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PREFACE

Seismic data from earthquakes, especially those recorded
digitally, have been accumulating rapidly in recent
years. At present, diverse types of high-quality data
are being generated under a wide range of programs
supported by agencies such as the U.8. Geological SBurvey
(USGS) , the National Science Foundation (NSF), the
Departments of Defense and Energy (DOD, DOE), the U.S.
Nuclear Regulatory Commission (NRC), and other state and
federal government and private institutions. The recent
report of the National Research Council's Committee on
Seismology, Seismographic Networks: Problems and Outlook
for the 19808 (National Academy Press, Washington, D.C.,
1983) provides insight into current data-acquisition
aspects of earthquake seismology and difficulties con-
fronting those operations and gives recommendations on
ways to help eliminate problems in data collection.

It is clear that with the development of high dynamic .
range, broadband digital seismic systems, the distinc-
tion between strong-motion recording and sensitive high-
gain seisaic recording is dissppearing. This means that
earthquake engineers and seismologists soon can share a
common seismic data base for their respective applica-
tions. Therefore, the discussion in this report should
be taken to apply to all types of earthquake ¢ground-
motion data.

Digital data are opening exciting new areas of
research and applications that until now have not been
possible even with the best analog data. To realise
these potential scientific breskthroughs ia seismology
fully, these data must be effectively disseminated to a
wide user community concerned with both basic ressarch
and applications of seismic data. This report is
addressed primarily to the problems of data management in
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seismology, because shortoomings in the present data~-
handling and ~distribution practices constitute the
greatest barrier to effective use of earthquake data of
all types.

The Panel on Data Problems in Seismology was
established by the Committee on Seismology to review
seismic data problems and make recommendations for the
organization, selection, atorage, and distribution of the
data. It was specified that the astudy should include
both exiating and anticipated analog and digital data
from global, national, regional, and local seismic
networks and strong-motion data. PFurther, the panel was
asked to consider procedures and policies to ensure the
availability, timely distribution, and analysis of these
data. (The charge to the panel is given in Appendix A.)

The results of the panel's findings presented in this
report focus on seimmological data from earthguakes. The
general discussion and conclusions should be relevant for
several years, but details of the report reflect the
current situation in a rapidly changing era of data
collection and distribution; of advancing capabilities
and availability of computers; of varying data storage
capacities of present systemss; of increasing need for
computers for solving complex analytical problems; of
increasing availability and use of digital as compared
with analog data; and of perpetual uncertainties in other
factors, such as the yearly funding levels of federal
agencies.

The data problems in seismplogy are of such key
importance for achieving potential scientific advances
and so changeable with time that continued vigilance will
be needed to ensure that new developments in technology
are implemented in a timely manner, enabling United
States scientists and engineers to stay at the forefront
of modern seismology.

The support of the Committee on Seismology by the
following federal agencies is appreciated: MNational
Oceanic and Atmospheric Administration; Mational Science
Foundation, Division of Barth Sciences (AARO); U.S.
Geological Sucvey; Office of Maval Research; Alir Force
Office of Scientific Research; Matiomal Science
Poundation, Division of Civil and Environmental
Bngineezing (MMG); U.S. Wuclear Regulatory Commission;
Defense Mivanced Research Projects Agency: U.S.
Department of Energy; and Federal Bmergency Management
Agency.

Shelton 8. Alexander, Chairman
Panel on Data Problems in Seismology
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After considering a wide variety of data problemss in
seismology, the Panel has identified as the primary
challenge in the immediate future the development of a
coordinated national effort in the collection, stocage,
and dissemination of digital earthquake data to assure
that our most advanced technology is used effectively in
seismological research and engineering spplications.
Indeed many of the most important and challenging seis-
mological studies of today require both digital data from
state—of-the~art instruments and computer facilities
capable of analyzing large data sets and modeling the
processes that explain the observatioms. Prowiding
seismologists® with easy (remots) aocess to desired event
information and waveform data (including real-time
recordings from global or national networks) at a Natiomal
Center for Seismological Studies should increase
scientific productivity significantly without appreciably
increasing overall data managemsnt and dissemination
mt..

We foresee major advances in. ntmm resulting fzom
the increasing use of digital data. MNany of these
advances will simply follow from refinesents in doing
better what has already been 4cne, ¢.¢., isproved
velocity models, moce accurate hypooenter locations, more
complete earthquake catalogs, and mors sfficiant searching
and sorting of data bases. There ate amny areas of
research, however, whete digital data are cpening

*In this report “seismologist” refers interchangably to
both scientists and engineers and "seismology® includes
the full range of acience and mtmm studies,
including strong motion.
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possibilities that have until now been beyond the
limitations of the best analog data; among these are
detailed structure and heterogeneity of the Earth's
interior from high-resolution eigenfrequency spectra of
free oscillations; frequency-dependent attenuation (Q)
structure of the Earth; detailed dynamic models of the
earthquake source from broadband wavefora studies;
real-time or near-real-time analysis of unclipped,
broadband records from very large earthquakes recorded
both teleseismically and in the near field; and the
routine determination of soment-tensor representations of
earthquake sources.

If no steps are taken to address the problems
identified in Chapter 3, the situation is likely to
develop that only the cperators of seismograph stations
will have teady access to the data they record. Effective
data disseaination to the seismological user community
currently exists only for the World Wide Standardised
Seismograph Network (WNSSN) analog (£ilm) data, and that
service is threatened by escalating costs. There is no
comprehensive directory of information that describes
what data sets exist, who has them, and how data can be
obtained. There is no comprehensive national earthquake
catalog, and additional phase data are not generally
available at all. Information is fragmented and must be
obtained from many different organisations. Distribution
of digital data is limited because of current policies
and procedures for dissemination, combined with .
significant direct or indirect costs to users.

These probleas, coupled with the Defense Advanced
Reseazrch Projects Agency's (DARPA) recent implemsntation
of a modern computational capability for seismological .
data storage, retrieval, and dissemination to their '
research ccatnowu. have M m ml to conclude that

desirable and feasible at this tise.
that meets the functional requirements elaborated in
Appendix F would overcome key data-managesent and
-dissemination probless and enhance significantly the
availability of high-gquality data sets and their
effective use by the entire seismological community.
Bffective use of this national data base will require
the following:

(a) Upgre@ing the present data-managemsat systems to
provide adequately for user needs.
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(b) Development of a comprehensive directory of
available data, data sources, guality, and focmats,
together with a computerized search capability
inmplemented at a Mational Center and regional centers.

‘(c) Development of a comprehensive catalog of
national and global hypocenters, including associated
phase data for at least the larger events, together with
a computerized search capability implemented at a ‘
Mational Center.

(d) Standardisation of data formats for the purpose
of data exchange.

(e) Establishment of a policy for data retention and
archiving.

These subjects are discussed in the text and
appropriate recommendations are given.

The principal recommendations of the Panel are as
follows:

sarthquake data

center would include real~time or near-real-~time access
to global and national network recordings and remote
terninal acoess to a well-organized seismological data
base. BSuggestions for the funding and manegement of an
NCSS are given in this report.

2. In calendar year 1983 the MRC Committee on
Seismology should initiate steps to convene a meeting of
representatives of funding agencies, user groups, and the
university research community to discuss implementation
and funding of a Bational Center for Seismologioal
Studies using DARPA's Center for Seismic Studies (CS8) as

its prototype.
Other important recommendations are as follows:
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5. The Regional Data Centets should oontinue to
provide Global Digital Seisaic Network data to visiting
researchers.

6. Data from regional and local networks should
continus to be collected, analysed, and archived by
individwal network operators and made available in a
standard format to other users directly or via the
National Center or other appropriate regional data
centers.

7. Strong-motion digital data should be archived and
distributed by the National Center.

8. At least a subset of the Air Force Technical
Application Center's Global Surface Systea (GSS) data for
the larger earthguakes should be made available for
gensral use.

*9. Selected subsets of special data collections
currently at Teledyne-Geotsch's Seismic Data Analysis
Center (SDAC) in Alexandria, Virginia, should be kept
indefinitely as part of an active, accessible national
seismological data base; these subsets should include
digital event tapes of all mp 5.3 and greater,
teleseismic event recordings and all my, 3.5 and above,
regional and local event recordings.

10. A centralized data directory should be developed
and maintained as part of the national seismological data
base accessible to users via computer terminals, and
global hypocenter catalogs should be augmented with a
comprehensive national catalog derived from local and
regional networks and associated phase data be provided
for the larger events. These catalogs should be
available from a national facility that provides computer
search capability to users.

11. Research granting and contracting agencies should
plan allocation of approximately 10 percent of awarded
monies for management and dissemination of data for
studies involving the acquisition of new data or analysis
of existing data.

12. The Naticnal Research Council's Committee on
Seismology should organise a wockshop for the purpose of
establishing standard data exchange formats and
standardization of event catalogs. PFor the present, the
International Asscociation of Seismology and Physics of
the Barth's Interior (IASPRI) standards for international
exchange of digital data should be used.

*This itea needs immediate ncttén.
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13. The National Research Council's Committee on
Seismology should assume the lead role in establishing
overall policy for the long-term retention of
seismological data curreatly being collecteds it is
essential that funding agencies, user organisations, and
the university reseazch commumity actively perticipete ia
establishing overall policy to easure that wseful data
are not discarded.

14. Because of the rapid technolegical changes ia
computational and data~bandling capebilities, the
National Ressarch Coumcil's Committes on Seimmclegy
should review the status of data problens in seismnlegy
on a year-to~year basis to enssre effective uee of
earthquake data.’
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Seismology, in common with most of the physical sciences,
has entered the 1980s with inoreasing challenges and
opportunities presented by advances in the technology for
gathering and analysing data. These developments have
tesulted in a rapid increase of the amount of data, a
shift in data collection from primarily analog to digital
recording, and the growing application of advanced
ceaputer tsohmology, and they provide opportunities to
inczease significantly the scientific returns from
seismic data of all types. ,

Theee Sovelopments pervade all aspects of seismology
and ace sgpacent in stzrong-motion studies; exploration
astivitiea; eontinental and marine reflection profiling;
slebal, regienal, and local metwock and array studies;
and lacge-soale global studies of structure, attenuation,
and costhquahe souwrees mechanisms. Bach of these ateas
Bas 100 own oot of spesific deta probless. This report
ulu.uuhnuvnhu’ubh—oc the global
notwsshke, astiewnl and regiomal networks, and strong-
astion ehascvations. Preblems asscciated with seimaic
Ang oz mece spesialised data-gathering activities
othee ssees of seismolegy memtioned above have
m wntil the sajer problems of earthquake data
ARApeNent addvesssd.
sapid inevease ia the amount of
S8l deta, is being felt in meny
pattioular. The increase in the
dota is a conseguenve of the tapi
past Gesade of the mumber of

1

i

ovionsgraghie chesrvater ios Wicoughowt the world and the

gsouing sue of Gigital émte~aoguisition sethods. Table

8.1 ia Agponiis B ¢ives an indicetion of the amoumt of

dota prefused by typicel glebal and regional netwocks and
¢
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the amount of storage capacity required to save these
data.

On a global basis the number of countries and organiza-
tions currently engaged in digital seismic monitoring is
already impressive, and others are moving rapidly toward
digital recording. A joint NOAA/USGS publication,
Directory of World Digital Seismic Stations (1982),
describes many of the existing operations. Several
additional countries are installing digital systems, and
in others they are planned or initiated.

One of the major advances in observational seismology
in the predigital era was the development and installation
of the World-Wide Standardized Seismograph Network (WWSSM)
in the early 1960s. The network was installed with DARPA
support under the VELA UNIFORM program for fundamental
studies, including those related to the detection and
aiscrimination of nuclear explosion. This network
succeeded in its primary goal of upgrading observational
seismology. For example, modern theories of plate
tectonics are rooted in global patterns in seismicity and
earthquake focal mechanisms; the observation of these
systematic patterns can be traced directly to WNSSN
data. Global earthquake catalogs, used in a variety of
applications from earthquake prediction to tectomic
studies and seismic risk analysis, have relied heavily on
WNSSR data. Our knowledge of the internal structure of
the Earth has also been advanced significantly by studies
using WWSSN data. Because of the widespread use of these
data and the operation of stations by many university
groups, the WWEEN has also played an important role in
the education and training of seismologists, both in the
United States and internationally.

The primary reasons for the outstanding success of the
WWBSH are inherent in its title: it is wor)dwide,
providing global coverage; it uses a !SMF set of
instzuments, providing uniform responses at all stations;
and it is a coordinated petwogk, with a successful
mechanisa for data collection and distribution through
the National Geophysical Data Center. Our challenge as
we enter the era of digital seismology is ¢to rapeat these
sucoesses of the WWSSH, while taking advantage of the
enbanced quality and rasolution of digital data.

The sensors used in the WMEHN iavorporatsd state-of-
the-art seismometry of that time (cizca 1960). The -
instrumentation selected followed & careful comsiderstion
of the availsble technclogy and anticipated uses of the
datas. mvmammmumwum
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continued viability of these stations today. However,
because of the limitations imposed by the photographic
recording medium, the WWSSN observations are limited in
both frequency and dynamic range. The WNSSN data have
been most useful in those studies that require msasure-
ments of time and amplitude of particular phases, e.g.,
hypocenter location, magnitude determinations, fault-
Plane solutions, and velocity structure. They have been
used considerably less in detailed waveform and spectral
analysis because of the necessity that they first be
converted to digital form. 8Some of the long-period
records have been successfully digitized by hand (a
tedious and time-consuming process, with limited spectral
resolution) for more-detailed waveform and spectral
analyses; the short-period data have seen more limited
use in wvaveform and spectral studies, because of the
difficulties in digitization from the compressed time
scale of the photographic records.

Recent developments in sensor technology (especially
feedback seismometers), coupled with stable, broadband
amplifiers and digital recording and playback methods,
now provide the technological capahility to record and
analyse ground sotion with high fidelity owver a broad
frequency and amplitude range. In a frequency band
spanning many orders of magnitude, from periods of
thousands of seconds to frequencies of hundreds of herts,
there are no longer any technical limitations in
detecting and recording gzound motion ranging in
amplitude from bachkground noise at the Quietest sites to
the strong motions produced in the near f£ield by large
earthquakes. As discussed elsewhere in this repoct, the
major problems now lie in determining what data will be
oollected, how much will be archived, and how data will
be distributed to users (i.e., data-mansgement policies
and pcocedutes) and funding of data-managessnt and
~distribution activities. While full sdvantege of theee
new technologies has not yet besn tahen in many ateas of
seismology, the emerging isplesentation of digita)
reccrding, especially in teleseisnic and neaz-field
studiss, alrzeady points to the scientific advantages
gained from the uwee of high~resclution data (swe Glghal
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In this report we deal only peripherally with
questions of instrumentation for primary data collection
{seismograph systems). These instrumentation issues are
discussed at length in the network reports listed above
and (except for regional networks, which are discussed
briefly below) excellent prototype seismographic systems
with broadband digital recording are already available.
¥We also have not emphasized the computer hardware to be
used in accessing the data base, nor have we considered
in detail the computer facilities required for extensive
computational studies using the data. In these areas,
technology is developing rapidly in response to demands
from a wide variety of scientific and nonscientific
users, and the data volumes anticipated in seismology do
not appear to present any significant technological
probleas that will not be satisfied by the advancing
state of the art. Here, as with seismographic instru-
sentation, our problems lie not in enocouraging the
development of new technologies but in ensuring that
modern facilities are made available to the seismological
community and used wisely. This will require adequate
funding and good data-sanagement policies and procedures.

To realize fully the potential scientific returans in
seismology requires that high-quality data not only be
gathered but also effectively disseainated to a wide user
community concerned with both basic research and ,
applications of seismic data. This report is addressed
primarily to the ptobhn of data mt u nh-ologv
because of shortcom he br L~ and

-distzibution ggem. n




INTRODUCTION

It is convenient to characterize earthquake data sources
by function into near-field or strong-motion recordings
and far-field or network recordings. Network data may be
further categorized by areal extent into local, regiomal,
national, and global scales. 1Ideally, each data soutce
is described by a station catalog listing the position
and operating characteristics of each receiver as a
function of time. Each data source produces raw data
recorded in analog and/or digital format. Routinely,
phase arrival times and asplitudes or event durations are
derived from raw network data, and event hypoventral
locations, origin tises, and magnitudes are derived from
In general, the success of efforts to provide station
catalogs, event catalogs, event-associated phase data,
and raw data to other users reflects both the maturity of
a particular data source and the national perception over
the past several decades of its social relevance. Thus,
the distribution of strong-motion data is relatively well
developed because of its relevance to lifesaving
earthquake-resistant building design and because the data
volume is small. Simsilarly, global network data
distribution is better developed than that for regional
or local networks because of its applicability to a wide
range of seismological and tectonic scieatific probleas
and to practical issues such as monitoring nuclear
explosions and assessmeunts of seismic risk over large
areas. The saaller networks tend to be of moce
specialised {nterest and limited in lifetime, resulting
in little or no distribution of data to seocondary users.

10




.

11

The distribution of analog recordings is better
developed than that for digital data for several
reasons. The latter is based on new technology and have
been less readily available for perusal; many data users
have limited familiarity with the use of digital data and
commonly lack facilities for exploiting digital analysis
technigues in their research. The following discussion
focuses primarily on the status and problems with global
and national network data and strong-motion data.

DATA SOURCES

The Global Seismic Network (GSN) was developed by the
Defense Advanced Research Projects Agency (DARPA) in a
series of successive projects, and it is currently
operated by the USGS. The oldest component, the WWSSN,
had an intended size of 125 stations. About 105 stations
vwere installed in the early 1960s, and 96 are still
operating. These stations feature analog recording of
three~component long-period (" 15-sec peak period) and
three~component short-period (- l-sec peak period)
instruments. In the late 1960s and early 1970s, the GSBN
was augmented with 10 digitally recorded high-gain
long-~period (HGLP) instruments featuring three-component
long-period data sampled at a rate of one sample per
second (sps). During the mid-1970s 12 Seisaic Research
Observatories (SROs) were added. Borehole, force-balance
instruments in the SROs feature digital recording of
three-component long-period data sampled at 1 sps and
vertical component short-period data at 20 gps. In the
late 1970s, a short-period vertical component sensor was
added to five of the HGLPs, which were upgcaded to an
SRO-compatible recording systea and dubbed Abbreviated
Seismic Research Observatories (ASROs). The other RGLP
stations were cloaed. 1In the early 1980s, 14 of the
WWSSN stations were upgraded to digital recording and
renamed Digital World Wide Stsndardized Seismograph
Network (DWWESN) stations. The DWNBENs feature
three-component long- and intermediate- period channels
sampled at 1 sps and 10 sps, respectively,

and a vertical component short-period channel sampled at
20 sps. The SROs, ASROs, and DINGSNs are collectively
referred to as the Global Digital Seismograph Netwoek -
(GDSN). All GDSN stations feature oontimucus recocding
of long-period channels and £ield event-triggering to
record signals from short- and intermediate-period
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channels. The GDSEN is complemented by the International
Deployment of Accelerometers (IDA) operated by the
University of California at San Diego. The 17
force~balance gravimeters in this global network supply
digitally recorded, vertical-component information at
periods longer than 60 sec, sampled every 10 sec.

Several nev networks are being added to the GDSN. The
instruments feature borehole force-balance operation,
real-time satellite telemetry, and three components in
each of three period bands all continuously digitally
recorded at rates of 1, 4, and 40 sps for long-,
intermediate-, and short-period bands, respectively. A
five-station North American network of such stations,
known as the Regional Seismic Test Network (RSTN)
operated by Sandia National Laboratories is already in
operation. A subset of these continuous data (with
laboratory event-triggered short- and intermediate-period
channels) is currently being included on the network-day
tapes (NDTs). Another similar network, known as the
Global Telemetered Seismic Network (GTSN), is now being
planned by the USGS. It will consist of 17 stations in
the southern portion of the western hemisphere. These 17
new stations will represent a significant increase in the
GDSN data volume that will require substantial increases
in the level of effort required for effective archiving
and distribution. In turn, costs to users will be
significantly increased if the smallest unit of data that
can be obtained continuea to be a network day (26 hours
of data for all stations). Appendix R describes new
global data collection activities of the Air Force
Technical Applications Center (AFTAC) utilizing similar
instrumentation. ‘

There is currently no national seisaic network.
Bowever, by telemetering about 60 short-period vertical
signals from existing observatories in the continental
United States and Alaska to Golden, Colorado, the USGS
has created what is de facto a rudimentary national
network. The data produced are digitally recorded at 20
sps for use by the Mational Earthquake Information
Sexvice (MEIS) of the USGS. Because these are narrow~
band and low-dynamic-range data, no effort has been made
to distribute them to secondary users. However, the
Panel believes there is a possibility of establishing
selected high~dynamic-range, broadband regional network
stations that together with existing GSN stations
(including RSTH) would form a national network of high
quality.




13

There are numerous regional and local networks through-
out the United States. They are typically operated by
university personnel and funded by either the USGS or the
Nuclear Regulatory Commission (NRC). In aggregate, they
comprise about 1,600 stations, of which about half are
digitally recorded (event windows) at rates of 50-250
sps. For the most part, the instrumentation is vertical-
component only, narrow band, and low dynamic range,
although there are an increasing number of broadband,
high-dynamic-range, three-component stations. These
networks are used mainly to measure arrival times, signal
durations, and amplitudes of microearthquakes for
earthquake-hasard-reduction research. The chief products
of these networks usually consist of an event catalog and
associated seismicity maps.

Although some of the larger networks share common
hardware and software, there are many data formats
extant. There is little data exchange at present and
then only on an informal basis. There is no comprehensive
catalog of stations and events for these networks. Thus
potential users cannot easily determine whether
appropriate data even exist for their problems.

Irreplaceable data from many limited-duration station
deployments have been gathered during the past 35 years
and now are in danger of being lost forever unless
immediate action is taken. Millions of dollars have besn
spent on collecting these special research data sets from
networks such as the national network of temporacy
stations, which comprises the Long Range Seisamic “onitor-
ing (LRSM) network and permanent observatories for
nuclear test ban monitoring that were in place in the
late 19608 and the early 1970s; the HGLP network; the
Seismic Data Collection System (S8DCS); and fros special-
purpose research arrays such as the Large Aperature
Seismic Array (LASA) and the Alaskan Long Period Array
(ALPA). To the present, Teledyne-Geotech's Seismic Data
Analysis Center in Alexandria, Virginia, has archived
these analog and digital data, but the operation of that
facility is scheduled to tcuiuu on Octobu 1. 1983.

futuze seigmologic studiss. To do this effec nly will
require a policy for data retention for all earthquake
seismic data, sinoce none exists at present, and the
assignment of organisational responsibility for the
preparation the data subsets selected for archiving.
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The National Strong-Motion program has two components:
{(a) the National Science Foundation is responsible for
the research program, and (b) the USGS operates and
manages the strong-motion networks, including data
handling. An extensive body of strong-motion data has
been collected under this program and organised into a
data base that includes both analog and digital waveforms.
A strong-motion instrumentation program is operated by
the state of California, and selected data from this
program should be included in a national data base. Some
acrrangement should be made for getting strong-motion data
routinely on a global basis. The details of these
strong-motion data collection systems are summarized in
the reports entitled Strong-Motion Barthquake Instrument

Arrays (1978) and U.8. Strong-Motion Rarthquake
Instrumentation (1981).

DATA ARCHIVING AMD DISTRIBUTION

S8ince ita beginning in 1961, more than S million original
WWSSN analog records have been copied and 60 million
copies supplied to users. Currently, there are several
hundred requests per year for seismogram microfiche.
Originally, the seismograms were filmed on specially
designed 70-mm panoramic cameras at 8x reduction. In
1978 filaing was changed to put >4 images (¢ days of
normal operation) on a single 105-mm microfiche at 3ix
reduction. Standing ocrders of the whole network have
been purchased dy eight institstions [Lamont-Doherty
Geoclogical Observatory; Institute of Geological Sciences,
Bdinburgh, U.K.; University of Tokyor California Institute
of Technology) Massachusestts Institute of Technology;
USGS/Menlo Park; UBGS/Golden; Mational Geophysical Data
Center (NGDC)]), and substantial parts of the network have
been supplied to five institutions [University of Texas/
Galveston; Cornell University; University of Otago {(Mew
Zesland); Los Alamos Mational Laboratory; USGS/
Albuquerque] .

The WWBSE metwork data are awgnanted by ocopiea of the
visible (analog) zecocds from the ASRO (S) and SN0 (12)
netwozks, from the Canadian metwork om 35-sm fila since
1966, and from the Pecple's Mpublic of China since
1979. Large-megnitude or seismologically impoctant
earthguakes from several hundred additional stations,
including those of the Union of Soviet Socialist
Republics, are provided under the Intermational Data
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Exchange (IDE) agreement. Also, selected historical
analog seismograms are being filmed under a joint
USGS/MOAA project.

This analog data distribution system is operating
primarily with contract labor and with about § weeks
being required for the cycle from receipt of original
records to supplying of copies to users. Pifty percent
of the network data is generally available for distribu-
tion within 8 months after the recording imterval. The
archival film copy is made at NOM expense, with the cost
of each additional copy being borme by the user, which is
a direct reflection of the policy of the U.S8. Department
of Commerce. Present costs to users have increased
significantly for some services, which poses a barrier to
continued wide use of these analog data.

NOAA has compiled station catalogs of GSN stations and
historical stations (both U.S. and foreign) oa hardoopy.
The USGS maintains, in a ocomputer data base, a curreat
station catalog of U.8. and foreign stations that
contribute derived phase data to the MEIS, but it is not
currently available to secondary data users. The WBIS
collects phase arrivals and amplitudes from some 2,000
contributing stations by telex and airmail letter. Some
500,000 of these data per year are culled, associated,
and used to locate 5,000 to 6,000 earthquakes. Barthquake
bulletins (hardoopy) are prepared and distributed by the
USGS. Event lists are also merged into a NOAA catalog
for distribution on both hardcopy and computer-compatible
media. In addition, a catalog of historical U.S.
earthquakes is being compiled by the USGS. Associated
phase data are distributed only on hardoopy listings and
even that distribution is limited. Both of these
limitations constitute a major shortooming of the preseat
data-management procedures.

Since 1976, GDSHN data have been collated into WDTs
first in a raw binary format by DARPA and since 1980 by
the USGE in a binary format with American Matiomal
Standard Code for Information Interchange (ASCII) headers
(inoluding oonsiderable information about station
operating characteristics). Raw station tapes oontaining
about 14 days of data and operator logs oovering the same
time pericd are collected from each statiom in the GOSN
by the Albuquerque Seismologiocal Laboratory (ASL) of the
USGS, Station-channel headess incorporating the log
information are gemezated for eech day. Fimally, all
headers and station tape data for each day acre included
in NDTs, each station-channel set appearing in sequence
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as a file on the tape. The MDTs are made available to
users approximately 12 weeks after the data are initially
recorded. This operation is also plagued by tapid cost
increases due to increases in the cost of persomnel and
materials and because of the rapid growth in the size of
the GDBN. Purther, the GDSM is already in imminent
danger of saturating available computer resoucces,
necessitating a oonsiderable investment in new computer
hardware. 7o date, all costs of generating the ¥WDTs bhave
been borne by the USGS as a servioce to the user
community. The MDTs are currently acrchived by the USGS
and along with IDA data tapes are archived by NGDC for
distribution of copies to users.

There are a nusber of difficulties with the GSN data
collection, archiving, and distribution. Although the
analog data handling and distribution is smooth and
effective, this operation is necessarily labor-imtensive,
resulting in high coats that have chronically threatened
its continued existence. Of the catalog data, only the
event catalog may be computer searched at preseat, and
each user must supply his own search software or request
a search by WGDC, which necessarily involves some delay
in receiving the desired event information. The digital
data distribution problem is the most severe of all.
These data are available only in increments of one day
{netwock day tapes) at $100 per tape. Couwpled with
alternative msans of acquiring WOTs this has represented
a significant barrier for users (especially wniversity
researchers), resulting in low demand at WGDC.

To illustrate the nature of this barrier, a typical
university study of the nature of earthguake source
mechanisne that characterise a ssismic area of interest
reasonably would involve at least 20 earthguakes,
resulting in a cost of $2,000 for 20 network-day tapes.
The resesarcher must then preprocess these 20 full tapes
to extzact the eveat windows of iaterest; thus substantial
additional costs aze likely to be incurred before any
data analysis is dome. In practies, users have aoQuired
GDSM data informally, essentially at no cost, from DARPA
and the USGS. In an effork to alleviate this sitwation
and encourage the wee of GREN data, the USGS recently
established thces regicnal ceaters that have aoguired
complete sets of WDTs (at media cost). It is understood
that visitocs say use regiomal cemter fasilities to copy
NDTs on the same media cost besis. Nowever, this has
only partly alleviated the csst peublem, because travel
costs are incucrsed and the number of tapes that must be
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obtained and preprocessed by the user remains the same.
These cost-induced bearriers will continue to ensure
excessively high per-user cost of aoguiring and utilising
GSN data, unless alternative means of distribution are
implemented.

These distribution problems raise serious guestions of
how effective distribution at affordable costs can be
achieved and wvhich organization should ultimatsly be
responsible for distributing GDSM data. This whole
situation will be further exacerbated by the impending
addition to the GDSN of several new networks representing
a new generation of technolagy, as discussed earlier.
Very soon a network day will not £it on a single 1600 bpi
9-track magnetic tape.

The national strong-motion program is funded and
managed by the USGS from Menlo Park, California. BEvent-
recording catalogs have been compiled and made available
to users via on-site and remote interactive access to a
relational data~base manager. Original analog fila
recordings from the western hemisphere are acrchived in
Menlo Park, California, and derived digitised waveforms
are available from NWGDC. However, because of a constant
state of flux in the USGS computing environment and a
shortage of data~handling resources, it has been
difficult to maintain accessibility to the strong-motion
data base to meet the needs of the engineering community
or even to keep it current. To ensure its viability in
the future, this invaluable and already highly organised
data resource needs to be housed and managed in some moce
stable, central, national sarthquake data archiving and
distribution facility where it can be maintained in a
readily accessible form for users.

A PROTOTYPE NATIOMAL CENTER FOR SEISMOLOGICAL STUDIES

An item of immediate importance, with long-term implica-
tions for the future of seismology, and specifically for
overconing many of the data problems discussed above, is
the current development by DARPA of the Center for -
Seismic Studies (C88), recently established in Rosslyn,
virginia. Appendix D describes this facility more
fully. When completed in 1984, the Center will include
state-of~the~art computational and data-menagemsnt
capabilities designed for seismological applications and
research, a small resident research staff, and provision
for visiting scientists working on DARPA research
programs in test ban treaty verification.

.
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To support DARPA cbjectives, data are being collected
from a variety of sources through several types of data
links. These range from RSTN data received via a
; satellite Barth station located at the Center to
4 alphanumeric data received via the World Meteorological
: Organization's (WMO) Global Telecommunications Systeam.
GDEN and other data are received on tape. At various
times special experiments will be conducted as pact of
the United Mations Committee on Disarmament Group of
Scientific Experts activities and will include national
and international data exchange.

As currently conceived, this facility is developing
many of the capabilities desired for general seismological
data management and distribution. The seismic data base
will consist of basic event information (such as station
Phase and amplitude readings, hypooentral locations,
sagnitude, and other source characteristics) and recorded
signals, consisting of event waveforas, some available as
the events occur, but others, such as GDSN day tapes,
delayed by weeks to months. A variety of analysis
software is also being developed and implemented to
: provide routine user computational services.

! In addition, remote user access to the Center is being
developed by DARPA in the fora of relatively inexpensive
; (830,000 to $50,000 each) Remote Seismic Terminal (RST)

work stations. These teraminals will be capable of
storing and displaying a significant amount of event
information and wavefora data; powerful local processing
functions can also be carried out on the RSTs. Designing
interfaces with many other resmote user systems should be
reasonably straightforward as well.

The Center will be aoccessible vii the ARPANET, Tymnet,
dial-up, the RETs, and, in a few cases, dedicated lines.
Through thess msans, DARPA researchers will have access
to both the data amd computing resources. These rescurces
will include two Digital Bquipment Corporation (DEC) VAX
11/780 computers and three DEC PDP ll/44s linkeé by a
high~speed (10-iis) local network. Analysis say be
carcied cut on various interactive graphics terainals.
The Center has been designed to be as flexible and
accessible to researchers as possible.

A small nwmber of resesrchers have already begun using
the C88 ocompating and data~handling rescurces on a trial
basis to help to evaluate it and to recommend i
to the system as development oontinues. Beginning in
fiscal year 1984, the Centsr expects to support moce
extensive use of the facilities by DARMA-sponscced
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ressarchers. Within at most a fev years the epecratismsl
responsibility for the Center is planmed e be paseed
some other ocganisation. The Center wsuld them be
jointly funded by DARPA, the cperating orgamisstion, and
other user agencies.

The panel views the development of the CSS as &
significant opportunity to benefit ismsdiately frea the
rapid advances in computer techaclogy and data-base
sanagessnt that have profoundly incresssd digital deta
storage, retrieval, and analysis cepebilities ducing the
past dscade. Other DARPA-sponscred effocts in the pest
have led to majoc seismological advamces:; notewsethy
examples are the WMSSE and fila chip data distribution {a
the 1960s and the new GDSN global digital network with
standard network-day tape data distributiomn. BEmpecience
with this advanced system at the Center will be
exceedingly important to the development of intermsdiate-
and long-term capabilities needed by the seismological
community for research and applications in the digital
ecra.

The above discussion of the current status of seismo-
graphic network data handling includes probless of
operations and data management. Specifically the
problems that now seciously limit or threaten to limit
the effective use of earthquake seismic data are the
following:

1. A comprehensive directory of inforsation on
earthquake data sources does not exist in hard-oopy ot
computer-acoessible fora. Thus, for potential weexs it
cosmonly requires a time-consuming, laboticus effort just
to deteraine what relevant data gight exist, where they
are arohived, and how they can be soguired snd in what
forms or formats. This sitwation is exacerbated by rapid
increases in data volume, changing station distribatiom,
and a steady tramsition to digital zéocecding. :

2. There dves not exist a coaprehensive catalog of
global and national hypoosaters with aseccisted phase
data. Bven the limited data that emist sre mainly
distributed in hacrd-copy form. Direct computer access to
such data by users is severely lisited oc ispossible at
present.
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3. The handling and distribution of Global Seismic
R snalog data is well run by the WGDC personnel,
zont Degactment of Commerce policy requires that
and distribution of seismograme be charged to the
data, and these coats have already increased
80 greatly that the oomtinuation of the present data
at affordable costs to users is seriously

operations, direct exchange of data is exceedingly cumber-
some and difficult. There needs to be a standardisation
of national and international data-exchange formats for
global, regional, and local networks.

5. Because the operation of smaller regional and local
networks is focused on seismic problems of specialized
interest, there is little or no distribution of data to
secondary users and there is no standard exchange format.
Because of limited funding, these network data commonly
are not archived in a readily accessible form for
distribution. There is also no readily available central
directory of information on the events recorded or even
on the station locations and instrumentation that make up
these networks.

6. The extensive data base of high-quality strong-
motion data is not adequately available to users as it
would be if the strong-motion data were part of a
national seismological data base housed in a stable,
national sarthquake data archiving and distribution
facility.

7. Because of Department of Commerce cost-recovery
policies and a low initial demand, network-day tapes of
the GSDN bave been priced by the NGDC at $100 per tape
copy. Because the network-day tape is the smallest
increment of data currently available, the user typically
must obtain (and preprocess) many network-day tapes just
to obtaia the event data of interest; these event data
usually occupy only a ssall fraction of the tapea that
must be aoguired. The high costs have resulted in :
network-day tapes being cbtained by users, with less
convenience but essentially at no cost, on user-supplied
tapes from DARBA, the UGS, and at four regional
centers. Organisational responsibility for distributing
the GDEN data is fragmentsd and unsettled, and it needs
to be determined ngy, under the condition that standard
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types of digital data subsets must be readily available
to users at low cost.

8. New digital data from stations currently being
established will soon result in a significant increase in
the volume of digital data to be handled. This will
require a substantial increase in the level of effort for
data handling and distribution. Pacilities need to be
augmented to manage these data so that they can be used
effectively by government agencies and the scientific
community in general. Planning is needed now to establish
an effective data-handling systea that can acccamodate
the growth in the volume of data recorded and provide
desired data to users in unit amounts other than the
present 26-hour network-day tape.

9. There is a need for a policy for data retention for
all earthquake seismic data, with an organised program to
prepare the selected data sets for long-tera archiving.
This problem is immediate and acute for the high-quality
special data bases acquired by the LRIM, LASA, ALPA, HGLP,
8DCS, and other network or array operations of the past
35 years that are currently archived at Teledyne-Geotech's
Seismic Data Analysis Center in Alexandria, Virginia,

This facility is scheduled to be closed at the beginning
of fiscal year 1984. & t i to
assure that this invalua

10. The development by DARPA of the Center for Seismic
Studies, a state-of-the-art data analysis and seisaic
data~base management facility, represents simultanecusly
a problem and an opportunity. The problem is that once
fully developed and evaluated, the facility is to be
turned over to some other, as yet undetermined, ocrganisza-
tion that will have to assume the sanagemsnt respon-
sibility for its continued operation. Thus at present
its fate is unknown. The gpportunity is that this
sdvanced facility, properly configuted for a wider
community of users, could serve as the prototype of a
first-rate national center for seismological studies.

Such a facility, properly ammaged snd adequately funded,
could overcome most of the curremt problems that the
panel has identified and greatly enhanoce the use of
available earthquake seismic data by both U.8. and
international scientists.
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no steps are taken to address the problems identified
Chapter 3 the situation is likely to develop that only
operators of seismograph stations will have ready

to the data they record. Effective data disseaina-
tion to the seismological user comsunity currently exists
only for the Worldwide Standardised Seismograph Network
(WNSSN) analog (film) data, and that service is threatened
by escalating costs. There is no cosprehensive directory
of information that describes what data sets exist, who
has them, and how data can be obtained. Existing global
eacthquake catalogs are difficult to computer search, and
there is no cosprebensive national earthquake catalog.
Also, additional phase data are not generally available

at all. What information exists is fragmented and must
be cbtained from many different organizations. Distribu-
tion of digital data is limited because of fragmented
responsibility, current policies and procedutes, and
direct and indirect costs to users.

These problams, ooupled with the Defense Advanced
Research Projects Agency's (DARPA's) recent isplementation
of a modern computational capability for seismological
data stocage, retrieval, and dissemination to users (the
DARPA Center for Seismic Studies) and for data analysis
have led the panel to conclude that establishing a
national seissological digital data base and a national
seismic data facility is both desirable and feasible at

this tise. Therefore, the ost jmportant recsmeendeticn
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Effective use of this national seismological facility
will require the following:

(a) Upgrading of the present data-management systems
to provide adeguately for user needs.

(b) Development of a comprehensive directory of
available data, data sources, data quality, and format,
together with a search capability implemented at the
National Center and at regional facilities, accessible
also by remote terminals.

(c) Development of a comprehensive catalog of national
and global hypocenters including associated phase data
for at least the larger events, together with a computer
search capability implemented at the National Center.

(d) Standardization of data formats for the purpose
of national and international data exchange.

{(e) BEstablishment of a policy for long-term data
retention and archiving.

To meet these goals, the panel's conclusions and
recommendations are as follows:

1. DARPA's Center for Seismic Studies (CSS) has
several objectives of direct relevance to this panel's
objectives. The first is to develop the capability to
use digital data from global stations and networks
effectively. The second is to support U.8. initiatives
in the United Nations Committee on Disarmament (UNCD),
Group of Scientific Bxperts (GSE), to develop improved
data-exchange provisions for future test ban treaties.
The third objective is to provide a test facility for
developing new tools for seismic data analysis and to
provide access to organised data bases to support DARPA
research. v

The panel views the development of this Center as a
significant opportunity to benefit immediately from the
rapid advances in computer technology that have profoundly
increased digital data storage, retrieval, and analysis
capabilities during the past decade. Experience with
this system will be exceedingly important to the
development of intermediate- and long-term capabilities
needed by the seismological community. As discussed in
Chapter 3, other DARMA~sponsored efforts in the past have
hd;ao 1:10: seismological advances, and this one clearly
will a
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Center for Seismological Studies. Its operation should

be structured to provide data and services needed by the
seismological research community in general and by several
interested federal agencies. Operational costs of a
national center are estimated to be between $2 million
and $3 million per year. The required level of funding
should be provided by the participating user organiza-
tions; federal agencies that can be shown to have a need
are the Natonal Science Poundation (NSF), DARPA, the U.S.
Geological Survey (USGS), the Department of Energy (DOE),
the Air Porce Technical Application Center (AFTAC), the
Agency for International Development (AID), the National
Oceanic and Atmospheric Administration (NOAA), the
Federal Emergency Management Agency (FEMA), and the
National Aeronautics and Space Administration (RASA).

Therefore, the highest priorjty recosmepdation of the
panel is that a National Center for Seismological Studies
be established to assure the effective use of global,
national, and selected regional and strong-motion
earthquake data. The National Center should meet at
least all the functional requirements given in Appendix F
of this report.

The main goal of the National Center for Seismological
Studies should be to encourage the continuing application
of state—of-the-art equipment and techniques to current
problems in seismology. A component of in-house research
and facilities for visitors will be essential to ensure
the continued effectiveness of the Center; one of its
major functions will be to ensure the availability and
easy distribution of data to external users. Establishing
formats and a data~base structure for the archived data
and developing standardized software for the routine
manipulation of both waveform and parameter data within
the Center will de facto solve many of the problems of
standardisation that currently inhibit the easy exchange
of data. MNany of the curreat activities of federal
agencies responsible for earthquake momitoring and
reseazch can be coordinated through the Center with
significant improvement in quality, efficiency, and
response time for major seismic events. Some or all of
the functions of the National Barthquake Information
Service (MRIS, USGS) ocan be incorporated within the
Center. The close coordination of the activities of the -
Center with the ongoing work of DARPA in testing and
implementing new technologies will belp to ensure that
modern facilities are maintained. The Center will
provide a natural focus for the analysis and distribution
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of data, either via direct access or through a distribu-
tion facility such as that now operated by the NGDS.

2. The operation of the National Center for Seismo-
logical Studies should be the designated responsibility
of a lead organiszation, such as a private nonprofit
corporation like that of the National Center for
Atmospheric Research, the National Science Foundation, or
another federal agency. However, the policies and
procedures for the National Center for Seismological
Studies should be established by the participating user
organizations through an advisory board. The funding for
operation of this facility should be planned and forsally
committed on a continuing basis by a consortium of
funding agencies to ainimize future support problems.
Figure 1 shows how the proposed Center could be organized
to meet the desired objectives discussed in this report.

Using the Center for Seismic Studies (CSS) as a
prototype or a nucleus to develop a national data
facility will require immediate action. The C88 will
soon be operational (at the end of fiscal year 1984) as a
model facility designed for use in comprehensive
msonitoring of a test ban on underground nuclear
explosions. As such, it has a limited operational life
for these requirements, and then it will be transferred
to some other (currently undetermined) organization or
shut down. The CSS represents a rare opportunity to
advance our seismological research capabilities taking
full advantage of the state-of-the-art computing and data
base managesent technology that has been imsplemented.
The panel recommends that in calendar 19683 the Hational
Research Council's Committee on Seismology initiate steps
to convene a meeting of representatives from funding

ies, O r organizations, and the universit
ty to d the ible 1 tation and
£ of a National Center for Seismological Studies
the 8 its prototype.

3. The present distribution system for analog data
should be maintained and supported. The technology for
acquiring and analyzing data is changing rapidly, but
many productive and innovative seismologists in the
United States and in other countries will continue to use
analog data for at least another decade because new
technology will not be available to them and, perhaps, ,
because of lack of training in the use of digital
technology. Too, some selsmographic stations recording
analog data £ill important gaps in the global network
coverage. Even though the trend is to replace analog by
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digital recording in the long term, provisions must be
made for handling both types of data.

The National Geophysical Data Center (NGDC), of NOAA,
has had the primary responsibility of handling analog
data from the Worldwide Standardized Seismograph MNetwork
(WWSSR) from its inception; responsibilities include the
microfilaing of original records and the provision of
high~quality film copies to users. These services have
been and will continue to be valuable to the seismological
community for the foreseeable future. The policy of the
Department of Commerce is that the costs of reproduction
and distribution are recovered from the users. Rather
than considering curtailment of this activity, NOAA
should recognize the importance of this national data
resource to the seismological community and continue to
Provide funding for manpower, equipment, and storage
facilities adequate for this analog data preparation and
distribution. PFunding organizations should provide
sufficient monies through their grants or contracts to
researchers for copying and distribution of the analog

records. The panel recommends that the NGIC analog data
archiving and distribution facility be ma { and
that the costs of cperation be shared as decribed above.
Alternative technigues for archiving and disseainating
analog data should be considered by NGDC to keep costs to

users at a minisum,

4. The Albuquerque Seismological Laboratory (ASL) of
the USGS has the primary responsibility for asseabling
the digital data from the evolving GDSN. This is being
done as described in Chapter 3. The ASL aonitors global
and national digital data collection, collates the data
and generates network-day tapes (NDTrs). The data are
available through the NGDC in increments of one day (26
hours) for $100 per tape and NGDC/OAA should make
efforts toward reducing this price. 7o avoid this high
cost, users have aoQquired data inforsally at essentially
no cost (except tapes) from DARPA and USGS. The USGS has
established three regional centers--at the California
Institute of Technology, Baint Louis University, and
Harvard University--all of which have acquired complete
sets of recent WDPs. Visitors can use regional center
facilities to copy NDTs.

All of these current modes of distribution of digital
data are either too costly or overly cumbsrsome tO users,
because the minimua incremsnt of data available is one
RD? oconsisting of 26 houra of data from all the atations
in the GDSN. Thus a large number of tapes may be
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involved in a single research project and the user
commonly must engage in a significant preprocessing
computational effort just to get the desired event time
wvindows for analysis. This situation will worsen
considerably in the near future as all of a network day
will not £it on a single 1600-bpi 9-track tape. It is
the panel's understanding that at present almost a
network-month of GDSN data resides in active memory or
mass storage on the system used to generate the NDTs at
the ASL. Thus network tapes of any time increment could
be generated with minimal perturbation to the present
procedures and no change in format. With modest upgrading
of the aging computer systems now used, several network
months could reside in the active archive and thus be
available for supplying data increments other than 26-hour
network days. Other simple types of subsets could easily
be generated, such as only selected stations or long,
continuous intervals of long-period data needed for free

oscillation studies. 1 recomme that
alternat GDSM digital data incr s be
rou A4 in addition standard
ne

S. The problem of which organization is responsible
for distributing the GDSN data should be settled without
delay. A new generation of technology is coming on line,
and adequate planning is required to assure effective use
of the resulting data. The current and future earthquake
digital data are and will be computer-intensive. User
organisations should help with the planning and should
share in the data~-handling costs. As with the analog
data, adequate support of data distribution to users
should be provided in the contracts and grants made to
researchers.

to visiting reseatohess. It is mmud that provum
WTs at the regional centers is only an immediate.,
partial answer to present distribution problems, but it
does provide relatively easy access to the data for some
ressacchers and has the advantage that new users can gain
initial femiliarisation with the data from regional
center persomnel. BEventuslly these centers should also
have available other standard types of GDSR sets that
night be gensrated, such as event tapes.

6. Data from regiomal as well as global and national
networks must be considered in developing a national
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seismological data base. Regional networks have almost
exclusively used large numbers of inexpensive, narrow-
band, low-dynamic-range stations for gathering arrival
time, duration, and amplitude data for accurate location
of hypocenters and local magnitude determinations. The

ear e _catalogs produced 4
networks should be included in the national seismological

data base. Procedures should be established to monitor
the quality of these catalogs and provide at least minimum
uniformity in location and magnitude determination

procedures.

In order to expand the use of regional networks beyond
the simple cataloging of earthquakes, it is essential
that waveform data of hi c K ;
fr content be ed from a s of
within each network (as discussed in
Networks: Problems and Outlook for the 1980g, 1983).

Such data are necessary to extend the understanding of
regional propagation and seismic haszard. The mission-
oriented agencies concerned with these problems should
provide the funding support necessary to develop and
install improved instrumentation. Wavefora data from
such high~quality broadband stations should be
inoo:pontcd 1nto a nnttonn. ut.-oloncal dnn base.

7. As discussed in Chapter 3, a high-quality digital
and analog strong-motion data base has been established,
but its continued effective maintenance and distribution
to users by thc m and m is ptcbh-lum. There~

8. ugh-quuty data sats vill be mnulby
AFTAC's new GS8 network as described in Appendix B, but
data from it wlu not b. made mttnly mndu

9. The value of most seismological data does not
depreciate with time. Large amounts of money have been
expended (millions of dollars) by DARNA, DOD, USGS, DOB,
NRC, and possibly other agencies, in cbtaining seimmic
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data for special purposes. Examples of such data are
those from the LRSN network, LASA, and the HGLP network
of stations. The data from such operations can be
considered analogous to other valuable, unique works; the
stevards of such unique data should have a moral
obligation to preserve it for future use of science and
technology. A large collection of these unique sets of
data are contained in Teledyne~Geotech's Seismic Data
Analysis Center (SDAC) in Alexandria, Virginia; but it is
scheduled to terainate operations on October 1, 1983.

4 ) t eC subsets of these
ial ; t_indefini as t of
an active, accessible national seismological data base.
Specifically, with regard to the analog and digital
magnetic tape data at Bﬂwo we recommend that digital

data subssts fo im

mm.mmm_-me-_‘ These data st

culled and digital events tapes made from the unblc
analog and digital magnetic tapes. The original record-
ings could then be stored in data warehouses, given away
to any interested organisation, or discarded. The digital
- event tapes lbeuld ba put !.nto a nauonal ulmlogical

seissological data base.

among the consortium of funding agencies u-ua ouuu
in this chapter, apportioned according to the current and
projected future use of the data.

10. %Who has what data? What are the storage media
and formats? Are services, facllities, or special
software available to deal with the data? The need for a
centralized, computer-sccessible directory of swoh
information is real and immediate becauss none exists at
present. Objections to a centralised service providing
this kind of information are that the infermation will
not be complate or accurate and th:: the ccganization and
documentation burden on those who must ultimately provide
the information to the centralised facility will be :
unacceptably large. Our view is that these problems can
only grow worse with time, and only by startiag mow will
we have a chance of providing this directory information
in later yesars when the volums of data will have iacreased
significantly. Rventuslly global, natiomal, regional,
and local catalogs should be included.
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A tirst step should be to select an agency or organisa-
tion that is appropriate for developing and providing
such services., One logical immediate choice appears to
be NOAA/WGDC. They already provide many related data
services and have recent experience with prototype
dizectory development. Alteraatively, this could be a
designated activity at. the National Center. In initiating
such a service, major potential contributors should be
approached to determine their willingness to participate
and to indicate just what information about their data
they would be willing to furnish routinely. Information
should not just indicate what data exist but should also
indicate intended retention time. If data are discarded
or become unusable, this information should also be made
available to the data information center. As an incentive
the contributing organiszations should be provided with
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This acttvity shoul.d be oeuuoud n put o! tho
of NOAA/NGDC or the Mational Center in developing and
maintaining a national seismological data base.

1l. Good, well-planned data management is an essential
element in effective utiliszation of seismic data, and it
is a keystone to future advances in earthguake seismology.
The problems of data handling result from poor planning’
fragmented, uncoordinated responsibility for differeat
operations; and poor financial support. 7These problams
must be rectified to derive desired societal benefits
from the advancing technological capabilities of the
nation and to ensure the health of seismology as a
science. The recommendations given above address all the
major issues except tho mum Mu muu m the
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particular needs. Collectively this will be a benefit
because the users can devote moce e¢ffort to the analysis
and intecpretation, and new users will mot be disoouraged
by the effort required to obtain the data they want.
12, Thete is a nesd for standard digital exchange
formats. Internitionally, IASPEI has formulated standards
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for data exchange. The panel recommends the adoption of

the IASPRI standards for international exchange of digital

ata (see Appendix C). This currently incorporates the
network-day tape format as a standard for exchange. A
few different standard formats may be acceptable, but no
more than a few should be adopted.

The data derived from regional networks have been
Previously described in Chapter 3. The problems associ-
ated with network operations are discussed in Sei

ork! ' for 19808
(1983) . There are about 50 regional networks operating
about 1,600 seismographic stations in the United States.
The purpose of the networks is to provide data fundamental
to research on seismotectonic processes and earthquake
occurrence in the region. There is need for coordimation
of regional activities, because the seismic data have use
to other network operators as well as to private users
such as utility companies. Standardization of data
formats or at least data~exchange formats will enhance
the usefulness of the data. The panel recommends that
the Committee on Seismology take steps to convene a
workshop for the purposes of establishing standard data
and data-exchange formats and standardization of data
c.um.o

: h i B NG 3 2 80T HE

the consortium of supporting organisations should
pacticipate in the development of the policy that is
adopted. This policy should include saving indefinitely
the NDTs, network event tapes, triggered waveform data
from a national network, near~field (strong-motion) data,
historical and current special data sets, and special
data sets from regional networks.

With the advances in data storage capecity and
decreasing costs per unit volume of storage, it likely is
technically feasible to keep indefinitely a large frac-
tion of the data collected (see Appendix B for curreat
and anticipated data volumes). Howswver, data-base-
management costs could be unacoeptably large if all the
data are kept in sctive (immediately accessible) mass
stozage. 7The guidelines that the panel suggests for
vaveform data retention are as follows: (a) Keep
indefinitely as much of the recorded event data as
possible, but use a storage-retrieval archiving arohitec-
ture that moves less-frequently used data into “deeper,”
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less-costly storage where it is still accessible but with
some delay. (b) Apply a uniqueness criterion to the
recorded events that are considered for deletion, that
is, how common is the event, and how many opportunities
exist to obtain equivalent data if needed. Example
candidates for deletion on that basis include microearth-
quakes in areas of high seismicity or repeated quarry
blasts at the same location. (c) Update the older
archived data sets to conform to current storage and
retrieval formats, that is, older data sets should be as
readily accessible as the newer data.

14. Pinally, because of the rapid technological

changes in computational and data-handling capabilities,
the panel recommends that the Committee on Seismology
review the status of data problems in utg%_l._ogx on a
Year-to-year basis to ensure effective utilization of
sarthquake seismic data.
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APPENDIX A:
0
PAREL ON DATA PROBLEMS IN SRISMOLOGY

Seisaic data, and especially digital seismic data, have
been increasing rapidly in recent years. Furthermore,
data sources are diverse, and data are being generated
under a wide range of programs supported by USGS, NSF,
DOD, NOAMA, NRC, and other government and private -
institutions. 1In order to obtain maximum scientific
benefit from seisamic data, their collection, storage,
distribution, and analysis require careful planning. The
Panel on Data Problems in Seismoloyg, of the Committee on
Seismology, should review the seismic data problems and
sake recommendations for organization, selection,
storage, and distribution of the data. Study should
include both existing and anticipated analog and digital
data from global, regional, and local seisaic networks
and strong-motion instruments. Seismic profiles, ground
deformation, and other complementary data sets should
also be oonsidered. The panel should recommend procedures
and policies to ensure the availability, timely distribu-
tion, and analysis of these data.
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! The following characterises the magnitude of the present
€ and future digital seismic data waveform problem for
global and regional seismic networks.

; The Regional Seismic Test Network (RSTW) stations are
representative of the most advanced and digital-data
intensive stations in global seismic networks. Bach
station produces three short-period channels sampled at
40 sps, three madium~band channels sawpled at 4 sps, and
three long-period channels sampled once per second. All
sanples are 16 bit, encoded in gain-ranged (psevdo~
floating point) format to handle very wide dynamic
ranges. Other stations, such as ASRD stations, have only
short~- and long-period bands, and the short-period
sampling rate is reduced to 20 sps. It is also possible
to have broadband instruments, sampled st a rate .
appropriate for short~period data, from which all bands
can be computationally extracted. But the RSTH represents
a good basis on which to characterise the data problem
for global networks.

Regional or leocal networks ate aven mote orientesd:
toward short periods and high-frequency aata. Often only
a single wvertical component is of interest. Sampling
rates for digital data sre typically in the 50-100 aps
range. In what follows we assumes that a single statioa
in a regional or local network will p:oduu 100 samples
of 16~bit data sath second.

The number of advanoed dtqtul stations availsble
today for inclusion in a global network is on the order
of 30. It is not unceaddnable to assume that may grow to
be as much as 100. The basis for this assumption is a
teview Of WHESE data. A subset of some $0-100 WMEBSM
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stations has produced the vast majority of all WMSSN
arrival times and film data. It seems reasonable to
assume that the digital network may grow to that size but
probably no larger.

The number of seismometers in regional and local
networks is very large already, although most are not yet
digital. In the United States alone there are some 1,600
stations in such networks (Sgismographig Metworks:
Problems and Outlook for the 1980s, 1983), with perhaps
half of those collected as analog data but processed and
handled in digital form. This processing is done by
various universities and government agencies, which act
as regional network analysis and processing centers.
Based on this we will assume that there might be as many
as 2,000 digital stations at some future time.

Table B.l summarizes the magnitude of the digital
seismic waveform data problem for global and regional
networks. PFirst, it is clear that in terms of bulk of
data the regional networks represent the largest potential
problem. Even after selection of intervals for retention,
the amount of data is probably beyond what is practical
to retain for long periods of time. Also, the nature of
such networks and their data may not justify saving lacrge
amounts. In the case of global networks, the total
amount of data may be impractical to save using current
technology and reasonable funding expectations. But by
selecting short-period event windows to save permanently,
the gquantity of waveform data is reduced to a feasible
level for archiving.

Pigure B.l presents additional information oconcerning
seismic data sccumulation and storage media. The figure
can be used to gain an appreciation of the size of
digital seismic data bases. It shows graphically how the
size of the data base increases with the average sample
rate, the number of stations, and the time of operation.
Por example, consider the global network station
perametess used in the Table 3.1 that resulted in 10
selected tapes per ysar. From Pigure B.l we see that
this cocresponds to an sverage sapling crate of about ?
thrzes-component sps, wvhich is cocrect.

The exmact nmbers of atatioms, station charactsris-
tics, tape storage capacity, data selection policies, and
other related factocs are not impoctant for this
discussion provided they are.reascnable. %There are two
main points to be noted: first, that digital global
networks will produce data guantities that are probably
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FIGURE B.1l Comparative examples of data volumes.

too large for total retention by currently available
msans, but judicious selection should reduce the data to
sansgeable quantities while saving almost all data likely
to be of siganificant scientific value; seocond, the
potential gquantity of digital data from regional networks
is at least an order of magnitude larger.
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APPENDIX C

11. NEAR FIELD DATA
1ASPEL
Considering the lack of data obtained from the near field of large earthquakes,

Urges that every atiemyt be made to obtain near fisld data, for example by
installing strong motion instruments in recognized seismic gaps or in regions of
earthquakes, and by moving portable arrays of strong motion stations into the epicentral
region as soon as possible following s major earthquake.

12. INTERNATIONAL INSTITUTE OF SEISMOLOGY AND EARTHQUAKE ENGINEERING

1ASPEI,

Noting that the UNDP-Japan joint project, established in 1963 by the /memnational
Institute of Seismology and Earthquake Em (ISEE), Tokyo. and operated from
1972 by the Japanese Government, contributed much (o the training of seismologists and
earthquake Wmmmmmwywwmudem
experts before

Recommends that the ISEE endeavour to resume its former practice of inviting
professors from abroad, secking national or international funds to achieve this.

13. STORAGE OF HISTORICAL DATA
IASPEI.
Rmnlvingunnmmolmmddmm . unpublished
readings, clock correction and calibration records and other uhmoioucnl m

Nmmmmmmumumm»udwumw
for other reasons.

Emmmmmmwwmmtom
storage conditions in order to preserve these invaluable data, if necessary seeking
financial and technical help from national or internstional sources. )

14. REGIONAL SEMINARS
IASPEL.

RmnmngmewfulnuolmWMwmaAnmmb
specific seismological such as that heid by CERESIS/OAS on microsonation in
Lima in November. 1978, and thm heid by the IISEE on engineering seismology in
Japan in April 1980.

Mnmumummummmhmmm
countries,

Resolves nmmummnmmw
seminars and symposia in and/or for the developing countriss.

*From 1.U,G.8 Chronicle, No. 152, Noveaber 1981.
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15. DIRECTORIES OF DIGITAL STATIONS
IASPEL.
ngcumumwwtdwwmmwmy

countries,

umanmmordwmmmuwummmy and
that these directories be made available in computer accessible format.

16. DIGITAL RECORDING FORMAT

IASPEL,
Noting the variety of data formats currently in use for digital data.
Recommends that the global digital seismograph network day tape format be

adopted as the initial standard for international dats exchange, and that data sets in this
format be made available for arbitrary (user defined) event time windows.

Further, recommends that one or more demonstration data tapes be developed to
help users.

17. DIGITAL ANALYSIS

1ASPEL
Recognizing that digital waveform analysis is a dutailed procedure,
Umaﬂunﬁw:reforuupletypsohnﬂmbenndemﬂcwumobgm
who are relatively inexperienced in digital seismometry.

18. DIGITAL DATA EXCHANGE

JASPEIL,

Rmﬂmd‘mmmmmmmmhmmbe
mdudshthlmbnaEMmu

19. lmnmn OF 'mam

IASPEl, . .
Comsidering the success of the 1981 Assembly,
Recogniving that much work and tise were invoived in preparstion,

EmuMmeMdWﬂthmd
mmmw«mmmmmmm-«:m
mmmnauenprm mmunMAm
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ISKIC DIRS
INTRODUCTION

DARPA is supporting development of a new facility called
the Center for Seisaic Studies for which there are two
major objectives. The first is to enhance the effective-~
ness of DARPA-supported research to improve the U.S.
capability to monitor nuclear test ban treaties. The
second is to develop ‘the capabiiity to meet the inter-
national data exchange obligations likely to be needed
for a Comprehensive Test Ban Treaty. Satisfaction of the
objectives requires development of effective means for
organizing and sanaging largé volumes of digital data and
providing convenient access to explosion and earthguake
data. This effort provides a model for the kind of
capability needed to fully sxploit modern digital seisaic
data for broader geophysical research cbjectives., An
advanced data center prototype based on a network of .
minicomputers has been designed and is being Geveloped at
the Center. Seisaic data are being collscted from sources
ranging from 4igital data transmitted via satellite
(Regional Seismic Test Network) to paramster data
tzansmitted via the WMIO/ATS telex and the ARPMET. Data
from the Global Digital Seissic Metwork and other data
sources are colletted on tm The data~basy-asnagement
systeam will ocganise data for acsess On such user<
l.l:.&‘wh criteria s» mtp mm' and mﬂiﬂ
reg .

The Center for Seisaic Studies facility wes resoeatly
umtmumm#Wo s small vesident
ressirch staf?, and visiting solsntists. It swppoces
data-exchange experimmts being o by e United
Nations Committee on Disarmament to Gevelcp ths concept
and functions of an Iaternationsl Data Cemtar for treaty
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monitoring. A Remote Seisaic Terminal is also being
developed for ease of international data exchange and
remote access to the resources of the Center. Completion
of the operational prototyps to support the research and
i;::tnatiml data center functions is scheduled for late

CONPUTING AND DATA REQUIREMENTS

To support these objectives, capability is required to
collect, process, and organisze high-quality digital data
and make them conveniently available. Seisaic™~data-
analysis capability is required to support easy display
and manipulation of seismic waveform and nonwaveforms .
(saps, focal solution) data. The nature of seisaic data
sakes the problem complex in that it is recorded on
various media including paper records, film, and magnetic
tape in analog and digital format. Receipt of data
varies from close to real time to several months and
sometimes ysars. Parameter data must be integrated with
vaveform data, and historical data must be combined with
current data to construct organized data bases for
research. A prototype seismic data center was designed
and developed to provide thess functions and to meet
current and mlwiug research and dnu-ucbngo needs,

The required functions and the need for ‘axpansion have
mnuwzmwmmtot.mm
computer. systean srohitecture. A nusber of sinicomputers,
mmw.wmm network, form the msjor
subsystems of the prototype: Commmicstions, Database,
Seiasic Analysis, and Bemcte ACOSSS. The ouonputer
rescutces include six Digital m: Cocpozation
cosputers, three PLP VAX 11/780 oanputers, three POP

opntin mn- monm the mg u m.
Bell Laboratecies cpecating systes. Bach of the
subsystams pecfocan s set of funotiens,

e Commmications Imlmm mtm all
incoming data insluding that from the DGR Neg
Seiamic Test Netwock, vhich is seceived via a Astellite
Wumm It aleo provides & vaxiety of
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wvays to communicate with the Center for convenient access
and data exchange. These include the ARPANET, TYIMET,
dedicated lines, dial-up capebility, mail, and the Remote
Seismic Terminal. Through the Communications Interface
researchers access the Center's data and computing
Ie8OUECes. :

The Database Management Subsystem receives, organises,
and archives all the data at the Center. It is based on
Ingres, a relational data base supported by UMIX. Through
the data base, requests for data can be formulated in
seismological terms and efficiently stored and retrieved.
Data requests can take the form "get all the data from a
particular seismic region" and the system will provide
the parameter and vaveform data in an integrated focm
independent of its storage lecation on disk and tape.

The digital data at the Center will inglude all historical
and future Global Digital Seismic Wetwork data condensed
into archive format and referenced by event rather than
time. The International Data Collection Experiment
Database prepared by Sweden for the Group of Sciemtific
Experts and other selected research data bases will also
be in the Center data library. The paramater data base
includes the Natiomal Earthquake Informatiom Sexvice and
International Seismological Centre (ISC) catalogs, .
parameters received from Canadian and UK arcays, and data
received over the World Meteorologiocal Organization telex
system. The entire World Wide Seismic Station Wetwoek
film libzracy is also at the Ceater. ‘

The heart of the system is the Seismic
Subsystem, which has been designed to provid
algocithms for testing large data bases as
capability for easy integration of new ideas .
signal processing. Isteractive signal analysis is
possible through the use of the graghics te . One
terminal displays vaveform, while the other oan display
maps, focal solutions, ray-tracing sclutions, and other
analysis tools. -

The ‘capsbilities and tools developad for the Center

1
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for Seismic Studies are repcesgntative of the cepebility
desired for the National Canter discussed in this repoct.
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The United States Air Force is déveloping a major
improvement in the seismic segment of the Atomic Energy
Detection Systam (AEDS). This improvement known as the
Global Surface System (GS8S8) will provide the AEDS with a
fully integrated digital~technology-based system capsble
of detecting and locating eismic eventa in the Onion of
Soviet Socialist Republics (SBR) and the Peoples Republic
of China (PRC) shortly atter thicir oocourrence. The system
will be designed for expansisn to accept and process data
from additional sources tuat will eventually lead to
vorldwide coverage and, when cosibined with additional
system wrme. nn anav p:eqt .:plai.on
identification.

Selected ARDS stations are being upgraded to provide
an unmanned digital data ocollection and transaission
capability (facility) to ‘forward data from &n expanded
set of sensor actays. Seismic wvavefora data collected at
these resote staticas will be transmitted through high-
quality @igital transmission circuits using error-
detection and etror-cortection tethnigues. Transaission
peths are prelominstely comprised of satellite links, '
with the delivery of a data ¢ircuit to an Barth -mm
at the oenttal mm- tacility.

A oentral headguarters Technical Operation Bubsystea
(708) is being designed to provide a high degree of
autometion ummmumumau. -
state-of-the-art signal detection and ‘sighal asscciation
slgoritims will perform the primary seisamic data
screening such that experienced seismologists can devote
time to evaluating eveats of intecest using sdvanced
techniques. Automstion will provide a much broader eveat
detection capadility with less mangower than previous
systems. A data archive will provide histocical files
for subsaquent research or development effcrtts.
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The Mational Center should have at least the following
functional regquirements.

A. Maintaining an informational data base containing:

o A comprehensive directory of national and
international seismic data sources.

o Bulletins of hypooenter and umned phase
data [Inumt:lml. Seismological Centre (ISC), NBIS, and
regional and local reports)}.

o Special descriptions of earthquakes (e.g.,
Saithsonian bulletin of shoct-lived phencmena, damege and
geclogic cbssrvations, and intensity data, i.e., MNI).

B. Maintaiaing a digital and analog wavefora data
base containingt

o GDSN data (netwotk~day tapes) and latest segment
of ocontinuous data (e.g., ROTIN, OTEN).

o International Wt of Aooelerometers (IDA)
network data.

0 Selected high~guality data tm ﬁocoun stations.

o Mationsl network data (oonsisting of selected
stations in regional metwotks that feature digital
recording, high dynamic range, and broad bandwidth).

o Specisl svent duta sets (0.G., 4igital data
and/or data from digitised anulog retoeds from oucrent
systams, LASMtype srrays, LaEN; and analoy magnetic
tape, paper, or m.- teobeding ‘from mt
obaervatorits.

© WNBSN g£ils chips m&M m b' muu uul
network~day sSeguences.

© Analog film recordings for other huf.ouc dau
sets (e.g., 1IN and permanent cbesrvatories).

©
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O Near-field (strong-motion) analog and digital
data.

C. Developing and maintaining an effective
data~base-management system to provide users with desired
seismological information and data in a timely manner.
The system should be versatile to meet the types and
combinations of features as specified by the data users.

D. Providing user services at the NCSS as follows:

o Quick look and browse for wavefora data.

o Preprocessing of data (e.g., rotation of
components, filtering, spectra, record sections,
reduction to a common instrument response) .

o A variety of graphical display choices.

o Limited access by users to computers for
intensive data manipulations and preliminary analyses of
data.

E. Implementing new technology and software to
improve the NCS8S8's capabilities to provide data services
and products.

P. Providing periodic training sessions to educate
new Ml.

G. Maintaining software necessary for the following:

o Routine event location and bulletin geastation.

O Preprocessing of data.

o Selected analytical techaigues.

O Real-time data manipulation fer evemt detection
and location using a limited number of statiems.

B. Distributing data to users undec several options:

o Network-day tape (in standard fosrmat)

O Network event tape (in standard fesmat)

© Remote acoess via terminals

o Analog wvaveforas

o Acoess to relational data bases

o Special event tapes (in standard focmat)

© International data exchange

I. Continuing involvement ©0f reseasch seismplogists
snmmumm.mm.vmun
scientist progeam.

J. Dissssisating. nmm m data m gonsrated
at the NCSS. 7Thess data sets should be canstrwoted o
nininise or elimisate (6.g.s by lgui of instrument
calibration or response matohing) the ssed for
preprocessing 20 that seismclogists with limited
mmuumzmmuwuu
the data.
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K. Creating a comprebensive event data base
consisting of all global network digital data for events
of m), 5.5, plus selected special data sets (e.g.,
nainshock and aftershock sequences) that also include
strong-motion and regional network observations, and
other ancillary information characterising the source
region.

L. Experiments designed to provide near-real-time
capability to determine source characteristics of large
earthquakes needed for purposes such as warnings (e.g.,
tsunani) , damage assessment, and deployment of special
instrumentation in the epicentral areas.

M. Plexibility to incorporate new types of event and
vavefora data in the future and to accept special digital
event data, such as digitised analog seismograms.

N. Acrchiviag of all data, with retrieval. uchimwn
structure to accosmodate specific user needs and
frequency of use.

0. Developing and distributing of omumm
*seismic analysis softwaze pachages® nominally using
higher~order languages such as FORTRAN, that are easy to
operate on the most common computer systems extant in the
user community. »

P. Wide dissenination to the seismological community
of informstion about the JCSS capabilities and the
available data bases.

Q. Periodic review sessions, or special symposia at
national/iaternational ssetings, to discuss research
results and capabilities and to identify additional user
needs.
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APPRSDIX G0

Atomic Energy Detection Systesm
Alr Foroe Technical Application Center
Agency for International Development
m Long Period Array
-Seismological Laboratory
American National Standard Code for Iuto:ntion
Intarchange
Abbreviated Seismic Ressarch Mumv
Center for Seismic Studies (DARPA)
Digital Squipment Cocporation
Defense Advanced Rewearch Pmu Agency
Department of Defense
Department of Energy
Digital world wide Standardized uu-ogrqh
Hetwork '
Pederal Emergency Management Agency
Global Digital Seismograph Network
Group of Scientific Experts
Global Seismograph Metwork
Global surface System
Global Telamatered hu-ognph Networ k
high gain long pericd
International Asscciation of Seismology and
Physios of the Bacth's Interioce
International Deploymsat of numo.mc
International Data Emchange '
internationsl Seismological Centce
Lazge Agectute Seismic Arcay
Long Sange Seimmic Monitoring
Noditied Mezoelli Intemsity
uational Aeccnsmtics and Space Adainistration
wational Cester for Seissological Studies
nstwotk-day tape

“ -
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National Barthquake Information Service
National Geophysical Data Center (NOAA)
National Oceanic and Atmospheric Administration
National Regulatory Commission

National S8cience Foundation

Remote Seismic Terminal

Regional Seismic Test Network

Seismic Data Analysis Center

Seismic Data Collection System

samples per second

Seisaic Research Observatory

Technical Operations Subsystem

United Nations Committee on Disarmament
U.8. Geological Survey

¥World Data Center

World Meteorological Organisation
Worldwide Btandardized Seismograph Network

Event Datas Information such as station phase and

amplitude readings, hypocentral locations,
magnitude, and other source
characteristics.

Wavefors Data: Consisting of event signatures, some

available on-1line in real time but others,
such as GDSN netvork-day tapes, delayed by
days to weeks.




