Data in seismology: networks, instruments, current problems

» Seismic networks, data centres, instruments
» Seismic Observables and their interrelations

» Seismic data acquisition parameters (sampling
rates, dynamic range)
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Global seismic networks

International Federation of
igital Seismograph Networks
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Regional seismic networks
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Local seismic networks
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Temporary (campaign) networks

EarthScope Instruments - Updated at 9:18 GMT Wednesday May 6, 2000
Click| to display table for all stations shown on this map
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What could be the
advantages of array
recordings?
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Seismic arrays
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Seismic arrays
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Seismic data centres: NEIC

) National Farthquake Information Center - NEIC - Mozilla Firefox g@@
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b~ 5 ke USGS Home
‘ : Contact USGS

science for a changing world Search USGS

Earthquake Hazards Prog

Home Earthquake Center Regional Information About Earthguakes Research & Monitoring Other Resources

You are here: Home » Redional Information » MNEIC
NEIC Home

. National Earthquake Information Center - NEIC
Earthguake Catalogs & ]

Bulleting ]

International Registry of The mission of the Mational Earthguake Information Center (NEIC) is to determine
Seismograph Stations - rapidly the location and size of all destructive earthquakes worldwide and to
immediately disseminate this information to concerned national and international
agencies, scientists, and the general public. The NEICAWDC for Seismology compiles
and maintains an extensive, global seismic database on earthguake parameters and

Routine L3, Mining Seismicity

Tour Information

Who Wie Are - their effects that serves as a solid foundation for basic and applied earth science
Contact Us research. Please visit the WWord Data Centerwehb site to learn more about the WO
¢ systemn.

Earthquake Data Available from the NEIC

Current Worldwide Earthguake List
AutoDRR

Data Available Through FTP
Earthguake Catalog Search
Earthguake Sumrmary Posters

Large Earthquakes This Year

Latest Fast Morment Tensor Solutions

Latest Energy & Broadband Solutions
Morent Tensor & Broadband Source Parameter Search
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Seismic data centres: ORFEUS

%3 Observatories and Research Facilities for European Seismology - Mozilla Firefox
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rfeus

Observatories and Research Facilities for European Seismology

‘Organization Data Earthquakes Working Groups Software Links Home

ORFEUS News

QORFEUS (Observatories and Research Facilities for European Seismology), is the non-profit
foundation that aims at co-ordinating and promoting digital, broadband (BB} seismology in
the European-Mediterranean area.

ORFEUS Annual Repaort 2008
ORFEUS Observatary Meeting

ORFEUS Workshop 'Seismic
More information... Torography'

Last issue QRFEUS newsletter

MNews
Announcements
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15-04-2009: ORFEUS booth at EGU 2009

Information about ORFEUS, EMSC, NERIES and EPOS will be available at booth no. 36 at
the EGU 2009 in Vienna, Austria {April 20-24, 2009},

06-04-2009: ORFEUS Annual Report 2008

The ORFEUS Annual Report 2008 is available at the Documents page.

12-03-2009: ORFEUS Working Group 3 meeting at EGU

There will be an ORFEUS Working Group 3 meeting at the EGU 2009 in Yienna, Austria.
The meeting will be held on Tuesday 21st april, from 12:00 to 13:30 hrs, in room SMad
(vellow Level, Ground Flaar), The rmain item for discussion is archiving and access to
data from portable instrumentation, and the potential for inclusion in the iminent
MERIESZ proposal. More information on Working Group 3..

21-01-2009: ORFEUS Observatory Coordination Meeting

Frorn May 2 to May &, 2009, the Annual ORFEUS Ohservatary Meeting (International

Jobs=
Warkshops/meetings

Funding

Get Data
Direct access

on regquest

Earthquakes
Recent earthquakes

Earthquake rmonitors
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Seismic data centres: IRIS

9 IRIS - Incorporated Research Institutions for Seismology - Mozilla Firefox Q@@
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Y
Contact  Staff  Employment  Sitemap Q, Search
I I; I S | university consortium sponsored by the National Science Foundation dedicate
the Earth and enhan wareness of seismology through the colle
Incorporated Research Institutions for Seismology of geophysical data and development of educational progran
For Educators Seismic Monitor
For Researchers Seismic Monitor allows you to monitor global earthgquakes in near
real-time, visit seismic stations around the world, and search the web
For Studerits for earthguake or region-related infarmation. You can also view
. seismograms and make dataset requests via its WILBER interface.
For Committees
“iew the Seismic Monitor / Wiew Recent Earthguakes
For Public )
Recent Major Earthguakes
Quick Links
Mouse over an IRIS Program for more information:
PASSCAL USArray
Calendar
S5t 09 ("
IRIS Board of Directors Meeting - St. 3
Louis, MO a4
541309 to H1509 ) )
EarthScope National Meeting - Boise, IRIS MNotices PASSCAL Experiments ()]
(1]
Report Released from the Long Range Science Map of PASSCAL Experiments -
Fertig
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Seismic data centres: ISC

%2 International Seismological Centre - Mozilla Firefox
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Seismic data centres: GEOFON

%) GEOFON Data Archive Information - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe
c o | "2 | bbtp: ) fgeofan, gfz-potsdam. defgeafonnew arc_inf Html Wil ~ | ist travel times p. il 6
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J GFZ - Seismologisches Datenarchiv %' GEDFON Data Archive Information [E3
~
‘*@e‘oron Data Access
Earthquake Info Data Access
Scope
The GFZ Seismological Data Archive holds data from many permanent networks - primarily from the GEOFON network, but also from many GEOF O
pattner networks, the part of the GEVI - GECOFON Extended Virtual Network for which GFZ acts as backup archive and data distribution center - as
well as from temporary deployments. (Mear) real-tine data streams from permanent networks are mostly coming in over Internet. It is itnmediately
accessible on request from the arclive or contimiously by SeedLink real-time data feeds from the open GEOFON SeedLink server. Iost of the acquired
European networks are members of the Virtual European Broadband Setsmic Metwork (WEBSI). Drata from recent temporary networks is usually
restricted to the project consortivm until 1t gets released for public use. Although most data sets are denved from broad band stations, also a substantial
atnount of shott peried data iz archived as well as some strong motion and OB data. All data sets are accessable jointly in a unified way through
provisional web fortms or by email MWoreover, the GFZ Seismological Data Archive 1s linked by GFZ's ArcLink protocol to other partner data centers in
Germany (German Integrated Data Archive - GIDAY and Europe (European Integrated Data Archive - ETDVA) where access to all data archives 1s
granted stnultane ously,
The GFZ Seismological Drata Avchive is
e the archive for the permanent GEOFON VBE network,
e the backup archive for the GECQFON partner networls,
e the archive for the passive seismological experiments of the GFZ Geophysical Instrument Pool Potsdam (GIPP),
e the archive for the German Task Force Earthqualkee (data archival pending),
e the main node in the German Integrated Data Archive (GIDAY,
® amajor nede in the European Intesrated Data Arcluve (EIDAY, ht
Fertig
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) EMSC - Furopean-Mediterranean Seismological Centre - Mozilla Firefox
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Centre Sismologique Euro-Méditerranéen & Member access e

European-Mediterranean Seismological Centre [ ]
| |[ Search EMSC | [ 1

Current time: 2009-05-11 15:44:34 UTC

Euro-Med earthquakes Waorldwide earthquakes with M4.0+ © WIDGET O ookrARK. o 10 47
Earthquake news & highlights

o

Last 48h  Last week Last 2 weeks
& Mo an o .
A 2 : Mw 6.3 Central Italy (06/04/2009)
Mw 5.4 Morthern Ttaly (23/12/2008)

See full list

Mews

EMSC Mewsletter (April 2009}
QRFEUJS Workshop (July, 2-3 2009}
Postdam (GFZ) Training Course
SEISMCARE: 2009, June 22-24 Martinique
Island {France)

all news

Information Services

_%,7 Earthquake Motification Service
Get notification by email or SMS

'E] Real Time on Phone & PDA
EJ rss Feeds

Seismicity on Google Earth

| £
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Seismic data centres: EarthScope

) EarthScope Data - Mozilla Firefox

Datei  EBearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe
@ - c Y [ '\E:l htkp: #fwoaw, earthscope.orgfdata 7T @ | isc travel times .;' "_ &
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3 SR =
ear h gy ; e : : e e i EarthScope iz funded by the
SC@p : : 5 h Hational Science Foundation.
wwnw.aarihscops on A - : x A I
g X WD ’ | SEARCH
EarthScope Science Instrumentation ; Publications Education & Outreach News About Us
EarthScope Home » Data Access
Feferences to EarthScope related data, data products, and tools are provided to further support the scientific community and
those with an interest in measurement data from more than one thousand instruments located across Morth America. The freely
available, high precision data can be viewed as the most important legacy of the MNational Science Foundation's largest
investment in solid-Earth Science.
New EarthScope Data Portal Release
B e xR — The premief release of the EarthScope Data Portal is now available onlinel The new portal
s S provides an additional means for students, researchers and others interested in
oo scientific data to sirmultanecusly explore EathScope's vanious instrurment networks, as
i L7 Erade = 4 well as seamlessly download data fram multiple stations and instrument types. The
i i intuitive Google Maps-based user interface provides a familiar means to filter stations by
geography, data class, or station identifier. Additional termporal and spatial filters give
users the ahility to further refine their searches as needed.
(=]
TR 5 Developed in cooperation with San Diego Supercamputer Center (SDSC), Incarporatad
e Research Institution for Seismology (RIS}, University NAVETAR Consartiurm (UMAYCO)
s, s T e e and International Continental Scientific Drilling Program (ICDP), this release culminates
- R— mare than a year of dedicated effort from numerous individuals who deserve the gratitude
Sage e » <) ofthe scientific cammunity.
w
Fertig

Data centres and observables Modern Seismology — Data processing and inversion 15



Data S10, NOAA, U.S . Navy, | W@Eﬂ

Data & 2008 MIRC/JHA



Seismic observables: Period ranges (order of magnitudes)

e Sound 0.001-0.01s

« Earthquakes 0.01 — 100 s (surface waves, body waves)
 Eigenmodes of the Earth 1000 s

e Coseismic deformation 1 s — 1000 s

o Postseismic deformation +10000s

e Seismic exploration 0.001-0.1s

e Laboratory signals 0.001 s — 0.000001 s

-> \What are the consequences for sampling intervals, data
volumes, etc.?

Data centres and observables Modern Seismology — Data processing and inversion 17



Seismic observables: translations

Translational motions are deformations in the direction of
three orthogonal axes. Deformations are usually denoted by u
with the appropriate connection to the strain tensor (explained
below).

Each of the orthogonal motion

components can be measured z
as displacement u, velocity v, or b’ v
acceleration a. ¥

- VX
The use of these three variations
of the same motion type will be Ground velocity
explained below. Seismometer

Data centres and observables Modern Seismology — Data processing and inversion 18



Seismic observables: translations - displacements

Displacements are measured as ,differential® motion around a
reference point (e.g., a pendulum). The first seismometers were
pure (mostly horizontal) displacement sensors. Measureable
co-seismic displacements range from microns to dozens of
meters (e.g.,Great Andaman earthquake).

Horiztonal displacement sensor
(ca. 1905). Amplitude of ground :
deformation is mechanically
amplified by a factor of 200.

Today displacements are measured
using GPS sensors.

Data centres and observables Modern Seismology — Data processing and inversion 19



Seismic observables: translations - displacements

Data example: the San Francisco earthquake 1906, recorded in Munich
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Seismic observables: translations - velocities

Most seismometers today record ground velocity. The reason is that
seismometers are based on an electro-mechanic principle. An electric current is
generated when a coil moves in a magetic field. The electric current is
proportional to ground velocity v.

Velocity is the time derivative
of displacement. They are in
the range of um/s to m/s.

v(X,t) =0, u(x,t) =u(x,t)

Data centres and observables Modern Seismology — Data processing and inversion 21



Seismic observables: translations - accelerations

Strong motions (those getting close to or exceeding Earth’s
gravitational acceleration) can only be measured with
accelerometers. Accelerometers are used in earthquake
engineering, near earthquake studies, airplanes, laptops, ipods,
etc. The largest acceleration ever measured for an earthquake
induced ground motion was 40 m/s? (four times gravity, see

Science 31 October 2008: Vol. 322. no. 5902, pp. 727 — 730)

a(x,t) = o7u(x,t) =ti(x,t)
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Displacement, Velocity, Acceleration

Figure 6.6-14: Relation between displacement, velocity, and acceleration in
the time domain.
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Seismic observables: strain

Strain is a tensor that contains 1 ou. 8uj
6 independent linear combinations gij = ( L+ )
of the spatial derivatives of the 2 OX j 5Xi

displacement field. Strain is a
purely geometrical quantity
and has no dimensions.

Measurement of differential deformations involves a spatial scale
(the length of the measurement tube).

What is the meaning of the various elements of the strain tensor?
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Seismic observables: strain

Strain components (2-D)
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Seismic observables: rotations

(8,v,—0,v,

1 1
o, |=-VxV=—|0,V, =0,V
2 = 2
(DZ
- Vz
®
O Y%
y
O Wy Vx
Rotation rate Ground velocity
Rotation sensor Seismometer
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Seismic observables: rotations

« Rotation is a vectorial quantity with three independent
components

At the Earth's surface rotation and tilt are the same

« Rotational motion amplitudes are expected in the range
of 10°—-10-3rad/s ;

e Rotations are only now being
recorded

e Rotations are likely to
contribute to structural damage
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Seismic observables: tilt

Tilt is the angle of the surface normal to the local vertical. In
other words, it is rotation around two horizontal axes. Any P, SV
or Rayleigh wave type in layered isotropic media leads to tilt at
the Earth's free surface. In 3-D anisotropic media all parts of
the seismic wave field may produce tilts.

Other causes of tilt: @(X, t) — @xuz

— Earth tides

— Atmospheric pressure changes
— Soil deformation (water content)
— Temperature effects

— Mass movements (lawn mower, trucks, land slides)
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Summary: Observables

« Translations are the most fundamental and most widely
observed quantity (standard seismometers)

 Translation sensors are sensitive to rotations!
 Tilt measurements are sensitive to translations!

 Really we should be measuring all 12 quantities at each
point (cool things can be done with collocated
observations of translation, strains and rotations)
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