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Is there a Seismological “Electron Accelerator“?

Seismological infrastructure
● research target: planet earth, too large to be taken into a lab
● measuring instrument: aggregation of seismic networks
● seismological equipment: various manufacturers, proprietary 

formats, protocols and software
● funding policy: national, mostly for seismic monitoring
● data policy: mixed, research data mostly open, monitoring data 

differs
● strategy: urgent need for cooperation and standardization
● international organizations: FDSN (global), ORFEUS (Europe)
● major global programs: IRIS, GEOFON
● GEOFON community developments: SeedLink, ArcLink, SeisComP
● European infrastructure projects (ORFEUS coordinated: 

MEREDIAN (FP5), NERIES (FP6), NERA (FP7), EPOS (ESFRI)
● major achievements: VEBSN (Virtual European Broadband 

Seismograph Network), EIDA (European Integrated Data Archive)
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     It operates

● the largest collection and distribution point for real-time 
seismic data streams in Europe

● the largest seismological data archive in Europe
● the central European facility for rapid global earthquake 

monitoring within EMSC
● a major real-time data and earthquake parameter provider 

for tsunami warning centers and earthquake services

It is
● setting standards and developing software for networking of 

seismological infrastructures (SeisComP)
● coordinating the establishment of a unified European 

distributed seismological data center (EIDA) structure within 
ORFEUS

● the major player in the setup of the seismological 
component of the Indian Ocean Tsunami Warning System 
(GITEWS)

GEOFON is a major global player in seismological infrastructure
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80 GEOFON stations +
33 GFZ + 

~ 800 partner stations

GEOFON/GFZ Seismological Networks
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6085 published earthquakes in 2012

GEOFON Earthquake Information Service



GEOSYSTEM: THE CHANGING EARTH Friday 25.1.2013

731 published moment tensors in 2012

GEOFON Earthquake Information Service



GEOFON Earthquake Infomation Service

 No 24/7 service!
 Automatic seismogram processing
 manuel revision on demand
 publishing within 3 - 10 min
 (most) rapid global earthquake information!



GEOFON/GFZ Seismological Archive

● Largest seismological data archive 
in Europe

● Largest distributor of real-time 
data worldwide (~ 56 TB per year)

● Total archived volume: 40 TB
● Growth: ~ 6 TB per year
● Individual user requests: 1.4 

million per year, (8.8 million 
shipped time windows = 5.9 TB 
data volume)

● Central node in the distributed 
European Integrated Data Archive 
(EIDA) within ORFEUS

GEOFON data holdings

GEOFON/GFZ/EIDA Data Portal: eida.gfz-potsdam.de

GEOFON
5.9 TB

GFZ
1.9 TB GIPP+

14.4 TB

GEOFON Partner
Networks
17.6 TBEIDA European Integrated

Data Archives
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Challenge 1:
Standard Waveform Data Format
=> merging of different data sets
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Standard Seismological Data Format

SEED - Standard for the Exchange of Earthquake Data (FDSN)

Structure of a “Full SEED” 
volume

Structure of a SEED header or “dataless SEED volume“
- presently being replaced by a new XML standard

Meta
data

Waveform
data
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/iso_arc/2006/IA/
AAI.IA.2006.iso
BAKI.IA.2006.iso
BJI.IA.2006.iso
BSI.IA.2006.iso
CBJI.IA.2006.iso
DNP.IA.2006.iso
JAY.IA.2006.iso
JCJI.IA.2006.iso
KDI.IA.2006.iso
KLI.IA.2006.iso
KMMI.IA.2006.iso
KRK.IA.2006.iso
KSI.IA.2006.iso
LEM.IA.2006.iso
MMPI.IA.2006.iso
MNI.IA.2006.iso
NBBI.IA.2006.iso
PCI.IA.2006.iso
PPI.IA.2006.iso
SBJI.IA.2006.iso
SWI.IA.2006.iso
TARA.IA.2006.iso
TLE.IA.2006.iso
TNG.IA.2006.iso
TPI.IA.2006.iso
TSI.IA.2006.iso
WSI.IA.2006.iso

KRK.IA.2006.iso
  ...
  BHZ.D
     ...
     IA.KRK..BHZ.D.2006.146
     IA.KRK..BHZ.D.2006.147
     IA.KRK..BHZ.D.2006.148
     IA.KRK..BHZ.D.2006.149
     IA.KRK..BHZ.D.2006.150
     IA.KRK..BHZ.D.2006.151
     IA.KRK..BHZ.D.2006.152
     IA.KRK..BHZ.D.2006.153
     IA.KRK..BHZ.D.2006.154
     ...
  BHN.D
  ...

isomount /iso_arc/2006/IA/KRK.IA.2006.iso

Compressed station-year ISO files

Steim2 compressed 
channel-day files

Structure of GEOFON Waveform Archive

MiniSEED data records
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Challenge 2:
Standard (Real-Time) Data Exchange Protocol
=> Virtualization of Seismological Networks



GEOSYSTEM: THE CHANGING EARTH Friday 25.1.2013

Digitizer
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server TCP/IPTCP/UDP

Plugin Interface
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Mini-SEED Encoder

I/O System
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Filtered data (streams) 
and log messages

Mini-SEED packets

Clients (Internet)

Data Flow in a SeedLink Network
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GEOFON Extended Virtual Network
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Challenge 3:
Standard Data Archive Access Protocol

=> Virtualization of Seismological Data Archives
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Server

TCP port 18001
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(SEED or XML file)

(1..n)

Data repository/meta db

Request Type Attributes Product Format

INVENTORY instruments=true|false
compression=bzip2|none
modified_after=date

XML

ROUTING compression=bzip2|none
modified_after=date

XML

RESPONSE format=SEED
compression=bzip2|none

Dataless SEED

WAVEFORM format=MSEED|FSEED
compression=bzip2|none

Mini-SEED
Full SEED

QC outages=true|false
logs=true|false

XML

ArcLink Node Architecture & Request Types
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GFZ IPGP INGVODC

ArcLink 
Proxy

Client

Primary connection
Secondary connection
ArcLink response

ArcLink Proxy Server Concept



GEOSYSTEM: THE CHANGING EARTH Friday 25.1.2013

EIDA European Integrated
Data Archives

European Integrated Data Archives - EIDA
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More challenges (GITEWS):
Reliable automatic data processing & analysis

Visualization of automatic results and manual interaction
Standardization of seismic parameter exchange

=> Distributed earthquake & tsunami centers
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SeisComP 3 - Basic Architecture

WAN

LAN

● Fully Automated data 
processing

● User interactions only for 
reviewing

● Sophisticated situation 
displays and manual 
interaction GUIs

● Widely prevention of 
operating errors

● Modular design
● Modules communicate over 

messaging (TCP/IP)
● Distributed computing
● Redundancy
● Unified professional 

software design and 
implementation (C++ / Qt)

WAN



SituationView (MapView)

GITEWS
SeisComP3 – Graphical User Interfaces



SituationView (MapView)

GITEWS
SeisComP3 – Graphical User Interfaces

TraceView



SituationView (MapView)

GITEWS
SeisComP3 – Graphical User Interfaces

TraceView

EventSummaryView



SituationView (MapView)

GITEWS
SeisComP3 – Graphical User Interfaces

TraceView

EventSummaryView
AnalystView

(OriginLocatorView)



SituationView (MapView)

GITEWS
SeisComP3 – Graphical User Interfaces

TraceView

EventSummaryView
AnalystView

(OriginLocatorView)ManualPicker



MTView

GITEWS
SeisComP3 – Graphical User Interfaces

Acquisition and processing time > 10-25 min



GITEWS
 SeisComP3 based InaTEWS Tsunami Warning Center

at BMKG in Jakarta

InaTEWS Inauguration: November 11, 2008

GITEWS hand-over: March 31, 2011 Visit Chancelor Merkel: July 11, 2012
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Internet
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Thailand
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...

Parameters (QuakeML)
Waveforms

Waveforms + Parameters

Distributed SeisComP3 Systems throughout the 
Indian Ocean – GFZ Background Support

Mozambique
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● Cooperation and standardization in seismology is well 
established

● but progress is slow, many players still do not fully contribute,
● IT solutions presently mostly community specific,
● joint projects with IT community just starting.

More challenges to be tackled
● Setting standards for data mining products
● Referencing of data provider contributions
● Secure data archive integrity
● Synchronization of distributed data sets
● Handling of synthetic data and earth models
● Combining data and HPC services 
● Integration of seismological community services into EPOS 

integrated services
●

●

● to be completed

Conclusions
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Thank you!
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