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10.1 Introduction

Seismology entirely depends on international co-afen. Only the accumulation of large
sets of compatible high quality data in standadiifogmats from many stations and networks
around the globe and over long periods of time widlld sufficiently reliable long-term
results in event localization, seismicity rate drakard assessment, investigations into the
structure and rheology of the Earth's interior atiter priority tasks in seismological research
and applications.

For almost a century, only parameter readings tdl@n seismograms were exchanged with
other stations and regularly transferred to natiamainternational data centers for further
processing. Because of the uniqueness of traditipager seismograms and lacking
opportunities for producing high-quality copieslatv cost, original analog waveform data,
cumbersome to handle and prone to damage or ew) Veere rarely exchanged. The
procedures for carefully processing, handling, &ty and storing such records have been
extensively described in the 1979 edition of thenlt of Seismological Observatory
Practice (Willmore, 1979) in the chapt&ation operation. They are not repeated here. Also
the traditional way of reporting parameter readifrgen seismograms to international data
centers such as the U.S. Geological Survey NatiBaghquake Information Center (NEIC),
the International Seismological Centre (ISC) or Eheopean Mediterranean Seismological
Centre (EMSC) are outlined in the old Manual inaglah the sectiorReporting output. They
have not changed essentially since then. On ther dthnd, respective working groups on
parameter formats of the IASPEI and of its regioBalopean Seismological Commission
(ESC) have meanwhile debated for many years howmtike these formats more
homogeneous, consistent and flexible so as torbettmmmodate also other seismologically
relevant parameter information.

Any data report, of course, must follow a formaowm to the recipient in order to be
successfully parsed. Some of the goals for anpdbare:

e concise avoiding unnecessary expense in transmissiorstamnage;
e complete providing all of the information required to ube data,

e transparent easily read by a person, perhaps without docurientand
 simple straightforward to write and parse with compytergrams.
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Traditional formats for reporting parameter daterifged simplicity, transparency and even
sometimes completeness in favor of the other goalgh the falling cost of data storage and
exchange, modern formats more often sacrifice semass in favor of transparency and
simplicity.

In addition, modern formats are usually extensdohel include “metadata”. An extensible
format includes some way for new types of datagantroduced without either collecting all
the new information into unformatted comment stsiog making messages with the new data
types unreadable by old parsers. “Metadata” dmenmation about the data, such as how and
by whom the data were prepared.

The Telegraphic Format (TF), as documented in tla@Ml of Seismic Observatory Practice
(Willmore, 1979), is an extreme example of a tiad&l format for reporting and exchanging
parameter data. Since telex was very expensivepamd with modern communication costs,
conciseness was the paramount goal even to thé @ootcasional ambiguity. The year of
the data, for example, might be excluded if thepieat could probably infer it. The format
was intended for use in an era when many statige wgolated and could report little more
than their own phase readings, so event paramstets as hypocenter and magnitude were
relegated to a secondary role. The TF incorpor&teiher restrictions due to the special
limitations of telex messages, such as no lowee-t¢etters and sometimes no control over
line breaks.

A seismic network with modern, calibrated instrutsezan provide far more information than
telegraphic format allows, while low-cost e-maikhaiminated the restrictions and high costs
of telex messages. Consequently, since at le&§ st seismic parameter data have been
stored and exchanged in modern formats that are mamplete, simpler and usually more
transparent than the Telegraphic Format. Until mdge however, there was no generally
accepted standard modern format. A major step f@hima this direction was made by the
Group of Scientific Experts (GSE) organized by tbmited Nations Conference on
Disarmament. It developed GSE/IMS formats (see .4D.2or exchanging parametric
seismological data in tests of monitoring the Coghpnsive Nuclear-Test-Ban Treaty
(CTBT) (see 10.2.4) which became popular also vather user groups. Seismological
research, however, has a broader scope than tmdtibnal Monitoring System (IMS) for
the CTBT. Therefore, a nebASPEI Seismic Format (ISF), compatible with the IMS format
but with essential extensions, has been developed aalopted by the Commission on
Seismological Observation and Interpretation of Ititernational Association of Seismology
and Physics of the Earth’s Interior at its meetinglanoi, August 2001. It is the conclusion
of a 16-year process seeking consensus on a nevatf@nd fully exploits the much greater
flexibility and potential of E-mail and Internetfaxmation exchange as compared to the older
telegraphic reports (see 10.2.5).

Digital waveform data, however, are nowadays byt largest volume of seismic data
stored and exchanged world-wide. The number of &snm existence and their complexity
far exceeds the variability for parameter data.nWie wide availability of continuous digital
waveform data and unique communication technolofpesworld-wide transfer of such
complete original data, their reliable exchange aardhival has gained tremendous
importance. Several standards for exchange andvatdmave been proposed, yet a much
larger number of formats are in daily use. The psepof the section on digital waveform data
Is to describe the international standards andutonsarize the most often used formats. In
addition, there will be a description of some af thore common conversion programs.
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Beforehand, however, a short description of thetncosnmon parameter formats is given
below.

10.2 Parameter formats

Parameter formats deal with all earthquake parasiditee hypocenters, magnitudes, phase
arrivals etc. Until recently, there were no realnstards, except the Telegraphic Format (TF)
used for many years to report phase arrival datatesnational agencies (Willmore, 1979;
Chapter “Reporting output”). The format is not used processing. There have been
attempts to modernize TF for many years throughlASPEI Commission of Practice (now
the Commission on Seismological Observation andrpmétation) and as mentioned in the
introduction, the IASPEI Seismic Format (ISF) wagp@ved as a standard in 2001. In
practice, many different formats are used and tlwstndominant ones have come from
popular processing systems. In the following, sahthe most well known formats will be
briefly described. For complete description of themats, the reader is referred to original
Manuals or publications.

10.2.1 HYPO71

The very popular location program HYPO71 (Lee aatii.1975) has been around for many
years and has been the most used program for éactiquakes. The format was therefore
limited to work with only a few of the importanti@aneters. Tab. 10.1 gives an example.

Tab. 10.1 Example of an input file in HYPO71 format. Eachelicontains, from left to right:
Station code (max 4 characters), E (emergent)(ionpulsive) for onset clarity, polarity (C —
compression; D — dilatation), year, month, day, ame (hours, minutes, seconds, hundredth
of seconds) for P-phase onset, second for S-phasst (seconds and hundredth of seconds
only), and, in the last column, record duratione Tihank space between ES and duration has
been used for different purposes like amplitudee Tdst line is a separator line between
events and contains control information.

FOO EPC 96 6 6 64848. 47 62. 67ES 136
MOL EPC 96 6 6 64849. 97 65. 87ES 144
HYA EP 96 6 6 64856.78 78. O7TES 135
ASK EP 96 6 6 649 2.94 34. 72ES 183
BER EPC 96 6 6 649 7.56 36. 61ES
EGD EPD 96 6 6 649 5.76 40. 53ES

10 5.0

The format is rather limited since only P- or Sgda&ames can be used and the S phase is
referenced to the same hour-minute as the P plaés®; the format can not be used with
teleseismic data. However, it is probably one a thost popular formats ever for local
earthquakes. The HYPO71 program has seen many inaiihs and the format exists in
many forms with small changes.
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10.2.2 HYPOINVERSE

Following the popularity of HYPO71, several oth@pplar location programs followed like
Hypoinverse (Klein, 1978) and Hypoellipse (Lahr829 Tab. 10.2 gives an example of the
input format for Hypoinverse.

Tab. 10.2 Example of the Hypoinverse input format. Note yedr, month, day, hour, min is
only given in the header and only one phase isngpez line.

96 6 60648

FOO EPC 48.5 136
FOO ES 62.7

MOL EPC 50.0 144
MOL EPC 50.9

MOL ES 65.9

10.2.3 Nordic format

In the 1980’s , there was one of the first attentptsreate a more complete format for data
exchange and processing. The initiative came froennteed to exchange and store data in
Nordic countries and the so-called Nordic formatsveayreed upon among the 5 Nordic

countries. The format later became the standamtdbused in the SEISAN data base and
processing system and is now widely used. The fortmad to address some of the

shortcomings in HYPO71 format by being able to estoearly all parameters used, having
space for extensions and useful for both inputartgut. An example is given in Tab. 10.3.

Tab. 10.3 Example of Nordic format. The data is the samsees® in Tabs. 10.1 and 10.2.
The format starts with a series of header lines wipe of line indicated in the last column
(80) and the phase lines are following the headesIwith no line type indicator. There can
be any number of header lines including commerdsliriThe first line gives among other
things, origin time, location and magnitudes, teeasnd line is the error estimate, the third
line is the name of the corresponding waveformdibel the fourth line is the explanation line
for the phases (type 7). The abbreviations are: 8THation code, SP: component, I: | or E,
PHAS. Phase, W: Weight, D: polarity, HRMM SECONn#&, CODA: Duration, AMPLIT:
Amplitude, PERI: Period, AZIMU: Azimuth at statioMELO: Apparent velocity, SNR:
Signal-to-noise ratio, AR: Azimuth residual of Itica, TRES: Travel-time residual, W:
Weight in location, DIS: Epicentral distance in lamd CAZ: Azimuth from event to station.

1996 6 6 0648 30.4 L 62.635 5.047 15.0 TES 13 1.4 3.0CTES 2. 9LTES 3. OLNACL

GAP=267 5.92 18.8 43.0 31.8 -0.5630E+03 0.8720E+03 -0. 3916E+03E
1996- 06- 06- 0647- 46S. TEST__011 6
STAT SP | PHASW D HRWMM SECON CODA AMPLI T PERI AZI MJ VELO SNR AR TRES W DI S CAZ7
FOO Sz EP C 648 48.47 136 -0.110 116 180
FOO SZ ESG 649 2.67 0.710 116 180
FOO Sz E 649 2.89 426.4 0.3 116 180
MOL  SZ EP C 648 49.97 144 -0.310 129 92
MOL  SZ EPG C 648 50.90 0.410 129 92
MOL AZ E 649 5.86 129 92
MOL  SZ ESG 649 5.87 0.410 129 92
MOL SZ E 649 6.98 328.6 0.6 129 92
HYA SZ EP 648 56.78 135 0.810 174 159
HYA SZ IP D 648 56.78 0.810 174 159
HYA SZ EPG D 648 57.56 0.110 174 159
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HYA SZ ESG 649 18. 07 0.610 174 159
NRAO SZ Pn 0649 24.03 309.6 8.5 139 5 -0.410 403 119
NRAO SZ Pg 0649 32.60 305.6 7.285.2 1 0.410 403 119
NRAO SZ Lg 0650 22.05 302.0 4.016.0 -1 -0.410 403 119

10.2.4 The GSE/IMS formats

The GSE format (versions GSE1.0 and GSE2.0) wagnatly developed by the Group of
Scientific Experts (GSE) of the Conference on Disanent in Geneva and was used for the
global technical test GSETT-3 organized by the GS$@th the establishment of the
International Monitoring System (IMS) for the Corapensive Nuclear-Test-Ban Treaty
(CTBT) monitoring a significantly revised versiori this format, termed GSE 2.1, was
renamed to IMS1.0. This format has been widely usethany institutions around the globe,
particularly in AutoDRM data exchangettp://seismo.ethz.ch/autodymand for data
transmission to international data centers, howtsas as a processing format than HYPO71
or the Nordic format. IMS1.0 is similar in struatuio the Nordic format but more complete in
some respects and lacking features in other. A mahjference is that the line length can be
more than 80 characters long, which is not the daseany of the previously described
formats. After SEISAN, IMS1.0 is the first majorrfeat for which completeness or
readability has been recognized as a more impasign goal than conciseness.

The official custodian of the IMS format is the Cmmhensive Nuclear-Test-Ban Treaty
Organisation (CTBTO). As of December 2002, 166 &tasigned the CTBT and are
participating in the development of the IMS systeithe WEB page of CTBTO s
http://www.ctbto.org The IMS1.0 data format description can be obthitieough National
Data Centres (NDC) for CTBT which have been esshbli in many countries on all
continents. It is also available from the web sitehe former Prototype International Data
Centre (PIDC) under the heading "3.4.1 Rev3 Fornaaid Protocols for Messages" via
http://www.cmr.gov/pidc/librarybox/idcdocs/idcdolenl. It can be expected that in future
CTBTO will post on its WEB page updates of its datanats, including the IMS format.

Tab. 10.4 Example of the IMS1.0 parameter format which cmstahe same data as given

in Tabs. 10.1 to 10.3. The first lines are mesdafggmation etc. The remaining lines are

more or less self-explanatory. Note that more mfaron, with a higher accuracy, can be
given for each phase (like magnitude) than in therdi¢ format. On the other hand,

information like component and event duration issmg. These are added in the new ISF
format.

BEG N GSE2. 0

MSG_TYPE DATA

MSG_I D 1900/10/19_1711 | SR_NDC
DATA TYPE ORIG N GSE2.0

EVENT 00000001

Dat e Ti me Latitude Longitude Dept h Ndef Nsta Gap Magl N Mag2 N
rns Or_Error Smaj or Smi nor Az Err mdi st Mli st Err Err Err
1996/ 06/ 06 06: 48: 30. 4 62. 6350 5. 0470 15.0 25 13 267 M 2.9 8
1.40 + 5.92 0.0 0.0 0 + 31.8 1.04 4.84 +-0.3
Sta Di st EvAz Phase Dat e Ti me TRes Azim AzRes Slow SRes Def SNR

Amp Per Magl Mag2 Arr 1D

FOO 1.04 180.0 nt P 1996/ 06/ 06 06:48:48.5 -0.1 T
FOO 1.04 180.0 m SG 1996/ 06/ 06 06:49:02.7 0.7 T
FOO 1.04 180.0 m 1996/ 06/ 06 06:49: 02.9

426.4 0.30 ML 3.2 00000003 (from previous line)

ML 1.16 92.0nc P 1996/ 06/ 06 06:48:50.0 -0.3 T
ML 1.16 92.0 nt PG 1996/ 06/ 06 06:48:50.9 0.4 T
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ML 1.16 92.0 m 1996/ 06/ 06 06: 49: 05. 9

ML 1.16 92.0 m SG 1996/ 06/ 06 06:49:05.9 0.4 T

ML 1.16 92.0 m 1996/ 06/ 06 06:49: 07.0

NRAO 3.62 119.0 m Pn 1996/ 06/ 06 06:49:24.0 -0.4 309.6 5.0 8.5 TAS 13.9
(from previous |ine)

NRAO 3.62 119.0 m Pg 1996/ 06/ 06 06:49:32.6 0.4 305.6 1.0 7.2 TAS 85.2
NRAO 3.62 119.0 m Lg 1996/ 06/ 06 06:50:22.0 -0.4 302.0 1.0 4.0 TAS 16.0
(from previous |line)

STOP

10.2.5 The IASPEI Seismic Format (ISF)

The need for an agreed-upon parameter format fonpoehensive seismological data
exchange has led to the IASPEI Seismic Format (I&&Qpted as standard in August 2001.
ISF conforms to the IMS.1.0 standard but has esdegmtensions for reporting additional
types of data. This allows the contributor to im@ducomplementary data considered to be
important for seismological research and applicatidy the IASPEI Commission on
Seismological Observation and Interpretation. Themht looks almost like the IMS1.0
example in Tab. 10.4 above, except for the extassidhe ISF has been comprehensively
tested at the ISC and NEIC and incompatibilitiegehbeen eliminated. The definite detailed
description of the ISF is available from the ISOmn@opage and kept up-to-date there (see
http://www.isc.ac.uk/Documents/isf.gdiTherefore, it is not reproduced in this Manual.

Consensus on the ISF was reached partly by ingudiiany optional items, so the format is
not as simple as some alternatives. Despite thescompleteness, transparency, extensibility
and metadata of ISF are expected to make it vedglwiused. Wide use of ISF will bring
back the advantages of a generally accepted sthisgathat it becomes easier to exchange
data, re-use data collected for past projectseamgloy programs developed elsewhere.

In Volume 2, IS 10.1 and IS 10.2, examples are rgige how event parameter data and
unassociated parameter readings by seismic starengported according to the IMS format
with ISF extensions.

10.3 Digital waveform data

Many different formats for digital data are usedap in seismology. For a summary and the
abbreviations used, see the following sections.tMmsnats can be grouped into one of the
following five classes:

1) local formats in use at individual stationstwaaks or used by a particular seismic
recorder (e.g., ESSTF, PDR-2, BDSMSN);

2) formats used in standard analysis software,(EISAN, SAC, AH, BDSN);

3) formats designed for data exchange and arahi8EED, GSE);

4) formats designed for database systems (CSSS$UD

5) formats for real time data transmission (IDCAMEarthworm).

Use of the term "designed" in describing Class @ 4rformats is intentional. It is usually
only at this level that very much thought has bgmen to the subtleties of format structure
which result in efficiency, flexibility and exterwsiity.
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The four classes (1-4) show a hierarchical strect@ass 4 forms a superset of the others,
meaning that classes 1-3 can be deduced from é&.s@ime argument applies to class 3 with
respect to classes 1 and 2. Nearly all format amnwes performed at seismological data
centers are done to move upwards in the hierarohyhie purpose of data archiving and
exchange with other data centers. Software to@swadely available to convert from one
format to another and particularly upwards in thexdrchy.

This hierarchy also explains why there are so mfanyats. The design of class 1 formats
depends on the manufacturer of the data acquisgystem. In the early days of digital

seismometry, display and analysis software wasngfteprietary and marketed specifically
for a certain manufacturer's equipment and datandbtr There was no real need for
manufacturers to adhere to a standard recordingairuntil users began to realize the
advantages of exchanging data with other seismsitbgnd discovered that this was quite
difficult unless the other party was using the s&rarware and/or software.

Station operators, who were not satisfied withgheprietary analysis software supplied with
the procured data acquisition systems, startedmwert data from Class 1 formats into the
Class 2 formats which were used by more powerfdl &idely available analysis packages
such as SAC. These programs usually provide subesuthat make conversion from local
formats fairly easy. New analysis packages (e.gisG&am) which are developed around a
Class 1 format (BDSN in this case) implicitly offéseir format preference as a candidate for
a new standard in Class 2, but it hardly matterboiag as the necessary software tools are
available to convert to and from the data exchdogeats.

The GDSN (Global Digital Seismic Network) formatgae as a Class 1 format, but because it
was used by an important global seismograph net@@vWWSSN, SRO), it became accepted
as a de facto standard for data exchange (Clag$h8)beginning of widespread international
data exchange within the FDSN (Federation of Diggismic networks) and GSE (Group of
Scientific Experts) groups in the late 1980s res¢dahe GDSN format's weaknesses in this
role and put in motion the process of defining mmapable exchange formats.

The volume of commonly available digital seismi¢adeontinues to increase dramatically. It
increased from 600 MB annually in 1980 to 300 GBL@92 and today we are talking about
many terabytes. Database systems, which are dpedesigned to handle these large
datasets, have therefore begun to appear as asstipéthe standard data exchange formats.
The SUDS system is an example of this type of forma

In the 1990s, several activities (e.g., the GSET&xperiment and the U.S. National

Seismograph Network (USNSN) have emerged whichufeatreal-time exchange of

seismological data, and interest has focused omdis which are suitable for such

applications. In the late 1990s, this idea wasi@aifarther by systems such as Earthworm,
which implement format-independent protocols. BEadrm also is designed to exchange
data across a peer network of multiple, independedes, as well as in a traditional network
of dependent nodes with a centralized collectiahdistribution center.

Following is a brief description of some of thesdas of formats as defined above.
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10.3.1 Data archival

Data archival requires the storage of completermé&tion on station, channel(s) and the
structure of the data. Most existing formats arsigieed to provide part of the information.
Most archival formats presently in use do includ@imation on station and channel, but are
not always complete in the description of the détaat we envisage is demonstrated through
several features in the Standard for the Exchahg§amhquake Data (SEED) format:

» Data Description Language (DDL)
» reference to byte order;
* response information

The DDL is defined to enable the data itself toshwed in any data format (integer, binary,
compressed). The language consists of a numbeeys #@efining, for example, the applied

compression scheme, number of bytes per sampldissam@and gain length in bits and the use
of the sign convention. The reader interprets tb& @nd knows exactly how to deal with the

data. The advantage of the DDL is that the origteth structure can be maintained and is
known. A disadvantage is that readers will haveirterpret the DDL and have less

performance in reading. However, the decoding métion is available directly with the data

and this is extremely important, since data aréectdd on platforms having different byte

orders. In SEED the byte order of the original datdefined in the header, so the reader will
be able to decide whether the data should be swappe

In most archival formats, response information barsupplied in terms of poles and zeroes.
Fewer efforts are undertaken to give the FIR fitteefficients in the header, although they are
accounted for in the definition of SEED and GSE2)froblem occurs when a description of
the instrument response is given only in measuneplitude and phase data as a function of
frequency, as is the case in the GSE1.0 formab,Alee GSE2.X does not specify what is a
minimum requirement. The main purpose of the respomformation is to correct for
instrument response and thus the user will hamdtbothe best fitting poles and zeroes to the
given response. Although tools are available t@wate poles and zeroes from frequency,
amplitude and phase data (e.g., in Preproc), sefoltn the multiple inversion of the discrete
frequency, amplitude and phase data will be diffefiem the original data.

The deployment of large mobile arrays consistingheferogeneous instrumentation is an
important research tool. Data archival of thesa datmportant. Although there is a tendency
to store the data in a common format, the respoosesnsors and data acquisition systems
are often poorly known. It is recommended to pagraion to this issue before the experiment
starts!

Finally, an issue in data archival is the respdhsitof the data quality and the mechanism of
reporting data errors. The network/station operasoresponsible for the quality of the

original data. However, the data may be subjectefotmat conversion at a remote data
center. This last stage could introduce errorsitisdthe originator of the data, which must be
responsible for data quality and should agree erfitral conversion, if such a conversion is
done externally.
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10.3.2 Data exchang®rmats

The data exchange formats are closely relatedetaviy data is exchanged. Therefore, these
formats are described separately. Essentially,farmgat can be used for exchange, however
the idea of an exchange format is to make it easyend electronically, have a minimum
standard of content and be readable on all compid&orms.

At present, there are many different techniquesgsia to exchange data, either between data
users and data centers or between data centersvekmiew of existing techniques is given
below.

Technique Advantage Disadvantage
Indirect on- autoDRM, NetDC email based small volume or
line (no connection time) download through ftp
Direct on-line |ftp, WWW, DRM direct access, enables |slow for large data
(Spyder/Wilber/FARM) |easy data selection volumes
Off-line CD-ROM (DVD) direct access no real-time data

Indirect on-line data exchange is arranged thro(atomated)Data Request Managers
(DRMs) where the request mechanism is based onl dmaffic. There is work towards
standardization on AutoDRMnf{tp://seismo.ethz.ch/autodynto prevent a situation where
users will have to learn a multitude of data retjueschanisms with each having its own
specific request format. One step further is thpl@mentation of a communication protocol
for exchange between data centers in such a waythser only has to send one request to a
nearby data center node. His/her request is themmaatically routed through the data centers
that may contribute to the requested data set. @ugfotocol is under development and is
know as the NetDC initiative (Casey and Ahern, 1996

One basic problem in using email as the transp@thanism is the restricted data volume
that can be exchanged. Also, the format sometinmiésave to be ASCII. The format issue is
taken care of in the GSE format, although in thecdption of the AutoDRM protocol it is
mentioned that also a format like SEED can be uskd.only difference is that the user is
requested to get the data through anonymous ftfl) (pu the data is pushed into an
anonymous ftp area defined by the user. The AutoD&ystem at the Orfeus Data Centre
(ODC) supports the SEED format in data exchange.

Direct on-line access to data is arranged at the ODC, for example, mainly tgitoa website
(http://orfeus.knmi.fl A distinction is made between near real-timeadadllection (Spyder)
and complete data volumes (ODC-volumes, FARM). 8pythta are available within a few
hours after a major event, while ODC volumes lalgite: real-time. At this moment there is a
delay of approximately 3-4 years.

Internet speed is presently still limiting the udeéss of this direct on-line data exchange,
especially since the volumes that are to be trargfanay be large. One major advantage of
direct on-line availability of the data is the chpi#y to make a selection out of the vast

amount of digital data. Procedures are presenttieudevelopment to increase the power of
these selection tools.
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Off-line data access provides complete, quality controlled data that krcally available at
each institute in the form of CD-ROMs. The compbetes and quality control takes time and
CD-ROMs have a limited data volume. Digital Vergabisks (DVDs) will probably replace
CDs in the near future.

10.3.3 Formats for data base systems

Formats for data base systems are specially desmmeno details will be given here.
Examples of such formats are CSS and the derii2@ Database SchemasgelS 10.3 and
http://www.cmr.gov/pidc/librarybox/idcdocs/idcdolesnl) and SUDS.

10.3.4 Continuous data protocols and formats

With better communication systems, real time traesion of digital data becomes more
common. There is no internationally agreed uponmér for this and equipment
manufacturers use their own formats. The most widsked standard format is at present the
CD-1.0 protocol used by the International Data @e(iDC) for the International Monitoring
System (IMS) as described under 10.2.4. Completerdentation can be found on the secure
website  https://www?2.ctbto.org (authorized users only) and openly on
http://www.cmr.gov/pidc/librarybox/idcdocs/idcdoletiml.

Up to 100 channels from a station or array of stetican be transmitted in near-real time
using a single connection. Digital data are progide compressed or uncompressed format
and with or without authentication signatures. pietocol uses units of information called
frames to establish or alter a connection and tthaxge data between the sender and the
receiver. Only one frame is being transmitted ceneed at any instance. A time-out is used
in case of lost connection.

Establishing connections. The sender initiates the connection with the remreio a pre-
designated IP address and port by sending a CooneRequest Frame. The receiver
validates the authenticity of the sender and pes/id new port and Internet Protocol (IP)
address in a Port Assignment Frame. The sendes dneporiginal connection and connects to
the assigned IP address and port that is subségueet for all data transfer.

Transmitting data. After the connection is established, the sendetlsa Data Format Frame,
which describes the format of the subsequent Deden€s. The sender can then send Data
Frames data. The Data Format Frame provides intovmaabout itself and about Data
Frames that will follow. The Data Frame contains taw time series data. Each Data Frame
has a single Data Frame Header and multiple chauteframes.

Altering connections. Either the sender or the receiver can alter thmection through the
exchange of Alert Frames. The receiver sends tleet Arame to notify the sender to use a
different port. The sender uses Alert Frames tdyntite receiver that the communication will
cease or that a new data format is about to be used

10
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Terminating connections. Typically, an established connection remains acéind in use until
the sender or receiver terminates it for mainteaanaeconfiguration. The connection can be
intentionally terminated by sending an Alert Frardeintentional termination due to a slow
or failed communications system is detected alftertime-out period.

The CD-1.0 protocol is being replaced by the CDgrdtocol for transmission of IMS data; a
description can be found orhttps://www2.ctbto.org and http://www.cmr.gov/pidc/
librarybox/idcdocs/idcdocs.html

Another real time data protocol is Earthworm, whishbeing used in North America.
Documentation for this protocol can be found onWsGS website
http://gldbrick.cr.usgs.gov

10.4 Some commonly encountered digital data format

Following is an alphabetical list of formats in user each format some description is given.
The list of formats, of course, is not be complaiarticularly for formats in little use,
however, the most important formats in use tod@pPQ2 are included. In a later section, a list
of popular analysis software systems is mentioredvell as a brief description of some
conversion programs.

Only those formats are listed which can be condetig at least one of these analysis
software systems. It is of particular importancektmw on which computer platform the
binary file has been written since only a few as@yprograms work on more than one
platform. Therefore, the data file should usuabritten on the same platform as the one on
which the analysis program is run. Accordingly, wi# mention below, for each format, the
respective computer platform.

AH

Class: 2 Platform: Unix

The Ad Hoc (AH) format is used in the AH waveformadysis software package developed at
Lamont Doherty Geological Observatory, N.Y., USAid package also supports a number of
conversion tools.

CSS

Class: 2,4 Platform: Unix

The Center for Seismic Studies (CSS) Database Meanagt System (DBMS) was designed
to facilitate storage and retrieval of seismic dataseismic monitoring of test ban treaties
[CSS]. The seismic data separate into two categjonaveform data and parametric data.

For the parametric data, the design utilizes a ceroial relational database management
system. Information is stored in relations thatrable flat, two-dimensional tables as in the
ISF format (see annexed IS 10.1). The descriptiowaveform data is physically separated
from the waveform data itself. The index to the efavm archive is maintained within the
relational database. Data are stored in plain,fidaied non-DBMS files. Each non-DBMS
file is indexed by a relation that contains infotima describing the data and the physical
location of the data in the file system. Each wam@af segment contains digital samples from
only one station and one channel. The time of itls¢ $ample, the number of samples and the
sample rate of the segment are noted in an indexdeThe index also defines in which file

11
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and where in the file the segment begins, andeibtifles the station and channel names. A
calibration value at a specified frequency is nofBoe index records are maintained in the
wfdisc relation. Eaclwfdisc record describes a specific waveform segment anthns an id
number to designate detailed information on thmtand instrumentation of the trace.

GeoSig

Class: 1 Platform: PC

Binary format used by GeoSig recorders. The forroasists of a header and multiplexed
data.

Guralp format
Class: 1 Platform: PC
Format used by Guralp recorders.

ESSTF binary

Class: 1 Platform: All

The European Standard Seismic Tape Format (ESSER gut of a major corporate effort
by Lennartz Electronic GmbH [LEN]. ESSTF has beseduas the framework for the file
system in the SAS-58000 data acquisition systen8TEScombines header information in
ASCII format with seismic data in binary format.

The event header block is a single block precethieglata blocks, containing information on
event start time. Each data block contains a 48acter header block (channel number, time,
etc.) in ASCII. All channels are stored in a muéied form in one file. Data are organized in
frames, each containing 500 data points. The mifisiemt access to the binary data is by
unformatted, buffered reading with the capabilitydecoding the ASCII data directly out of a
memory buffer.

GSE

Class 3 Platform: All

The format proposed by the Group of Scientific Eip€GSE format) has been extensively
used with the GSETT projects on disarmament. Th&Z55 now renamed IMS1.0, is the
most recent version. The manual can be download®sd fhttp://orfeus.knmi.nl/manuals/
provisional GSEZ2.1.pr the web pages of the Center for Monitoringdesh in Arlington
(http://www.cmr.gov/web-gsett3/CRP-243/www/FmtProttiProt 5.htmI#HEADING113
http://www.cmr.gov/pidc/librarybox/idcdocs/idcdolesnl).

A GSEZ2.1 waveform data file consists of a wavefadentification line (WID2) followed by

the station line (STA2), the waveform informatiaself (DATZ2), and a checksum of the data
(CHK2) for each DAT2 section (Provisional GSE 2.k9dage Formats & Protocols, 1997).
The default line length is 132 bytes. No line maylbnger than 1024 bytes. The response
data type allows the complete response to be gages series of response groups that can be
cascaded. Response description is made up of the @kntification line plus one or more

of the PAZ2, FAP2, GEN2, DIG2 and FIR2 responsé@es in any order.

Waveform identification line WID2 gives the datedatime of the first data sample; the
station, channel and auxiliary codes; the sub-forofidhe data, the number of samples and
sample rate; the calibration of the instrument @spnted as the number of nanometers per
digital count at the calibration period; the typketloe instrument, and the horizontal and
vertical orientation.

12
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Line STA2 contains the network identifier, latituded longitude of the station, reference
coordinate system, elevation and emplacement depth.

Data section after DAT2 may be in any of six diéfiet sub-formats recognized in the GSE2.1
waveform format: INT, CM6, CM8, AUT, AU6, and AUSNT is a simple ASCII sub-
format, "CM" sub-formats are for compressed datal &AU" sub-formats are for
authentication data. All represent the numbersiggers and therefore can be sent by email.

A checksum CHK2 must be provided in the GSE2.1 &irmhe checksum is computed from
integer data values prior to converting them to aihtye sub-formats.

IRIS dial-up expanded ASCII

Class: 1 Platform: All

The IRIS dial-up data retrieval system can be usexkarch for, display, and write data from
IRIS GSN stations which are equipped with dial-@pabilities. Digital waveforms can be
written in ASCII using the various on-line commanésgy., "V" variable- and "F" fixed-
record-length, expanded ASCII. These files contaim types of records: header records (one
per file) and data records. The header record smtation and instrument information, the
start time of the data record, and the number wipéas. The data record contains the record
number, 8 sample values and a checksum. This farsest a separate file for each component
of each station.

ISAM-PITSA

Class: 2,4 Platform: Unix

Indexed Sequential Access Method (ISAM) is a conutmaédatabase file system designed for
easy access. PITSA bases its internal file stradir digital waveform data on ISAM. This

structure is often referred to as the ISAM formaii it should not be confused with the
underlying database engine. An ISAM-PITSA file systconsists of two database files
containing the headers and the indexing informatwrall traces, and at least one trace file
per channel. The trace file is a binary image efftbating-point data that can in principle be
accessed independently. All files in an ISAM-PIT8k system have the same file name
base. The extensions are ".nx0" and ".dt" for t#alkse files, and ".001", ".002", etc. for the
trace files.

Ismes
Class:1 Platform: PC
Format used by Italian Ismes recorders.

Kinemetrics formats

Class:1 Platform: PC

Kinemetrics have several binary formats althoughttiio main formats are for the DataSeis
recorders and the K2 class recorders.

Lennartz
Class: 1 Platform: PC

13
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Format for Lennartz recorders. The most commohasMars88 format although there is also
a format used with the older tape recorders.

Nanometrics
Class: 1 Platform: PC
Format used by Nanometrics recorders. The most aonformat is the Y-format.

NEIC ORFEUS

Class: 2 Platform: PC

The NEIC ORFEUS program SONIC1 can be used to kedisplay, and write data from the
NEIC Earthquake Digital Data CD-ROMs (NEIC Wavefor@atalog, 1991). Digital
waveform data in ASCII contain two types of recordsader records and data records. A
header record contains station information, thet stame of the data, sample rate, and the
parameters of the transfer function. Data recoaidain the actual data retrieved from CD-
ROM. Each data record is preceded by the numbeataf points contained in the data record.
For more information, see the documentation orNB&C ORFEUS SONIC Program Disk .

PDAS

Class: 1 Platform: PC

The format used by the Geotech PDAS recorders. fohisat has seen more use than just for
the recorder output and there are examples of wdaike sets converted to PDAS format.

PITSA BINARY

Class 2,3 Platform: PC and UNIX

In order to facilitate portability and to permitey user to write their own conversion
routines without having to purchase commercial Badty software, a new format called
BINARY has been added to PITSA's I/O. It is sim@ybinary image of the internal
representation of data in PITSA, without the dasebaverhead of the ISAM format. Another
advantage to BINARY format is that it makes exclenfjdata files across platforms fairly
easy. It is only necessary for the user to proeidede to do any required byte swapping. For
a transitional period, fully equivalent I/O for botSAM and BINARY routines have been
implemented in both the PC and the Sun version®IdBSA, but the ISAM format will
disappear eventually.

Each file consists of a short file header followsdas many data blocks as there are traces.
Everything is binary. The file header consists of:

1. NCHANNELS: a long integer containing the numbgchannels in the file.

2. SIZEJ[]: An array of long integers of dimensiorCNANNELS. Each element SIZE[i]
contains the block size for block i, in bytes. linstcontext, block size of the i-th block means
the size of the i-th trace header plus the sizé®i-th trace.

3. BLOCK(Ti], for i = 1 to NCHANNELS: One block pérace. Each block consists of a binary

image of the data header (as described in file lljatallowed by the binary image of the trace
data.

14



10.4 Some commonly encountered digital data formats |

Public Seismic Networks
Class: 1,2 Platform: PC
This format is used both as a recording and argafgsmat by Public Seismic Networks

SAC

Class 2 Platform: Unix

Seismic Analysis Code (SAC) is a general-purpotactive program designed for the study
of time sequential signals [SAC]. Emphasis has bpkwced on analysis tools used by
research seismologists. A SAC data file contaiemgle data component recorded at a single
seismic station. Each data file also contains adéesecord that describes the contents of that
file. Certain header entries must be present (gg.number of data points, the file type, etc.).
Others are always present for certain file typeg.(esampling interval, start time, etc. for
evenly spaced time series). Other header variavkesimply informational and are not used
directly by the program. Although the SAC analysftware only runs on Unix platforms and
the general format is binary, there is also an ASrsion that can be used on any
platform.

SEED

Class 3 Platform: All

The Standard for the Exchange of Earthquake D&&S format was developed within the
FDSN. The first set-up was designed at the U.S.Iégamal Survey's National Earthquake
Information Center (NEIC) and Albuquerque Seismabaratory (ASL), primarily for the
exchange of unprocessed waveform data. SEED wasteatldy the Federation of Digital
Seismographic Networks (FDSN) in 1987 as its stahd®IS has also adopted SEED, and
uses it as the principal format for its dataseEEB uses four types of control headers:

» volume identifier headers;

» abbreviation dictionary headers;
e station headers;

» time-span headers.

Each header can use several blockettes - individodlons of information that are header
specific - that conform to the organization rulésheir volume type. Some blockettes vary in
length and can be longer than the logical recongjtie Data fields in control headers are
formatted in ASCII, but data fields (in data rec®rare primarily formatted in binary. The
full description can be found in the SEED refereki@mual [SEED].

It is worth pointing out that formats (such as SBEBsigned to handle the requirements of
international data exchange are seldom suitedetodleds of individual researchers. Thus, the
wide availability of software tools to convert betsn SEED and a full suite of Class 2

formats is crucial for its success.

A number of the present generation data acquisgimtems (e.g., Quanterra, Nanometrics)
produce data in SEED volumes only (miniSEED), withany of the associated control

header information. Software packages have beeel@®d to produce full SEED volumes

from miniSEED volumes (e.g., SeedStuff). At the QD& package has recently been
developed and will be distributed as a general tool
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SEISAN

Class 2 Platform: All

The SEISAN binary format is used in the seismic lysis program SEISAN
(http://www.ifjf.uib.no/seismo/software/seisan.hymiThis program was developed at the
Institute of Solid Earth Physics at the UniversifyfBergen, Norway. The format consists of a
main header describing all channels. Each chammegl follows with a channel header with
basic information including response. SEISAN caadréhe binary SEISAN files written on
any platform. The SEISAN analysis system can as®@SE as a processing format.

SeisGram ASCII and binary

Class: 2 Platform: PC

Time series are contained in sequential, formad®@&ll files or sequential binary files. The
SeisGram software (Lee, 1995) also reads fixedrcelemgth files using the BDSN Direct
Access format. The following header informatiomisluded in both the ASCII and the binary
data files:

File type, Data format, Network, Station and instamt identifier, Type of recording, Date,

Event number, Orientation of the Y component, Tiongit per sample, Sample rate,

Amplitude units, Amplitude units per digital coustart time, Number of samples, Comment
on event and data, Time series processing history.

The ASCII files should be opened with "sequentiedess, formatted” format options. All
header entries except start time are written witlingle value on each line. The binary files
are designed for compactness and fast access.yBilea should be opened with "sequential
access, binary" format options. SeisGram's Direxte&s data files are designed to store large
sets of binary, direct access data from the BD&H ifietwork, not the format). The data in the
file is identical to the data stream from the tedtny system, except for the addition of an
eight-record header to identify uniquely the reaagdsource, start time, and format. The
Direct Access files should be opened with the '®Wisecess, binary” format options.

Sismalp
Class: 1 Platform: PC
Sismalp is a widespread French data seismic reapsjistem.

Sprengnether
Class: 1 Platform: PC
Format used by Sprengnether recorders.

SUDS

Class: 1,2,4 Platform: PC

SUDS stands for “The Seismic Unified Data Systentie SUDS format was launched to be
a more well thought out format useful for both nelbeg and analysis and independent of any
particular equipment manufacturer. The format heenswidespread use, but has lost some
momentum, partly because it is not made platfordefrendent.
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10.5 Format conversions

10.5.1 Why convert?

Ideally, we should all use the same format. Unfoately, as the previous descriptions have
shown, there are a large number of formats in\d&th respect to parameter formats, one can
get a long way with HYPO71, Nordic and GSE/ISF fatsnfor which converters are
available, such as in the SEISAN system. For wawefiormats, the situation is much more
difficult. First of all, there are many differerdrinats and, since most are binary, there is the
added complication that some will work on some cotapplatforms and not on others. This
is a particular problem with binary files contaigireal numbers as for example, the SeisGram
format. Additional problems are that: some formlaésve seen slight changes and exist in
different versions; different formats have differeaontents so not all parameters can be
transferred from one format to another; and coneergrograms might not be fully tested for
different combinations of data.

Many processing systems require a higher level &rthan the often primitive recording

formats which is probably the most common reasanctmversion; a similar reason is to
move from one processing system to another. TheDSiBENat has become a success for
archival and data exchange, but it is not very wiskfr processing purposes, and almost
unreadable on PCs. So it is also important to de &b move down in the hierarchy.

Therefore, the main reasons for format conversiert@amove:

» upwards in the hierarchy of formats for the purposéata archiving and exchange;
» downward from the archive and exchange formatafalysis purposes;

» across the hierarchy for analysis purposes;

» from one computer platform to another.

10.5.2 Ways to convert

There are essentially two ways of converting. Titet fs to request data from a data center in
a particular format or to log into a data cented ase one of their conversion programs. The
other more common way is to use a conversion pnogoa the local computer. Such
conversion programs are available both as freedstgrsoftware and as part of processing
systems. Equipment manufactures will often suppljeast a program to convert recorder
data to some ASCII format and often also to someerstandard format as SUDS.

10.5.3 Conversion programs

Since conversion programs are often related toyaisaprograms, Tab. 10.5 lists some of the
better-known analysis systems and the format tlseydirectly.

Tab. 10.5 Examples of popular analysis programs.

Program Author(s) Input format(s) Output format(s)
CDLOOK R.Sleeman SEED SAC, GSE
Geotool J.Coyne CSS, SAC, GSE CSS, SAC, GSE
PITSA F.Scherbaum, J.Johnson|ISAM, SEED, Pitsa binary, ISAM, ASCII
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GSE, SUDS
SAC LLNL SAC SAC
SEISAN J.Havskov, L. Ottemoller | SEISAN, GSE SEISAN, GSE, SAC
SeismicHandler K.Stammler g, miniSEED, GSE, AH, d, GSE, miniSEED
ESSTF
SNAP M.Baer SED, GSE SED, GSE
SUDS P.Ward SuUDS SUDS
Event M.Musil ESSTF, ASCII ESSTF, ASCII
SeisBase T.Fischer ESSTF, Mars88, GSE GSE

An overview of available format conversion progracas be found on the ORFEUS Web
pages under ORFEUS Seismological Software Librattpy(/orfeus.knmi.nl/wirjung.groups/
wagd4/index.htm). Here we present just a few packages in alpheddetrder. Only those
programs are mentioned which are able to readaat ene of the formats mentioned in sub-
Chapter 10.4.

Codeco
Programcodecowas written by U. Kradolfer and modified by K. 8taler and K. Koch.
Input files can be in SAC binary or ASCII, or GS&trhats. Output formats are: integer or

compressed GSE1.0 or GSE2.0, SAC binary or AS@H, miniSEED.Codecois available
through the SZGRF software library (ftp://ftp.szbgr.de/pub/ software).

Convseis

Converts 14 data formats on PCs like GSE1.0 and2GBHIT, PCEQ, SEGY and SUDS.
Convseishas been written by L. Oncescu and M. Rizescu.

isam2gse

Data in ISAM format can be converted to GSE forimatusing the progransam2gse The
code is available through the SZGRF software ly(tp://ftp.szgrf.bgr.de/pub/ software).

ESSTF to GSE

Programlen2gse2 written by B. Ruzek (Geophysical Institute, Pragaonverts multiplexed
ESSTF binary format, Mars88 binary format or ASL@&IEformat indata_file to the GSE2.0
CM6 compression format. The user can select the tmmdow and mask channels and
streams. The code is written in C++.

GSE to SEED
Programgse2seed developed by R. Sleeman (Orfeus Data Centre, itty Bonverts a

GSEZ2.X file to the SEED2.3 format. Multiple tracae handled. For each WID2 section, the
GSE file must contain corresponding data types SON CHANNEL and RESPONSE.
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PASSCAL package

The PASSCAL package was written by P. Friberg, 8lrtan, and J.Webber, developed on
SUN under SunOs4.1.4, compiled under Solaris 2d! lagher and also under LINUX. It
converts RefTek to SEGY and miniSEED. Prognagh provides a quick and easy way to
view SEGY, SAC, miniSEED or AH seismic datpgl operates in the X11 window
environment. The package is available from the PR&&S instrument center
(http://www.passcal.nmt.eflat New Mexico Tech., Socorro.

Preproc

Preproc has been designed to assist the seismologist wdtesvto analyze large sets of raw
digital data that need to be preprocessed in seamelard way prior to the analysis. Preproc
was written by Miroslav Zmeskal for the ISOP projéc the period 1991-1993. It was
rewritten recently in the object-oriented form. Asby-product,preproc can perform data
conversion from GSE / PITSA ISAM to GSE / PITSA IBAIn the near future new
input/output formats will be implemented (ESSTFNnISEED). preproc was successfully
compiled on HP, SUN, Linux and DOS. Program packageroc and a detailed Manual are
available through the ORFEUS Seismological Softvaieary

Rdseed

Rdseedreads from the input tape or file in the SEED fatnAccording to the command line
function option specified by the usedseed will read the volume and recover the volume
table of contents ( -c), the set of abbreviationtidharies ( -a), or station and channel
information and instrument response table ( -s)oidder to extract data from the SEED
volume for analysis by other packages, the usert musrdseed in user prompt mode
(without any command line options). As data is astied from the SEED volumedseed
looks at the orientation and sensitivity of eachrutel and corrects the header information on
request. Implemented output formats are (optionSAC, AH, CSS 3.0, miniSEED and
SEED. A Java version of rdseed is to be releas@®@1.Rdseedwas developed by Dennis
O'Neill and Allen Nance, IRIS DMC.

SeedStuff

SeedStuffis a set of basic programs provided by the GEOHIMS software library in
Potsdam (ftp://ftp.gfz-potsdam.de/pub/home/st/GEQFROftware) to process and compile
raw data from Quanterra, Comserv and RefTek dajgels. The goal is to check and extract
data from station files/tapes to miniSEED files anédssemble miniSEED files to full SEED
volumes. The SeedStuff package was written by WidfHanka and compiled on the SUN,
HP and Linux. The following tools are available:

extr_qic: extracts multiplexed raw Quanterra station tapedamultiplexed miniSEED
files containing only one station / stream / conmgran

extr_file: like extr_gic for multiplexed miniSEED, RefTecds;

extr_fseed:disassemble full SEED tapes. SEED headers arpeskilata are stored into
station / stream / component files;

check_seedchecks the contents of miniSEED data files orggpe
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check_qic:analysis the contents of a Quanterra data tape;

copy_seed:assembles a full SEED volumes from miniSEED fifles a given set of
station / stream / component defined in the copgd $#g configuration file

make_dlIsv: generates a dataless (header only) SEED volume aforset of
station/stream/component defined in copy_seed.cfg.

SEED to GSE

There is no special program developed for convgrtither full SEED volumes or miniSEED
files to the GSE format. Such a package would bengty needed for providing data in the
GSE format by the AutoDRM services.

On the SUN platform, program CDLOOK (see 11.5.2za&) read full SEED volumes and
write traces in the GSE format. This program can dewnloaded from ftp://
orfeus.knmi.nl/pub/software.

SEISAN

The SEISAN analysis system has about 40 convegiograms, mostly from some binary
format to SEISAN. The SEISAN format can then bevewted to any standard format like
SEED, SAC or GSE. SEISAN has format converters rfarst recorders on the market
including Kinemetrics, Nanometrics, Teledyne, GepSReftek, Lennartz, Giralp and
Sprengnether.
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