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' GEOFON

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

Itis
* setting standards and developing software for networking ol
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 p
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GEOFONIGFZ Seismological Networks
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GEOFON Earthquake Information Service
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GEOFON Earthquake Information Service
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GEOFON Earthquake Infomation Service
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This realtime bulletin is a product of the GEOFON Extended Virtual Network (GEVN) and o
credit belongs to all i Ived instituti !
Disclaimer: Unless revised by a geophysicist, Ily determined earthquake locations
may be erroneous!
This bulletin is customizable and also available as [ news fead
New search FAQ
Origin Time Latitude Longitude Depth A " .
e Mag 0 es dearees W Hinn-Engdahl Region Hame
2011-06-21 08:49:39 5.2 3566°N 141.50°E 5 A Mear East Coast of Honshu, Japan
2011-06-21 06:12:35 4.7 7.60°S 130.54°E a4 M Tanimbar Islands Reg., Indonesia
2011-06-21 02:04:18 4.5 3522°N  7550°E 43 A Eastern Kashmir
2011-06-21 02:04:16 6.0 11.44°S 16557°E 15 M @ Santa Cruz Islands
2011-06-20 23:31:04 4.2 73.74°N B50°E 10 A Greenland Sea
2011-06-20 22:05:53 49 4.40°S 13557°E 10 A Irian Jaya Region, Indonesia
2011-06-20 21:19:58 5.0 53.73°N  3539"w 10 W P Reykjanes Ridge
2011-06-20 21:16:50 4.9 53.36°N  3538°W 10 M @3 Reykjanes Ridge
2011-06-20 21:01:27 4.4 53.65°N 3527°W 10 M  Reykjanes Ridge
2011-06-2019:51:58 4.4  7.33°S  67.57°E 10 M  Mid Indian Ridge
2011-06-20 19:37:08 4.7 46.21°N 149.80°E 165 A Kuril Islands
2011-06-20 18:20:34 4.3 38.07°N  21.97°E 10 A Greece The displayed events are within the last 24 hours / i
2011-06-2018:13:23 53 13.31°3  167.16°E 5
2 - - w) (A X
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2011-06-1914:35:38 41 44.23°N  10.74°E Magnitude: 6.5 (Mw) subject GEOFON BIG alert: M 6.4, Chile-Bolivia Border Region 06/20,
2011-06-18 13:44:38 4.9  3.28°5  99.63°E Epicenter: 63.42°W 21.84°S o eqinfo-big@gfz-potsdam.dei’’ other ;
2011-06-18 11:05:28 54 55.01°5 128.83"W Depth: 113 km ~ Pretld Earthauake R R
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2011-06-18 08:29:10 4.9  6.84°N  127.02°E r) - Google Maps - Mozilla Firefox — o ®
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GEOFON/GFZ/EIDA Data Portal: eida.gfz-potsdam.de

ological Data Portal

Rt 15,

WebDC - Integrated Seism
‘GEOFON ”@”{m‘ 5

| o s

Common Data Portal for GFZ Potsdam, German and European Seismological Data Archives

WebDC ArcLink data requests also through breq_fast emails to breq_fast@webde.eu or by arclink_fetch.

Optimized for Firefox 3.x! In case of problems use the old WebDC portal. Contact: geofon_dc@gfz-potsdam.de

GEOFONIGFZ Seismological Archive

20120108 -|2012-m-07

Select events
Select stations -
Type: |All public nets 2
Network: [l v

(* temparary nets / + restricted nets)
S e — 1
Sensor: al v =
Stream: BH k A

e.g. 'BHHVHZ' b, 3
Location Code: TN
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-Reset : 2 Pt
0 S Azimut £ [0 L L i
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& = Event Legend:  normal event Quig event Qul svent
Station Legend: Apubl\c permanent Anonrpubhc permanent © mixed permanent
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A
Select time window "
Event list: @ (unjselect all ® freeze
[Resetpage | [Verity request | Origin Time \ag Lftude  Longitude
uTC g degrees degrees
»2012-01-06 15:37:56 40 5209N 1156 E

Station list:  (un)selectall ® freeze

Show further columns in station list:
Network Station

Description
BW VMWETR Wettzell, Bavaria

|IPE/GEOFON Station Moravsky Beroun, Czech

4MORC Republic

“VYRAC IPE Station Vranov, Czech Republic

European Integrated
Data Archives

EID

¥Zoom to selected region

Depth
km

- 1]

Region Name

10 Poland

Restriction Start End Streams

No

No

No
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14

1999-11-

25

2003-03-
17

BHE BHN BHZ

BHE BHN BHZ

BHE BHN BHZ
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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
59TB

GEOFON data holdings
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Based on SeisComP3 software

Seismic  GEOFON ]E ]E ——

Waveforms Stations
 seedLink -~ SeisComP3
N Server Server
> -
GEVN 1 |
Stations _— - Earthquake
~ Information @
Offline Data - Waveform Earthquake
(temp. nets) Archlve Database
Operator | @
\ / ASI' cLink
Euro pean O erver
Data Archives
(EIDA)
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Challenge 1:
Standard Waveform Data Format
=> merging of different data sets
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Meta
data

Wavefor
data

Standard Seismological Data Format

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

Volume Index
Control Header

Abbreviation Dictionary
Control Header

Blockette

Station Control Headers

Time Span
Control Header 1

Blockette

Logical Record 1

Time Span
Control Header 2

Blockette

Time Span
Control header N

Blockette

Logical Record 2

Data for Time Span 1

Blockette

Data for Time Span 2

Blockette

Logical Record N

Data for Time Span N

Structure of a “Full SEED”

volume

Structure of a SEED header or “dataless SEED volume*
- presently being replaced by a new XML standard
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oo Structure of GEOFON Waveform Archive GFZ
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/iso_arc/2006/IA/
AAI.IA.2006.1is0 . - -
e o isomount /liso_arc/2006/IA/KRK.IA.2006.iso ————————
BJI.IA.2006.1iso0
BSI.IA.2006.1iso0 Fixed Header Section
CBJI.IA.2006.1is0 B GGREEEE 1
DNP.IA.2006.1iso0 . Variable
JAY . TA. 2006 . iso KRK.IA.2006.1iso0 Header
JCJII.IA.2006.is0 S S
KDI.IA.2006.1s0
KLI-IA-ZGGG-iso/ IA.KRK. .BHZ.D.2006.146 b Bep o
KMMI.IA.2006.1is IA.KRK..BHZ.D.2006.147
KRK.IA.ZGGG.}S IA.KRK..BHZ.D.2006.148 |mes ‘w [W |W [ [W ‘W [W | N |w \
KSI.IA.2006.1iso0 IA.KRK..BHZ.D.2006.149 Sl I il M Mt M M
LEM.IA.2006.is0 IA.KRK..BHZ.D.2006.150 L -
MMPI.IA.2006.is0 IA.KRK. .BHZ.D.2006.151 L R s el 18
MNI.IA.2006.1iso0o IA.KRK. .BHZ.D.2006.152 | Wo= |00 ] 01 | 17 ) 11 | 11 ] 10 | 10 \ 10
NBBI.IA.2006.is0 IA.KRK. .BHZ.D.2006.153 dnib four 8-bit differences
PCI.TA.2006.1is0 IA.KRK. .BHZ.D.2006.154 W [ % | & | % % |
PPI.IA.2006. iSO BHN - D - dnib seven 4-bit differences
SBJI.IA.2006.is0 ' Wo= |10 [ dg | ¢y [dp|a5[ds]ds| 5 |
SWI.IA.2006.is0 dnib six 5-bit differences
TARA.IA.2006.iso0 . Wy= | 01 do dy dp [ dg | dy dg
TLE.IA.2006.is0 Steim2 compressed dlib l li\!eﬁ—bitdifflrencls - |
TNG.IA.2006.is0 channel-day files | Wa= Joof d | o | dp [dg| df |
TPI.IA.2006.is0 dnib three 10-bit differences
TSI.IA.2006.is0 [ We= "] % | & | & |
WSI.IA.2006.is0 dnib two 15-bit differences
[ We= | 0] % | o |
Compressed station-year ISO files | . one 30.bi diference l
quz o1 c:IO

MiniSEED data records # ueLmuoLtz
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Challenge 2:
Standard (Real-Time) Data Exchange Protocol
=> Virtualization of Seismological Networks
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ﬁ Data Flow in a SeedLink Network GFz
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SeisComP PC

TCP/UDP| -
P TCP/IP

Station 1 SeedLink -_f’ '1
ation SeedLink
Internet Data >
ArcLink
Raw data Center — L
SeedLink| Dialup 1 Webservice >
Filtered data (streams) Station 2
and log messages
A4 SeedLink
C Mini-SEED Encoder ) bl
Mini-SEED packets
A A 1
1/0 System VSAT >
Data ArcLink
Center ‘ >
Clients (Internet) Sadl 2 Webservice y,
i -
N raolink . G
ﬁ HELMHOLTZ
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GEOFON Extended Virtual Network

GEOFON

60

N

o

30

60°S

60°E 90°E 120°E 150°E 180°

30°E

120W  90'W  60°'W  30°W

150°W
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Challenge 3:
Standard Data Archive Access Protocol
=> Virtualization of Seismological Data Archives
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ﬁﬁ?w ArcLink Network Concept
- . Interactive web client
_ Web service client
Client Email client
| Direct Seiscomp3 import
N \ \
Oﬁ\é&\\O‘\ y N %9\%9 OO/; \OO,)
O o0 : % D 0%
RN Active \ @o,;g?g,
ArcLink K
node \ AN
4 AN
, \ N
\ .
W
Active . ronivat Active Passive
ArcLink synehronization ArcLink ArcLink
. node - node ~ node
- 4 A Y A 4

Restricted data sets are delivered encrypted!
ﬂHELMHOLTZ

I GEMEINSCHAFT



oo ArcLink Node Architecture & Request Types GFz
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TCP port 18001

@ Y
Server
i i ’
Request Type Attributes Product Format
INVENTORY instruments=true|false XML
O. 3 = 0 compression=bzip2|none
B S Data product modified_after=date
(‘D — .
8 S (SEED or XML file) ROUTING compression=bzip2|none XML
- modified_after=date
RESPONSE format=SEED Dataless SEED
compression=bzip2|none
p y ~ |WAVEFORM format=MSEED|FSEED Mini-SEED
Req uest handler compression=bzip2|none Full SEED
h g QC outages=true|false XML
(1..n) logs=true|false
@ Y
Data repository/meta db
A 4
ﬂ HELMHOLTZ
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‘Eo\m ArcLink Proxy Server Concept GFZ

Client

i

ArcLink
Proxy

/\

oDC GFZ IPGP INGV

Primary connection - =——p-

Secondary connection =———p

ArcLink response —_—
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GEVN (Global)
IOTWS/INEAMTWS FDSN, US
neE Temp. Nets Temp. Nets
Y :"" ------------ {

'FDSNIIRIS |

Web Portals
arclink_fetch &
H r
web services ArcLink Network
User breq_fast ‘
SeisComP3 e“‘
* .
* N
N\ %
( RESIF ‘
| T - [ IPGP
¥ Italian Swiss French j
Networks Networks Networks
German GEOSCOPE
Networks

European Integrated
Data Archives

EID

European Integrated Data Archives - EIDA

GFZ

Helmholtz-Zentrum
PoTsbpAm

-@}— Real-Time Data
Offline Data

-}— Temp. Net Data

-ff— ArcLink Requests

International
Data Archives
& Portals

National
Data Archives
& Portals

. Network
| Data Archives
& Portals
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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

ﬁ HELMHOLTZ
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oo SeisComP 3 - Basic Architecture GFZ

Helmholtz-Zentrum
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* Fully Automated data
processing

SPREAD
Message Server

DB Server

« User interactions only for
reviewing WAN

« Sophisticated situation
displays and manual
interaction GUIs

* Widely prevention of
operating errors

 Modular design

Waveform Serve_\

* Modules communicate over
messaging (TCPI/IP)
» Distributed computing Arc"'"k SeedLin

 Redundancy

* Unified professional
software design and
implementation (C++ |/ Qt)
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e SeisComP3 - Graphical User Interfaces

GITEWS Helmholtz-Zentrum
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SituationView (MapView)

scmv(@geofon-proc.gfz-potsdam.de
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e SeisComP3 - Graphical User Interfaces

GITEWS Helmholtz-Zentrum

SituationView (MapView)

PorTspam

scmv(@geofon-proc.gfz-potsdam.de Tracevi ew

ground motion | gc scrttv@geofon-proc.gfz-potsdam.de

I AL
¥ Enabled | 3 Disabled
TLY I 00 BHZ =ijfism |- |- -
ULN U 00 BHZ =4 fi e | ]
KURK I 00 BHZ == i { L
PDGK CK HHZ 22 e oglidfrsbimimmons
OTUK CK HHZ : i e ilfphenty
BRVK Il 00 BHZ =se——je Ml
TARG KC BHZ s fo fe el iam iy
AAK Il 00 BHZ = |
MNAS CK HHZ —s=es = {ems b i
SFK CK HHZ et e iy [y
YAK U 00 BHZ - } el v
TAS CK HHZ = 0 ity . ’ e
ARU Il 00 BHZ === Jpesnse il b -
TIXI IU 00 BHZ %= fe- 2 bpse
INCN IU 00 BHZ wes i A A Ao w
KBL U BHZ = i -t i
SHL IN BHZ m—-&-—\-—-c Lot e e s >

ASHT CK HHZ  otrsmbapdmiibmunmisnaih s kst et ——
¥YSS U 00 BHZ e ' : : - )
MAZ U 00 BHZ

SLvV AD BHZ
JNU JP BHZ
ASAJ JP BHZ
KMNB Tw BHZ
CHTO IU 00 BHZ
LvZ I 00 BHZ

TATO U 00 BHZ
ERM I 00 BHZ
YHNEB Tw BHZ
MAJO U 00 BHZ
INU G 00 BHZ

NACE Tw BHZ
SS5LB Tw BHZ
TPUB Tw BHZ
YOu JP BHZ
win o Thad DU
14:10:00 14:15:00 14:20:00 14:25:00 14:30:00 14:35:00
2012-06-06

Filter OFF Station TM.CMMT has been disabled at 2012-06-06 16:35:12 (localtime) )
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GITEWS Helmholtz-Zentrum
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SituationView (MapView)

scmv(@geofon-proc.gfz-potsdam.de

TraceView

scrttv@geofon-proc.gfz-potsdam.de

— — ]
Summary | Events
2012-06-05 19:31:33 UTC M 6.1 10 km
2012-06-05 19:31:34 UTC Type Value +/- Count
. M 6.1 6.1 = = 90 295 - -
18 hours and 58 minutes ago ML 63 63 037 039 c &
Near East Coast of Honshu, Japan MLv 6.2 6.2 0.24 0.25 6 6 =
| g 65 F: i 1
MwW(mB) 6.1 6.1 0.40 0.40 86 265 iumeommmm
Mwp 6.0 6.0 0.27 022 8 11| [ttt
mB 64 64 021 0.15 86 265 [
mb 6.1 6.1 029 0.23 Q0 295 | FWamomiimiass sttt i it
I A g s o e e
(YT — " v
N A AR A A A M betpepey
Latitude: 35.06 °N +/- 2 km 35.01 O N /- T K| | ousdmapfiptvinsmbabi b inefasms s nmsbisiis
. o . D i e T e A T
Longltude: 141.33 °E +}‘- 3km 141.25°E +,f~ 2;( et A i o
Depth: 10 km fixed 10 km fixed MWMMWMI
Phase Count: 121 396 mm
RMS Residual: 1.6 1.3 o A s s it A i i
b S G sl M A A
R e S B
Agency: GFZ GFZ 14:25:00 14:30:00 14:35:00
Status: automatic auktomatic
First Location: OT.+ 6m 33s ko o
Show Details
e

EventSummaryView
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SituationView (MapView)

scmv(@geofon-proc.gfz-potsdam.de H
TraceView
ground motion | gc o5 scrttv@geofon-proc.gfz-potsdam.de
g scolv@geofon-proc.gfz-potsdam.de
LT i . / -
1 Dhaka -~ ¢ “ = """'l——""—‘“'—“"
scesv@geofc l |
Preferred | Current Location | Magnitudes | Event @ Events
Summary | Events
2 2 ( 2012_06_05._ 19:31:33 || Near !E_asl: Coast of Hons! Time: 2012-06-05 19:31:33 | Distance | Azimuth TravelTime « |
01 -06- 18h and 58 min. ago = 130 E”_ %) 50 i Diapth; 10 km Ffixed Eilter s nok active
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Acquisition and processing time > 10-25 min




Vs SeisComP3 based InaTEWS Tsunami Warning Center _G FZ_
GITEWS at BMKG in Jakarta teimbola zenum

InaTEWS Inauguration: November 11, 2008
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GITEWS hand-over: March 31, 2011 Visit Chancelor Merkel: July 11, 2012
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‘F\mmn Conclusions

» 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,

e joint projects with IT community just starting.

More challenges to be tackled

e Setting standards for data mining products

» Referencing of data provider contributions

e Secure data archive integrity

e 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
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