\\International
Seismological

Centre

The ISC Datasets and Services

Dmitry A. Storchak, James Harris, Domenico Di Giacomo,
WWW.ISC.ac.uk

6 Apr 2017 BSM, Reading, UK 1



Intro: International Seismological Centre (ISC)
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The ISC roots go back to 1895 when both
John Milne (England) and Rebeur-Paschwitz
(Germany) independently proposed using
arrival times of seismic waves at globally
distributed seismic stations of similar design to
document the earthquakes worldwide.

The ISC datasets are:

v" not in real time

v" aimed at quality, not a
speed of delivery

v long-term
v’ continuous

v most complete and
comprehensive

v" open to all

v" designed for use by
researchers



Intro: the entire period of Instrumental Seismology
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Intro: ISC Datasets and Services

International seismic

bulletin and { Int’l Station Registry
waveform exchange

Visit the ISC Booth

Seismicity, tectonics ISC Bulletin Waveform distribution
and general studies 1904-2015

Education and Training

CTBTO
- - Link Bibliography Catalogue

\

Inner Earth s structure Seismic Hazard, Emergency
' Seismicity, lectonics | gjtyations,

Monitoring Nuclear Tests research
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1. International Registry of Seismograph Stations

International Registry of Seismograph Stations ~24,000

registered;
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~17,000 of
them

contributed

bulletin data

to the ISC

run jointly
24020 Registered Stations / 16855 contributed data Wlth

USGS
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2. ISC Bulletin (1904-2017)

~6.2 M events, ~171 M seismic arrivals ~130 institutions-contributors

based on ~17,000 stations worldwide
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2. ISC Bulletin: Improvement in Event Reporting
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2. ISC Bulletin: Current reporting from networks

~130 institutions in ~100 countries regularly report fully reviewed bulletin
data to the ISC; 28 of those also report preliminary information soon

after earthquake occurrence.

Both Preliminary
- and fully Reviewed
) T ' bulletin reports

c 7

Fully Reviewed
bulletin reports

The individual network reports serve as ingredients for the ISC Bulletin.
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1.
2.

2. I1SC Bulletin: incorrect assumptions

There are two common user assumptions
related to the ISC Bulletin that are
no longer correct:

ISC Bulletin is 2 years behind real time
ISC Bulletin never changes once published



2. Preliminary ISC Bulletin: 21-11-2016, off Honshu, M6.9

= " Whilst the Reviewed ISC Bulletin
A 27 becomes available 2-3 years
é@ ) behind real time,

= Preliminary (automatic) ISC
Bulletin event is formed soon after
an earthquake preliminary reports
start arriving from agencies;

T = Preliminary ISC Bulletin contains a
e Q rich collection of station arrival and
station  hypocentre solution data although
azimuthal  the |SC’s own solution will not be
Kl available for several years until all
final bulletin reports from networks
are received.

~10 min after the earthquake
32 stations



2. Preliminary ISC Bulletin: 21-11-2016, off Honshu, M6.9

= " Whilstthe Reviewed ISC Bulletin
27  Dbecomes available 2-3 years

z@:‘% S behind real time,

&;\A = Preliminary (automatic) ISC
- = Bulletin event is formed soon after
w an earthquake preliminary reports
£ ab start arriving from agencies;

. = Preliminary ISC Bulletin contains a

rich collection of station arrival and
station ~ hypocentre solution data although
azimuthal - the |SC’s own solution will not be

Kl available for several years until all
final bulletin reports from networks

~15 min after the earthquake .
are received.

56 stations



2. Preliminary ISC Bulletin: 21-11-2016, off Honshu, M6.9

_amw_" Whilst the Reviewed ISC Bulletin
”  becomes available 2-3 years
behind real time,

= Preliminary (automatic) ISC
Bulletin event is formed soon after
an earthquake preliminary reports
start arriving from agencies;

= Preliminary ISC Bulletin contains a
rich collection of station arrival and

) > station hypocentre solution data although

azimuthal - the |SC’s own solution will not be
gap

available for several years until all
final bulletin reports from networks

~100 min after the earthquake .
are received.

176 stations



2. Preliminary ISC Bulletin: 21-11-2016, off Honshu, M6.9

=" Whilst the Reviewed ISC Bulletin
”  becomes available 2-3 years
behind real time,

= Preliminary (automatic) ISC
Bulletin event is formed soon after
an earthquake preliminary reports
start arriving from agencies;

= Preliminary ISC Bulletin contains a
rich collection of station arrival and

v = sation  hypocentre solution data although
o = azimuthal  the |SC’s own solution will not be
gap

available for several years until all
final bulletin reports from networks

~14 hr after the earthquake .
are received.

406 stations



2. Preliminary ISC Bulletin: 21-11-2016, off Honshu, M6.9

=" Whilst the Reviewed ISC Bulletin
”  becomes available 2-3 years
behind real time,

= Preliminary (automatic) ISC
Bulletin event is formed soon after
an earthquake preliminary reports
start arriving from agencies;

= Preliminary ISC Bulletin contains a
rich collection of station arrival and

v = sation  hypocentre solution data although
o = azimuthal  the |SC’s own solution will not be
gap

available for several years until all
final bulletin reports from networks

~65 hr after the earthquake .
are received.

417 stations



2. ISC Bulletin: Rebuild

Existing BAAS, ISA, ISS Catalogues > Existing ISC Bulletin Present
8 | 1#1
no phase data, 200220062009

1904  no reliable magnitudes 1964 IB: P IB:P&S ak135:P&S
' ak135: all phases
different location methods, phase types and Reviser ISCloc:RL ISCloc:IB

Earth’s velocity models used over 100 years

+ Additional station data

of permanent and
temporary networks

Rebuilt ISC Bulletin

T 1904 station data first time, T
many new surface wave 1964 1978 2009 Present
magnitudes many new surface
| e magnitudes  pOSTER by Lonn Brown
bulletin parameters computed with the new ISC POSTER by Edith Korger

location method and ak135 velocity model
6 Apr 2017 BSM, Reading, UK 15



3. ISC-GEM Catalogue (1904-2013)

N The ISC-GEM Global Instrumental

I Earthquake Catalogue is built for the
purpose of seismic hazard and risk
assessment:

= ~24 500 homogeneous hypocentre
locations and M, estimates

= with the estimates of uncertainty
= covering ~110 years period

1904-1917: M, 27.5 worldwide + " prepared using uniform location

smaller shallow events in stable and magnitude determination
continental areas techniques,
1918-1934: M, =674 = using original seismogram

1935-2012: M,=5.5 measurements

6 Apr 2017 BSM, Reading, UK 16
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3. ISC-GEM: Homogeneity

All hypocentres and their uncertainties
recomputed using a combination of
EHB and ISC location techniques

(Bonddr et al., 2015)
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PHYSICS All magnitudes are
OF THE EARTH .
AND PLANETARY expressed N MW
INTERIORS )
scale with
uncertainties

(Di Giacomo et al., 2015)

TALK by Domenico Di Giacomo
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4.1SC-EHB (1960-2008)

10000 - || ||| ”H""""--,_ ___ The EHB dataset was a groomed subset of the ISC
Bulletin with well recorded seismic events relocated
using (Engdahl et al, 1998) technique.

EHB | Together with Engdahl, we are preparing the ISC-EHB
- dataset that will benefit from EHB and new ISC location
techniques and more rigorous and structured analysis.

1000
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The main advantage of this

dataset is that the event depths ‘a
are generally better constrained
as a result of a special analysis. :
2
TALK by Jen Weston
| TN
0 5 10 15

Depth Error (km)



5. IASPEI Reference Event List, GT (1959-2012)

8,573 GT(0-10)
events with locations
known with 95%
confidence level:

v’ natural

v anthropogenic
accompanied by
~870,000
associated seismic
arrivals

~nat&ral(7283) -Chemical(261 ) ~nuc)ear( 7029)
The list is maintained by the ISC under the supervision of IASPEI

TALK by Kostas Lentas



6. ISC Event Bibliography (1904-2016)

An interactive web-
search for references |

to scientific articles |

related to seismic |
events in a particular | - ;;i,;;.;M

“FiBh ,
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Event origin time:
occurrence/ T
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Plot saved polygon

Plot polygon

End date: 201 ot B o [ Time (HH:MM:SS): 00:00:00
L] n
L
publication;
Publication date: Sort by: Journal options:
Journal: Any B

Min Year Event origin ime  ©

Year of publication Author
Max Year (Names divided by comma, e.g

includes articles i

Li. Matches

many fields of
Geosciences; POSTER by D. Di Giacomo

onvenient web-search with
immediate results
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vents Bibliography
Includes both
arthquakes and
anthropogenic events.

International Seismological Centre
Online Event Bibliography

Any use of data from the ISC Bibliography should be cited. The correct format for citations may be found on our citation page.

Search summary:
Events within polygon
Events between 1960-01-01 and 2016-01-01

1Isc Event Agency  Origin time Lat  Ton Depth Fagnitude areicles sotal
473062 ISC 1987-03-26 11:56:57 41,74 69.88 47.1 mb(ISC) = 1

Barinova, A.Y., Shakirdzanova, G.N., Shvarts, AV., Shukurova, R., Abdykadirov, A.A. and Kalmikova, N.A., 1980, Earthquakes in Central Asia and Kazakhstan
(in Russian), Earthquakes in USSR 46-59. Schmidt United Insiitute of Physics of the Eartn, Russian Academy of Sciences, Moscow PDF Distributed with
permission from IPE RAS

IS Event Agency igin time Lat  Ton Depth Nasnitude Articles_total Event code
say53s TG 1984005010 2006138 4035  63-36 5.0 Ma(HRV) o 28 GazLII984

Gorbunova, LV, and Rujanskaya, G. 7. Complex fault plane solutions for Gazli earthquakes on the basis of observations in both far and near zones (in
Russian), Earthquakes in USSR 85-95. Nauka‘ Moscow PDF Distributed with permission from IPE RAS and Nauka

Bainova, A, Siars, AV Pl lseva, N, Uglubeers, TR, iyasow, B, Shukuros, P, Abdykadio, AR, Mikdalovs, NN, Kolesnnikov, P, Dosymav,
A.,lodko, B. /. AF. 1987. Earinquakes in Central Asia and Kazakhstan (in Russian), Earthquakes in USSR 51-66. Nauka, Moscow PDE
Distrbuted with pormiseion fom PE RAS and Natke

Abdukadirov, AA, Azizoy, TS., Aronoy, A.G., Yakoviev, V.N., Zarifbaev, H.Z., Ismailov, S.S., Djuraev, R.U., lodko, V.V, lodko, V.K., Shebalin, N.., and
Krasnova, AF., 1987. The Gazl earthquake of 19 March 1984 (in Russian), Earthquakes in USSR 67-85. Nauka, Moscow PDF Distributed with permission from
IPE RAS and Nauka

Rogers, R.M. and Pearce, R.G., 1989. Source mech f some determined using the method, AWE Report 18, 1-216.

ing earthquake nodal plane dips, Geophys. J. I, 196, 2, 671-680, DOI: 10.1093/qii

Middleton, T.A. and Copley, A., 2014. Constraining fault fiction by re-exami
laau427

Ambraseys, N.N., 2001. Reassessment of earthquakes, 1900-1999, i the Easter Medterranean and the Middle East, Geophys. J. Int, 145, 2, 471-485, DO
10.1046/,.0956-540x.2001.01396.x

Davies, R, Foulger, G., Bindley, A., and Styles, P, 2013, Induced seismicity and hydraulic fracturing for the recovery of hydrocarbons, Mar. Pet. Geol., 45,
471-185, DOI: 10,1016/, marpetoe0.2013.03.016

Khavroshkin, O.B. and Tsyplakov, VAV., 2013. Mulliple waves and the lunar core, Dokl. Earth Sci, 49, 2, 464-468, DOI: 10.1134/S1028334X13040193

Ploinikova, L.M., Nurtaey, B.S., Grasso, J.R., Matasova, L.M., and Bossu, R., 1996. The character and extent of seismic deformation in the focal zone of gazli
earthquakes of 1976 and 1984,M>7.0, Pure appl. Geophys. 147, 2, 377-387, DOI: 10.1007/BF00877490

Bossu, R., Grasso, J.R., Plotnikova, LM., Nurtaev, B., Fréchet, J., and Moisy, M., 1996. Complexity of intracontinental seismic faultings: The Gazli, Uzbekistan,
‘sequence, Bul. seism. Soc. Am. 86, 4, 959-971.

Bossu, R. and Grasso, J.-R., 1996. Stress analysis in the intraplate area of Gazli, Uzbekistan, from different sets of earthquake focal mechanisms, J. geophys.
Res., 101, B8, 1764517660, DOI: 10.1020/96J801182

Amorése, D. and Grasso, J.-R., 1996. Rupture planes of the Gazli earthquakes deduced from local stress tensor calculation and geodetic data inversion:
Geotectonic implications, J. geophys. Res., 101, BS, 11263-11274, DOI: 10.1020/94B02940




7. Seismological Contacts

-

...9?
=il ’
< 3 .
3
)
: Development of
this database was
- assisted by:
IUGG
CEA (China)
)

RED - institutes and individual members of staff are willing to share information and
serve as a local point of contact.

BLUE - geophysical organisation(s) known, no specific individuals.
BLACK - no information.
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8. CTBTO Link: Overview of searches
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GT search
IDC Reviewed Event Bulletin (REB) search  Waveforms of the Borovoye archive from
Waveforms of non-IMS stations for North nuclear explosions (1967 - 1995) are now
Korea event are available here available under the GT search. For more
information click here.

6 Apr 2017

Four groups of searches:

. Area based - spatio-temporal
searches within the ISC Bulletin:

. REB event based - spatio-temporal
searches based on specific events
within the IDC Reviewed Event
Bulletin; waveform previews and
download assistance

. IMS station based - searches of

station data proximate to a particular
IMS seismic station.

. GT event based — searches for GT
event waveform records.

BSM, Reading, UK 22



All hypocentres reported to ISC by other agencies

1904-2016 12M hypocentres



Merged per event

6M events

1904-2016



Events reviewed by the ISC

1.9M events

1904-2016



ISC hypocentres

1904-2014 1.2M hypocentres



ISC-EHB events

136K events

1960-2008



ISC-GEM earthquakes

34K earthquakes

1904-2013



GT events

9K events

1959-2015



Event Bibliography

e

e

15K events

1904-2016

6 Apr 2017
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Summary

= |SC continues its unique long-term international mission collecting
and integrating seismic bulletins from ~130 agencies worldwide.

= The following ISC datasets and services are openly available:

ISC Bulletin (1904-2017),

ISC-GEM Catalogue (1900-2013),

ISC-EHB (1964-2008),

GT (1939-2013),

ISC Event Bibliography (1904-2017),
International Station Registry (1904 — 2017)
Seismological Contacts.

» The CTBTO Link to the ISC db is open to personnel of nuclear test
monitoring institutions cooperating under the umbrella of CTBTO.
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