webservice for station metadata. 
eidaws-routing  |   EIDA standardized webservice for routing between EIDA services. 
eidaws-wfcatalog  |   EIDA standardized webservice for waveform metadata. 
   



ORFEUS Annual Workshop & Open EPOS Seismology meeting                                                                                     25-27 October, Lisbon, Portugal 

EIDA webservices:  example fdsnws-station 

http://www.orfeus-eu.org/fdsnws/station/1/query?network=BE&level=station&format=text 



eida federator        |   webservice to provide catalog of data and services 
                                                         at one EIDA node 
 
eida mediator       |   webservice for advanced selection of data across 
                                                         EIDA based  on user criteria 
 
authentication service |   webservice for managing user attributes (e.g.  
                                                         authentication) 
                  

ORFEUS Annual Workshop & Open EPOS Seismology meeting                                                                                     25-27 October, Lisbon, Portugal 

EIDA webservices in development 
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EIDA webservices – example clients 
http://www.orfeus-eu.org/data/odc/quality 

fdsnws-wfcatalog fdsnws-wfcatalog 

fdsnws-station  fdsnws-dataselect  
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EIDA webservices – example clients 
 

fdsnws_fetch  -  distributed data request tool  
 
• Uses FDSN web services and  EIDA routing service  

 
• Supports tokens released by EIDA Authentication Service.  

 
• Client included in ObsPy (next release).  

 
• Provides citation support for each data request (FDSN DOI). 
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EIDA dissemination tool 
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www.orfeus-eu.org/stationbook 

Common network and station metadata: collected automatically from EIDA. 
Station and site characteristics: added/edited by network operators. 



ORFEUS Annual Workshop & Open EPOS Seismology meeting                                                                                     25-27 October, Lisbon, Portugal 

www.orfeus-eu.org/rrsm www.orfeus-eu.org/esm 



• The EIDA Management Board, under the ORFEUS and EPOS-S 
coordination is working on updating formal agreements with NRIs to 
transparently link their national contributions to EPOS through the 
various ORFEUS/EIDA nodes.  

  
• Preliminary EIDA Service monitoring is under development (@ ETHZ) 

to monitor performance of the EIDA overall system: 
http://quake.ethz.ch/eidanodeperformance/.  
 

• Ongoing effort to obtain better statistics related to data usage (e.g. 
what data is exported when, and by what clients).   

 

http://quake.ethz.ch/eidanodeperformance/
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EIDA: Data acknowledgement  (Network assigned DOI’s) 

The FDSN is currently introducing data acknowledgements through DOI’s 
For each network. Example (see statement in the EIDA web pages: 
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Benefits of joining EIDA: 
 
- Increased visibility (national level, European, Global) 
- Increased usage of data 
- Joint technical developments 
- Distributed technical knowledge  
- Up-to-date and homogenized usage of standardized services 
- … 

 
 



What data should an EIDA node offer? 

All EIDA nodes must offer access to: 
 
• Waveform data: through Dataselect and Arclink, 
• Inventory: through Station-WS and Arclink, 
• Routing Information: for the Routing Service(s) 

@ODC, GFZ, etc, 
• Quality metrics of the data: through WFCatalog. 



Which services should an EIDA node 
run? 

Mandatory services are: 
• Arclink 
• FDSN-WS 

– Dataselect 
– Station-WS 

• WFCatalog 
• Webreqlog (daily report for statistics) 
• Extension to Dataselect for AAI (“auth” method) 



Which services should an EIDA node 
run? 

Optional services are: 
 
• Routing Service 
• WebDC3 interface 
• FDSN Event-WS 
• WFCatalog frontend (availability and other 

metrics) 



Technical requirements 

• High data quality for archives: 
– Waveforms (miniSEED format), 
– Inventory (any of StationXML, datalessSEED, 

InventoryXML). 
• Service availability: 95% (minimum was 97% in 2013). 
• Contact person for technical issues and maintenance. 
• Reaction time for problems in less than 48 hs. 
• At least one backup copy of all data. 
• Infrastructure should be able to serve all EIDA 

inventory. 



Monitoring before integration 

• Arclink server reachable for the machine monitoring it. 
Availability, up- and response time will be monitored 
for some weeks (ca. 4-6). 

• Declare a list of networks from which the new node is 
the main responsible. 

• Send a list of streams, already distributed by other 
node and how the routing table should look like 
(priority 1 or 2, etc.). 

• Send a list of new streams. 
• Waveform requests will be made regularly to measure 

the performance of the service (Arclink and WS). 
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