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Preface

Dear Colleague,

This is the first 2014 issue of the Summary of the ISC Bulletin which remains the most fundamental
purpose for the continued operations at the ISC. This issue covers seismic events that occurred during
the period from January to June 2014. The full annual DVD-ROM will be attached to the second 2014
issue. In the mean time, the monthly files for January to June period are available from the ISC ftp

site. For instructions, please see the www.isc.ac.uk/iscbulletin/.

This publication contains information on the ISC, its staff, Members, Sponsors and Data providers. It
offers analysis of the data contributed to the ISC by many seismological agencies worldwide as well
as analysis of the data in the ISC Bulletin itself. The Appendix includes the IASPEI seismological

standards and procedures used by the ISC in its operations.

We continue publishing invited articles describing the history, current status and operational procedures
at those networks that contribute data to the ISC. This time it is the turn for two of the most long-serving

observatories in Germany, Collm and Berggieffhiibel, to be described.

We hope that you find this relatively new publication useful in your work. If your home-institution or
company is unable, for one reason or another, to support the long-term international operations of the
ISC in full by becoming a Member, then, please, consider subscribing to this publication by contacting

us at admin@isc.ac.uk.
With kind regards to our Data Contributors, Members, Sponsors and users,

Dr Dmitry A. Storchak
Director

International Seismological Centre (ISC)
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The International Seismological Centre

2.1 The ISC Mandate

The International Seismological Centre (ISC) was set up in 1964 with the assistance of UNESCO as
a successor to the International Seismological Summary (ISS) to carry forward the pioneering work of
Prof. John Milne, Sir Harold Jeffreys and other British scientists in collecting, archiving and processing
seismic station and network bulletins and preparing and distributing the definitive summary of world

seismicity.

Under the umbrella of the International Association of Seismology and Physics of the Earth Inte-
rior (IASPEI/IUGG), the ISC has played an important role in setting international standards such
as the International Seismic Bulletin Format (ISF), the IASPEI Standard Seismic Phase List (SSPL)
and both the old and New IASPEI Manual of the Seismological Observatory Practice (NMSOP-2)
(www.iaspei.org/projects/ NMSOP.html).

The ISC has contributed to scientific research and prominent scientists such as John Hodgson, Eugine
Herrin, Hal Thirlaway, Jack Oliver, Anton Hales, Ola Dahlman, Shigeji Suehiro, Nadia Kondorskaya,
Vit Karnik, Stephan Miiller, David Denham, Bob Engdahl, Adam Dziewonski, John Woodhouse and
Guy Masters all considered it an important duty to serve on the ISC Executive Committee and the

Governing Council.

The current mission of the ISC is to maintain:

e the ISC Bulletin — the longest continuous definitive summary of World seismicity (collaborating

with 130 seismic networks and data centres around the world). (www.isc.ac.uk/iscbulletin/)

e the International Seismographic Station Registry (IR, jointly with the World Data Center for

Seismology, Denver). (www.isc.ac.uk/registries/)

e the IASPEI Reference Event List (Ground Truth, GT, jointly with I[ASPEI).

(www.isc.ac.uk/gtevents))

These are fundamentally important tasks. Bulletin data produced, archived and distributed by the
ISC for almost 50 years are the definitive source of such information and are used by thousands of
seismologists worldwide for seismic hazard estimation, for tectonic studies and for regional and global
imaging of the Earth’s structure. Key information in global tomographic imaging is derived from the
analysis of ISC data. The ISC Bulletin served as a major source of data for such well known products as
the ak135 global 1-D velocity model and the EHB (Engdahl et al., 1998) and Centennial (Engdahl and
Villasenor, 2002) catalogues. It presents an important quality-control benchmark for the Comprehensive

Nuclear-Test-Ban Treaty Organization (CTBTO). Hypocentre parameters from the ISC Bulletin are used
2
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by the Data Management Center of the Incorporated Research Institutions for Seismology (IRIS DMC)
to serve event-oriented user-requests for waveform data. The ISC-GEM Bulletin is a cornerstone of
the ISC-GEM Global Instrumental Reference Earthquake Catalogue for Global Earthquake risk Model
(GEM).

The ISC Bulletin contains over 6 million seismic events: earthquakes, chemical and nuclear explosions,
mine blasts and mining induced events. At least 1.7 million of them are regional and teleseismically
recorded events that have been reviewed by the ISC analysts. The ISC Bulletin contains approximately
200 million individual seismic station readings of arrival times, amplitudes, periods, SNR, slowness and
azimuth, reported by approximately 17,000 seismic stations currently registered in the IR. Over 6,000
stations have contributed to the ISC Bulletin in recent years. This number includes the numerous sites
of the USArray. The IASPEI GT List currently contains 8816 events for which latitude, longitude and
depth of origin are known with high confidence (to 5 km or better) and seismic signals were recorded at

regional and/or teleseismic distances.

2.2 Brief History of the ISC

Earthquake effects have been noted and docu-
mented from the earliest times, but it is only since
the development of earthquake recording instru-
ments in the latter half of the 19th century that
a proper study of their occurrence has been pos-
sible. After the first teleseismic observation of an
earthquake in 1889, the need for international ex-
change of readings was recognised in 1895 by Prof.
John Milne and by Ernst von Rebeur Paschwitz
together with Georg Gerland, resulting in the pub-
lication of the first international seismic bulletins.

Milne’s "Shide Circulars" were issued under the

auspices of the Seismological Committee of the
British Association for the Advancement of Sci-

Figure 2.1: The steel globe bearing positions of carly o, (BAAS), while co-workers of Gerland at the
seismic stations was used for locating positions of earth-

quakes for the International Seismological Summaries. Central Bureau of the International Association
of Seismology worked independently in Strasbourg
(BCIS).

Following Milne’s death in 1913, Seismological Bulletins of the BAAS were continued under Prof. H.H.
Turner, later based at Oxford University. Upon formal post-war dissolution of the International As-
sociation of Seismology in 1922 the newly founded Seismological Section of the International Union of
Geodesy and Geophysics (IUGG) set up the International Seismological Summary (ISS) to continue
at Oxford under Turner, to produce the definitive global catalogues from the 1918 data-year onwards,
under the auspices of IUGG and with the support of the BAAS.

ISS production, led by several professors at Oxford University, and Sir Harold Jeffreys at Cambridge

3
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University, continued until it was superseded by the ISC Bulletin, after the ISC was formed in Edinburgh
in 1964 with Dr P.L. Willmore as its first director.

During the period 1964 to 1970, with the help of UNESCO and other international scientific bodies, the
ISC was reconstituted as an international non-governmental body, funded by interested institutions from
various countries. Initially there were supporting members from seven countries, now there are almost 60,
and member institutions include national academies, research foundations, government departments and
research institutes, national observatories and universities. Each member, contributing a minimum unit
of subscription or more, appoints a representative to the ISC’s Governing Council, which meets every
two years to decide the ISC’s policy and operational programme. Representatives from the International
Association of Seismology and Physics of the Earth’s Interior also attend these meetings. The Governing

Council appoints the Director and a small Executive Committee to oversee the ISC’s operations.

In 1975, the ISC moved to Newbury in southern
England to make use of better computing facili-
ties there. The ISC subsequently acquired its own
computer and in 1986 moved to its own building
at Pipers Lane, Thatcham, near Newbury. The
internal layout of the new premises was designed

for the ISC and includes not only office space but

provision for the storage of extensive stocks of ISS
and [SC publications and a library of seismological
Figure 2.2: ISC building in Thatcham, Berkshire, UK. observatory bulletins, journals and books collected

over many tens of years.

In 1997 the first set of the ISC Bulletin CD-ROMs was produced (not counting an earlier effort at USGS).
The first ISC website appeared in 1998 and the first ISC database was put in day-to-day operations from
2001.

Throughout 2009-2011 a major internal reconstruction of the ISC building was undertaken to allow for
more members of staff working in mainstream ISC operations as well as major development projects
such as the CTBTO Link, ISC-GEM Catalogue and the ISC Bulletin Rebuild.

2.3 Former Directors of the ISC and its U.K. Predecessors

John Milne - Herbert Hall Turner
Publisher of the Shide Ci-
cular Reports on Earth-

- i,ai v

Seismological Bulletins of

the BAAS

quakes

1899-1913 1913-1922
Director of the ISS
1922-1930
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Harry Hemley Plaskett
Director of the ISS
1931-1946

Harold Jeffreys
Director of the ISS
1946-1957

Robert Stoneley
Director of the ISS
1957-1963

P.L. (Pat) Willmore
Director of the ISS

1963-1970

Director of the ISC

1964-1970

Edouard P. Arnold
Director of the ISC
1970-1977

Anthony A. Hughes
Director of the ISC
1977-1997

Raymond J. Willemann
Director of the ISC
1998-2003

Avi Shapira
Director of the ISC
2004-2007

2.4 Member Institutions of the ISC

Article IV(a-b) of the ISC Working Statutes stipulates that any national academy, agency, scientific
institution or other non-profit organisation may become a Member of the ISC on payment to the ISC of
a sum equal to at least one unit of subscription and the nomination of a voting representative to serve
on the ISC’s governing body. Membership shall be effective for one year from the date of receipt at the

ISC of the annual contribution of the Member and is thereafter renewable for periods of one year.

The ISC is currently supported with funding from its 62 Member Institutions and a four-year Grant
Award EAR-1417970 from the US National Science Foundation.

Figures 2.3 and 2.4 show major sectors to which the ISC Member Institutions belong and proportional
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financial contributions that each of these sectors make towards the ISC’s annual budget.

ISC Members by Sector, %

liScience Foundations 1.5 %

Earthquake Disaster & Emergency 4.4 %

Geological Surveys 7.4 %[l

science Research 32.3 %
National Observatories 7.4 % [l Geoscience Research 32.3 %

NDC CTBT 7.4 %

Meteo & Environment Agencies 10.3 %

Universities 17.6 %
Science Academies 11.8 %[l

Figure 2.3: Distribution of the ISC Member Institutions by sector in year 2018 as a percentage of total
number of Members.

Members’s Financial Contribution by Sector, %

NDC CTBT 2.4 % National Observatories 1.5 %
Geological Surveys 5.4 %[l

Universities 6.0 % liScience Foundations 24.9 %

Earthquake Disaster & Emergency 6.9 %

Meteo & Environment Agencies 12.6 %

Bl Geoscience Research 21.0 %

Science Academies 19.5 % [li]

Figure 2.4: Distribution of Member’s financial contributions to the ISC by sector in year 2018 as a per-
centage of total annual Member contributions.

There follows a list of all current Member Institutions with a category (1 through 9) assigned according

to the ISC Working Statutes. Each category relates to the number of membership units contributed.

Centre de Recherche en As-
tronomie, Astrophysique et Géo-
physique (CRAAG)

Instituto Nacional de Prevencién
Sismica (INPRES)

Algeria INPRES Argentina

. SANJUM-ARCENTNA  www . inpres.gov.ar
www.craag.dz Gt
Category: 1 :



http://www.craag.dz
http://www.inpres.gov.ar
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THE UNMIVERSITY OF

MELBOURNE

i

Bundesminist terium fr

Belgian Science Policy Office

I
belspo

AKADEMIE VED
CESKE REPUBLIKY

The University of Melbourne
Australia
www.unimelb.edu.au

Category: 1

Bundesministerium  fiir =~ Wis-
senschaft, Forschung und
Wirtschaft (BMWFW)

Austria

www.bmbwk.gv.at

Category: 2

Belgian Science Policy Office
(BELSPO)
Belgium

Category: 1
Seismological Observatory, Insti-

tute of Geosciences, University of
Brasilia

Brazil

www.obsis.unb.br

Category: 1

Centro Sismologico Nacional,
Universidad de Chile

Chile

ingenieria.uchile.cl

Category: 1

Institute of Earth Sciences,

Academia Sinica
Chinese Taipei
www.earth.sinica.edu.tw
Category: 1

Insitute of Geophysics, Academy
of Sciences of the Czech Republic
Czech Republic

WWW.aver.cz

Category: 2

Korea FEarthquake Administra-
tion
DPR Korea

Category: 1

Australian Government

Geoscience Australia

UNIVERSIDADE DE SAO PAULO

Vv

GANAD,

Geoscience Australia
Australia
WWW.ga.gov.au
Category: 3

Centre of Geophysical Moni-
toring (CGM) of the National
Academy of Sciences of Belarus
Belarus

www.cgm.org.by

Category: 1

Universidade de Sao Paulo, Cen-
tro de Sismologia

Brazil

www.sismo.iag.usp.br

Category: 1

The Geological Survey of Canada
Canada

gsc.nrcan.ge.ca

Category: 4

China Earthquake Administra-
tion

China

WWW.ZOV.Cn

Category: 5

Geological Survey Department
Cyprus

WWW.moa.gov.cy

Category: 1

Geological Survey of Denmark
and Greenland (GEUS)
Denmark

www.geus.dk

Category: 2

National Research  Institute
for Astronomy and Geophysics
(NRIAG), Cairo

Egypt
www.nriag.sci.eg
Category: 1
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Helmholtz Centre
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The University of Helsinki
Finland

www.helsinki.fi

Category: 2

Institute National des Sciences de
I’Univers

France

www.insu.cnrs.{r

Category: 4

GeoForschungsZentrum Potsdam
Germany

www.gfz-potsdam.de

Category: 2

The Hungarian Academy of Sci-
ences

Hungary

www.mta.hu

Category: 1

National Centre for Seismology,
Ministry of Earth Sciences of In-
dia

India
WWW.moes.gov.in
Category: 4

The Geophysical Institute of Is-
rael

Israel
www.gii.co.il
Category: 1

Istituto Nazionale di Geofisica e
Vulcanologia

Italy

www.ingv.it

Category: 3

University of the West Indies at
Mona

Jamaica

www.mona.uwi.edu

Category: 1

€S9
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Laboratoire de Détection et de
Géophysique/CEA

France

www-dase.cea.fr

Category: 2

Bundesanstalt fiir Geowis-
senschaften und Rohstoffe
Germany

www.bgr.bund.de

Category: 4

The Seismological Institute, Na-
tional Observatory of Athens
Greece

WWW.noa.gr

Category: 1

The Icelandic Meteorological Of-
fice

Iceland

www.vedur.is

Category: 1

Iraqi Seismic Network
Iraq
WWWw.imos-tm.com
Category: 1

Soreq Nuclear Research Centre
(SNRC)

Israel

WWW.soreq.gov.il

Category: 1

Istituto Nazionale di
Oceanografia e di Geofisica
Sperimentale

ITtaly

www.ogs.trieste.it

Category: 1

National Institute of Polar Re-
search (NIPR)

Japan

WWW.nipr.ac.jp

Category: 1
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Lapan Meteorologeal Agency

.........

The Japan
Agency (JMA)
Japan
WWW.jma.go.jp
Category: b

Meteorological

Earthquake Research Institute,
University of Tokyo

Japan

www.eri.u-tokyo.ac.jp

Category: 3

Centro de Investigacién Cienti-
fica y de Educaciéon Superior de
Ensenada (CICESE)

Mexico

resnom.cicese.mx

Category: 1

The Royal Netherlands Meteoro-
logical Institute (KNMI)
Netherlands

www.knmi.nl

Category: 2

Stiftelsen NORSAR
Norway
WWW.norsar.no
Category: 2

Institute of Geophysics, Polish
Academy of Sciences

Poland

www.igf.edu.pl

Category: 1

Red Sismica de Puerto Rico
Puerto Rico
redsismica.uprm.edu
Category: 1

National Institute for Earth
Physics

Romania

www.infp.ro

Category: 1

g(:omsm\

GNS

BCIENCE

1t
&

INSTITUTO DE METEOROLOGIA, IP
PORTUGAL

DKMAE=

Japan Agency for Marine-Earth
Science and Technology (JAM-

STEC)

Japan

www.jamstec.go.jp

Category: 3

Natural Resources Authority,
Amman

Jordan

WWW.Nra.gov.jo

Category: 1

Institute of Geophysics, National
University of Mexico

Mexico

www.igeofcu.unam.mx
Category: 1

Institute of Geological and Nu-
clear Sciences

New Zealand

WWW.gNs.cri.nz

Category: 3

The University of Bergen
Norway

www.uib.no

Category: 2

Instituto Portugués do Mar e da
Atmosfera

Portugal

www.ipma.pt

Category: 2

Korean Meterological Adminis-
tration

Republic of Korea
www.kma.go.kr

Category: 1

Russian Academy of Sciences
Russia

WWW.ras.ru

Category: 5
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Earth Observatory of Singapore
(EOS), an autonomous Institute Environmental Agency of Slove-

D exer of Nanyang Technological Uni- nia
BSERVATORY . :
OFSINGAPORE versity Slovenia

Council for Geesclence

ZUSGS

science for a changing world

Singapore AGENCIIARS Z4 OKOLJE WWW.arso.gov.si

www.earthobservatory.sg
Category: 1

Council for Geoscience
South Africa
WWwWw.geoscience.org.za
Category: 1

Institute of Earth Sciences
Jaume Almera

Spain

www.ictja.csic.es

Category: 1

Uppsala Universitet
Sweden

WWW.uu.se
Category: 2

The Seismic Research Centre,
University of the West Indies at
St. Augustine

Trinidad and Tobago
WWWw.uwiseismic.com

Category: 1

Kandilli Observatory and Earth-
quake Research Institute

Turkey

www.koeri.boun.edu.tr
Category: 1

British Geological Survey

National Earthquake Informa-
tion Center, U.S. Geological Sur-
vey

U.S.A.

WWW.neic.usgs.gov

Category: 2

Category: 1

Institut Cartografic i Geologic de
Catalunya (ICGC)

Spain
www.igc.cat
Category: 1

National Defence Research Es-
tablishment (FOI)

Sweden

www.foi.se

Category: 1

The Swiss Academy of Sciences
Switzerland

www.scnat.ch

Category: 2

Disaster and Emergency Man-
agement Authority (AFAD)
Turkey

www.deprem.gov.tr

Category: 2

AWE Blacknest
United Kingdom
www.blacknest.gov.uk
Category: 1

The Royal Society of London

Briteh vy United Kingdom .\:’ 'I_'HE_ROY.-\L United Kingdom
"""""""""""""""""""""""" www.bgs.ac.uk = SOCIETY www.royalsociety.org
Category: 2 Category: 6

University of Texas at Austin
U.S.A.

www.utexas.edu

Category: 1
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Incorporated Research Institu The National Science Foundation
P of the United States. (Grant No.

tions for Seismology @ EAR-1417970)

IRIS US-A U.S.A.

www.iris.edu h,
Category: 1 ( www.nsf.gov
o Category: 9

In addition the ISC is currently in receipt of grants from the International Data Centre (IDC) of the
Preparatory Commission of the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO), FM
Global, Lighthill risk Network, OYO, USGS (Award G15AC00202), Aspen Re and BGR.

lobal : 7

5 Wy BGR

'S Z

science for a changing world

ASPEN

2.5 Sponsoring Organisations

Article IV(c) of the ISC Working Statutes stipulates any commercial organisation with an interest in
the objectives and/or output of the ISC may become an Associate Member of the ISC on payment of an
Associate membership fee, but without entitlement to representation with a vote on the ISC’s governing
body.

REF TEK A www.reftek.com

A DIVISION OF TRIMBLE

REF TEK designs and manufactures application specific, high-performance, battery-operated, field-
portable geophysical data acquisition devices for the global market. With over 35 years of experience,
REF TEK provides customers with complete turnkey solutions that include high resolution recorders,
broadband sensors, state-of-the-art communications (V-SAT, GPRS, etc), installation, training, and
continued customer support. Over 7,000 REF TEK instruments are currently being used globally for
multiple applications. From portable earthquake monitoring to telemetry earthquake monitoring, earth-
quake aftershock recording to structural monitoring and more, REF TEK equipment is suitable for a

wide variety of application needs.
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Geos’G RW http://www.geosig.com/

swiss made to measure'

GeoSIG provides earthquake, seismic, structural, dynamic and static monitoring and measuring solutions
As an ISO Certified company, GeoSIG is a world leader in design and manufacture of a diverse range of
high quality, precision instruments for vibration and earthquake monitoring. GeoSIG instruments are at
work today in more than 100 countries around the world with well-known projects such as the NetQuakes
installation with USGS and Oresund Bridge in Denmark. GeoSIG offers off-the-shelf solutions as well
as highly customised solutions to fulfil the challenging requirements in many vertical markets including

the following:

Earthquake Early Warning and Rapid Response (EEWRR)

Seismic and Earthquake Monitoring and Measuring

Industrial Facility Seismic Monitoring and Shutdown

Structural Analysis and Ambient Vibration Testing

Induced Vibration Monitoring

Research and Scientific Applications

. \
g u rO I p\ http: //www. guralp. con/

Giiralp has been developing revolutionary force-feedback broadband seismic instrumentation for more
than thirty years. Our sensors record seismic signals of all kinds, from teleseismic events occurring on
the other side of the planet, to microseisms induced by unconventional hydrocarbon extraction. Our

sophisticated digitisers record these signals with the highest resolution and accurate timing.

We supply individual instruments or complete seismic systems. Our services include field support such

as installation and maintenance, to complete network and data management.

We design our instruments to meet increasingly complex requirements for deployment in the most chal-
lenging circumstances. As a result, you will find Giiralp instruments gathering seismic data in the
harshest of environments, from the Antarctic ice sheet; to boreholes 100s of metres deep; to the world’s

most active volcanoes and deepest ocean trenches.

http://src.com.au/

The Seismology Research Centre is an Australian earthquake observatory that began developing their

own seismic recorders and data processing software in the late 1970s when digital recorders were un-

12
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common. The Gecko is the SRC’s 7th generation of seismic recorder, now available with a variety of

integrated sensors to meet every monitoring requirement, including:

Strong Motion Accelerographs
2Hz and 4.5Hz Blast Vibration Monitors

Short Period 1Hz Seismographs

Broadband 200s-1500Hz Optical Seismographs

Visit src.com.au/downloads/waves to grab a free copy of the SRC’s MiniSEED waveform viewing and

analysis software application, Waves.

2.6 Data Contributing Agencies

In addition to its Members and Sponsors, the ISC owes its existence and successful long-term operations

to its 142 seismic bulletin data contributors. These include government agencies responsible for national

seismic networks, geoscience research institutions, geological surveys, meteorological agencies, universi-

ties, national data centres for monitoring the CTBT and individual observatories. There would be no

ISC Bulletin available without the regular stream of data that are unselfishly and generously contributed

to the ISC on a free basis.

The Institute of Seismology,
Academy of Sciences of Albania
Albania

TIR

Universidad Nacional de La Plata
Argentina
LPA

National Survey of Seismic Pro-
tection
Armenia

NSSP

International ~ Data  Centre,
% CTBr0  CTBTO
s Austria
IDC

SO JUAR- BRGENTINA

Australian Government

Geoscience Australia

Centre de Recherche en As-
tronomie, Astrophysique et Géo-
physique
Algeria
CRAAG

Instituto Nacional de Prevencién
Sismica,

Argentina

SJA

Geoscience Australia
Australia

AUST

Zentralanstalt fiir Meteorologie
und Geodynamik (ZAMG)
Austria

VIE
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Republican Seismic
Survey Center of ANAS

SERVICIO
GEOLOGICO
COLOMBIANO

€ NS

G

Republic Center of Seismic Sur-

vey

Azerbaijan “
AZER

Observatorio San Calixto
Bolivia
SCB

Instituto Astronomico e Ge- GPhl

o GEOPHYSICAL INSTITUTE-8AS
offsico -
Brazil ‘
VAO

Canadian Hazards Information
Service, Natural = Resources
Canada

Canada

OTT

China
Center
China
BJI

Earthquake Networks

Red Sismoloégica Nacional de
Colombia

Colombia

RSNC

Seismological Survey of the Re-
public of Croatia
Croatia

A CENAIS

Cyprus Geological Survey De-
partment

Cyprus

NIC

Royal Observatory of Belgium
Belgium
UCC

Republic  Hydrometeorological
Service, Seismological Observa-
tory, Banja Luka
Bosnia-Herzegovina

RHSSO

Geophysical Institute, Bulgarian
Academy of Sciences

Bulgaria

SOF

Centro Sismologico Nacional,
Universidad de Chile
Chile

GUC

Institute of Earth Sciences,
Academia Sinica

Chinese Taipei

ASIES

Seccion  de Sismologia, Vul-
canologia y Exploracion Ge-
offsica

Costa Rica

UCR

Servicio Sismologico Nacional
Cubano
Cuba
SSNC

Geophysical Institute, Academy
of Sciences of the Czech Republic
Czech Republic

PRU
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Gru

GeofyzikdlIni ustav
Akademie véd
Ceské republiky, v.v.i.

West Bohemia Seismic Network
Czech Republic
WBNET

Korea Earthquake Administra-
tion

DPR Korea

KEA

Observatorio  Sismologico Po-
litecnico Loyola
Dominican Republic

OSPL

National Research Institute of
Astronomy and Geophysics

Egypt
HLW

University of Addis Ababa
Ethiopia
AAE

Institut de Physique du Globe
France
STR

Laboratoire de Géo-
physique/CEA
French Polynesia

PPT

Institute of Earth Sciences/ Na-
tional Seismic Monitoring Center
Georgia

TIF

SWERS,
N

/i

The Institute of Physics of the
Earth (IPEC)

Czech Republic

IPEC

Geological Survey of Denmark
and Greenland

Denmark

DNK

Servicio Nacional de Sismologia y
Vulcanologia
Ecuador

1GQ

Servicio Nacional de Estudios
Territoriales
El Salvador

SNET

Institute of Seismology, Univer-
sity of Helsinki

Finland

HEL

Laboratoire de Détection et de
Géophysique/CEA

France

LDG

Seismological Observatory
Skopje
FYR Macedonia

SKO

Geophysikalisches Observato-
rium Collm

Germany

CLL
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AW e

hKs,
< 5"% | TECHNISCHE UNIVERSITAT
% BERGAKADEMIE FREIBERG

Alfred Wegener Institute for Po-
lar and Marine Research

Germany
AWI

Seismological Observa-
tory Berggiefihiibel, TU
Bergakademie Freiberg

Germany

BRG

Department of Geophysics, Aris-
totle University of Thessaloniki
Greece

THE

Hong Kong Observatory
Hong Kong
HKC

Geodetic and Geophysical
Reasearch Institute, Hungarian
Academy of Sciences

Hungary

KRSZO

National Geophysical Research
Institute

India

HYB

Badan Meteorologi, Klimatologi
dan Geofisika

Indonesia

DJA

International Institute of Earth-
quake Engineering and Seismol-
ogy (IIEES)

Iran

THR

I N 7

¥ o lcelandic Met
“v Office

Bundesanstalt fiir Geowis-
senschaften und Rohstoffe
Germany

BGR

National Observatory of Athens
Greece
ATH

INSIVUMEH
Guatemala

GCG

Geodetic and Geophysical Re-
search Institute

Hungary

BUD

Icelandic Meteorological Office
Iceland
REY

National Centre for Seismology of
the Ministry of Earth Sciences of
India

India

NDI

Tehran University
Iran

TEH

Iraqi Meteorological and Seismol-
ogy Organisation

Iraq

ISN
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Unitd di Ricerca in Sismologia
Sperimentale e Computazionale

The Geophysical Institute of Is-
rael

Israel

GII

MedNet Regional Centroid - Mo-
ment Tensors

Italy

MED RCMT

Laboratory of Research on Ex-
perimental and Computational
Seimology

Italy

RISSC

Istituto Nagzionale di
Oceanografia e di Geofisica
Sperimentale (OGS)

Italy

TRI

Jamaica Seismic Network

Dipartimento per lo Studio del
Territorio e delle sue Risorse
(RSNI)

Italy

GEN

Osservatorio Sismologico Univer-
sita di Bari

Italy

OSUB

Istituto Nazionale di Geofisica e
Vulcanologia

Italy

ROM

Station Géophysique de Lamto
Ivory Coast
LIC

Japan Meteorological Agency

Jamaica ﬂ!i') %%ﬁ: Japan

Lapan Meteaeobogcal AgeEncy

JSN JMA

National Institute of Polar Re- The Matsushiro Seismological
search Ve A Observatory

Japan e Japan

SYO MAT

National Research Institute for

Earth Science and Disaster Pre- Jordan - Selsmological - Observa-

Z3NIED vention tory
Japan Jordan
NIED J50
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GEOLOGICAL SURVEY
OF LITHUANIA

advancing the frontiers

Kyrgyz Seismic Network
Kyrgyzstan
KNET

Latvian Seismic Network
Latvia
LVSN

Geological Survey of Lithuania
Lithuania
LIT

Geological Survey Department
Malawi
Malawi

GSDM

Instituto de Geofisica de la
UNAM
Mexico

MEX

Institute of Geophysics and Ge-
ology

Moldova

MOLD

Centre National de Recherche
Morocco
CNRM

CICESE
3 Ganrvinnan

Institute of Seismology, Academy
of Sciences of Kyrgyz Republic
Kyrgyzstan

KRNET

National Council for Scientific
Research
Lebanon

GRAL

Macao Meteorological and Geo-
physical Bureau

Macao, China

MCO

Malaysian Meteorological Service
Malaysia
KLM

Centro de Investigacion Cienti-
fica y de Educacién Superior de
Ensenada

Mexico

ECX

Seismological Institute of Mon-
tenegro

Montenegro

PDG

The  Geological
Namibia

Namibia

NAM

Survey  of
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National Seismological Centre,
Nepal
Nepal
DMN

Instituto Nicaragiiense de Estu-
dios Territoriales

Nicaragua

INET

University of Bergen
Norway
BER

Micro Seismic Studies Pro-
gramme, PINSTECH

Pakistan

MSSP

Philippine Institute of Volcanol-
ogy and Seismology

Philippines

MAN

Institute of Geophysics, Polish
Academy of Sciences

Poland

WAR

Sistema de Vigilancia Sismolog-
ica dos Agores

Portugal

SVSA

8!

GNS
SCIENCE

TE »0 AO

NORSAR

Institute of Geological and Nu-
clear Sciences

New Zealand
WEL

Stiftelsen NORSAR
Norway
NAO

Sultan Qaboos University
Oman

OMAN

Universidad de Panama
Panama

UPA

Manila Observatory
Philippines
QCP

Instituto Portugués do Mar e da
Atmosfera, I.P.

Portugal

INMG

Instituto Geofisico do Infante
Dom Luiz

Portugal

1GIL
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SHENI GLBLBEICHL FUNSEY

Centre of Geophysical Monitor- == |
ing of the National Academy of L | i
Sciences of Belarus

Republic of Belarus

BELR " Ip

Altai-Sayan Seismological Cen-

tre, GS SB RAS ~ ke
RU.SSi a %ﬂ/m %%/»7 %’AWM
ASRS

Institute of Environmental Prob-
lems of the North, Russian
Academy of Sciences

Russia

IEPN

Geophysical Survey of Russian
Academy of Sciences
Russia

MOS

Mining Institute of the Ural

%é\smologj%/
. N Q
Branch of the Russian Academy ¥ %
==} i)
of Sciences
. % &
Russia o) &

N &>
€rian pras®

MIRAS

Kamchatkan Experimental and

Methodical Seismological De-
partment, GS RAS

Russia

KRSC

Saudi Geological Survey
Saudi Arabia

SGS

Geophysical Institute, Slovak

Academy of Sciences P —
Slovakia

BRA

National Institute for Earth
Physics
Romania

BUC

North Eastern Regional Seismo-
logical Centre, GS RAS

Russia

NERS

Yakutiya Regional Seismological
Center, GS SB RAS

Russia

YARS

Sakhalin ~ Experimental  and
Methodological Seismological
Expedition, GS RAS

Russia

SKHL

Baykal Regional Seismological

Centre, GS SB RAS
Russia

BYKL

Kola Regional Seismic Centre,
GS RAS
Russia

KOLA

Seismological Survey of Serbia
Serbia
BEO

Slovenian Environment Agency
Slovenia
LJU
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SEISMIC RESEARCH CENTRE
THINIDAD & TOBAGO W1

e
KANDILLI 5,

il 4
P i
AT

< Aumdas)
DUBAI MUNICIPALITY

e ]

Ministry of Mines, Energy and
Rural Electrification

Solomon Islands
HNR

Instituto Geografico Nacional
Spain
MDD

Real Instituto y Observatorio de
la Armada

Spain

SES

Swiss Service

(SED)
Switzerland

ZUR

Seismological

The Seismic Research Centre
Trinidad and Tobago
TRN

Disaster and Emergency Man-
agement Presidency

Turkey

DDA

Kandilli Observatory and Re-
search Institute

Turkey
ISK

Dubai Seismic Network
United Arab Emirates
DSN

Council for Geosclence

S —
nstitul
ﬁsﬁ.lmruun}u

UPPSALA
UNIVERSITET

Council for Geoscience
South Africa
PRE

Institut Cartografic i Geologic de
Catalunya

Spain

MRB

University of Uppsala
Sweden
UPP

Thai Meteorological Department
Thailand

BKK

Institut National de la
Météorologie

Tunisia

TUN

The Earthquake Research Center
Ataturk University

Turkey
ATA

Subbotin Institute of Geophysics,
National Academy of Sciences
Ukraine

SIGU

British Geological Survey
United Kingdom
BGS
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[RIS

IRIS Data Management Center
U.S.A.
IRIS
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s
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The Global CMT Project
U.S.A.
GCMT

Institute of Seismology, Academy

of Sciences, Republic of Uzbek- @
istan
Uzbekistan Funvisis

ISU

Geological Survey Department of
Zambia

Zambia

LSZ

East African Network

EAF

National Earthquake Informa-
tion Center

U.S.A.

NEIC

Red Sismica de Puerto Rico
U.S.A.
RSPR

Fundacién Venezolana de Investi-
gaciones Sismologicas

Venezuela

FUNV

Goetz Observatory
Zimbabwe

BUL

CWB
Chinese Taipei
TAP
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2.7 ISC Staff

Listed below are the staff (and their country of origin) who were employed at the ISC at the time of this
ISC Bulletin Summary.

e Dmitry Storchak
e Director

e Russia/United Kingdom

Lynn Elms

Administration Officer

United Kingdom

James Harris

Senior System and
Database Administrator

United Kingdom
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e Przemek Ozgo
e System Administrator

e Poland

e Alfie James Barber
e System Administrator

e United Kingdom

o Gergely Csontos
e Web Developer

e Hungary

e John Eve
e Data Collection Officer

e United Kingdom
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e Edith Korger
e Data Collection Seismologist

e Austria

/|
I

i

| P

e Domenico Di Giacomo
“ “.1'.

e Seismologist

o [taly

e Konstantinos Lentas
e Seismologist /Developer

o Greece

e Rosemary Hulin (née Wylie)
e Analyst/Administrator

e United Kingdom
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e Blessing Shumba
e Seismologist/Analyst

e Zimbabwe

e Rebecca Verney
e Analyst

e United Kingdom

e Jennifer Weston
e Seismologist/Analyst

e United Kingdom

e Elizabeth Entwistle
e Seismologist /Analyst

e United Kingdom
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e Elizabeth Ayres (née Ball)

e Analyst/Historical Data Entry|
Officer

e United Kingdom

e Kathrin Lieser
e Seismologist/Analyst

e Germany

e Lonn Brown
e Seismologist /Analyst

e Canada
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e Daniela Olaru
e Historical Data Entry Officer

e Romania
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3
Availability of the ISC Bulletin

The ISC Bulletin is available from the following sources:

e Web searches
The entire ISC Bulletin is available directly from the ISC website via tailored searches.
(www.isc.ac.uk/iscbulletin /search)

(isc-mirror.iris.washington.edu/iscbulletin /search)

— Bulletin search - provides the most verbose output of the ISC Bulletin in ISF or QuakeML.

— Event catalogue - only outputs the prime hypocentre for each event, producing a simple list

of events, locations and magnitudes.

— Arrivals - search for arrivals in the ISC Bulletin. Users can search for specific phases for

selected stations and events.

e CD-ROMs/DVD-ROMs
CDs/DVDs can be ordered from the ISC for any published volume (one per year), or for all back

issues of the Bulletin (not including the latest volume). The data discs contain the Bulletin as a
PDF, in IASPEI Seismic Format (ISF), and in Fixed Format Bulletin (FFB) format. An event

catalogue is also included, together with the International Registry of seismic station codes.

e TP site

The ISC Bulletin is also available to download from the ISC ftp site, which contains the Bulletin
in PDF, ISF and FFB formats. (ftp://www.isc.ac.uk)

(ftp://isc-mirror.iris.washington.edu)

Mirror service

A mirror of the ISC database, website and ftp site is available at IRIS DMC (isc-mirror.iris.washington.edu),
which benefits from their high-speed internet connection, providing an alternative method of accessing
the ISC Bulletin.
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Citing the International Seismological Centre

Data from the ISC should always be cited. This includes use by academic or commercial organisations,
as well as individuals. A citation should show how the data were retrieved and may be in one of these

suggested forms:

Data retrieved from the ISC web site:

e International Seismological Centre, On-line Bulletin, http://www.isc.ac.uk, Internatl. Seismol.
Cent., Thatcham, United Kingdom, 2017.

Data transcribed from the IASPEI reference event bulletin:

e International Seismological Centre, Reference Event Bulletin, http://www.isc.ac.uk, Internatl.
Seismol. Cent., Thatcham, United Kingdom, 2017.

Data transcribed from the EHB bulletin:

e International Seismological Centre, EHB Bulletin, http://www.isc.ac.uk, Internatl. Seismol. Cent.,
Thatcham, United Kingdom, 2017.

Data copied from ISC CD-ROMs/DVD-ROMs:

e International Seismological Centre, Bulletin Disks 1-25 [CD-ROM]|, Internatl. Seismol. Cent.,
Thatcham, United Kingdom, 2017.

Data transcribed from the printed Bulletin:

e International Seismological Centre, Bull. Internatl. Seismol. Cent., 50(I), Thatcham, United
Kingdom, 2017.

Data transcribed from the printed Summary of the Bulletin:

e International Seismological Centre, Summ. Bull. Internatl. Seismol. Cent., January - June 2014,
50(I), Thatcham, United Kingdom, 2017.

The ISC is named as a valid data centre for citations within American Geophysical Union (AGU)
publications. As such, please follow the AGU guidelines when referencing ISC data in one of their
journals. The ISC may be cited as both the institutional author of the Bulletin and the source from

which the data were retrieved.

30



@tonal

Seismological

Centre 4 - Citing the International Seismological Centre

BibTex entry example:

@manual{ISCcitation2017,

author = "International Seismological Centre",
title = "On-line Bulletin",

organization = "Internatl. Seismol. Cent.",
note = "http://www.isc.ac.uk",

address = "Thatcham, United Kingdom",

year = "2017"

}

31



@tional

Seismological
Centre

5

Operational Procedures of Contributing Agencies

5.1 Collm Geophysical Observatory

S. Wendt, P. Buchholz, Institute for Geophysics and Geology, University of Leipzig, Germany

L 3 o —— — .?A , IS
o Dufiffverdofen
Geaphysiklisches Observaorim |
| derUniversifatleipzig

/

Siegfried Wendt and Petra Buchholz

In this article we will give a short overview of recording and evaluating earthquakes at the Geophysical

Observatory in Collm, Germany.

5.1.1 History and Present Status

In the 1920’s conditions in Leipzig were more and more disturbed by increasing industrialization and
traffic. Ludwig Weickmann, head of the Geophysics Institute since 1923, was looking for a better place
for the Wiechert horizontal seismograph, which had been working in Leipzig since 1902, but also for
other branches of geophysical research like magnetism, gravity and meteorology. The observatory was
built on the slopes of Collm hill near the city of Oschatz and about 50 km east of Leipzig (Fig. 5.1).
The main building (Fig. 5.2) was opened in 1932 and the seismometer hut in 1934. Since 1935 station
CLL has been working continuously, including during the Second World War. Since 1993 station CLL
has been part of the German Regional Seismological Network (GRSN) and is equipped with a STS-2
broadband seismometer with digital data logging and online data transmission. Some generations of
analogue seismometers used at CLL, for instance short-period Benioff seismometers, Wood-Anderson
torsion instrument, short-period SSJ-2 and long-period SSJ-1 seismometers, developed in Jena, demon-
strate technical progress and can be visited. Our Wiechert seismograph with a mass of 1100 kg is still

working today (Fig. 5.3). In 2007 the STS-2 seismometer was moved to a new underground vault. Our
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Figure 5.1: Map of Germany with Sazony, CLL and Vogtland region (see Fig. 5.12).

analogue archives contain an enormous number of earthquake records, which can be used for processing
old events with new methods. Since 1993 wave form data from broadband station CLL is available via

the Federal Institute for Geosciences and Natural Resources (BGR) in Hanover:

http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/

Datenzentrum/waveform_request/waveform_request_node.html.

The observatory also accommodates equipment for other geophysical research. Ludwig Weickmann was
a meteorologist interested in microclimatic investigations. In 1956 Rudolf Schminder began with LF
measurements, which use low-frequency radio waves, of the wind in the ionosphere. Magnetic measure-
ments (variation of magnetic field of the earth) completed ionospheric investigations. A VHF (very high
frequency) meteor radar was installed at Collm in 2004 to replace the LF measurements. Both methods

were used until LF measurements were stopped in 2007.

The geographical co-ordinates of station Collm (CLL) are: Latitude 51.3077°N, Longitude: 13.0026°E,
Elevation: 230 m.
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Figure 5.2: Main building of Collm Geophysical Observatory (Petra Buchholz, 2017).

Figure 5.3: Wiechert seismograph still working in seismometer hut (Petra Buchholz, 2017).
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Year Number Events with
of events source parameters
2006 5329 4113
2007 5398 4341
2008 5802 4694
2009 4992 3434
2010 4981 3996
2011 8026 6372
2012 5611 4826
2013 5658 4614
2014 6720 5501
2015 5214 4395
Sum 57731 46286

Table 5.1: Number of earthquakes evaluated in CLL per year.

5.1.2 Data Analysis

In general we use CLL broadband data for seismogram interpretation which includes manual phase
picking, identification of phases, and magnitude estimation. The data is analysed with Seismic Handler
(Stammler, 1993). We use GRSN stations to help interpret complicated seismograms with superposition
of two events where estimating the slowness is helpful. We calculate many magnitudes and study the
various relations between them: beside mb, mB, Ms 20 and Ms BB also magnitudes for P, PP (short-
and long-periodic, on vertical and horizontal components), S and surface waves (also for periods outside
the 18 to 22 s window). For local events we estimate Ml and MSgV.

Twice per week we send the results of our seismogram readings to the data centre GSR in Moscow and
to our neighbouring stations. One year behind real-time we send our interpretation in a final version
to the ISC. This data is completed by source parameters from NEIC or CSEM yielding to our bulletin,

which is the basis for some of the figures in this article.

CLL station recorded about 4500 earthquakes per year on average over the last 10 years. Table 5.1
contains numbers of events per year and Figure 5.4 shows a histogram of events per month subdivided
into magnitude classes. The maximum amount of recorded events was reached in March 2011 when the
Tohoku earthquake with its large aftershocks sequence occurred. In 2008, 2011, and 2014 we recorded a
lot of events in NW Czech Republic, less than 10km away from the German-Czech border.

Figure 5.5 represents the global seismicity with more than 46000 earthquakes recorded by CLL during
ten years. Blue isolines represent the travel times of the primary longitudinal waves in 2-minute steps.
Magnitude mb over epicentral distance and histograms of events over epicentral distance are shown
in Figure 5.6. Most of the recorded events are teleseismic events with two peaks between 75° to 85°
(the very active regions Japan, Kurile, and Kamchatka) and 145° to 155° (SW Pacific region with Fiji,
Tonga, and Kermadec Islands). Recording conditions mainly depend on epicentral distance but also on
focal depth. The large number of local events is caused by seismic activity in the German-Czech border

region. About 80 percent are swarms and series of quakes in the NW part of Czech Republic.

Figure 5.7 shows histograms of magnitudes mb and MSZ (=Ms_20) and the correlation mb-MSZ for
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Figure 5.4: Histogram with earthquakes per month evaluated at CLL.
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Figure 5.5: Map of global seismicity with more than 46000 epicenters of earthquakes recorded at CLL.
(Earthquake data retrieved from NEIC, ftp://hazards.cr.usgs.gov/NEICPDE/isf2.0/)
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Distribution of 46276 in CLL 2006 - 2015 recorded earthquakes
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Figure 5.6: Top: Distribution of mb (Ml for local events) versus epicentral distance colour coded by depth.
Bottom: Histogram of events with magnitude mb over epicentral distance colour coded by depth.

recorded events at CLL. For large quakes with mb > 6.0, around where mb saturates, the surface wave
magnitude MSZ is greater than body wave magnitude mb. For small quakes mb dominates. In Figure 5.8
we compare three source regions with quite different recording conditions: (1) Kurile Islands (centre)
with very good recording conditions at CLL. The first onsets are pure mantle P-waves from an average
distance of 77°. (2) Our station has very bad recording conditions for earthquakes in Chile and the
Sunda Arc (left) because they nucleate close to the P-wave shadow zone. Pdiff in a distance of about
110° can only be observed for strong earthquakes. The first detectable phase in a seismogram often is PP
and in many cases we recorded only surface waves. (3) We have very good recording conditions for PKP
waves from source regions in Fiji, Tonga, and Kermadec (right). The histogram of Fiji shows that we
record nearly all events with magnitudes larger than mb=>5.0. The good propagation conditions for PKP
waves can result in the recording of late and very late core phases (P’N,PNKP). Figure 5.9 shows travel
times of such phases and Figure 5.10 the corresponding ray paths in the Earth. Misinterpretation of late
and very late core phases as P phases can yield to the creation of bogus earthquakes. We appreciate the

interpretation of complicated seismograms with many phases (Fig. 5.11).

5.1.3 Local Network

In 2000 the installation of a local network (SXNET) in Vogtland region began (network administrator:
Sigward Funke, University of Leipzig). A map of station distribution and epicenters for the years 2009
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Different Ray Paths and Recording Conditions

150+

Mantle  outer inner Core
,Chile | Kurile Islands (2006 — 2015) Fiji Islands
1000 e e L A 1000 e 0 S S N T T S 1000rim e AR e — 1000
900 [ ] all events (7876) =~ 900 [ allevents (3908)—F 900 [ ] allevents (6602)—F 900
o all events recorded 3 E events recorded | E . _ events recorded | E

800 B G 029 800 [ Dnghon 800 Th [0 gy 800

700 — | [+ [l with body waves (607)—F 700 700 f 700
[ ~
§ 600 - W - 600 - E = 600
H i
S 500 500 500 = 500
5 - L
3 L
E 400 400 m 400 400
2 L

300 300 300 300

200 200 200 200

100 +—+ 100 - 100- H [t 100

\
0 Frldrrrryrrrrer RARREATANEAZaRaEy 0 - O T R T 0
3 4 5 6 7 8 3 4 5 6 7 8 3 4 5 6 7 8
Magnitude mb Magnitude mb Magnitude mb

Figure 5.8: Different recording conditions for three source regions: Chile, Kuril Islands, and Fiji Islands and
the corresponding ray paths in the Earth. Light coloured histograms in the back are magnitude distributions
of all events given by NEIC in Earthquake Data Report (EDR), whereas dark coloured histograms in the front
are events recorded at CLL.

Number of events

38



@tona

Seismological
Centre 5 - Operational Procedures of Contributing Agencies
2520 5 TR N MR TR MR R | i |
Lk N
E o - . Y P

2280 o ee o . g

2160 E

2040 3 E

1920 31+ PKKPdf

1800 * S o dena SR T DO

E : ¥ e Al eTRILER e { -

1680 3 g
_ 1560 3 g
Ch E « ok
o 1440 — a2
E ] P e i
= 1320 3 T g
g 1200 3 et
[= E

1080 M

960 [,’Tw oo

840

E L s
720 #..--"“l:_,: e E
600 ’,4"':;_,4/
480 3 el
E Pt

360

240 —
_|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Distance (deg.)
— | | ——— : . . . . D
0 100 200 300 400 500 600 700 mb<30 30..39 40..49 50..59 60..69 mb>7.0
Depth [km]

Figure 5.9: Travel times of P, PP, PKKPdf, PKKPbc, and PKPPKPdf colour coded by depth.

to 2016 is shown in Figure 5.12 while Figure 5.13 shows the time distribution of local magnitudes.

At Collm Observatory we detect and manually pick regional events recorded by the network on a daily
basis. The picks and hypocenters of local events larger than Ml 2.0 are also included in our reports
to the ISC. We use Seisan (Havskov and Ottemdller, 1999) for manual phase picking and amplitude
measurements. 100-Hz waveform data for more than 30 stations is available from several networks,
generally: SXNET (network, Saxony), TSN (network, Thuringia), NKC (Station, Czech Republic),
VIEL (Station, Bavaria). The distance between stations in Upper Vogtland region is 10 to 15 km. We
evaluate on an average 1200 local earthquakes per year of which about 80 percent are events located in
the NW part of the Czech Republic less than 10 km away from the German-Czech border. Our data
base contains more than 13000 local events with magnitudes ranging from -1.2 to 4.2. Even standard
seismogram evaluation yields to good results with respect to the quality of epicenter location and depth.
Location and magnitude estimates can be substantially improved by applying station corrections. To
account for variations in seismic velocity we use different velocity models for different geographical
epicentral regions. When only a small amount of data is available we search for the best velocity model
with the lowest RMS by stepwise changing the velocity and depth of a layer. Events large enough
for macroseismic observation are reliably detected and located by automatic systems as SeisComP3
(http://www.seiscomp3.org) and RTQUAKE (Utheim et al., 2014).

To characterize the quality of a hypocentre location we follow the criteria given in the Seisan manual
(Havskov and Ottemdller, 1999). Distributive criteria (Fig. 5.14) describe the network configuration
as number of stations used, distance to nearest station, or azimuthal gap, whereas statistical criteria
(Fig. 5.15) show location errors mainly caused by the quality of picked arrival times and the applied
velocity model. Table 5.2 shows the codes for the different quality classes used in Figures 5.14 and 5.15.
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Figure 5.11: Map with background seismicity and example of a seismogram with many phases from a 7.8
event in the Solomon islands recorded by CLL.

Quality Distributive Statistical
Excellent a / Circle A / Red
Good b / Pentagon B / Yellow
Fair ¢ / Diamond C / Green
Poor d / Triangle D / Blue

Table 5.2: Codes for different quality classes (Fig. 5.14 and 5.15).

In some histograms the horizontal axis is colour coded by quality, e.g. a azimuthal gap between 0° and
90° is considered “excellent” and marked in red in the upper left image of Figure 5.14. The longitudinal
location errors show higher values than the latitudinal errors (Fig. 5.15, top left and middle) which is
due to the network being elongated predominantly in NS direction. The RMS errors (Fig. 5.15, bottom
left) almost all fall in the highest quality class confirming the high quality of the velocity models. The
combination of all single qualities give the total quality of a location. The matrix in Figure 5.15 (bottom
middle) shows the number of events by quality classes Aa to Dd, e.g. 58 events are of the highest quality
Aa which is reflected by a red circle. Depicting the quality classes with coloured shapes makes it easy

to identify the quality of an event location in maps.

41



\Tinternational
“._Seismological
Centre

5 - Operational Procedures of Contributing Agencies

Figure 5.12: Epicenters of Vogtland region and NW part of Czech Republic (see green box in Fig. 5.1).
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Figure 5.14: Distributive quality for Vogtland region. Colours on horizontal axis represent quality class,
where red=excellent, yellow=good, green=fair, and blue=poor. See text for more information.
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Figure 5.15: Statistical quality for Vogtland region. Bottom middle: Matrixz showing distribution of location
qualities. Colours represent quality class, where red=excellent, yellow=good, green=fair, and blue=poor. See
text for more information.
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5.2 Seismological Observatory Berggiefihiibel

R. Mittag, Institute for Geophysics and Geoinformatics, TU Bergakademie Freiberg, Germany

Reinhard Mittag,
Observatory manager since 1977, from 1995 — 1997 seismologist at the ISC.

The Seismological Observatory Berggiefhiibel was founded by the Freiberg University of Mining and
Technology (TU Bergakademie Freiberg) in 1957 as an initiative of the project “International Geophysical
Year”. The Observatory belongs to the Institute for Geophysics and Geoinformatics and is situated about
60 km south-east of Freiberg at the edge of the Saxonian Ore Mountains (Fig. 5.16). The remoteness
of the location and the underground installation of measurement devices within an old mine provides

excellent conditions for seismological measurements, which have been done continuously since 1966.

5.2.1 History

The idea to establish a seismic station close to Freiberg mines came along after the 15° International
Seismological Conference in Strasbourg in 1901, but for political reasons it took a while to set up a seismic
station. The first who took action at the beginning of the 1950’s was Prof. Wolfgang Buchheim, director
of the Institute for Theoretical Physics and Geophysics of Bergakademie Freiberg and a former student
of Werner von Heissenberg. He looked for an alternative, quieter site for seismological measurements in
the environment of noisy Freiberg town and found it in Berggiefshiibel, where the instruments could be
installed within a tunnel of an abandoned mine. Based on the intention to measure a broad spectrum of
Earth’s oscillations, the observatory was established as a so-called “Earth tide station” first. A seismic
test recording was set up on 15 May 1960, just 22 days before the strongest earthquake ever recorded
by seismographs occurred with a magnitude of Mw 9.5 in Chile. This was good timing and a stroke of
luck because this strong event showed that the amplification of the horizontal components (Fig. 5.17)
was very low (only ten times real ground motion) while the vertical component was completely locked
and station operators would have waited, unsuccessfully, for a long time for any visible deflection of the

seismic record.

The continuous seismic record began in October 1966, two years after the International Seismological
Centre (ISC) was established. Equipped with 3-component short and long periodic seismometers, seismic

station Berggiefshiibel was integrated under code BRG into the World-Wide Standard Seismographic
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6 8’ 10° 12° 14°

Figure 5.16: GRSN (German Regional Seismic Network) seismic station network with station BRG (red
circle).  Yellow triangles are GRSN stations and GRF array, red triangles are stations from institutions
other than Federal Institute for Geosciences and Natural Resources (BGR) and blue triangles are tempo-
rary BGR deployments. (© BGR (http: //www. bgr. bund. de/ EN/ Themen/ Seismologie/ Seismologie/
Seismometer_ Stationen/ Stationsnetze/d_ stationsnetz_node. html)
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Network WWSSN. From 1974 the observatory BRG began to send seismo reports to the ISC and

became a consistent data contributor.

In 1993 the observatory was equipped with a Streckeisen triaxial broadband seismometer of type STS-2
(Fig. 5.18) with digital data acquisition. Via the German Regional Seismic Network GRSN seismic
station BRG was also integrated into the Global Digital Seismographic Network GDSN. In 2001 a
LaCoste earth tide gravimeter of type G 701 and an in-house made tiltmeter were set up to extend

measurements to low frequencies.

A short description of the development of the observatory is given below.

1951 First visit to the abandoned mine in Berggiefshiibel and planning of installation of a
seismic station.

1953 First tide measurements with horizontal pendulums.

1957 Establishment of the observatory building and reconstruction of mining tunnel with
vaults. In September 1957 official opening of the Observatory as “Earth tides station”
under the umbrella of the Institute for Theoretical Physics and Geophysics of the
TU Bergakademie Freiberg.

1960 Beginning of continuous earth tide and geomagnetic measurements. First seismic
test measurements.

1964 First gravimetric measurements.

1966 Beginning of continuous seismic measurements with 3-component short- and long-
period seismometer and permanent analogue drum recording.

1970 Takeover of the observatory by the Central Institute for Physics of the Earth ZIPE

in Potsdam.

1974 Beginning of routine interpretation of seismic records and exchange of seismological
data with data centres (ISC, NEIS, WDC-B (Moscow)).

1980-82 Operation of a seismic array for monitoring of induced seismicity in the environment
of a nearby reservoir.

1981-92 Transmission of vertical short-periodic components of the seismic record for digital
archiving to ZIPE in Potsdam.

1992 Takeover of the observatory by the German Research Center for Geosciences GFZ
in Potsdam.

1993 Permanent installation of broadband seismometer STS-2 with digital data acquisi-
tion, transfer and archiving at the national data centre for German Regional Seismic
Network GRSN in Hanover. Temporary installation of 3 gravimeters for device ad-
justment.

1994 Repatriation of the observatory into the hands of the Institute for Geophysics within
TU Bergakademie Freiberg.

2001 Installation of a LaCoste gravimeter G 701 and home made tiltmeter.
5.2.2 Present Observatory Status

The observatory site includes a station building (Fig. 5.19) with office and facilities for the staff (Fig. 5.20)

and a 200 m long mining tunnel system (Figs. 5.21 and 5.22) with vaults, that host measurement devices
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Figure 5.18: STS-2 seismometer and Quantera data logger.

(Fig. 5.18) and a collection of historical instruments (Figs. 5.23 and 5.24). The tunnel system is air
conditioned. The broadband triaxial seismometer STS-2 as well as the gravimeter G 701 are installed in
an isolated measurement chamber in a depth of 36 meters and coupled with the hard bedrock directly.
The annual seismic noise spectra of station BRG is given in comparison to High and Low Noise Models
for 2016 in Figure 5.25 showing that the noise level at the BRG site is at the lower end.

Digital data acquisition of the broadband seismometer is carried out by a 24 bit Quanterra digitizer,
which generates data in miniSEED format. The time signal is provided by a GPS receiver. Data
exchange is organized using a SEEDIlink server that works as a ring buffer and can hold data on site for

up to half a year.

Waveform data is transmitted online to the data centre of the GRSN, hosted by the Federal Institute
for Geosciences and Natural Resources (BGR) in Hanover. Digital waveform data is stored and archived

at this site and can be requested within suitable formats via the following website:

http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/

Datenzentrum/waveform_request/waveform_request_node.html

The archiving of seismic drum records from 1966 to 1995 was taken out of the observatory to TU
Bergakademie Freiberg (Fig. 5.26). Seismogram copies can be requested via email (brg@geophysik.tu-
freiberg.de).

Data acquisition and storage of SG G 701 accelerometer data is done offline with a sampling frequency

of 1 sample per minute. Data archiving is organized by an internal format on site.
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Figure 5.19: Observatory building.

Figure 5.20: Observatory office with seismologist Anja Zeibig.
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Figure 5.21: Entry to mining tunnel.

Figure 5.22: Mining tunnel.

51



@tional

Seismological

Centre 5 - Operational Procedures of Contributing Agencies

Figure 5.24: Historical instruments including Kirnos and SSJ-1,2 seismometers.
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Figure 5.26: Archive of drum records.
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5.2.3 Data Analysis

For seismic waveform analysis the software packages Seismic Handler SH (Stammler, 1993) and Seis89
(Baumbach, 1990) are used. Data analysis is done in the tradition of observatory practice and must
provide data for the monitoring of local, regional and global seismicity simultaneously. For that purpose,
digital data of STS-2 broadband seismometer are processed by high pass (1 Hz), low pass (10 Hz) and
bandpass filtering (0.588 Hz — 2.5 Hz) to simulate streams, equivalent to the WWSSN short- and long-
period characteristics. The high pass and bandpass streams are processed by a STA/LTA detector to
detect both crustal phases of local seismic events as well as body wave phases of teleseismic events. Phase
and amplitude picking is done manually. Therefore, accuracy of onset time determination is limited by
the sampling frequency and can be picked up to hundredths of seconds at the best. Figure 5.27 shows
an example for the data analysis with Seismic Handler. For determination of amplitudes an Auto Peak
procedure within Seismic Handler is mostly used and values are given to a tenth of nanometers. For

seismic reports amplitude values are rounded and are given with three decimal place accuracy.

For event and phase type determination in routine station analysis data is compared with the hypocenter
determination results of the local seismic network SXNET and the European data center EMSC. Because
seismic station BRG is integrated into the real time information and seismic event notification services
of both seismic monitoring systems, an appropriate association of event and phase type of the station
records can be done. The local seismic network SXNET was set up in 2001 to monitor the local
seismicity in Saxony. The seismic waveform data of the local network is processed using SeisComP (http:
//www.seiscomp3.org), a seismological software developed for data acquisition, processing, distribution
and interactive analysis by the GEOFON Program (http://geofon.gfz-potsdam.de) at Helmholtz
Centre Potsdam, GFZ German Research Centre for Geosciences. For detecting regional and teleseismic
earthquakes at station BRG, a review of event data provided by the European data centre EMSC is
used to ensure a proper phase association. Based on sophisticated manual routine analysis observatory
BRG can provide the ISC with most accurate and relevant data of extensively exploited waveform data.
As a result, observatory BRG is one of the leading single stations data providers for ISC with regard
to teleseismic and secondary phase arrivals as well as amplitudes and period data for determination of
magnitudes. Statistical investigations of the last ten years reveal that 7000 to 11000 seismic events are
recorded by observatory BRG every year. Detected events colour coded by different event types are
shown for the last 10 years in Figure 5.28. Figure 5.29 shows the percentage of each event type for 2016
in more detail. Nearly one third of the 7288 events are earthquakes, whereof 1495 (20%) are recorded
from distances greater than 1000 km and 961 (13%) from distances less than 1000 km. 1138 events
(16%) are associated with mining induced seismic events, mainly from Lubin Copper mine in Poland.
Because station BRG is situated in a very dense region of explosion sites, nearly half of the detected

events (3433, or 47%) are explosions. The rest (less than 3%) are unassociated detections.

The station’s capability for detecting small magnitude events in relation to epicentral distance is shown
in Figure 5.30 where all events in the ISC database for 2013, that had been recorded at station BRG,
are plotted with magnitude Mw versus epicentral distance. According to the figure, from about 3 to
10 degrees epicentral distance the lowest detectable magnitude increases from ~Mw 3.3 to ~Mw 4.
From epicentral distance of 10 to about 25 degrees the lowest magnitude threshold increases to ~Mw

4.5 with a few smaller magnitude events around 20 degree distance. From epicentral distance 25 degrees
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Figure 5.27: FExample for data analysis with Seismic Handler for the Mw 8.2 Illapel earthquake in Chile
on 16" September 2016.

onwards the lower magnitude limit shows a slight increase up to magnitudes of ~Mw 5. For epicentral
distances ranging around 80 degrees, that cover the Kuril Islands earthquake region, also smaller events
with magnitude ~Mw 4 are detected by BRG. From the linear part of cumulative magnitude-frequency
distribution of all events (Fig. 5.31) recorded at station BRG in 2013 the Gutenberg-Richter-Relation
can be determined to lg N = —0.91 Mw + 7.61. Furthermore, a magnitude threshold of Mw~5.2 for
complete detection of global seismicity can be derived for BRG and other single stations located in

Central Europe, which have similar recording conditions to BRG.
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Figure 5.28: Annual number of seismic events detected at station BRG.
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Figure 5.29: Percentages of seismic event types detected at station BRG in 2016.
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Figure 5.30: ISC events in 2013, recorded at station BRG according to ISC bulletin.
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Summary of Seismicity, January - June 2014

April 2014 was, seismologically speaking, a very busy month with 8 out of 9 earthquakes showing
magnitudes larger than Mw 7 during the first half of 2014 occurring within only 19 days (Tab.6.2). On
15t April the largest earthquake that occurred during the first six months of 2014, the Mw 8.1 Iquique
event, nucleated near the coast of northern Chile where the Nazca Plate subducts beneath the South
American Plate (23:46:47 UTC, 19.6193°S, 70.7877°W, 17.1 km, 2285 stations (ISC)). With 55 entries
in the ISC Event Bibliography so far (Di Giacomo et al., 2014; International Seismological Centre, 2016)
it is also the event that raised most interest in the scientific community during this time period. The
intraplate thrust event broke a central fraction of the Northern Chile seismic gap (Schurr et al., 2014),
a segment of the continental margin that was ruptured last in 1877 by a large megathrust event. About
200 km of the segment to the north and south of the rupture area was left unbroken and remains locked,
posing a significant risk of another large megathrust event in this area (e.g. Schurr et al., 2014). The
largest aftershock followed two days later on 3" April with a magnitude of Mw 7.7. A striking feature of
the Iquique sequence was the increasing foreshock seismicity that started a month before the main shock
occured and raised discussions about what otential triggering role the foreshocks played and whether
they were accompanied by aseismic slow slip processes (e.g. Ruiz et al., 2016; Biirgmann, 2014; Cesca
et al., 2016; Schurr et al., 2014).

Most of the other large earthquakes of April 2014 were located in the Bougainville-Solomon Islands
region (Tab.6.2) where four events larger than Mw 7 occured between 11" and 19*" April. However,
the four events do not belong to the same sequence. The Mw 7.5 (19" April) and Mw 7.1 (11*" April)
events are thrust events within the subduction zone where the Australian Plate subducts beneath the
Pacific Plate (USGS, 2014a; USGS, 2014b). They belong to a sequene of seismicity that started on 11
April. Until the end of June 2014 over 300 events with magnitudes larger than 4.5 can be found in the
ISC Bulletin in this region. The Mw 7.6 event of 12" April on the other hand was caused by nearly pure
transform faulting where the plate boundary between the Australia and Pacific plate transitions from
thrust to transform tectonics about 950 km away from the seismic sequence. This event was followed by
a Mw 7.4 thrust faulting aftershock a day later on 13'" April (USGS, 2014c).

The number of events in this Bulletin Summary categorised by type are given in Table 6.1.

The period between January and June 2014 produced 9 earthquakes with My, > 7; these are listed in
Table 6.2.

Figure 6.1 shows the number of moderate and large earthquakes in the first half of 2014. The distribution
of the number of earthquakes should follow the Gutenberg-Richter law.

Figures 6.2 to 6.6 show the geographical distribution of moderate and large earthquakes in various

magnitude ranges.
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Figure 6.1: Number of moderate and large earthquakes between January and June 2014. The non-uniform

magnitude bias here correspond with the magnitude intervals used in Figures 6.2 to 6.6.
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Figure 6.3: Geographic distribution of magnitude 5.5-6 earthquakes between January and June 2014.
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Figure 6.5: Geographic distribution of magnitude 7-8 earthquakes between January and June 2014.
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Table 6.1: Summary of events by type between January and June 2014.

felt earthquake 746
known earthquake 181566
known chemical explosion 7755
known induced event 3454
known mine explosion 771
known rockburst 20
known experimental explosion 46
suspected earthquake 23923
suspected chemical explosion 341
suspected induced event 103
suspected mine explosion 3834
suspected rockburst 799
suspected experimental explosion 18
unknown 932
total 224308

Table 6.2: Summary of the earthquakes of magnitude Mw > 7 between January and June 2014.

Date lat lon | depth | Mw | Flinn-Engdahl Region

2014-04-01 23:46:47 | -19.62 | -70.79 17 | 8.1 | Near coast of northern Chile
2014-06-23 20:53:09 | 51.70 | 178.64 102 | 7.9 | Rat Islands

2014-04-03 02:43:14 | -20.59 | -70.49 11 | 7.7 | Near coast of northern Chile
2014-04-12 20:14:38 | -11.26 | 162.14 15 | 7.6 | Bougainville-Solomon Islands region
2014-04-19 13:28:00 | -6.71 | 154.99 39 | 7.5 | Bougainville-Solomon Islands region
2014-04-13 12:36:19 | -11.47 | 161.96 34 | 7.4 | Bougainville-Solomon Islands region
2014-04-18 14:27:24 | 17.32 | -100.99 24 | 7.3 | Guerrero

2014-04-11 07:07:22 | -6.61 | 155.03 57 | 7.1 | Bougainville-Solomon Islands region
2014-04-01 23:57:56 | -19.96 | -71.02 10 | 7.0 | Off coast of northern Chile
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Statistics of Collected Data

7.1 Introduction

The ISC Bulletin is based on the parametric data reports received from seismological agencies around
the world. With rare exceptions, these reports include the results of waveform review done by analysts at
network data centres and observatories. These reports include combinations of various bulletin elements
such as event hypocentre estimates, moment tensors, magnitudes, event type and felt and damaging

data as well as observations of the various seismic waves recorded at seismic stations.

Data reports are received in different formats that are often agency specific. Once an authorship is
recognised, the data are automatically parsed into the ISC database and the original reports filed away
to be accessed when necessary. Any reports not recognised or processed automatically are manually
checked, corrected and re-processed. This chapter describes the data that are received at the ISC before

the production of the reviewed Bulletin.

Notably, the ISC integrates all newly received data reports into the automatic ISC Bulletin (available
on-line) soon after these reports are made available to ISC, provided it is done before the submission

deadline that currently stands at 12 months following an event occurrence.

With data constantly being reported to the ISC, even after the ISC has published its review, the total
data shown as collected, in this chapter, is limited to two years after the time of the associated reading
or event, i.e. any hypocentre data collected two years after the event are not reflected in the figures

below.

7.2 Summary of Agency Reports to the ISC

A total of 142 agencies have reported data for January 2014 to June 2014. The parsing of these reports

into the ISC database is summarised in Table 7.1.

Table 7.1: Summary of the parsing of reports received by the ISC from a total of 142 agencies, containing
data for this summary period.

Number of reports
Total collected 3457
Automatically parsed 2591
Manually parsed 866

Data collected by the ISC consists of multiple data types. These are typically one of:

e Bulletin, hypocentres with associated phase arrival observations.
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e (Catalogue, hypocentres only.

e Unassociated phase arrival observations.

In Table 7.2, the number of different data types reported to the ISC by each agency is listed. The
number of each data type reported by each agency is also listed. Agencies reporting indirectly have
their data type additionally listed for the agency that reported it. The agencies reporting indirectly may
also have ‘hypocentres with associated phases’ but with no associated phases listed - this is because the
association is being made by the agency reporting directly to the ISC. Summary maps of the agencies

and the types of data reported are shown in Figure 7.1 and Figure 7.2.

Table 7.2: Agencies reporting to the ISC for this summary period. Entries in bold are for new or renewed
reporting by agencies since the previous six-month period.

Agency Country Directly or | Hypocentres | Hypocentres | Associated | Unassociated | Amplitudes
indirectly with associ- | without as- | phases phases
reporting ated phases sociated
(D/T) phases
TIR Albania D 376 11 3434 44 0
ALG Algeria I NEIC 0 0 21 0 0
CRAAG Algeria D 330 0 1723 305 0
LPA Argentina D 0 0 0 728 0
SJA Argentina D 1881 41 44484 0 10484
NSSP Armenia D 67 0 729 0 0
AUST Australia D 863 41 19889 0 0
IDC Austria D 17993 3 484637 0 355035
VIE Austria D 4721 91 41785 588 41415
AZER Azerbaijan D 37 40 2094 0 0
UCC Belgium D 0 0 0 5393 676
SCB Bolivia D 29 0 651 0 101
SAR Bosnia and | I KRSZO 0 15 0 0 0
Herzegovina
RHSSO Bosnia- D 755 0 13848 8043 0
Herzegovina
VAO Brazil D 1126 1 26366 0 0
SOF Bulgaria D 185 3 1370 5411 0
OTT Canada D 1286 43 31938 0 1914
PGC Canada I HYB 920 3 24185 0 0
GUC Chile D 4643 486 134091 1428 35594
BJI China D 2025 35 102440 39456 72936
ASIES Chinese Taipei D 0 43 0 0 0
TAP Chinese Taipei | D 18645 16 695335 0 0
RSNC Colombia D 6611 4 168431 18971 52068
HDC Costa Rica I NEIC 0 1 0 0 0
ICE Costa Rica I UCR 0 8 0 0 0
UCR Costa Rica D 881 20 22396 0 1395
ZAG Croatia D 0 0 0 52167 0
SSNC Cuba D 686 0 8097 0 3805
NIC Cyprus D 620 1 14401 0 6874
IPEC Czech Republic | D 446 0 2889 24147 1360
PRU Czech Republic | D 5905 25 53493 196 15957
WBNET Czech Republic | D 2159 0 38630 0 38415
KEA Democratic D 277 0 2101 0 0
People’s Re-
public of
Korea
DNK Denmark D 1 379 0 11413 2445
OSPL Dominican Re- | D 400 4 4039 0 1289
public
1GQ Ecuador D 32 1 1328 0 0
HLW Egypt D 187 8 2213 0 0
SNET El Salvador D 1620 50 23717 43 3947
SSS El Salvador I UCR 2 6 0 0 0
EST Estonia I HEL 319 0 0 0 0
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Table 7.2: (continued)

Agency Country Directly or | Hypocentres | Hypocentres | Associated | Unassociated | Amplitudes

indirectly with associ- | without as- | phases phases

reporting ated phases sociated

(D/T) phases
AAE Ethiopia D 32 0 220 449 0
SKO FYR Macedo- | D 1417 1 7817 4419 3305

nia
FIAO Finland I HEL 14 1 0 0 0
HEL Finland D 6399 2905 119381 9 19078
CSEM France I BER 1512 791 0 0 0
LDG France D 3002 127 69429 14 27341
STR France D 1175 0 17832 0 0
PPT French Polyne- | D 1255 7 9900 542 10352
sia

TIF Georgia D 0 302 0 4897 0
AWI Germany D 2058 0 6631 46 0
BGR Germany D 900 386 23556 0 7272
BNS Germany I BGR 0 41 0 0 0
BRG Germany D 0 0 0 5585 4186
BUG Germany I BGR 19 5 0 0 0
CLL Germany D 53 0 0 10023 2910
GDNRW Germany I BGR 0 23 0 0 0
GFZ Germany I SJA 47 24 4 0 0
HLUG Germany I BGR 1 0 0 0 0
LEDBW Germany I BGR 18 6 0 0 0
ATH Greece D 16327 30 502471 0 155366
THE Greece D 6001 96 137722 5053 42179
GCG Guatemala D 859 0 5157 0 2
HKC Hong Kong D 0 0 0 42 0
BUD Hungary D 88 1 1624 505 0
REY Iceland D 17 0 515 0 0
HYB India D 1070 270 8538 1 2671
NDI India D 411 352 9028 3759 2938
DJA Indonesia D 3558 83 66348 0 84232
TEH Iran D 1422 30 33816 0 120
THR Iran D 330 30 2623 0 646
ISN Iraq D 187 0 1594 0 471
GIT Israel D 463 1 8132 0 0
GEN Italy D 1209 0 13330 1141 0
MED RCMT | Italy D 0 176 0 0 0
OSUB Italy D 0 0 0 1458 0
RISSC Italy D 9 0 93 0 0
ROM Italy D 16189 184 940769 356428 627166
TRI Italy D 0 0 0 5728 0
LIC Ivory Coast D 1041 0 3374 0 2318
JSN Jamaica D 120 0 769 8 2
JMA Japan D 63813 0 543242 725 0
MAT Japan D 0 0 0 8145 0
NIED Japan D 0 721 0 0 0
SYO Japan D 0 0 0 4780 0
JSO Jordan D 15 0 243 0 257
NNC Kazakhstan D 8402 0 95853 0 89587
SOME Kazakhstan D 4696 219 71728 0 66724
KNET Kyrgyzstan D 1444 0 12170 0 2536
KRNET Kyrgyzstan D 4549 0 75222 0 0
LVSN Latvia D 278 0 3389 0 1668
GRAL Lebanon D 384 0 2550 470 0
LIT Lithuania D 233 230 2039 1194 515
MCO Macao, China D 0 0 0 15 0
GSDM Malawi D 0 0 0 106 0
KLM Malaysia D 605 0 2534 0 0
ECX Mexico D 650 5 12453 0 1793
MEX Mexico D 3292 244 34281 20 1
MOLD Moldova D 0 0 0 1697 566
PDG Montenegro D 539 0 13445 0 6714
CNRM Morocco D 1343 0 15767 0 0
NAM Namibia D 165 0 757 134 0
DMN Nepal D 1885 0 19392 0 14528
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Table 7.2: (continued)

Agency Country Directly or | Hypocentres | Hypocentres | Associated | Unassociated | Amplitudes
indirectly with associ- | without as- | phases phases
reporting ated phases sociated
(D/T) phases
DBN Netherlands I BGR 0 3 0 0 0
WEL New Zealand D 7520 16 242356 213 244767
INET Nicaragua D 0 1956 0 0 0
BER Norway D 2410 2025 45683 3246 10382
NAO Norway D 2550 979 6784 0 2142
OMAN Oman D 735 0 13718 0 0
MSSP Pakistan D 0 0 0 736 0
UPA Panama D 499 0 11552 0 37
ARE Peru I NEIC 20 26 0 0 0
LIM Peru ITHYB 2 11 0 0 0
MAN Philippines D 0 2099 0 43264 14866
QCP Philippines D 0 0 0 160 0
WAR Poland D 0 0 0 11525 661
IGIL Portugal D 738 3 3265 0 1086
INMG Portugal D 1425 0 39549 1421 12952
PDA Portugal I SVSA 1 0 0 0 0
SVSA Portugal D 449 0 7645 1836 3377
BELR Republic of Be- | D 0 0 0 3269 621
larus
BUC Romania D 963 25 16735 61271 5415
ASRS Russia D 121 174 4939 0 1721
BYKL Russia D 171 183 14278 0 4688
CMWS Russia I MOS 0 8 0 0 0
DRS Russia I MOS 105 148 0 0 0
IDG Russia I MOS 0 145 0 0 0
IEPN Russia D 288 0 2259 4590 1844
KOLA Russia D 136 197 497 0 0
KRAR Russia I MOS 0 574 0 0 0
KRSC Russia D 543 0 21107 0 0
MIRAS Russia D 54 83 479 0 239
MOS Russia D 2137 2177 336928 0 117733
NERS Russia D 152 57 2889 0 1339
NORS Russia I MOS 52 195 0 0 0
SKHL Russia D 539 549 16578 0 8041
VLA Russia I MOS 0 56 0 0 0
YARS Russia D 967 148 13678 0 9292
SGS Saudi Arabia D 12 12 114 0 0
BEO Serbia D 1671 17 30304 0 0
BRA Slovakia D 0 0 0 21069 0
LJU Slovenia D 2341 658 28514 4053 9364
HNR Solomon Is- | D 0 0 0 1674 0
lands
PRE South Africa D 705 0 9359 0 3118
MDD Spain D 1955 11 64003 0 47760
MRB Spain D 340 0 8861 0 3756
SFS Spain D 496 0 3585 570 0
UPP Sweden D 1252 1398 13656 0 0
ZUR Switzerland D 522 29 13961 0 6588
BKK Thailand D 835 0 9153 0 0
TRN Trinidad and | D 4 1067 330 34874 0
Tobago
TUN Tunisia D 17 0 81 0 0
ATA Turkey D 426 0 5117 0 0
DDA Turkey D 11798 3 239022 0 86148
ISK Turkey D 9040 24 142693 7721 83953
AEIC U.S.A. I NDI 2118 224 55955 0 0
ANF U.S.A. 1 IRIS 1622 874 0 0 0
BUT U.S.A. I NEIC 69 6 0 0 0
CERI U.S.A. I IRIS 9 8 0 0 0
GCMT U.S.A. D 0 2506 0 0 0
HON U.S.A. ITHYB 0 10 0 0 0
HVO U.S.A. I NEIC 100 1 0 0 0
IRIS U.S.A. D 3558 2230 297868 0 0
LDO U.S.A. I IRIS 17 6 489 0 0
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Table 7.2: (continued)

Agency Country Directly or | Hypocentres | Hypocentres | Associated | Unassociated | Amplitudes

indirectly with associ- | without as- | phases phases

reporting ated phases sociated

(D/T) phases
NCEDC U.S.A. I IRIS 394 47 20396 0 0
NEIC U.S.A. D 18475 10001 1372018 0 561693
OGSO U.S.A. I NEIC 1 0 0 0 0
PAS U.S.A. I NEIC 130 16 15750 0 0
PMR U.S.A. I HYB 0 22 0 0 0
PNSN U.S.A. I IRIS 0 4 0 0 0
REN U.S.A. I NEIC 70 14 102 0 0
RSPR U.S.A. D 3428 13 43576 0 0
SCEDC U.S.A. I IRIS 266 67 0 0 0
SEA U.S.A. I NEIC 30 2 56 0 0
SLM U.S.A. I NEIC 32 0 1 0 0
TUL U.S.A. I NEIC 776 58 0 0 0
UUSS U.S.A. I NEIC 69 9 0 0 0
WES U.S.A. I IRIS 11 5 0 0 0
SIGU Ukraine D 113 116 2290 23 602
DSN United  Arab | D 467 0 5271 0 0

Emirates
BGS United King- | D 398 12 12003 40 5184
dom
EAF Unknown D 715 11 4020 6808 1
KRSZO Unknown D 98 143 8081 0 0
UNK Unknown I IRIS 1135 181 4939 0 0
ISU Uzbekistan D 83 0 772 582 0
CAR Venezuela I NEIC 2 8 0 0 0
FUNV Venezuela D 251 0 4042 0 0
LSZ Zambia D 145 0 459 183 7
BUL Zimbabwe D 1236 1 6044 1695 0
Agency contributors
0 60° 1200 180" _120° _g0O°

0

60° 120

1800 -120°

Figure 7.1: Map of agencies that have contributed data to the ISC for this summary period. Agencies that
have reported directly to the ISC are shown in red. Those that have reported indirectly (via another agency)
are shown in black. Any new or renewed agencies, since the last siz-month period, are shown by a star. Each
agency s listed in Table 7.2.
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\
0 60° 120° 180° -120° -60°

Types of reports to the ISC for data from 2014/01/01 to 2014/06/30
O Hypocentres associated to phase data: 149 agencies
@ Phases associated to hypocentres: 126 agencies
® Hypocentres without directly associated phase data: 117 agencies
O Unassociated phases — phase data not directly associated with a hypocentre: 67 agencies
© Moment tensor solutions: 14 agencies

Figure 7.2: Map of the different data types reported by agencies to the ISC. A full list of the data types
reported by each agency is shown in Table 7.2.

7.3 Arrival Observations

The collection of phase arrival observations at the ISC has increased dramatically with time. The

increase in reported phase arrival observations is shown in Figure 7.3.

The reports with phase data are summarised in Table 7.3. This table is split into three sections, providing
information on the reports themselves, the phase data, and the stations reporting the phase data. A

map of the stations contributing these phase data is shown in Figure 7.4.

The ISC encourages the reporting of phase arrival times together with amplitude and period measure-
ments whenever feasible. Figure 7.5 shows the percentage of events for which phase arrival times from

each station are accompanied with amplitude and period measurements.
Figure 7.6 indicates the number of amplitude and period measurement for each station.

Together with the increase in the number of phases (Figure 7.3), there has been an increase in the
number of stations reported to the ISC. The increase in the number of stations is shown in Figure 7.7.

This increase can also be seen on the maps for stations reported each decade in Figure 7.8.
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Figure 7.3: Histogram showing the number of phases (red) and number of amplitudes (blue) collected by the
ISC for events each year since 1964. The data in grey covers the current period where data are still being
collected before the ISC review takes place and is accurate at the time of publication.

Table 7.3: Summary of reports containing phase arrival observations.

Reports with phase arrivals 3321
Reports with phase arrivals including amplitudes 717
Reports with only phase arrivals (no hypocentres reported) 259
Total phase arrivals received 8586481
Total phase arrival-times received 7756535
Number of duplicate phase arrival-times 755969 (9.7%)
Number of amplitudes received 3065069
Stations reporting phase arrivals 7304
Stations reporting phase arrivals with amplitude data 4024
Max number of stations per report 1966
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Figure 7.7: Histogram showing the number of stations reporting to the ISC each year since 1964. The data
in grey covers the current period where station information is still being collected before the ISC review of
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events takes place and is accurate at the time of publication.
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7.4 Hypocentres Collected

The ISC Bulletin groups multiple estimates of hypocentres into individual events, with an appropriate
prime hypocentre solution selected. The collection of these hypocentre estimates are described in this

section.

The reports containing hypocentres are summarised in Table 7.4. The number of hypocentres collected
by the ISC has also increased significantly since 1964, as shown in Figure 7.9. A map of all hypocentres
reported to the ISC for this summary period is shown in Figure 7.10. Where a network magnitude was
reported with the hypocentre, this is also shown on the map, with preference given to reported values,
first of My, followed by Mg, my and My respectively (where more than one network magnitude was

reported).

Table 7.4: Summary of the reports containing hypocentres.

Reports with hypocentres 3198
Reports of hypocentres only (no phase readings) 136
Total hypocentres received 337430
Number of duplicate hypocentres 9092 (2.7%)
Agencies determining hypocentres 169

1000000

800000

600000

400000

200000

Number of hypocentres reported

o

1970 1980 1990 2000 2010

Year

Figure 7.9: Histogram showing the number of hypocentres collected by the ISC for events each year since
1964. For each event, multiple hypocentres may be reported.

All the hypocentres that are reported to the ISC are automatically grouped into events, which form the
basis of the ISC Bulletin. For this summary period 357287 hypocentres (including ISC) were grouped

into 233815 events, the largest of these having 61 hypocentres in one event. The total number of events
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shown here is the result of an automatic grouping algorithm, and will differ from the total events in the
published ISC Bulletin, where both the number of events and the number of hypocentre estimates will
have changed due to further analysis. The process of grouping is detailed in Section 10.1.3. Figure 8.2

on page 92 shows a map of all prime hypocentres.

7.5 Collection of Network Magnitude Data

Data contributing agencies normally report earthquake hypocentre solutions along with magnitude esti-
mates. For each seismic event, each agency may report one or more magnitudes of the same or different
types. This stems from variability in observational practices at regional, national and global level in
computing magnitudes based on a multitude of wave types. Differences in the amplitude measurement
algorithm, seismogram component(s) used, frequency range, station distance range as well as the in-
strument type contribute to the diversity of magnitude types. Table 7.5 provides an overview of the

complexity of reported network magnitudes reported for seismic events during the summary period.
p Yy p g p g Yy p

Table 7.5: Statistics of magnitude reports to the ISC; M — average magnitude of estimates reported for each
event.

M<3.0 | 3.0<M<5.0 | M>5.0
Number of seismic events 177308 | 34318 472
Average number of magnitude estimates per event 1.3 5.1 27.7
Average number of magnitudes (by the same agency) per event | 1.1 2.7 3.8
Average number of magnitude types per event 1.2 4.1 13.2
Number of magnitude types 28 41 37

Table 7.6 gives the basic description, main features and scientific paper references for the most commonly

reported magnitude types.

Table 7.6: Description of the most common magnitude types reported to the ISC.

Magnitude type | Description References Comments

M Unspecified Often used in real or
near-real time magni-
tude estimations

mB Medium-period and | Gutenberg (1945a);
Broad-band body-wave | Gutenberg (1945b);

magnitude IASPEI (2005);

ITASPEI (2013); Bor-

mann et al. (2009);
Bormann and Dewey

(2012)
mb Short-period body-wave | JASPEI (2005); | Classical mb based on
magnitude ITASPEI (2013); Bor- | stations between 21°-

mann et al. (2009); | 100° distance
Bormann and Dewey
(2012)
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Table 7.6: continued

Magnitude type | Description References Comments
mbl Short-period body-wave | IDC' (1999) and refer- | Reported only by the
magnitude ences therein IDC; also includes sta-
tions at distances less
than 21°
mblmx Maximum  likelihood | Ringdal (1976); IDC | Reported only by the
short-period body-wave | (1999) and references | IDC
magnitude therein
mbtmp short-period body-wave | IDC' (1999) and refer- | Reported only by the
magnitude with depth | ences therein IDC
fixed at the surface
mbLg Lg-wave magnitude Nuttli (1973); IASPEI | Also reported as MN
(2005); TASPEI (2013);
Bormann and Dewey
(2012)
Mc Coda magnitude
MD (Md) Duration magnitude Bisztricsany (1958); Lee
et al. (1972)
ME (Me) Energy magnitude Choy and Boatwright | Reported only by NEIC
(1995)
MJMA JMA magnitude Tsuboi (1954) Reported only by JMA
ML (MI) Local (Richter) magni- | Richter (1935); Hutton
tude and  Boore  (1987);
IASPEI (2005);
TASPEI (2013)
MLSn Local magnitude calcu- | Balfour et al. (2008) Reported by PGC only
lated for Sn phases for earthquakes west of
the Cascadia subduc-
tion zone
MLv Local (Richter) magni- Reported only by DJA
tude computed from the and BKK
vertical component
MN (Mn) Lg-wave magnitude Nuttli (1973); IASPEI | Also reported as mbLg
(2005)
MS (Ms) Surface-wave  magni- | Gutenberg (1945¢); | Classical —surface-wave
tude Vanék et al. (1962); | magnitude  computed
TASPEI (2005) from station between
20°-160° distance
Msl Surface-wave magni- | IDC' (1999) and refer- | Reported only by the
tude ences therein IDC; also includes sta-
tions at distances less
than 20°
mslmx Maximum likelihood | Ringdal (1976); IDC | Reported only by the
surface-wave magnitude | (1999) and references | IDC
therein
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Table 7.6: continued

Magnitude type | Description References Comments
Ms7 Surface-wave  magni- | Bormann et al. (2007) Reported only by BJI
tude and computed from
records of a Chinese-
made long-period

seismograph  in  the
distance range 3°-177°
MW (Mw) Moment magnitude Kanamori (1977); | Computed according to
Dziewonski et al. (1981) | the JASPEI (2005) and
ITASPEI (2013) stan-
dard formula

Mw(mB) Proxy Mw based on mB | Bormann  and  Saul | Reported only by DJA
(2008) and BKK

Mwp Moment magnitude | Tsuboi et al. (1995) Reported only by DJA

from P-waves and BKK and used in
rapid response

mbh Unknown

mbv Unknown

MG Unspecified type Contact contributor

Mm Unknown

msh Unknown

MSV Unknown

Table 7.7 lists all magnitude types reported, the corresponding number of events in the ISC Bulletin

and the agency codes along with the number of earthquakes.

Table 7.7: Summary of magnitude types in the ISC Bulletin for this summary period. The number of events
with values for each magnitude type is listed. The agencies reporting these magnitude types are listed, together
with the total number of values reported.

Magnitude type | Events | Agencies reporting magnitude type (number of values)

M 8794 WEL (6862), KRAR (574), MOS (197), BYKL (183), ASRS
(174), YARS (148), IDG (145), KOLA (104), RSPR (83),
NERS (57), VLA (56), MIRAS (48), PRU (32), BKK (27),
IGQ (26), FDF (25), SCEDC (18), SKHL (10), CMWS (8),
JSO (8), NCEDC (7), CERI (3), REN (2)

mB 2123 | BJI (1591), DJA (737), WEL (151), KEA (11), BKK (5),
STR (2)
mb 27804 | IDC (17343), NEIC (8492), NNC (4591), KRNET (4545),

MOS (1680), MAN (1668), BJI (1511), VIE (1433), DJA
(1147), VAO (602), BGR (296), MDD (166), KLM (111),
YARS (54), SIGU (42), GII (41), NDI (39), SOME (28),
OMAN (20), DSN (14), STR (12), BKK (9), PGC (7),
CRAAG (4), GUC (4), INET (3), IGIL (2), KRSZO (2),
DMN (2), THR (2), SSNC (1), ROM (1), BGS (1)

mbl 17640 | IDC (17640)
mblmx 17640 | IDC (17640)
mB_BB 39 BGR (39)
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Table 7.7: Continued.

Magnitude type

Events

Agencies reporting magnitude type (number of values)

mb_Lg

93

NEIC (73), TEH (14), WES (4), OTT (1), MDD (1), OGSO
(1)

mbLg

1756

MDD (1756)

mbR

121

VAO (121)

mbtmp

17645

IDC (17645)

Mec

BER (1)

MD

14797

MEX (3296), LDG (2522), ROM (2044), RSPR (1606),
GCG (851), TRN (789), SSNC (666), ECX (624), UCR
(409), GRAL (385), TIR (363), SVSA (311), DDA (205),
SNET (205), GII (191), SOF (175), HLW (157), PDG (135),
NCEDC (94), EAF (91), INET (71), JSN (63), LSZ (61),
INMG (57), NAM (48), SJA (48), UPA (41), NIC (29), SLM
(27), OSPL (25), BUT (18), TUN (17), BUL (15), ISK (9),
HVO (6), SEA (4), CERI (4), BUG (4), PNSN (3), NDI (3),
ATA (3), HDC (2), NEIC (1)

MJMA

60946

JMA (60946)

Mjma

8

JSO (8)

ML

124479

TAP (18666), ATH (16192), ROM (14691), DDA (11273),
IDC (10106), ISK (9012), RSNC (6579), HEL (6395), THE
(5991), WEL (5644), GUC (4826), LDG (2850), VIE (2772),
ANF (2463), LJU (2247), UPP (2195), AEIC (2131), INET
(1896), BER (1766), SJA (1762), MAN (1685), BEO (1661),
SNET (1460), TEH (1341), GEN (1207), BUC (963), YARS
(904), INMG (890), WBNET (877), TUL (760), RHSSO
(754), PRE (705), SSNC (676), PGC (631), ECX (625), NIC
(619), KRSC (541), PDG (490), IGIL (457), OMAN (450),
IPEC (446), BJI (439), ATA (417), NAO (397), OSPL (385),
UCR (379), SVSA (363), MRB (340), SFS (326), THR. (319),
LVSN (266), BGR (212), NEIC (206), KNET (199), CRAAG
(188), ISN (186), DSN (172), BGS (168), HLW (156), PAS
(123), DNK (103), HVO (95), NDI (93), BUD (86), KRSZO
(78), UUSS (63), SCEDC (60), NCEDC (58), PPT (56),
OTT (55), CLL (53), ARE (53), MIRAS (52), BUT (49),
REN (44), AZER (41), BNS (39), SCB (29), UPA (29), SEA
(26), KEA (25), BUG (23), FIAO (15), DMN (12), SGS (12),
SSS (7), LDO (7), RISSC (6), JSO (5), TIR (5), ALG (5),
ZUR (4), VAO (4), TASPEI (3), LSZ (3), CSEM (3), GCG
(2), HYB (2), IGQ (1), CAR (1), PNSN (1), AUST (1), PRU
(1)

MLh

623

ZUR (513), ASRS (110)

MLSn

336

PGC (336)

MLv

10624

WEL (7018), DJA (2501), STR (1175), BKK (27), JSO (8),
ASRS (8)

Mm

133

GII (133)

MN

210

OTT (210)

mpv

4896

NNC (4896)

MPVA

304

NORS (241), MOS (157)
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Table 7.7: Continued.

Magnitude type | Events | Agencies reporting magnitude type (number of values)

MS 10189 | IDC (8236), MAN (2051), BJI (1329), MOS (442), BGR
(134), NSSP (65), YARS (55), SOME (40), OMAN (28),
VIE (9), KEA (8), LDG (3), SSNC (3), NDI (3), UPA (1),
BER (1), IGIL (1), PPT (1)

Msl 8145 IDC (8145)

mslmx 8145 IDC (8145)

Ms7 1306 BJI (1306)

Ms 20 218 NEIC (218)

MW 6322 SJA (1749), GCMT (1183), NIED (708), RSNC (523), SSNC
(515), UPA (476), PGC (360), DDA (305), ATA (296),
FUNV (251), UCR (146), MED RCMT (88), GUC (44),
ASIES (43), ROM (28), INET (11), BER (9), DJA (6),
SNET (4), IEC (4), SCEDC (3), NDI (2), IASPEI (1), OSPL
(1), SIGU (1), SVSA (1), GFZ (1), SSS (1)

Mw(mB) 161 WEL (153), BKK (5), STR (3)

Mwb 228 NEIC (227), GUC (1), OTT (1)

Mwc 288 GCMT (288), NEIC (57)

Mwp 119 DJA (111), OMAN (9)

MWR 3 SCEDC (4), SLM (4)

Mwr 538 NEIC (442), NCEDC (29), SLM (28), OTT (13), GUC (12),
CAR (7), PAS (7), UCR (5), REN (4), RSNC (4), CSEM
(1), UPA (1)

Mww 234 NEIC (234)

The most commonly reported magnitude types are short-period body-wave, surface-wave, local (or
Richter), moment, duration and JMA magnitude type. For a given earthquake, the number and type of
reported magnitudes greatly vary depending on its size and location. The large earthquake of October
25, 2010 gives an example of the multitude of reported magnitude types for large earthquakes (Listing
7.1). Different magnitude estimates come from global monitoring agencies such as the IDC, NEIC and
GCMT, a local agency (GUC) and other agencies, such as MOS and BJI, providing estimates based on
the analysis of their networks. The same agency may report different magnitude types as well as several
estimates of the same magnitude type, such as NEIC estimates of Mw obtained from W-phase, centroid

and body-wave inversions.

Event 15264887 Southern Sumatera
Time

ate

m r
2010/10/25 14:42:22.18 0.27 1.813

(#PRIME)

Magnitude Err Nsta Author
mb 61 BJI
68 BJI
85 BJI
86 BJI

mB

Ms
Ms7
mb
mbl
mbimx
mbtmp
ML

MS
Ms1

IDc
31 IDC
31 IDC
44 IDC

243 ISCJB

228 ISCJB

117 DJA

115 DJA

117 DJA

cocoocooooo
HOONHORK
N

msimx
mb

MS

M

mb

mB

NONNOANNAAAA NN~ DO
PR R WROR R R WWWWo~NO R

oo
S

Listing 7.1: Example of reported magnitudes for a large event

RMS Latitude Longitude Smaj Smin Az Depth Err Ndef Nsta Gap mdist Mdist Qual Author OrigID

OrigID
15548963
15548963
15548963
15548963
16686694
16686694
16686694
16686694
16686694
16686694
16686694
16686694
01677901
01677901
01268475
01268475
01268475

g
-3.5248 100.1042 4.045 3.327 54 20.0 1.37 2102 2149 23 0.76 176.43 m i de ISC 01346132
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MLv 7.0 0.2 26 DJA 01268475
7.1 0.4 117 DJA 01268475
Mwp 6.9 0.2 102 DJA 01268475
mb 6.4 49 MOS 16742129
Ms 7.2 70 MOS 16742129
mb 6.5 110 NEIC 01288303
ME 7.3 NEIC 01288303
Ms 7.3 143 NEIC 01288303
MW 7.7 NEIC 01288303
MW 7.8 130 GCMT 00125427
mb 5.9 KLM 00255772
ML 6.7 KLM 00255772
Ms 7.6 KLM 00255772
mb 6.4 20 BGR 16815854
Ms 7.2 2 BGR 16815854
mb 6.3 0.3 250 ISC 01346132
Ms 7.3 0.1 237 ISC 01346132

An example of a relatively small earthquake that occurred in northern Italy for which we received
magnitude reports of mostly local and duration type from six agencies in Italy, France and Austria is
given in Listing 7.2.

Listing 7.2: Example of reported magnitudes for a small event

Event 15089710 Northern Italy

Date Time Err  RMS Latitude Longitude Smaj Smin Az Depth  Err Ndef Nsta Gap mdist Mdist Qual  Author 0rigID
2010/08/08 15:20:46.22  0.94 0.778 45.4846 8.3212 2.900 2.539 110 28.6 9.22 172 110 82 0.41 5.35 m i ke ISC 01249414
(#PRIME)
Magnitude Err Nsta Author OrigID
ML 2.4 10 ZUR 15925566
Md 2.6 0.2 19 ROM 16861451
M1 2.2 0.2 9 ROM 16861451
ML 2.5 GEN 00554757
ML 2.6 0.3 28 CSEM 00554756
Md 2.3 0.0 3 LDG 14797570
M1 2.6 0.3 32 LDG 14797570

Figure 7.11 shows a distribution of the number of agencies reporting magnitude estimates to the ISC
according to the magnitude value. The peak of the distribution corresponds to small earthquakes where
many local agencies report local and/or duration magnitudes. The number of contributing agencies
rapidly decreases for earthquakes of approximately magnitude 5.5 and above, where magnitudes are

mostly given by global monitoring agencies.

120 o Lo Lo b b o L s L L b

110 | 452057 hypocentres
100

90
80
70
60
50

Number of Agencies

40
30
20
10

0

-2 -1 0 1 2 3 4 5 6 7 8 9

Magnitude

Figure 7.11: Histogram showing the number of agencies that reported network magnitude values. All
magnitude types are included.
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7.6 Moment Tensor Solutions

The ISC Bulletin publishes moment tensor solutions, which are reported to the ISC by other agencies.
The collection of moment tensor solutions is summarised in Table 7.8. A histogram showing all moment
tensor solutions collected throughout the ISC history is shown in Figure 7.12. Several moment tensor
solutions from different authors and different moment tensor solutions calculated by different methods

from the same agency may be present for the same event.

Table 7.8: Summary of reports containing moment tensor solutions.

Reports with Moment Tensors 43
Total moment tensors received 5708
Agencies reporting moment tensors | 14

The number of moment tensors for this summary period, reported by each agency, is shown in Table

7.9. The moment tensor solutions are plotted in Figure 7.13.
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Figure 7.12: Histogram showing the number of moment tensors reported to the ISC since 1964. The regions
in grey represent data that are still being actively collected.
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Table 7.9: Summary of moment tensor solutions in the ISC Bulletin reported by each agency.

Agency Number of moment

tensor solutions
NEIC 1364
GCMT 1183
JMA 514
MED RCMT 88
RSNC 73
ROM 28
MOS 26
UCR 14
NCEDC 14
NIED 13
TUL 13
ECX 13
IEC 8
UPA 6
AEIC 6
BER 4
UuUSSs 3
OSPL 3
SNET 2
SLM 2
GUC 1

7.7 Timing of Data Collection

Here we present the timing of reports to the ISC. Please note, this does not include provisional alerts,
which are replaced at a later stage. Instead, it reflects the final data sent to the ISC. The absolute
timing of all hypocentre reports, regardless of magnitude, is shown in Figure 7.14. In Figure 7.15 the
reports are grouped into one of six categories - from within three days of an event origin time, to over
one year. The histogram shows the distribution with magnitude (for hypocentres where a network
magnitude was reported) for each category, whilst the map shows the geographic distribution of the

reported hypocentres.
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Figure 7.14: Histogram showing the timing of final reports of the hypocentres (total of N) to the ISC. The
cumulative frequency is shown by the solid line.
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Figure 7.15: Timing of hypocentres reported to the ISC. The colours show the time after the origin time
that the corresponding hypocentre was reported. The histogram shows the distribution with magnitude. If
more than one network magnitude was reported, preference was given to a value of My, followed by Mg, my,
and My, respectively; all reported hypocentres are included on the map. Note: early reported hypocentres are
plotted over later reported hypocentres, on both the map and histogram.
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Overview of the ISC Bulletin

This chapter provides an overview of the seismic event data in the ISC Bulletin. We indicate the
differences between all ISC events and those ISC events that are reviewed or located. We describe
the wealth of phase arrivals and phase amplitudes and periods observed at seismic stations worldwide,
reported in the ISC Bulletin and often used in the ISC location and magnitude determination. Finally,
we make some comparisons of the ISC magnitudes with those reported by other agencies, and discuss

magnitude completeness of the ISC Bulletin.

8.1 Events

The ISC Bulletin had 225544 reported events in the summary period between January and June 2014.
Some 91% (206237) of the events were identified as earthquakes, the rest (19307) were of anthropogenic
origin (including mining and other chemical explosions, rockbursts and induced events) or of unknown
origin. As discussed in Section 10.1.3, typically about 20% of the events are selected for ISC review, and
about half of the events selected for review are located by the ISC. In this summary period 12% of the
events were reviewed and 8% of the events were located by the ISC. For events that are not located by

the ISC, the prime hypocentre is identified according to the rules described in Section 10.1.3.

Of the 8642683 reported phase observations, 36% are associated to ISC-reviewed events, and 34% are
associated to events selected for ISC location. Note that all large events are reviewed and located by the
ISC. Since large events are globally recorded and thus reported by stations worldwide, they will provide
the bulk of observations. This explains why only about one-fifth of the events in any given month is
reviewed although the number of phases associated to reviewed events has increased nearly exponentially

in the past decades.

Figure 8.1 shows the daily number of events throughout the summary period. Figure 8.2 shows the
locations of the events in the ISC Bulletin; the locations of ISC-reviewed and ISC-located events are

shown in Figures 8.3 and 8.4, respectively.

Figure 8.5 shows the hypocentral depth distributions of events in the ISC Bulletin for the summary
period. The vast majority of events occur in the Earth’s crust. Note that the peaks at 0, 10, 35 km,
and at every 50 km intervals deeper than 100 km are artifacts of analyst practices of fixing the depth to

a nominal value when the depth cannot be reliably resolved.

Figure 8.6 shows the depth distribution of free-depth solutions in the ISC Bulletin. The depth of a
hypocentre reported to the ISC is assumed to be determined as a free parameter, unless it is explicitly
labelled as a fixed-depth solution. On the other hand, as described in Section 10.1.4, the ISC locator
attempts to get a free-depth solution if, and only if, there is resolution for the depth in the data, i.e. if
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B ISC Bulletin — all events (N = 224259)
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B I1SC located events (N = 19829)
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Figure 8.1: Histogram showing the number of events in the ISC Bulletin for the current summary period.
The vertical scale is logarithmic.

there is a local network and/or sufficient depth-sensitive phases are reported.

Figure 8.7 shows the depth distribution of fixed-depth solutions in the ISC Bulletin. Except for a fraction
of events whose depth is fixed to a shallow depth, this set comprises mostly ISC-located events. If there
is no resolution for depth in the data, the ISC locator fixes the depth to a value obtained from the ISC
default depth grid file, or if no default depth exists for that location, to a nominal default depth assigned
to each Flinn-Engdahl region (see details in Section 10.1.4). During the ISC review editors are inclined
to accept the depth obtained from the default depth grid, but they typically change the depth of those
solutions that have a nominal (10 or 35 km) depth. When doing so, they usually fix the depth to a
round number, preferably divisible by 50.

For events selected for ISC location, the number of stations typically increases as arrival data reported
by several agencies are grouped together and associated to the prime hypocentre. Consequently, the
network geometry, characterised by the secondary azimuthal gap (the largest azimuthal gap a single
station closes), is typically improved. Figure 8.8 illustrates that the secondary azimuthal gap is indeed
generally smaller for ISC-located events than that for all events in the ISC Bulletin. Figure 8.9 shows
the distribution of the number of associated stations. For large events the number of associated stations
is usually larger for ISC-located events than for any of the reported event bulletins. On the other hand,
events with just a few reporting stations are rarely selected for ISC location. The same is true for the
number of defining stations (stations with at least one defining phase that were used in the location).
Figure 8.10 indicates that because the reported observations from multiple agencies are associated to
the prime, large ISC-located events typically have a larger number of defining stations than any of the

reported event bulletins.

The formal uncertainty estimates are also typically smaller for ISC-located events. Figure 8.11 shows the
distribution of the area of the 90% confidence error ellipse for ISC-located events during the summary
period. The distribution suffers from a long tail indicating a few poorly constrained event locations.

Nevertheless, half of the events are characterised by an error ellipse with an area less than 190 km?, 90%
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Figure 8.5: Distribution of event depths in the ISC Bulletin (blue) and for the ISC-reviewed (pink) and the
ISC-located (red) events during the summary period. All ISC-located events are reviewed, but not all reviewed
events are located by the ISC. The vertical scale is logarithmic.
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Figure 8.6: Hypocentral depth distribution of events where the prime hypocentres are reported/located with
a free-depth solution in the ISC Bulletin. The vertical scale is logarithmic.
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Figure 8.7: Hypocentral depth distribution of events where the prime hypocentres are reported/located with
a fized-depth solution in the ISC Bulletin. The vertical scale is logarithmic.
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Figure 8.8: Distribution of secondary azimuthal gap for events in the ISC Bulletin (blue) and those selected
for ISC location (red). The vertical scale is logarithmic.
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Figure 8.9: Distribution of the number of associated stations for events in the ISC Bulletin (blue) and those
selected for ISC location (red). The vertical scale is logarithmic.
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Figure 8.10: Distribution of the number of defining stations for events in the ISC Bulletin (blue) and those
selected for ISC' location (red). The vertical scale is logarithmic.

97



K@;:;;;;gﬂona

Seismological

Centre 8 - Overview of the ISC Bulletin

of the events have an error ellipse area less than 1135 km?, and 95% of the events have an error ellipse
area less than 1765 km?.
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Figure 8.11: Distribution of the area of the 90% confidence error ellipse of the ISC-located events. Vertical
red lines indicate the 50th, 90th and 95th percentile values.

Figure 8.12 shows one of the major characteristic features of the ISC location algorithm (Bondar and
Storchak, 2011). Because the ISC locator accounts for correlated travel-time prediction errors due to
unmodelled velocity heterogeneities along similar ray paths, the area of the 90% confidence error ellipse
does not decrease indefinitely with increasing number of stations, but levels off once the information

carried by the network geometry is exhausted, thus providing more realistic uncertainty estimates.
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Figure 8.12: Box-and-whisker plot of the area of the 90% confidence error ellipse of the ISC-located events
as a function of the number of defining stations. Fach box represents one-tenth-worth of the total number of
data. The red line indicates the median 90% confidence error ellipse area.
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8.2 Seismic Phases and Travel-Time Residuals

The number of phases that are associated to events over the summary period in the ISC Bulletin is
shown in Figure 8.13. Phase types and their total number in the ISC Bulletin is shown in the Appendix,
Table 10.3. A summary of phase types is indicated in Figure 8.14.
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Figure 8.13: Histogram showing the number of phases (N) that the ISC has associated to events within the
ISC Bulletin for the current summary period.

In computing ISC locations, the current (for events since 2009) ISC location algorithm (Bonddr and
Storchak, 2011) uses all ak135 phases where possible. Within the Bulletin, the phases that contribute to

an ISC location are labelled as time defining. In this section, we summarise these time defining phases.

In Figure 8.15, the number of defining phases is shown in a histogram over the summary period. Each
defining phase is listed in Table 8.1, which also provides a summary of the number of defining phases
per event. A pie chart showing the proportion of defining phases is shown in Figure 8.16. Figure 8.17
shows travel times of seismic waves. The distribution of residuals for these defining phases is shown for
the top five phases in Figures 8.18 through 8.22.

Table 8.1: Numbers of ‘time defining’ phases (N) within the ISC Bulletin for 19829 ISC located events.

Phase Number of ‘defining’ phases | Number of events | Max per event | Median per event
P 950978 14521 2548 15

Pn 514627 18444 862 14

Sn 167581 15876 212 6

Pb 90905 8361 121 6

Pg 78684 6489 148 7

PKPdf 74743 4821 971 2

Sg 62150 6303 117 6

Sb 58403 8145 86 5
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Table 8.1: (continued)

Phase Number of ‘defining’ phases | Number of events | Max per event | Median per event
PKiKP 51805 4221 492 2
S 39221 3516 547 3
PKPbc 28373 4204 276 2
PKPab 21737 3354 164 2
PcP 12855 3572 118 2
PP 11745 1959 390 1
Pdif 11423 1059 549 2
pP 8887 1302 266 2
ScP 4251 1122 78 2
SS 4129 1006 76 2
SKSac 3017 401 153 2
PKKPbc | 2592 495 101 2
sP 2511 770 54 2
pwP 1379 440 56 1
pPKPdf 1171 438 41 1
SKPbc 1070 316 43 2
PnPn 1007 612 10 1
ScS 979 451 34 1
SnSn 763 460 14 1
PPdf 687 171 32 2
SKiKP 686 312 32 1
PKKPdf | 586 274 20 1
PS 562 149 42 2
pPKPab 554 210 38 1
PKKPab | 542 243 17 1
sS 513 259 34 1
pPKPbc | 433 238 17 1
SKKSac 370 215 16 1
sPKPdf 364 217 11 1
SKSdf 357 200 22 1
SKPab 323 166 14 1
PKSdf 321 278 4 1
PcS 317 266 13 1
SKPdf 291 88 21 1
sPKPab 219 92 12 1
sPKPbc 188 108 26 1
Sdif 171 88 9 1
SP 164 63 12 1
PnS 148 88 4 1
SKKPbc | 137 43 25 1
pPKiKP 56 37 5 1
pPdif 51 25 12 1
pS 47 43 2 1
P’P’bce 39 25 6 1
PbPb 22 17 4 1
PKSbc 20 9 6 1
SKKPab | 19 13 4 1
SPn 15 14 2 1
sPn 14 5 9 1
SKKSdf 11 10 2 1
pSKSac 9 2 5 4
SKKPdf | 9 6 2 2
sPdif 8 5 3 1
P’P’ab 8 6 2 1
sSKSac 7 1 7 7
sPKiKP 6 6 1 1
pPn 6 4 3 1
SbSb 5 5 1 1
PgPg 4 3 2 1
S’S’ac 3 3 1 1
SgSg 1 1 1 1
PKSab 1 1 1 1
PgS 1 1 1 1
sSb 1 1 1 1
sPb 1 1 1 1
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ISC Bulletin
Total phases: 7689688

P 32%

Pn 19%
IAmb 7%
Sn 6%
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Figure 8.14: Pie chart showing the fraction of various phase types in the ISC Bulletin for this summary
period.
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Figure 8.15: Histogram showing the number of defining phases in the ISC Bulletin, for events located by
the ISC.
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Figure 8.16: Pie chart showing the defining phases in the ISC Bulletin, for events located by the ISC. A
complete list of defining phases is shown in Table 8.1.
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Figure 8.17: Distribution of travel-time observations in the ISC Bulletin for events with M > 5.5 and depth
less than 20 km. The travel-time observations are shown relative to a 0 km source and compared with the
theoretical ak135 travel-time curves (solid lines). The legend lists the number of each phase plotted.
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Figure 8.18: Distribution of travel-time residuals for the defining P phases used in the computation of ISC

located events in the Bulletin.
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Figure 8.19: Distribution of travel-time residuals for the defining Pn phases used in the computation of

ISC located events in the Bulletin.
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Figure 8.20: Distribution of travel-time residuals for the defining Sn phases used in the computation of ISC

located events in the Bulletin.

PARSTRSTINN BSTTT T SR T H I NS U

6 NP PRI AN R R SRS S RS
1 Defining phase: Pb N = 90905
4 % Events: 8361 (2014/01/01 to 2014/06/30) x=-0.29s 2
1 Defining residuals: 90905 c=1.08s
1 B bin=03s
2 2 - -
(_“ - -4
_g ] ] 1
% 0 ] ' ) -
o 1 ] T
8 -2 3
_4 —i [
-6 T — 1 L T T
0 20 40 60 80 100 120 140 160 160 5000 10000 15000 20000
Distance (R°) Frequency

Figure 8.21: Distribution of travel-time residuals for the defining Pb phases used in the computation of ISC

located events in the Bulletin.
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Figure 8.22: Distribution of travel-time residuals for the defining Pg phases used in the computation of ISC
located events in the Bulletin.

8.3 Seismic Wave Amplitudes and Periods

The ISC Bulletin contains a variety of seismic wave amplitudes and periods measured by reporting
agencies. For this Bulletin Summary, the total of collected amplitudes and periods is 3065069 (see
Section 7.3). For the determination of the ISC magnitudes M S and mb, only a fraction of such data
can be used. Indeed, the ISC network magnitudes are computed only for ISC located events. Here we
recall the main features of the ISC procedure for M S and mb computation (see detailed description in
Section 10.1.4). For each amplitude-period pair in a reading the ISC algorithm computes the magnitude
(a reading can include several amplitude-period measurements) and the reading magnitude is assigned
to the maximum A/T in the reading. If more than one reading magnitude is available for a station, the
station magnitude is the median of the reading magnitudes. The network magnitude is computed then
as the 20% alpha-trimmed median of the station magnitudes (at least three required). M S is computed
for shallow earthquakes (depth < 60 km) only and using amplitudes and periods on all three components
(when available) if the period is within 10-60 s and the epicentral distance is between 20° and 160°. mb
is computed also for deep earthquakes (depth down to 700 km) but only with amplitudes on the vertical

component measured at periods < 3 s in the distance range 21°-100°.

Table 8.2 is a summary of the amplitude and period data that contributed to the computation of station

and ISC M S and mb network magnitudes for this Bulletin Summary.

Table 8.2: Summary of the amplitude-period data used by the ISC Locator to compute M.S and mb.

MS mb
Number of amplitude-period data 133894 | 450776
Number of readings 120176 | 446482

Percentage of readings in the ISC located events 13.4 43.4
with qualifying data for magnitude computation
Number of station magnitudes 115573 | 402860
Number of network magnitudes 3080 | 12600

A small percentage of the readings with qualifying data for M .S and mb calculation have more than one
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amplitude-period pair. Notably, only 13% of the readings for the ISC located (shallow) events included
qualifying data for MS computation, whereas for mb the percentage is much higher at 43%. This is
due to the seismological practice of reporting agencies. Agencies contributing systematic reports of
amplitude and period data are listed in Appendix Table 10.4. Obviously the ISC Bulletin would benefit

if more agencies included surface wave amplitude-period data in their reports.

Figure 8.23 shows the distribution of the number of station magnitudes versus distance. For mb there
is a significant increase in the distance range 70°-90°, whereas for M .S most of the contributing stations
are below 100°. The increase in number of station magnitude between 70°-90° for mb is partly due to
the very dense distribution of seismic stations in North America and Europe with respect to earthquake

occurring in various subduction zones around the Pacific Ocean.
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Figure 8.23: Distribution of the number of station magnitudes computed by the ISC Locator for mb (blue)
and M S (red) versus distance.

Finally, Figure 8.24 shows the distribution of network M S and mb as well as the median number of
stations for magnitude bins of 0.2. Clearly with increasing magnitude the number of events is smaller

but with a general tendency of having more stations contributing to the network magnitude.
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Figure 8.24: Number of network magnitudes (open symbols) and median number of stations magnitudes
(filled symbols). Blue circles refer to mb and red triangles to MS. The width of the magnitude interval § M
is 0.2, and each symbol includes data with magnitude in M + 0 M /2.
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8.4 Completeness of the ISC Bulletin

The completeness of the ISC Bulletin can be expressed as a magnitude value, above which we expect the
Bulletin to contain 100% of events. This magnitude of completeness, M can<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>