From seismic stations
to integrated datacenters and
computational facilities

Javier Quinteros, Angelo Strollo
and the GEOFON team
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The GEOFON mandate

GEOFON aims at providing scientific infrastructure in the form
of global seismic network, data archival and monitoring
facilities to facilitate cooperation in seismological research
leading to a better understanding of our complex system
Earth.

It pursues these aims by operating and maintaining a global
network of permanent broadband stations in cooperation with
local partners, facilitating real time access to data from this
network and those of many partner networks and plate
boundary observatories, providing a permanent and secure
archive for seismological data.
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The GEOFON mandate

Using real-time data streams, GEOFON determines rapid
automatic location estimates for all globally recorded
earthquakes and most regional ones, and provides manually
revised solutions for the largest earthquakes with minimal
delay. This service provides basic rapid earthquake
iInformation to earthquake and tsunami warning centers
worldwide, governmental agencies, disaster management
teams, news media and scientists at the GFZ and elsewhere.
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Describing an Earthquake

An earthquake's most fundamental characteristics are
@ Location
- Hypocentre or focus: Geographical
location of an earthquake
i.e. its epicentre and depth.
- Epicentre: Point on the Earth's surface
above the hypocentre.

picentre

Depth
@ Origin time »
- Start time of the rupture. 7 HypoFcentre
@ Focal mechanisms or Focus

- Fault geometry: Geometric orientation of an earthquake's fault,
dependent upon the local geology/tectonics.
- First motion: |dentifiable from the seismograms, used to
identify the fault geometry
@ Size
- Magnitude or moment: Value describing the strength of
an earthquake.
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The GE global seismic network and GEVN

~80 GE stations, ~30 GFZ stations, ~800 stations for GEVN

GFZ
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Global earthquake monitoring

Since January 2011 also MT solutions for events larger than M 5 (depending on data quality)
6085 events and 731 MT solutions published in 2012
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GEOFON In numbers

=81 GE stations + 38 cooperated stations (affiliated)
=~900 stations acquired and processed in real-time
=~100 TB/year real-time data distributed via seedlink
=~3000 stations ~70 TB in archive today

=4.2 million customized requests in 2014

*~6 TB/year of data shipped from archive

*~6500 published events in a year

=~1000 published moment tensors in a year
=~28000/day unique connections to the web pages (average
2014)

»~330 SeisComP3 free non-commercial licenses

GEOFON data, products and software are open!
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Early Warning Systems
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Tsunami generation

Indian Ocean

GFZ
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Tsunami propagation

Velocity
(km/h)

Wave distance
(km)

Wave height
§ A =S

Water depth
)
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The 26™" December 2004 - Banda Aceh

Indian \ * Vit F Indian
Ocean W S e S Ocean
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The Challenge, Tsunami Warning for Indonesia

»Earthquake sources very close to affected
coasts
*Tsunami travel tlme 20 40 mlnutes )

20°N |

10°N

10° S A= | G {13 ol f Ll A T, e [l ¥
70°E 80°E 90°E 100°E 110°E

=Short tsunami travel times
require tsunami warning within = 5 minutes
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The 2014 Iquique Earthquake

From rapid event information to scientific activities

through HART deployment and data curation
Time

12014.04.01 23:46:49 UTC Event OT
+ 11 minutes - 1st automatic solution M 7.9
+ 55 minutes - 1st MT manual solution Mw 8.0

+ 1 day - MT manual review Mw 8.1
+ 1 day - Event special page (DOI)
+ 1 day - HART Coordination meeting LETTER _.

+ 10 days - Deploying HART instruments St o
+ 5 months - Nature paper and more ==

+ 12 months - DFG proposal submission 3 2y

+ 16 months - HART data collected/archived %
v + 18 months - DFG proposal accepted o R
GFZ o
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Rapid Earthquake Information

GFZ

Hermhots 2estrur
PoTsDAM

)

GEOFON Program

Automatlc GEOFON Global Seismic Monitor

The events displayed occurred within the last 24 houss / !

Most recent large event:
Pakistan
Magnitude: 7.6 (Mw)
Origin time: 2013-09-24 11:29:53 UTC
Epicenter: 65.47°E 27.03°N
Depth: 42 km
Location status: manually revised

® The specfic pags for this event

Ses also

DEuTSCnEs
GeoFoascnunesZentrun

© The complete list of automatic GEOFON alens

~li

Last updated 2013-09-24 18.02.15 UTC

~28.000 unique visitors / day (

GFZ

Holmholu Zentum

Mission

| Earthquake Info |

This real-time bulletin is a product of the GEOFON Extended

Disclaimer: Unless revised by a

GEQFON

GEOFON Program
Waveform Access

GeoForsch

Software | Contact

rtual Network (GEVN) and credit belongs to all involved
|

locations may be erroneous!

This bulletin is customizable and also available as news feed.

Two of the mest popular GEZ W

Older events
origin Time Latitude
et M3 gegrees
TR 54 224N
2013.00-24 15:30:20 48 eTerN
2013-08-24 154222 48 2724
201309-24 1436:42 50 32608
2013-00-24 14:0834 53 276N
2013-09-24 140741 47 218N
2013-08-24 135313 32 areeN
2013.09-24 134416 47 3240
2013-09-24 130144 55 748N
201309-24 1242:15 52 o14eN
2013-08-24 120712 50 274N
2013-09-24 11:36:30 59 72N
201309-24 112953 76 2r0N
201309-24 072254 55 T4TN
2013-08-24 044823 40 364N
201309-24 034154 49 847N
2013-08-24 002150 40 40N
2013.00-23 20:01:47 49 566°8
201309-23 1728:07 54 498°8
201209-23 16:40:29 48 283N
2013.00-23 151257 ag 008°s
201309-23 14:12:16 48 540°8
2013-08-23 135900 45 5778
2013.09-2313.41:33 44 7798
2013-08-23 130228 45 33488
2013-09-23 11:22:48 51 o708
2013-08-23 07:5553 48 157°8
2013-09-23 0254:43 43 e25s
2013-08-23 01:4136 45 329N
201209-2223.05:37 48 485N
2013-08-22 21:0635 45 1325°5
201309-2219:30:37 52 122N
2013-08-22 18:1029 48 529°S
2013-09-22 155606 48 228N
E
7
013-08-22 10:38 36 42 027°8
2013-08-22 08:4135 sl 7478
2013.09-22 06:06:32 513N

average

New search FAQ

Longitude
degrees
65.50°E
14288°E
6548°E
T1B6W
6562°E
14052°E
17.23°E
14121°E

http://geofon.gfz-potsdam.de/eqinfo/seismon/globmon.php
http://geofon.gfz-potsdam.de/eqinfo/list.php

E=h A Flinn-Engdahl Region Name
10 A Pakistan
0 Eastem Siberia, Russia
10 Pakistan
7 m Near Coast of Geniral Chile
10 A Pakistan
7 oM Bonin Islands, Japan Region
10 " Hungary
2 wm Southeast of Honshu, Japan
7 oM Pakistan
4 m Pakistan
51 m Pakistan
15 u Pakistan
£ M T Pakistn
10 M WT  CarlsbergRidge
114 m Dodecanese Islands, Greece
10 A Panama-Costa Rica Border Region
10 n spain
79 M New Eritain Region, PN.G.
72 M WMT NewlrelandRegion PN.G
525 1 MT Boninlslands, Japan Region
46 c MT  South of Bali, Indonesia
2 M New Britain Region, PN.G.
w0 " Eastem New Guinea Reg., PN.G.
8 W Java, Indonesia
19 Off Coast of Central Chile
83 A Southern Wolucca Sea
w3 Ecuador
8 0 Near Coast of Peru
10 Wester ran
s M Kuril Islands
208 M Vanuatu Islands
27 C MT South of Mariana slands
7 om Banda Sea
24 MW South of Mariana Islands
nesg
Nesia
C‘sta Rica
5 outhem Sumtra, Indonesia
2 Off Coast of Northem Peru
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Scientific use of data
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Imaging with earthquake data\

[IMoho, Lithosphere, Transition
zone, Anisotropic structure
[1Example: Pamir-Hindukush

continental subduction (4 sections, 2
departments directly involved)
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GFZ scientific infrastructure

The GFZ seismological data archive: 70+ TB, 3000+ stations

Data Ingestion Data Distribution

¢ >
~10 GB* \"b% ~20 GB* (arcr_live)
g{@ ~250 GB* (real-time)
N
\\\‘
e T e T o e - * Daily average 2014
http://geofon.gfz-potsdam.de/waveform
GFZ http://eida.agfz-potsdam.de ﬁ HELMHOLTZ
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EIDA/Orfeus
Construction of a European Federation

ﬁ HELMHOLTZ
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EIDA within Orfeus

GFZ S ——
- e ==

waveforms

responses

routing

qc param.

genericws
routingws
mediator

G FZ ﬁHELMHOLTZ
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EIDA within Orfeus

*Protocols to share data
Arclink protocol
*Synchronization of metadata
Daily
Clients and tools development
*SeisComP3
Common policies for f.I. data curation
«Statistics
*Maintainance of Routing Tables

eeeeeeeeeeeeeee
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Seismic Waveform Data
How to get waveforms and metadata: WebDC3 portal

G F Z Access to GEOFON and EIDA Data Archives S
Helmholtz-Zentrum GEOFON 6 I )A G:oFonscnunczEZl;Lsrca"::

Porsoam

Explore events = Explore stations Submit request Download data View console OLD webdceu portal POF Help
) Hrancer : X ” g
Event Information (g sparnl ekt o] i
)" Nosth § Wbk China

Catalog Services User Supplied A(;'caena'rllc (091" ran Alhanistag '3
i Algeria | |jhys Egypt, Pakistan
Catalog Service: GFZ - + & Saudi Arabia India
Mali | Niger Sudan
Date Interval (yyyy-mm-dd): 5 {, Chad
L Ve la * 1) Nigeria® Ethiopia
2014-10-21  to 2014-10-28 ot g , :
.................. f' e e TR O e o b o b o S AT W TR~ 'DRConoo‘ ,_Kefwa B TR T T T T e _..".;(
Minimum Magnitude: 3 : Brazil ATanzania
Beny 2 . Angola "
poa Namibia~ "
£ " Botswana’ | LMadagascar g’: e’ ?”,.:

Depth from 0 to 999  km Chile’ South

e Atlantic

7 Ocean South Africa

o § A 0
Coordinates: (Use -ve for S/W; +ve for § pegtins
N/E) Terms of Use !
N Use left SHIFT + drag mouse to select regions. Legend Help
90
Event and Station List B
w -180 180 E E3
-90 Clear
S
Reset Search
2 e 0 z seoF orschungsZentrum GFZ

http://eida.gfz-potsdam.de
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EIDA/Orfeus
New Projects: EUDAT, EPOS
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Seismic Waveform Data
EUDAT2020 The pan-European Data Infrastructure

EUDAT offers common data services, supporting multiple
research communities as well as individuals, through a
geographically distributed, resilient network of 35
European organizations.

GEOFON involvement:
»Safe replication

="|dentity Management NPT SN
=Data Discovery v 4
=Dynamic Data A =
caKaT oo B2STAGE

R .
EUDAT

http://eudat.eu/
GFZ
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Seismic Waveform Data
EPOS-IP European Plate Observing System

EPOS is integrating the diverse, but advanced European
Research Infrastructures for solid Earth Science, and will
build on new e-science opportunities to monitor and
understand the dynamic and complex solid-Earth System.

GEOFON involvement: IBEISSN J&]
*"EIDA-NG development s
=Routing service ra‘_'
=Federated Identity management

routing

qc param.

fdsnws

genericws
routingws
mediator

odes

a4 || BGR RESIFO 9’\ 2
ENEDL e '

EPOS

EUROPEANPLATEOBSERVINGSYSTEM h tt p g / / www.e po s-eu.o rg /

ﬁ HELMHOLTZ
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GFZ scientific infrastructure

Enhancing accessibility at European and Global scale
[1GFZ seismological datasets are open data (except embargo for

temporary experiments)

EIDA (European Integrated Data Archive)

=> (The pan-European Data Infrastructure) gy
=> EPOS (European Plate Observing System) E‘:;:;

waveforms responses

routing

qc param.

mediator

routingws

genericws

)
g,
’ {
New
nodes

Integration and
interoperability
with other solid earth
science infrastructure

eeeeeeeeeeeeeee
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EIDA Next Generation Software

More than just data and federated |
archive s e——
=Coordination of data holdings and
software/strategic developments
=Provides quality control of
data/metadata

=Helps define seismological center

best practice’ for ORFEUS R
community e R
GFZ ﬁHELMHOLTz
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EIDA NG: Why?

Challenges:

"Growth: archive volume, data variability, new nodes, more users,
downloads

*More complex user requirements

Requirements:

sScalability: beyond traditional seismology

*Interoperability / Compliance with standards

=Extensibility: services can be migrated to other communities
"Comprehensive handling of restricted datasets

"Extended search requests

=*Combining QC / SoH information with data requests

=Data replication and identification: Serving user only the best
datasets

ﬁ HELMHOLTZ
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The EIDA Routing Service

What does a routing service?

"Provides routing to data
(streams)

=Routing to services
"Routing priorities
Additional parameters
information being discussed:
"Geolocation of data and
services

*Type of archive (master,

validated/non validated copy,

etc)
=Contact information

;
Other Services

Smart clients w,
%

"~ [Routing :
Service
I 23y

¥ 3 BT
]
]

Mediator
Service

4

DC1 oc2 @

.............. ;..-..-..-.....;..#..-..-.....-.t...-..-.....

DC3 ] ..

DCN

Can also be deployed as a

standalone router to run on the

client side to create virtual DCs
First stable release 10.2014

GFZ
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The EIDA Mediator (design phase)

The Mediator will allow users to perform complex/filtered data
requests based on a number of parameters available from a

number of web services. Initially developed as a server/node side
application, afterwards also as a client application.

Users
(thin and/or smart clients)

Routing service to:
Fdsnws-station
Fdsnws-dataselect
QC-service
Generic-service

ﬁ HELMHOLTZ
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The EIDA AAI System (prototype)

Separate authentication from data services (leaving just
authorization to data services).

=sSupport multiple authentication mechanisms (Shibboleth oAuth,
E-Mail, etc.).

sSecure authentication

in scripts and browser.
=Pattern-based authorization T
(data access rules). e

EduGAIN
login

FDSN WS Shibboleth
EIDA

FDSN WS e oAuth

FDSN WS etc.

ﬁ HELMHOLTZ
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,OLD" Challenges from the seismological
community

1: Standard Waveform Data Format
merging of different data sets
2: Standard (Real-Time) Data Exchange Protocol
Virtualization of Seismological Networks
3: Standard Data Archive Access Protocol
Virtualization of Seismological Data Archives
: Synchronization of distributed data sets
: Combining data and HPC services

(@ [N AN
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Challenges from the seismological
community

To be solved within EUDAT2020 and EPOS projects? (Hopefully!)

« Dynamic Data
v Waveforms most probably will change only during the first days.
v Seismology seems to be in a very good position compared to other sciences

« PID minting for waveforms
v Time resolution? At the day level for every stream.

« Reproducibility of experiments
v' Freezing datasets in time
v Millions of requests referencing thousands of records
v' Before and after curation of data/metadata
v And real-time data?

GFZ ﬁHELMHOLTZ
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Challenges from the seismological

community

To be solved within EUDAT2020 and EPOS projects? (Hopefully!)

« Sharing datasets with the world

v
v

Same problems as the reproducibility
What about real-time data?

« Integration with other Earth sciences

v

v
v
v
v

Not enough standards in other branches of science
Different levels of evolution regarding infrastructure
Protocols

Data formats

Semantics! What does f.i. “"deptht” means?
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Thanks for your attention!
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