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Summary
1. The Ad Hoc Group of Scientific Experts to Consider International Co-operative 
îfeasures to Detect and Identify Seismic Events, so as to facilitate the 
verification of a conprehensive nuclear test han treaty, was established in I976 
hy the Conference of the Committee on Disarmament (CCD) ana latci 
maintained hy the Committee on Disarmament (CD), which, as of February 1934 has 
become the Conference on Disarmament (CD). Government appointed experts from
30 States 1/ and representatives from the World Meteorological Organization (WMO) 
have participated in the work during the Group's present mandate. Names of the 
participants are listed at the end of this report.

2. In its consensus reports CCD/558 of 14 March 1978 and CD/45 of 25 July 1979 
the Ad Hoc Group described how seismological science could be applied, in 
international co-operation, for a global exchange of seismological data, so as to 
assist States in their national verification of a comprehensive nuclear test ban.

The proposed system for global data exchange will, it is expected, operate 
on the basis of a number of provisions to be worked out within the framework of 
a treaty prohibiting nuclear weapons tests covering nuclear explosions for 
peaoeful purposes in a protocol which would be an integral part of the treaty.

3 . The proposed global system has three main elements:
(a) a network of more than 50 existing or planned seismological stations 

aroTjnd the globe, with inproved equipment and upgraded procedures for the 
extraction of data;

(b) an international exchange of these data over the Global Telecommunication 
System (GTS) of the World Meteorological Organization (WMO);

(c) processing of the data at special International Data Centres (iDCs) 
for the use of participant States.
4 . The data to be reported from each station or observatoiy would be in standard 
form and on two levels;

Level I ±1 with the routine reporting, with minimum delay, of basic 
parameters of detected seismic signals and
Level II ̂  with detailed records of waveforms provided in response to 
requests for additional information.

Compared to current seismological practice, increased emphasis would be laid on 
parameters relevant to event identification and generally strict operational 
requirements would be set forth as to scope, consistency, reliability and^ ^
promptness in the reporting. Where applicable, internationally agreed scientific 
practices would be followed.

1/ Algeria, /ustralia, Austria, Belgium, Bulgaria, Canada, Czechoslovakia, 
Denmark, Egypt, Finland, German Democratic Republic, Germany, Federal Republic of, 
Hungary, India, Indonesia, Italy, Japan, Kenya, Mexico, Netherlands, New Zealand, 
Norway, Peru, Poland, Romania, Sweden, Union of Soviet Socialist Republics,
United Kingdom of Great Britain and Northern Ireland, United States of America and 
China (participating as observer).

^  In CCD/558 and CD/43, Level 1 and Level 2 were used, respectively.



5. The present consensus report, which is the third report overall of the
Ad Hoc Group, contains detailed, preliminary instructions for the compréhensive 
experimental testing of the global system, which mi^t be established for the 
international exchange of seismological data under a future treaty. In addition 
the report contains the results of national investigations submitted to the Group 
by its members, concerning questions relating to the further development of 
scientific sjad technical aspects of the global system described in CCD/558 und 
CD/43. More than 200 national contributions have been submitted to the Group as 
informal working papers, some of them of considerable inpact and volume. These 
contributions, which are listed in Appendix 2 to this report, have been reviewed 
and analysed at nine plenary sessions held by the Group.

6. Dr. TJlf Ericsson of Sweden served as Chairman of the Ad Hoc Group from 1976 
until his death in November 1982. During these years, he guidei the work of the 
Group with great skill and dedication. The significant results that the
Ad Hoc Group Ьяд achieved must to a large extent be attributed to the 
Chairmanship of Dr. Ericsson.
7 . On 10 February 1983, the Ad Hoc Group unanimously elected Dr. Ola Dahl man of 
Sweden as its new Chairman.
8 . Upon invitation by the CD, representatives of the WMO have attended the 
ДД TTftft Group's sessions, and have provided valuable advice and assistance with 
regard to transmission of seismic data on the WMO/GTS. The Ad Hoc Group takes 
note of the letter addressed to the Chairman of the CD from the Secretary-General 
of the WMO (CD Working Paper No. 99 of 20 June I983), in which he i n f o r ^  the 
Committee of the decision by the WMO Executive Council, at its thirty-fifth session, 
to apinrove Recommendation 18 (CBS—VIIl) of the WMO Commission for Basic Systems 
concerning the "Inclusion of seismic bulletins in the global exchange programme". 
Thus the formal approval now exists to regularly exchange Level I seismic data 
throu£^ the WMO/GTS, starting 1 December 1983»
9 . The present report has eight chapters, each dealing with different aspects 
of the Group's work. In addition, eight appendices containing detailed and 
technical material are annexed as an integral part of the report. Consensus was 
reached on the entire main part of the report, and also on those appendices (4B,
7 and 8 ) containing recommendations and preliminary technical instructions., 
Appendices 1, 2, 4C, 5A and 5D contain factual inforoatian on various 
organizational suod technical matters. The remaining appendices (З» 4A, 4D»
5C and 6 ) contain summaries of national investigations, and thus reflect the 
viewpoints of individual countries on various technical problems.
10. The contents of the chapters of the report are summarized in the following 
paragraphs.
11. Chapters 1 and 2 are introductory chapteia, giving the background for the 
establishment of the Ad Hoc Group, its terms of reference as given by the CD, and 
its organization and method of work.
1 2. fPift-pter 3 describes recent developments in seismograph stations and networks.
In summary, significant technical developments have taken place in the past few 
years with regard to seismograph facilities worldwide, and some of these are 
described in this chapter and its associated appendices.

The many advantages of digitally recording seismograph systems axe now 
widely recognized, and in consequence many such systems have been installed.
While a significant number of stations of interest for the global network still 
are of the analog recording type, the Ad Hoc Group recommends that conversion of 
analog stations to digital systems be given high priority.
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The Ad Hoc Group maintadns its recommendation from CCD/558 and CD/43 that all 
network stations he equipped with modem seismograph systems capable of continuous 
recording of data in digital form, and operated in a standardized way. Hovrever, 
progress toward such a standairdization has been slow, and the attainment of an 
aigreed specification of stsmdards for the netvrork is ein important aim that deserves 
further study.

National experiments have demonstrated the usefulness of data that can be 
obtained from array stations, even if these array stations are of very small 
aperture.

In CCD/558 it was noted that the large majority of high quaJaty seismic 
stations were located in the northern hemisphere. The situation is essentially 
unchanged today. The Ad Hoc Group considers it essential that more h i ^  quality 
stations be established in the southern hemisphere, especially in Africa and 
South America. The Ad Hoc Group considers as very valuable the efforts tliat sire 
currently under way to establish the feasibilitjr of ocean-hottom seismograph 
systems. The Group notes that the inclusion of such inctruments would significantly 
inqprove the capabilities of the global system.

The Ad Hoc Group notes that significant changes have occurred since the 
theoretical capabilities of a network selected to model a global system were 
considered in CCD/558 • A nexr method for network capability estimation, using 
simulated earthquake data, has been introduced to the Ad Hoc Сгогф, and is of 
methodological importance. However, the Group agrees that an accurate evaluation 
of the capabilities of a global network vull only he uossihle in conjunction with a 
comprehensive experimental exercise of the global system, as first proposed in 
CCD/558. The need for such an experimental exercise continues to he recognized.

1 5. Chapter 4 discusses Level I data extraction at the seismograph stations of 
the global network. In summary, the Ad Hoc Group has'reviewed several national 
investigations addressing the Level I parameter lists proposed in CCD/55S and CD/43* 
As a result of these studies, the Group believes that a number of new parameters 
could he added as being useful for an international seismic data exchange.
However, the final list of parameters ’rfill bo established only after a comprehensive 
experimental exercise as proposed in CCD/558.

National investigations have shown that existing methods for Level I data 
extraction can impose a heavy work load on participants in an international data 
exchange. The Ad Hoc Group notes thac promising results, vduch mi^t lead to a 
reduction in the work load, have been achieved using automatic procedures, but 
recognizes that this is a difficult problem. The Group considers that further 
research in this area is needed. Here it is understood that the participating 
stations in the proposed global system xrould be equipped with digital recording 
devices.

Interactive processing has proved very valuable in the analysis of seismic 
records, and further studies should be conducted. A reasonable aim is to attempt 
to minimize the number of intermediate decision points in the interactive process, 
thus approaching ihe goal of automatic parameter extraction. The Ad Hoc Group 
believes that standardization of the interactive process is important and should 
be investigated.

The Ad Hoc Group takes note of the recommendations adopted by the 
International Association of Seismology and Physics of the Laxth’s 
Interior (lASPEl) during its assembly in Canberra, Australia, in 19'̂ 9 regarding 
instruccions for measuring amp]itudes and periods for magnitude 
determinations (Append' 4G). The Group recommends that •'■hese standards should
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form the Ъаз1з for such measurements within the global system, and that automatic 
procedures to analyse signals be designed according to these standards.

Promising results have been reported on the use of techniques for Level I 
data extraction such as polarization filtering and hi^-resolution wavenumber 
analysis of data from small arrays. The Ad Hoc Group recommends that studies of 
these and other advanced methods be pursued further.
1 4. Chapter 5 deals with exchange of Level I data throu^ the WÎK)/GTS. Two trial 
exchanges of abbreviated Level I data using the WMO/GTS have been conducted with 
broad participation of countries represented in the Ad Hoc Group. Althou^ some 
technical problems have been encountered, the results from the ei^eriments have 
shown that the WMO/GTS has the potential of fully satisfying the aims of rapid and 
undistorted transmission of Level I data for the proposed global system. At many 
remote places, the WMO/GTS offers the only practical communication mechanism for 
rapid transmission of Level I data. ^

An additional technical test vdiich has been conducted between five countries 
hag shown that the GSPS can handle large volumes of Level I data without problems.

The Ad Hoc Group sees the need for additional technical tests using the 
WMO/GTS to test further aspects of the possible international exchange of data, 
especially the complete set of Level I parameters. The dissemination of seismic 
bulletins from data centres also needs further testing. Noting that no significant 
experience has been obtained regarding transmissions from Africa, Antarctica and 
South America, the GroTjp considers it important that additional experiments include 
participation from these continents.

The W№) has authorized the use of the GTS for the exchange of Level I 
seismic data on a regular basis from 1 December 1985» Ad Hoc Group considers 
it essential that up-to-date information on improvements and changes to the CTS 
be :readily available; therefore, it is recommended that the Secretariat of the 
Conference on Disarmament make arrangements with the Secretariat of the \ЛЮ to 
receive regular advice on this matter.

The Ad Hoc Groip has noted the advice of the WMO that significant improvements 
in transmission can be expected only if the GTS is used on a more regular basis. 
Some countries are already doing so. However, the Group notes that regular use or 
participation in more extensive tests of the GTS poses organizational problems for 
some potential participant States.

The Ad Hoc Group considers it inporteœt that the format of Level I data be 
kept consistent with the International Seismic Code currently in use, and 
recommends that a close liaison be maintained with international seismological 
agencies in order to co-ordinate future elaborations on the format for Level I 
parameters.
1 5. Çbgpter 6 concerns format and procedures for the exchange of Level II data.
In the proposed global system, Level II data will be exchanged, тфоп request, 
between government-authorized National facilities through International Data 
Centres. Some national investigations have shown that rapid exchange of
Level II data in digital form can be achieved using modern telecommunications 
facilities without any particular restriction on the amount of such data that 
mi^t be requested.

In the proposed system for global data exchange, any Level II data from 
individual stations designated as participating in the global network should be 
exchanged upon requests made from a government-authorized National facility 
through an International Data Centre.
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The Ad Hoc Group agrees that a precise estimte of the amount of Level II data 
that mi^t he requested can he given only after sufficient experience has been 
acqmred from a comprehensive experimental exercise as proposed in 
CCD/558.

Preliminary formats for digital Level II seismic data on magnetic tape have 
been considered. In future consideration of such formats, possible lASPEI 
recommendations should be taken into account. Formats for the exchange of such 
data by telecommunications channels need to be further developed, but should 
follow the nagnetic tape standard as closely as possible.

Level II data should be exchanged an rapidly an practical, the rapidity mil 
depend on precise procedures which have to be agreed upon. The Group notes that 
it will be necessary to take into consideration the practical telecommunications 
conditions particular to each participating country.

The Ad Hoc Group recommends that further investigations be made of possible 
formats and methods for Level II data exchange at the request of participants in 
connection \m.th the preparations for the comprehensive experimental exercise 
proposed in CCD/558.
16. Chapter 7 deals with the topic of International Data Centres (iDC's) for 
the envisaged global system. A number of national investigations have been 
conducted regarding the organization of such centres and the data processing that 
would be performed. Experimental data centres have been established by some 
countries and some large-scale experiments have been conducted to test and 
develop procedures for data handling and analysis. These efforts and their 
implications for a global system are summarized in this chapter. A "Preliminary 
Operations Manual for International Data Centres" has been developed, giving a 
detailed outline of the operational procedures to be followed at such centres.
The manual is annexed as an integral part of this report (Appendix 7)« Certain 
aspects of the procedures developed in this annex should be tested and updated 
further.

Preliminary results have been obtained using automated procedures for Level I 
seismic data analysis in the International Data Centres to be established for tne 
proposed global system. The experts of the Ad Hoc Group agree that automatic 
Level I data processing in the IDCs is one of the most conplex problems for the 
proposed global system. Results of national investigations indicate, however, 
that in principle it is possible to solve this problem. The Ad Hoc Group 
recommends that further research into automatic processing at data centres be 
given h i ^  priority.

National investigations carried out by some countrirs have shown the 
effectiveness of the use of Level II data at rational centres in obtaining more 
acc\rrate focal parameters of events presenting an interest.

Some modifications to the procedures described in the Group's earlier 
reports have been agreed to. The procedure to be used for event defirûtion should 
take into account a large number of seismic phases than su^^sted in ССВ/ЗЗ^ and 
CD/4 3. Further research efforts are needed tc improve the accuracy of epicentre 
location amd, most urg Ooly, of eient depth ertimation. This might be achieved 
by using globally compiled local travel time data and also by using joint 
hypocentre estimation techniques. An increased use of depth phases seems, 
however, to be the most important step here.

CD/448
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Certain national investigations have shown that the more detailed analysis 
of information at stations of the global network (Level II data), for example with 
the help of polarization analysis, provides greater effectiveness in the 
identification of depth phases.

Procedures and foiraulas should he established to estimate short period and 
long period magnitude from local recordings. Magnitude estimation procedures 
should include individual station corrections and the use of noise data for 
non-detecting stations. Increased effort should be given to the reporting and 
analysis of long ponod surface waves, since experiments have shown that surface 
wave observations can be obtained to a much greater extent than previously 
experienced.

Efforts should be made to increase the amount of preliminaiy location data 
from array stations and of estimates of arrival directions for long period surface 
waves.

Effective procedures need to he developed for receiving, copying, storing and 
distributing copies of Level II data to participating States which have made a 
request in connection with an event of interest.

1 7. Chapter 8 contains conclusions and recommendations for further study. Да 
observed in this report, significant and rapid developments have taken place in 
recent years regarding seismology and data processing techniques, and th se 
developments are continuing.

The Ad Grotip notes that these results can tum out to be usefxil and thus 
could be considered for the further development of the scientific and technical 
aspects of the co-operative global system described in CCD/558 and CD/43 as well 
as for the further elaboration of a comprehensive experimental exercise of that 
system.

The Ad Hoc Group has noted areas in which additional scientific and technical 
progress is needed, as discussed in Chapters 3 through 7 of this report and the 
most important such topics are summarized in Chapter 8.

The Ad Hoc Group notes with appreciation the recent decision 'fcy the Ш 0  
Ninth Congress that the Ш О /GTS may be used for regular transmission of Level I 
data from 1 December 1983. The Gioup sees the need to conduct further technical 
tests, in co-operation with the Ш0, to establish the operational performance of 
the Ш О /GTS for seismic data exchange on a global basis. The Group has worked out 
a preliminary plan for such a test of the Ш О /GTS transmission channels for 
Level I data to be carriod out in 1984.

The Ad Hoc Group maintains ios recommendation from CCD/558 and CD/43 "that 
a comprehensive experimental exercise of all aspects of the eventual global system 
be conducted.
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CHAPTER 1 

In-croduction
Зиишя-гу

The background for the establishment of the Ad Hoc Group is reviewed, and the 
terms of reference for its continued woii: are presented.

1.1 Background and tems of references for the Ad Hoc Group

On 22 Jxily 1976, the Conference of the Committee on Disarmament (the CCD)
established an Ad Hoc Group of Government-appointed experts to consider and report 
on international co-operative measures to detect and identify seismic events, so 
as tc assist in the verification of a comprehensive test ban. The Group submitted 
its consensus report (CCD/556) in March 197S, describing how seismological science 
can be applied in a co-operative intemational effort to achieve this purpose. In 
this sense, the co-operative measures would have three main elements;

- a systematic improvement of the observations reported from a network 
of more than 50 seismological observatories around the globe

- an international exchange of these data over the Global Telecommunicaticai 
Siystem of the World Meteorological Organization (WMO/GTS)

- processing of the data at special International Data Centers for the use 
of participant States.

The report also considered some steps, such as a oomprehensive eiperiiBenfeal
exercise, which could be taken initially to assist the establishment of such a
co-operative international data exchange system.

On 9 May 1978, the CCD decided that the Ad Hoc Group should continue its work 
by slrudying the scientific and methodological principles for a possible 
comprehensive experimental exercise of a global network of the kind described in 
CCD/558. The Committee on Disarmament (the CD), in its decision of 15 February 1979, 
maintained the arrangements for the Ad Hoc Group, Subsequently, in July 1979, 
the Group submitted its second report (CD/43).

On 7 Aigust 1979, the CD decided (CD/pV'.48) that the Ad Hoc Group should pursue 
its work further, under the following terms of reference;

"1. Recognizing the valuable and important woik carried out by the Ad Hoc Group 
in elaborating instructions and specifications for lEntemational Co-operative 
îfeasures to Detect and Identify Seismic Events, as presented to the CD in its 
report of July 1979, the CD decides that the Ad Hoc Group should continue its work 
on such measures, wMch might be established in the future for the intemational 
exchange of seismological data tmder a treaty prohibiting nuclear weapon tests 
covering nuclear explosions for peaceful purposes in a protocol which would be an 
integral part of the treaty.
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2. This work should, inter alia, include:
- further elaboration, with the second report of the Group as a basis, of 

detailed instructions for an experimental test of the global system for 
international co-operative measures to detect and identify seismic events;

- further development of the scientific and technical aspects of the global 
system;

- co-operation in the review and analysis of national investigations into 
relevant matters such as;
- the conditions for using the WHO Global Telecommunication ^stem 

for seismic data exchange;
- procedures to obtain desired data at individual stations under a 

range of conditions;
_ the analysis and data handling procedures at the envisaged data 

centres ; and
- methods of rapid exchange of waveform data.

3 . The organization and procedures of work of the Group should remain the same 
as defined by the decision of the CCD on 22 July 1976 and maintained by the 
Committee on Disarmament by its decision of 15 February 1979* The Ad Hoc Group 
will hold its firsb meeting under its new mandate late in Januaiy or early in 
February I98O.
4. The Committee on Disarmament invites WMO to continue its co-operation with 
the Ad Hoc Group."



CHAPTER 2

Organization and Method of Work of the Ad Hoc Group

Summary

The organization and composition of the Ad Hoc Group is described and its 
programme and method of woric is outlined.

2.1 Organization and composition of the Ad Hoc Group

The Ad Hoc Group is open to all летЬег States of the Conference on Disarmament 
as well as to other States ilemoers of the United Nations upon invitation by the CD. 
Altogether, scientific experts and representatives from twenty-five Member States 
of the CD and five other States have participated in the work of the Ad Hoc Group 
under its current mandate.

Upon invitation by the CD, representatives of the World Meteorological 
Organization (WMO) have attended the rid Hoc Group's sessions, and have provided 
valuable advice and assistance with regard to transmission of seismic data on 
the Global Telccoimnunlcatlon System (GTS) of the

Dr. Ulf Ericsson of Sweden served as Chairman of the Ad Hoc Group from 1976 
until his death in November 1982. During these years, he guided tho work of the 
Group with great skill and dedication. The significant results that the 
Ad Hoc Group has achieved must to a large extent be attributed to the 
(^airmanship of Dr. Ericsson.

On 10 February, 1983» the Ad Hoc Group unanimously elected Dr. Ola Dahlman 
of Sweden as its new chairman.

Dr. Frode Ringdal of Norway has served as Scientific Secretary for the 
Ad Hoc Group. Mr. P. Csillag, United Nations Centre for Disarmament,^/New York, 
Mrs. L. Waldheim-Natural, Chief, Geneva Unit, United Nations Centre for 
Disarmament, and Mr. И. Cassandra, United Nations Department for Disarmament 
Affairs, Geneva Branch, have served as Secretary for the Group at its different 
sessions.

The names of the participants are listed at the end of this report.

In the course of its work under its present mandate, the Ad Hoc Group 
agreed to establish five Study Groups in order to achieve an appropriate 
compilation, suomarlzatlon and assessment of the experience acquired through 
national investigations and co-operative studies in areas relevant to its work. 
These open-ended Study Groups have each dealt with a specific issue as follows:

CD/448
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Study Group 1 Seismological stations and station networks

Study Group 2 Data to be regularly exchanged (Level I data)

Study Group 3 Format and procecures for the exchange of Level I data
through the WHO/GTS

Study Group 4 Format and procedures for the exchange of Level II data

Study Group 5 Procedures to be used at Internatioaal Data Centres
Each of these Study Groups nas been headed by a convenor and co-oonvenor as 

listed at the end of this report.

2.2 Programme and method of work
Under its present mandate, the Ad Hoc Group has met in nine sessions at 

Geneva (its ninth througn seventeentn sessions) on the following dates:

9th session; 11-15 February 1980
IDth session: 7-l6 July 19^0
11th session: 3-12 February 1981
12th session: 3-12 August I981
15th session: 1-12 March 1932
14th session: 9-20 August 1982
15th session; 7-l6 February 1983
16th session: 11-22 July 19^3
17th session; 27 February-9 March 1984

The Group has submitted a progress report to the CD after each of the 
sessions and prepared an extended progress report following the thirteenth session in 
order to assist the Committee on Disarmament in reporting to the Secretary-General 
of the United Nations in preparation for the second special session of the 
General Assembly devoted to disarmament (CD/2bO).

The method of work has been informal, with presentation of ffeports on 
national investigations from participating experts, review and assessment of 
these contributions during the plenary sessions, and compilation and 
summarization of the conclusions between sessions by the convenors of the five 
Study Groups. Based on those contributions, a first draft of a report was 
compiled by the Scientific Secretary prior to the fifteenth session, and the report 
was then reviewed by the Ad Hoc Group. A second draft was distributed prior to 
the sixteenth session for further review. Prior to the seventeenth session, a 
third draft was distributed and was then reviewed and finalized in its present form 
during that session.

The present report has -as its purpose to;
- summarize the experience gained so far from the national and co-operative

studies conducted under the Ad Hoc Group’s current mandate,

- consider the implications of these new results for the further
development of the scientific and technical aspects of the global 
system for International Co-operative Measures to Detect and Identify 
Seismic Events ''s described in CCD/558 and CD/451

- elaborate detailed instructions for a comprehensive experimental exercise
of tne global system for International Co-operative Measures to Detect 
and Identify Seismic Events.
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The report reflects the consensus view of the Ad Hoc Group in this regard.

Chapters 3 through 7 discuss the national contributions relevant to each 
of the five Study Groups, and gives the assessment of the implications for the 
global system described in CCD/558 and CD/43* Conclusions and recommendations 
are presented in Chapter 8.

A number of separate appendices, containing detailed and technical material, 
are annexed as an integral part of this report. Appendix 1 gives a glossary 
of seismological terms and abbreviations used in this document, appendix 2 
lists the national contributions submitted in the course of the Ad Hoc Group's 
present mandate. Appendices 3 through 7 contain detailed technical material in 
connection with Chapters 3-7 of the report. Appendix 8 contains detailed, 
preliminary instructions for a comprehensive experimental exercise of the 
proposed global system.

Consensus was reached on the entire main part of the report, and also on 
those appendices (4B, 7 and 8) containing recommendations and preliminary 
technical instructions. Appendices 1, 2, 4C, 5A and 5B contain factual 
information on various organizational and technical matters. The remaining 
appendices (3, 4A, 4D, 4E, 5C and 6) contain summaries of national investigations, 
and thus reflect the viewpoints of Individual countries on various technical 
problems.
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CHAPTER 3
Recent Developments in Seismograph Stations and Networka

Significant technical developments have taken place in the past few years 
with regard to seismograph facilities world-wide, and some of these are described 
in this chapter and its associated appendices.

The many advantages of digitally recording seismograph systems are now widely 
recognized, and in consequence many such systems have been installed. IVhile a 
significant number of stations of interest for the global network still are the 
analog recording type, the Ad Hoc Group recommends that conversion of analog 
stations to digital systems be given high priority.

The Ad Hoc Group maintains its recommendation from CCD/558 and CD/43 that all 
network stations be equipped with modem seismograph systems capable of continuous 
recording of data in digital form, and operated in a standardized way. However, 
progress toward such s standardization has been slow, and the attainment of an 
agreed specification of standards for the network is an important aim that deserves 
further study-

National experiments have demonstrated the usefulness of data that can be 
obtained from array stations, even if these array stations are of very small 
aperture.

In CCD/556 it was noted that the large majority of high quality seismic 
stations were located in the northern hemisphere. The situation is essentially 
unchanged today. The Ad Hoc Group considers it essential that more high quality 
stations be established in the southern hemisphere, especially in Africa and 
South America. The Ad Hoc Group considers an veiy valuable the efforts that are 
currently under way to establish the feasibility of ocean-bottom seismograph 
systems. The Group notes that the inclusion of such instruments would significantly 
improve the capabilities of the global system.

The Ad Hoc Group notes that significant changes have occurred since the 
theomtical capabilities of a network selected to model a global system were 
considered in CCD/558. A method for network capability estimation, using 
simulated earthquake data, has been introduced to the Ad Hoc Group, and is of 
methodological importance. However, the Group agrees that an accurate evaluation 
of the capabilities of a global network will only be possible in conjunction with 
a comprehensive experimental exercise of the global system, as first proposed in 
CCD/558. The need for such an experimental exercise continues to be recognized.

3.1 Introduction
This chapter summarizes recent national developments of seismograph facilities 

and special facilities for the extraction and analysis of seismic data that have 
been reported in the form of working papers and other documentation to the 
Ad Hoc Group. Summaries of national developments in the two categories are given 
in Appendices ЗА and 5B. The implications of these developments for the global 
system described in CCd /55® snd CD/43 discussed in the following sections.

In the first report of the Ad Hoc Group (CCD/558) in March 1978 a variety of 
global seismograph networks were studied. The stations in these networks were 
selected from the stations of potentaal interest to the global system, largely
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on the basis of seismological considerations. Many of the stations are in countries 
not represented by experts in the Ad Hoc Group and were selected on geographical 
considerations from available lists of global seismograph stations.

In CCD/558 and in the second report of the Ad Hoc Group (CD/4 3), submitted in 
July 1979» desirable technical standards for stations participating in an eventual 
global network were described. In particuleir it was deemed highly desirable to 
have all participating stations capable of producing digital seismic data.

The national seismological agencies in many of the countries participating in 
the work of the Ad Hoc Group have been modernizing and expanding their seismograph 
station facilities; some specifically for development of capabilities to participate 
in the global system, others to generally strengthen their seismological research 
capabilities or to improve the capacity to monitor local seismicity. Many of the 
reported national seismograph developments have been for purposes of studying 
local seismicity. Although the seismograph stations involved in these types of 
developments will not necessarily be offered by the host country as part of a 
global network, the modernization of facilities and development of local data 
transmission, data management and analysis facilities will put the country in a 
better position to respond effectively to the eventual needs of the global network.
3.P Standards for stations in a global network

Over the past few years the many advantages of digitally recording eeismograph 
systems have been widely recognized and advances in technology have made such 
systems much more economical than was previously the case. Coneequently, many such 
système have been developed and installed, particularly for the recording and 
analysis of local earthquakes (see Appendix ЗА). Nevertheless, a significant 
number of stations of interest for the global network are of analog recording type, 
and participation of these stations in the international data exchange is important. 
Therefore, it is recommended that conversion to digital systems of analog stations 
that may be offered by the host country for participation be given high priority.

It was recommended in CCD/5 58 and CD/43 that all stations in the global 
network be equipped with modem seismograph systems capable of continuous recording 
of data in digital form, and operated in a standardized way. However, progress 
toward such a standardization has been slow and consequently temporary data centre 
facilities established ae part of mulilateral experiments by the Ad Hoc Group have 
had to handle a wide variety of data from different seismograph systems. The use 
of standard characteristics for non-standard seismograph systems offers a practical, 
temporary alternative, but an agreed specification for station standards is an 
important aim that deserves further study.

National experiments have demonstrated the usefulness of data that can be 
obtained from array stations, even if these array stations are of very small 
aperture.
3.5 Distribution of stations in a global network

In CCD/558 it was noted that the large majority of higher quality seismograph 
stations are located in the northern hemisphere. The situation is essentially 
unchanged today, and in order for the global system to provide reasonably uniform 
global coverage of seismic events, it is essential that more higlwiuality stations 
be eetabliahed in the southern hemisphere, especially in Africa and South America,



An illustration of the inadequacy of the short-period d.etection capability 
in the southern hemisphere was made with a national experiment using data fïom 
the multi-country Common Data Base Experiment carried out in relation to the 
work by the Ad Hoc Group, (See Appendix 4 A.)

Because much of the southern hemisphere is covered by oceans, a major 
improvement in this area will come from ocean-bottom seismographs (OBS). National 
developments have included OBS deployment; (a) for continuous recording in 
conjunction with land-based stations to improve the recording of local seismicity; 
and (b) as a research programme in boreholes in the ocean floor to reduce ambient 
noise levels.

National experiments have also been conducted on the use of "T-phases",
i.e., hydroacoustic phases, to detect seismic events in oceanic areas. T-phases 
can be recorded on short-period vertical seismographs deployed at island or 
coastal locations. Recording conditions are favourable when there is deep water 
close offshore. Special sensors deployed for T-phase detection could significantly 
improve the detection capability in the southern hemisphere.

3.4 Global network capabilities
Technical infonaation collected on existing global seismograph stations was 

employed in CCD/558 to model hypothetical global networks and then to calculate 
their theoretical short- and long-period detection capabilities. Significant 
changes have occurred since these calculations were made, changes that include 
improved seismic instrumentation (e.g. Appendix ЗА), the deployment of new 
stations, and the closure of other stations including some large arrays. Because 
of these types of changes, which will continue as national developments continue, 
the Ad Hoc Group considers it important that the Secretariat of the Conference on 
Disarmament act as an on-going repository of up-to-date information on the technical 
and seisnralogical characteristics of global seismograph stations. This applies in 
particular to those stations of potential interest that are offered by different 
countries for participation in the global network.

The Ad Hoc Group has not undertaken for this report a new evaluation of the 
theoretical detection capabilities of selected networks of stations. For the 
evaluation to be a significant improvement on that presented in CCD/558, it would 
require comprehensive data on seismic noise с nditions, signal levels, data 
communications performance and other factors at each of the stations. All countries 
are being encouraged to assemble this type of information for their stations and 
deposit it with the Secretariat of the Conference on Disarmament. A list of 
stations for which comprehensive seismic noise data are now available is given in 
Appendix 3C. A new method for network capability estimation, usii:g simulated 
earthquake data, has been introduced to the Ad Hoc Group and is of methodological 
importance.

The Ad Hoc Group recognizes the value of theoretical network capability 
estimates, but at the same time agrees that these cannot provide a comprehensive 
assessment of the capabilities of a global system. Therefore, the need for a 
comprehensive experimental exercise, first expressed in CCD/558, continues to be 
recognized.
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CHAPTER 4 
Level I data extraction

The Ad Hoc Group has reviewed several national investigations addressing the 
Level I parameter lists proposed in CCD/558 and CD/43. As a result of these 
studies, the Group believes that a number of new parameters could be added as 
being useful for an international seismic data exchange. However, the final list 
of parameters will he established only after a comprehensive experimental exercise 
as proposed in CCD/558.

National investigations have shown hat existing methods for Level I data 
extraction can impose a heavy work load on participants in an international data 
exchange. The Ad Hoc Сгогф notes that promising results, which might lead to a 
reduction in the work load, have been achieved using automatic procedures, but 
recognizes that this is a difficult problem. The Group considers that further 
research in this area is needed. Here it is understood that the participating 
stations in the proposed global sjrstem would be equipped with digital recording 
devices.

Interactive processing has proved very valuable in the analysis of seismic 
records, and further studies should be conducted. A reasonable aim is to attempt 
to minimize the number of intermediate decision points in the interactive process, 
thus approaching the goal of automatic parameter extraction. The Ad Hoc Group 
believes that standardization of the interactive process is inportant and should 
be investigated.

The Ad Hoc Group takes note of the recommendations adopted by the 
International Association of Seismology and Physics of the Earth's 
Interior (lASPEl) during its assembly in Canberra, Australia, in 1979» regarding 
instructions for measuring amplitudes and periods for magnitude determinations 
(Appendix 4C). The Group recommends that these standards should form the basis 
for such measurements within the global system, and that automatic procedures to 
analyse signals be designed according to these stsindards.

Promising results have been reported on the iise of techniques for Level I 
data extraction such as polarization filtering and hi^-resolution wave-number 
analysis of data from small arrays. The Ad Hoc Group recommends that studies of 
these and other advanced methods be pursued further.
4.1 Introduction

In CCD/558, Level I data were defined as a set of parameters characterizing 
a seismic waveform that should be extracted at each station within the global 
network for all detected seismic events. These data should thereupon be rapidly 
transmitted to International Data Centers for compilation, processing and 
dissemination. The set of Level I parameters given in CCD/558 comprises 
eight megisurements in the case of weak events and 52 measurements in the case of 
strong events.

The ехрепепоэ acquired so far throu^ national investigations and 
co-operative studies aimed at scientific and methodological principles of a 
possible comprehensive experimental exercise of a global system in the field of 
Level I data extraction relates miainly to the following groups of problems:
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(a) Inprovement of procedures to obtain Level I data and of instructions 
for a coniprehensive experimental exercise

(b) Development of scientific and technical aspects of the automatic 
extraction of Level I data

(c) Interactive procedures for parameter extraction using graphic 
systems.
A sumnBxy of these contributions is given in the folloving. Further details on 
the national investigations are presented in separate appendices.

4.2 Instructions and specifications for Level I data
The procedures to obtain Level I data at analog and digital stations were 

defined in detail in CCD/553 and CD/43. Several national studies (Appendix 4A) 
as well as one international experiment have been carried out tc elaborate these 
procedures. The purpose of the international experiment - proposed and organized 
by one of the participating countries in the Ad Hoc Group - was to create a common 
comprehensive and high quality data base contaaning both Level I and Level II data. 
During this Common Data Base Experiment (CDBE) Level I data were reported from 
101 stations for the period 1-15 October, 1980. However, compared to the total 
number of approximately 50 Level I parameters, it was suggested that the number 
be reduced to approximately 10 for this first international experiment. In 
general, the instructions and specifications to obtain Level I parameters proved 
to be well defined. The presently available experience indicates a heavy work 
load inçosed by the measurement of Level I parameters if carried out manually. 
However, the experience gained from the limited experiments vduch have been  ̂
conducted is not sufficient to estimate the time needed for Level I data extraction 
as compared with the present standard operation of seismic stations.

At this stage some amendments and revisions of the proposed procedures in the 
previous report (CD/43 - chapter 5 and corresponding appendix) liave been agreed to 
by the Ad Hoc Group. These technical specifications are given in a revised version 
of technical instructions for extracting Level I parameters at seismic stations in 
Appendices 4В and 4C. In particular, inclusion of the T-phase (see Chapter 3) in 
the parameter list has been agreed.

Furthermore, an abbreviated form of reporting large earthquake sequences has 
been proposed. However, additional efforts are needed to develop methods for 
properly reporting the large number of signals which result from strong earthquake 
sequences and swarms.
4.3 Development of scientific and technical aspects of the automatic extraction

of Level I data
In its second report (CD/45) the Ad Hoc Group considered automatic extraction 

of seismic parameters a desirable goal and recommended further work in this field 
with the aim to develop standardized procedures. Such automatic extraction requires 
a data format suitable for computer processing and would therefore in practice only 
be applicable for seismic stations \rith digital data recording. Besides the 
important effect of time reduction, the mam advantage of automatic processing 
of seismic data is a reduction of subjective factors in the evaluation procedure. 
Any automatic extraction of Level I parameters requires equivalent algorithms 
at all participating stations. The choice of these algorithms is of great 
importance in this context.
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The Level I pareuneters are based on the analysis of short- and long-period 
seismograph records. In automatic processing a prefilter can be applied to 
generate a set of unified transfer characteristics for various existing 
seismographs. This results in an improvement of signal-to-noise ratio for small 
events or in an enhancement of spectral airplitudcs in conventional SP- and LP-hand for 
the standardized measurements of periods and amplitudes.

The correction for the amplitude response used in the determination of 
spectral parameters in the time domain by mnual measurements is only approximate.
The same is true for the correction of arrival times due to phase- or group-delay 
time. In an automatic procedure digital filters can produce precise and 
compatible results for all seismic stations. Preprocessing of this kind is 
highly appropriate to standardize the data analysis. In principle most of the 
Level I parameters can be extracted automatically, but experience in this field 
is still limited.

Until now no experiments have been reported to the Ad Hoc Group in which the 
whole set of Level I parameters has been extracted automatically. At the present 
stage, interactive procedures using graphic systems (section 4.4) appear to be 
more practicable. However, promising experiments have been conducted at some 
stations regarding the automatic extraction of a few basic parameters 
(Appendix 4D).
4 .4 luberactive procedures using graphic systems

Interactive processing provides an analyst with efficient means to comprehend 
his data base, to direct a computer in its operations upon that data base, and to 
examine the results - all within a short time interval. The principal advantages 
of interactive processing are;

(1) it reduces the waiting time between intermediate processing steps, 
thus increasing productivity;

(2) it provides an efficient means to retsiin human judgement in the 
analysis loop, and thus avoids problems inherent in fully automating 
analytical decisions.

Interactive processing is particularly suited for applications characterized by 
a series of sub-processes with intermediate decision points. The seismic signal 
analysis associated with Level I parameter extraction belongs to this class of 
problems. Typical intermediate decision points are;

(a) data quality control, elimination, or correction of bad data 
segments ;

(b) rapid visual control of detection/non-detection decisions on 
individual signal traces;

(c) alignment of signal traces in a location procedure;

(d) selection of bandpass filters or matched filters;

(e) selection of signal peaks for amplitude and period measurements;

(f) selection of a time window for confuting parameters such as seismic
noise level, signal conçlexity and spectral ratios.
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In addition, several пюге sophisticated Level I psurameters can be extracted 
by interactive processing. Examples include the spectral analysis (measurement 
of amplitudes at 10, 20, JO, 40 seconds) and the identification of later phases.

As part of national investigations Interactive Remote Seismic Terminals 
(RST's ) have been developed. The RST's are microprocessor-based systems vdiich, 
in addition to providing data communications with an international data centre 
can be used in the preparation and interactive analysis of data from seismic 
stations. It is clear that using an interactive terminal for seismogram analysis 
is different from those procedures discussed in earlier reports of the Ad Hoc Group. 
However, this concept represents an example of the new technical opportunities 
available for the automatic extraction of Level I data under visual control of 
a seismralogist.

National investigations reported to the Ad Hoc Group, as summarized in 
Appendix 4E, have confirmed that interactive processing is indeed a useful tool 
in the Level I data analysis at selsmюgraph stations.

4.5 Implications for the global system

Level I parameters
The Ad Hoc Group believes that a number of new parameters could be added as 

being useful for an international seismic data exchange. However, the final list 
of parameters will be established only after a comprehensive experimental exercise 
as proposed in CCD/558.

Mode of processing
The Ad Hoc Group maintains the goal that automatic procedures, supplemented 

by visual inspection, should be developed for parameter extraction at the stations. 
However, no satisfactory axitomatic processing system has as yet been deimonstrated, 
and further research in this area is therefore needed.

Interactive processing has proved very valuable in the analysis of seismic 
records, and further studies should be conducted. A reasonable aim is to attempt 
to miinimize the number of intermediate decision points in the interactive process, 
thnis approaching the goal of automatic parameter extraction. The Ad Hoc Group 
believes that standardization of the interactive process is important and should 
be investigated.

The Ad Hoc Group takes note of the recomnnendations adopted by the 
International Association of Seismology and Physics of the Earth's 
Interior (lASPEl) during its assemibly in Canberra, Australia, in 1979, regarding 
instructions for measuring amplitudes emd periods for magnitude determinations 
(Appendix 4C). The Group recommends that these standards should form the basis 
for such measurements within the global system, and that automatic procedures to 
analyse signals be designed according to these standards.

Additional analysis techniques
Promising results have been reported on the use of techniques for Level I 

data extraction such as polarization filtering and hi^-resolution wavenumber 
analysis of data from small arrays. The Ad Hoc Group recomnmends that studies 
of these and other advanced methods be pursued further.
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CHAPTER 5
Exchange of Level I Data through the WMO/GTS

Summary
Two trial exchanges of abbreviated Level I data using the WMO/GTS have been

conducted with broad participation of countries represented in the Ad Hoc Group.
Aithou^ some technical problems have been encountered, the results from the 
experiments have shown that the WMO/GTS has the potential of fully satisfying 
the aims of rapid and undistorted transmission of Level I data for the proposed 
global system. At many remote places, he WMO/GTS offers the only practical 
communication mechanism for rapid transm 3sion of Level I data.

An additional technical test which has been conducted between five countries 
has shown that the GTS can handle large volumes of Level I data without problems.

The Ad Hoc Group sees the need for additional technical teats using the 
WMO/GTS to teat further aspects of the possible international exchange of data, 
especially the complete set of Level I parameters. The dissemination of 
seismic bulletins from data centres also needs further testing. Noting that no 
significant experience has been obtained regarding transmissions from Africa^ 
Antarctica and South America, the Group considers it important that additional 
experiments include participation from these continents.

The WMO has authorized the use of the GTS for the exchange of Level I 
seismic data on a regular basis from 1 December 1983. The Ad Hoc Group 
considers it essential that up-to-date information on improvements and changes 
to the GTS be readily available; therefore, it is recommended that the
Secretariat of the Conference on Disarmament make arrangements with the
Secretariat of the WMO to receive regular advice on this matter.

The Ad Hoc Group has noted the advice of the WMO that significant 
improvements in transmission can be expected only if the GTS is used on a more 
regular basis. Some countries are already doing so. However, the Group notes 
that regular use or participation in more extensive tests of the GTS poses 
organizational problems for some potential participant States.

The Ad Hoc Group considers it important that the format of Level I data be 
kept consistent with the International Seismic Code currently in use, and 
recommends that a close liaison be maintained with international seismological 
agencies in order to co-ordinate future elaborations on the format for Level I 
parameters.

5.1 Introduction
In its reports CCD/558 and CD/43, the Ad Hoc Group recommended the use of 

the Global Telecommunication System (GTS) of the World Meteorological 
Organization (WMO) for the rapid exchange of Level I data within the proposed 
global system. These reports also specified the parameters to be exchanged 
as well as the format - the "International Seismic Code" - suitably expanded to 
handle many additional parameters. Some basic features of the WMO/GTS are 
presented in Appendix 5A, and additional information relevant to the Group's 
work is contained in Appendix 5B.
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In view of the large number of Level I parameters to be transmitted and the 
short time delays imposed, the Ad Hoc Group has considered it essential to conduct 
practical tests in order to obtain familiarity with the use of the WMO/GTS for 
this purpose. Two trial exchanges have been conducted with broad participation 
of countries represented in the A cl Hoc Group. An additional test with limited 
participation has also been carried out. Results and recommendations from these 
technical tests are presented in the following, and summaries of national 
contributions are presented in Appendix 5C.
3.2 Review of results fran co-operative technical tests

5.2.1 Tne first GTS trial exchange. October-November 1980
Fourteen countries participated in the first trial exchange, which took place 

from 6 October to 28 November 198O. The exchange was planned from the outset to 
impose minimal strain on national seismological stations and GTS centres, as in 
some places the addition of extra loads could cause problems. Therefore no 
attempt was made to impose Level I type loads or to invoke special error-detection 
techniques In the communication system.

The main objectives of the first trial were to extend the transmission of 
messages globally, in order to expose more seismological centres to the GTS and 
vice versa. The results may be summarized as follows:

- The trial met its general objectives, and has led to permanent 
improvements in facilities in some countries. On the other hand, 
this first trial caused some unexpected strains in existing 
systems for the routine exchange of seismic data.

- Access to and use of the WMO/GTS for the transmission of seismic 
messages were achieved without problems except in a few places; 
however, messages were lost in many transmissions, and altered 
in a few.

- Messages were often received more than once, thereby increasing the 
load. This arises in the GTS because seismic messages are broadcast, 
and some places are at the ends of loops in the GTS.

- The first trial exposed some deficiencies which should be eradicable 
by including elementary checking procedures on the seismic side.
The error-detection safeguards in the GTS cannot be used in this 
connection because they are applied only in periodic system tests 
and not in day-to-day operations.

5 .2 .2 The second GTS trial exchange. November-Pecember 198I
Twenty-one countries took part in this trial, which was conducted between

2 November and 11 December 198I. However, two of the countries were not
included in the list given to the Ш 0  Secretariat and so GTS nodes were not 
notified, and most of their messages were not circulated globally. Nearly all 
messages from one other country also failed to circulate, so the results reported
here are based on only 18 countrios.



To avoid some of the problems encountered in the first trial, objectives and 
procedures were laid down during informal workshops and recorded in a set of 
guidelines on the experimental use of the WMO/GTS.

The objectives were:
- To obtain further experience with GTS procedures and to establish 

the necessary local connections and practices.
- To determine the effectiveness of the GTS as a communications medium, 

in terms of successful message transmissions and of error-rates in 
the characters within messages.

- To determine the transit-times for messages between seismological 
centres.

The principal findings of the trial were:
- Detailed arrangements with both the WMO/GTS Secretariat and local 

GTS centres must be made at least three months, and preferably 
six months, in advance. GTS procedures and instructions must be 
adhered to exactly.

- Messages were received at a 95 per cent success rate on a few long
distance circuits, but the result over-all was lower. Some losses
occurred because of seismic or GTS operator errors at the internal 
(national) level; others could be attributed to manual procedures; 
a few were traced to actual outages of GTS channels; but a 
significant number of messages disappeared at or between GTS hubs 
for undetermined causes.

- Future trials or regular operations should invoke procedures for 
iounediate checking of outgoing messages (at the national level),
and for requesting repeat transmissions (at the international level).

- The error rate was about 1 in 2,000 characters but this needs to be
detennined more accurately in subsequent trials. Some of the errors
were obvious (e.g., a letter instead of a number), and the GTS is 
probably satisfactory in this regard.

- Transit times were generally less than an hour - often only a few
• minutes - but occasionally up to a few hours on some circuits. These

times are mostly satisfactory for an exchange of seismic data.
In assessing the results of this trial it should be borne in mind that some

parts of the WMO/GTS do not possess equipment capable of recognizing seismological 
messages. Consequently transmission failures tend to be higher in these places.

Taking into account all the data received in the course of the trial and the
above-mentioned recommendations on the organization of seismological data exchange 
and on furnishing all the WMO/GTS channels with the necessary technical equipment, 
in the opinion of the Group the system will be capable of satisfying all the 
requirements as regards the operational and reliable transmission of Level I data 
for the purposes of international exchange of seismological data.
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5.2.5 The multilateral GTS technical test. October-Novanber I962

Five countries participated in this limited exchange, which took place from 
25 October to 7 November 1982. The objectives were twofold, i.e., to test the 
performance of the GTS when exposed to a heavy transmission load of seismic data, 
and, secondly, to develop procedures for data centres to handle large data 
Inflows from the GTS while concurrently engaging in the preparation and 
transmission back through the GTS of preliminary event lists.

Synthetic Level I data were generated for a network of 68 stations and 
arrays for a 14-day Interval. National seismological centres in three countries 
transmitted daily messages on the WMO/GTS to experimental data centres in two 
other countries. Procedures established for the two earlier trials were used.

From the communications aspect, the results were;
- Although the volume of data far exceeded that of the previous 

trials, no loading difficulties arose on the GTS.
- A much higher percentage of messsiges (97 per cent) was received, and 

most losses probably occurred at the origins.
- Only one participating country could respond quickly to retransmit 

requests made via the GTS, and the need for this capability was 
re-emphasized.

5 .5 Implications for the global system 

Format for Level I data
The International Seismic Code approved by the WMO Commission for Basic 

Systems, can be readily adapted to handle the extra parameters recommended as 
Level I data. It is likely that many national centres which would provide 
seismic data for the global system, would also be the national reporting centres 
for earthquake location services. Therefore, it is worthwhile to devise one 
code which can be used for both purposes.

With these points in mind the question of formats has been discussed with 
the International Seismological Centre and the United States National Earthquake 
Information Service (NEIS) which have been collaborating on an improved seismic 
code. Some changes in the formats proposed in CD/4 3 have resulted, and the 
Ad Hoc Group recanmends that a close liaison be maintained with these agencies in 
order to co-ordinate future elaborations of the formats for Level I parameters.

Organization of Level I data exchange
For the rapid global exchange of Level I data, the WMO/GTS continues to 

offer the only practical canmunication mechanism to many places around the globe 
which are remote. The regional distribution of GTS messages has the advantage 
of making all Level I data immediately available to all participating States. 
However, when needed, specific arrangements are possible for channelling seismic 
data from stations, or national seismic centres, to International Data Centers 
only.
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The trials provided useful practical experience of the use of the WMO/GTS 
channels, but the success rate for the transmission of Level I data is still not 
satisfactory. Procedures should be developed Independently of the WMO/GTS to 
ensure that messages leave national facilities in the correct form and that they 
are received in time by international centres. Certain measures are also 
necessary within the WMO communications system itself in order to adapt it for 
the purposes of the transmission of seismological data.

Message transit times were mostly acceptable. Although the error rate 
seemed to be sufficiently low, this needs further testing.

No significant experience has been obtained from Africa, Antarctica or 
South America; additional technical tesi-s should include participation from 
those continents and should also test the transmission of bulletins fr«n data 
centres.

The WMO has authorized the use of the GTS for the exchange of Level I 
seismic data on a regular basis from 1 December 1983 (see Appendix 5B). The 
Ad Hoc Group considers it essential that up-to-date infonnation on improvements 
and changes to the GTS be readily available; therefore, it is recommended that 
the Secretariat of the Conference on Disarmament make arrangements with the 
Secretariat of the WMO to receive regular advice on this matter.

A number of national investigations have indicated that existing technology 
offers several supplements to the WMO/GTS for rapid transmission of Level I data 
between national facilities and International Data Centers. As stated in 
CD/4 3, the general use of the WMO/GTS for Level I seismic data should not 
preclude the supplementary use of other communication systems where these can 
provide efficient means of bilateral data exchange. The Ad Hoc Group notes 
that the WMO/GTS is in the process of rapid development.
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CHAPTER 6 

Exchange of Level П  data

Summary
In the proposed global system, Level II data will be exchanged, upon request, 

between government-authorized national facilities through International Data 
centers. Some national investigations have shown that rapid exchange of Level II 
data in digital form can be achieved using modem telecotnmunications facilities 
without any particular restriction on the amount of such data that might be 
requested.

In the proposed system for global data exchange, any Level II data from 
individual stations designated as participating xn the global network should be 
exchanged upon requests made froo a government-authoriZ'‘C National facii-ly 
through an International Data Center.

The Ad Hoc Group agrees that a precise estimate of the amount of Level II 
data that might be requested can be given only after sufficient experience has 
been acquired from a comprehensive experimental exercise as proposed in
CCD/558.

Preliminary formats for digital Level II seismic data on magnetic tape have 
been considered. In future consideration of such formats, possible lASPEI 
recommendations should be taken into account. Formats for the exchange of such 
data by telecommunications channels need to be further developed, but should 
follow the magnetic tape standard as closely as possible.

Level II data should be exchanged as rapidly as practical, the rapidity will 
depend on precise procedures which have to be agreed upon. The Group notes that 
it will be necessary to take into consideration the practical telecommunications 
conditions particular to each participating country.

The Ad Hoc Group recommends that further investigations be made of possible 
formats and methods for Level II data exchange at the request of participants 
in connection with the preparations for the comprehensive experimental exercise 
proposed in CCD/558
6 .1 Introduction

In CCD/5 58, Level H  data were defined as data (mostly waveforms) that would 
be requested by States participating in the international data exchange for events 
of special interest. These data, which would be much more voluminous than the 
Level I data, would be needed for the detailed analysis of such events, and do 
not depend so critically on rapid communication.

In the proposed system for global data exchange, any Level II data from 
individual stations designated as participating in the global network should be 
exchanged upon requests made from a government-authorized National facility 
throu^ an International Data Center.

Just a few years ago there were no practical alternatives to the postal 
system as a means for exchanging Level II data. Notable exceptions here were 
some large aperture seismic arrays and networks where seismic waveform data in 
digital form were transmitted via telephone lines and/or microwave over
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considerable aistances as oarly as in the late sixties. Recent advances in 
communication and microproc-^ssor technology imply that at least in principle 
rapid exchange of Level II data in digital form between govcrrunent-authorized 
National facilities through International Data Centers within the global 
seismograph network should now be possible. Hov/ever, at present few countries 
have technical facilities available at their seismograph stations to accommodate 
such Level II data transmission. Furthermore, for the purpose of a comprehensive 
experimental exercise of the global system, it is not essential that all stations 
be capable of rapid transmission of Level II data in responsa to requests.

Recent national investigations regarding Level II data exchange (Appendix 6a ) 
have focused on the formats of the data to be exchanged and on the potential for 
utilizing recent advances in communications technology to achieve rapid and 
reliable data transmission. In this chapter the various moans presently 
available for data exchange over large distances will be presented and the question 
of how best to utilize these systems for Level II exchange will be discussed.

6.2 Spî ^ciflcation of L.'vel II data
As earlier reported in CCD/558 and CD/4 3, the Ad Hoc Group envisages the need 

for exchanging different types of waveform data, since the global network will be 
cwaposed of stations with different instrumentation and data recording equipment.

6.2.1 Analog recording systems
Each contributing station of the analog type in the global network should 

ensure continuous recording of all individual seismograph components. Also, 
each station should be equipped with a camera in order to obtain microfilm copies 
of the seismograms. Quite commonly, a seismometer calibration pulse is 
inserted in the seismogram, so in case of a request for an analog recorded event, 
it would be necessary to include with the record the appropriate information on 
calibration and time correction. (More detailed information of calibration 
standards is given in Appendix 5-2 of CD/4 5.)
6.2.2 Digital recording systems

Here we differentiate between standard stations, broad band stations and 
arrays, and the respective recorded data volume would be
- Standard stations: One 3-component short period instrument set with 

minimum 20 Hz sampling rate. Occasionally, such stations may be equipped 
with only a vertical seismometer. Additionally, a standard station might 
Include a 3-component long period Instrument set with 1 Hz sampling rate.

- Broad band stations; Same data volume per unit time as for standard stations.
- Seismic arrays; Data volume per unit time generally proportional to the 

number of array elements. By agreement, beams could be transmitted in 
addition to, or instead of, single sensor traces.
The basic advantage of digital recording in addition to high dynamic range 

and flexible time resolution is that the data can be fed directly into a 
computer which in turn permits flexible and sophisticated analysis of the
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recorded seismic signals and also easy transfer of such data to other computers in 
other countries. Only a few years ago digital seismological recording systems 
were rather uncommon, but recent advances in microprocessor technology are rapidly 
making such systems more widely available. Within a few years most, if not all, 
of the stations of potential interest to the global network are likely to have 
digital recording systems.
6.3 Means of Level II data exchange

There are many well-proven means available for exchange of Level II data, 
although which to choose may be somewhat dependent on local conditions, that is, 
the extent of postal, telephone and datalink services available within a specific 
country. A distinction is made between the exchange of seismic event records in 
analog and digital form, respectively.

6.3.1 Analog records
Analog records containing the waveforms of a requested event would be in the 

form of seismograms, or photographic copies of such.
Postal system: Level II data in analog form could conveniently be exchanged

by means of the postal system, which has been and is still extensively used for this 
purpose by the seismological community. While this type of transfer service is 
globally available, it is not considered particularly speedy as delivery times of 
letters and small parcels are of the order of at least one to two weeks between 
countries on different continents. However, in this respect advantages should be 
taken of express air mail and similar types of special delivery services, as this 
would reduce delivery times to at most a few days.

Facsimile transmission: The essence of this system is that a "picture" of
the seismogram containing the Level II data is sent via ordinary telephone lines, 
linking appropriate codi ng devices both at the sender and receiver ends. The 
service is very speedy compared to mail; just a matter of minutes. New 
developments here include the possibility of digitizing seismogram traces.

6.3.2 Digital records
Level II data in digital form can be exchanged principally in two ways: either

through the postal system or by use of various telecommunication services.
Postal services: The same comments apply here as in the case of exchange of

data in analog form. The only difference is that the copy of tne original waveform 
data in digital form would be on magnetic tape, diskette or similar media, for 
%fhich the postal handling would pose no problem.

The WMO/GTS data transmission network: In addition to Level I data also Level II
data can be transmitted over the WMO/GTS network, and this has been demonstrated by 
national experiments. The Ad Hoc Group takes note of the document submitted to it 
by the WMO (Appendix 5B), where it is stated, inter alia; "It should be borne in mind 
that the GTS should not be used to exchange the much more detailed seismic Level II 
data."

However, as stated by the WMO representative, further study can be done if 
necessary, on a national level or on a bilateral basis between countries concerned in 
order to seek a future possibility of the exchange of Level II data on the GTS.
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The question of tne possibility and feasibility of using the I'MO/GTS network 
for the transmission of Level II data at the request of participants may be 
reconsidered in со -operation with the WMO. The final resolution of this question 
would await the results of the comprehensive experimental exercise proposed in 
CCD/558.

Incernational telecommunications services; A discussion of the various options 
available for use of international telecommunication for the exchange of digital
Level Ildita giv.̂ n in Appendix бВ. In summary, these options comprise:

(a) International telephone services: National investigations have shown that 
Level II data can be exchanged internationally by dial-up telephone connections, 
using a simple microprocessor-based computer system. In practice, the efficiency 
of such sransmission would depend upon the quality of the telephone lines.

(b) Dedicated data links: Such data links can be established, e.g. by land 
lines or via existing communication satellites, and are capable of handling large 
volumes of data with high reliability. Dedicated data links are utilized most 
effectively for data transfer on a continuous basis.

(c) Digital data networks: Such networks are being established in many
countries, and some of these have been connected internationally. Where available, 
digital data networks would provide an efficient and reliable means of Level II 
data exchange, but global availability of such services is at present far from 
being realized.

(d) Special-purpose satellite systems: An example of such a system is
lEMARSAT, which has been developed for maritime communication, using small receiver/ 
transmitter units with direct transmission to satellites. Such a system would be 
very suitable for Level II data transmission from remotely located seismic stations,
but its use would require special permission from its international governing
council.

In summary, there are numerous options available for digital Level II data 
exchange by telecommunication channels. In this connection, the Ad Hoc Group notes 
that it will be necessary to take into consideration the practical telecommunications 
conditions particular to each participating country.

6.4____ Requests for Level II data
, As stated in CCD/558, any participating State can request Level II data in

accordance with agreed procedures. Such requests must be channelled through one of 
the International Data Centers. The data that might be requested to supplement 
the Level I data routinely transmitted to International Data Centers would 
basically comprise:
- Supplementary Level I data confirming a detection or non-detection at a 

specific time.

- 120 sec of short period data for a given time interval (including 50 sec of 
noise preceding the predicted or actual P wave onset). Longer records could 
be supplied on request, according to agreed procedures.

- For long period data, the time interval should include 5 “in of noise 
preceding the predicted or actual P wave onset and be long enough to ensure 
adequate recording of surface waves in each case.
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Data recorded by broad band instruments would be of the same volume as short 
period data. However, if only the long period band is required, the bi-oad band 
data could be filtered and resampled to give the same amount of data as in the 
long period case.

Preliminary formats for digital Level II seismic data on magnetic tape have 
been considered. In future consideration of such formats, possible lASPEI 
recommendations should be taken into account. Formats for the exchange of such 
data by telecommunications channels need to be further developed, but should 
follow the magnetic tape standard as closely as possible. For analog data, the 
seismogram copies should be available in a standardized form on photographic 
chips, including fixed formats for station identification, instrument calibration 
parameters and timing corrections.

The rapidity with which requested Level II data are transmitted will depend 
on procedures which have to be agreed upon. In general, it is desirable to 
achieve digital Level II data exchange through the use of high-speed communications 
circuits established between the government-authorized National facilities and an 
International Data Center.

Each station, on request through an International Data Canter, should produce 
copies of the requested data in digital form on magnetic media (for digital 
stations), or in the form of photocopies of recordings (for analog stations).
Copies of such data should reach the requesting State within two weeks after 
copying at the IDC.
6.5 Implications for the global system

The significant davslopments in telecommunications and computer technology that 
have taken place in recent years offer possibilities, in case of future need, for 
the use of other types of links for improved Level II data exchange at the request 
of participants in addition to the VJMO/GTS. Ihe Ad Hoc Group considers it 
important that the impact of these developments, in particular improvements to the 
WMO/GTS, continue to be assessed within the framework of national investigations.
"Ше Ad Hoc Group agrees that a precise estimate of the amount of Level II data 
that might be requested can be given only after sufficient experience has been 
acquired from a comprehensive experimental exercise as proposed in
С(У)/558. '

Exchange of Level II data will be a rather complex operation and will require 
agreement on certain operational arrangements. In this connection, it will be 
necessary to take into account the practical conditions particular to each 
country.

•nie Ad Hoc Group recommends that further investigations be made of possible 
formats and methods for Level II data exchange at the request of participants 
in connection with the preparation for the comprehensive experimental exercise 
proposed in CCD/558.
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CHAPTER 7 

International Data Centers

Suimnary
A number of national investigations have been conducted regarding the orgardzation 

of International Data Centers (iDCs) and the data processing that would be performed. 
Experimental data centres have been established by some countries and some large-scale 
experiments have been conducted to test and develop procedures for data handling 
and analysis. These efforts and their implications for a global system axe summarized 
in this chapter. A "Preliminary Operations Manual for International Data Centers" 
has been developed, giving a detailed outline of the operational procedures to be 
followed at such centres. The manual is annexed as an integral part of this report 
(Appendix 7)* Certain aspects of the procedures developed in this annex should he 
tested and updated further.

Preliminary results hav-=> been obtained using automated procedures for Level I 
seismic data analysis in the International Data Centers to be established for the 
proposed global system. The experts of the Ad Hoc Group agree that automatic 
Level I data processing in the IDCs is one of the most complex problems for the 
proposed global system. Results of national investigations indicate, however, that 
in principle it is possible to solve this problem. The Ad Hoc Group recommends that 
further research into automatic processing at data centres be given high priority.

National investigations carried out hy some countries have shown the effectiveness 
of the use of Level II data at national centres in obtaining more accurate focal 
parameters of events presenting an interest.

Some modifications to the procedures described in the Group's earlier reports 
have been agreed to. The procédure to be used for event definition should take into 
account a larger number of seismic phases than suggested in CCD/558 and CD/43*
Further research efforts are needed to improve the accuracy of epicentre location 
and, most urgently, of event depth estimation. This might be achieved by using 
globally compiled local travel time data and also by using joint hypocentre 
estimation techniques. An increased use of depth |iiases seems, however, to be the 
most importaxt step here.

Certain national investigations have shown that the more detailed analysis of 
information at stations of the global network (Level II data), for example with the 
help of polarization analysis, provides greater effectiveness in the identification 
of depth phases.

Procedures and formulas should be established to estimate short period and long 
period magnitudes from local recordings. Magnitude estimation procedures should 
include individual station corrections and the use of noise data for non-detecting 
stations. Increased effort should be given to the reporting and analysis of long 
period surface waves, since experiments have shovm that surface wave observations 
can be obtained to a much greater extent than previously experienced.

Efforts should be made to increase the amount of preliminary location data from 
array stations and of estimates of arrival directions for long period surface waves.



Effective procedures need to be developed for receiving, copying, storing and 
distributing copies of Level II data to participating States vrfnch have made a request 
in connection with an event of interest.

7.1 Introduction
In its report CCD/558, the Ad Hoc Group recommended that International Data 

Centers (iDCs) be established for the proposed global system. Their p^pose would 
be to collect, process and distribute seismic data for the use of participant States, 
and to act as a documentation centre.

A number of national investigations have been conducted regarding the data 
processing that would be perfoimed auid the organization of such centres.
Experimental data centres have been established by some countries and large-scale 
experiments have been conducted to test and develop procedures for data handling 
and analysis. These efforts and their implications for the global system are 
summarized in the following sections. A "Preliminary Gyrations Manual for International 
Data Centers" has been developed, specifying the operational procedures at such 
centres. The manual is annexed as an integral part of this report in Appendix 7.
7.2 Description of procedures to be used at the envisaged Intemational Data Centers

7.2.1 Analysis of short period data

Association of arrival times and event definition
National investigations have shown that preliminary epicentre locations by 

array stations, even of small aperture, are valuable for the association of arrival 
times and for the definition of new events. These experiments demonstrate that such 
array location estimates (reported as azimuth and slowness) сал substantially increase 
the quantity and quality of defined events. The output of polarization filtering and 
waveform analysis at stations of the international network to improve phase 
identification has also been ehoi/n to be valuable in the association process at 
data centres.

A national investigation has defined criteria for classifying observed and 
reported phases as "local", "regional" or "teleseismic". Such descriptions would 
be valuable at Intemational Data Centers for event definition and phase association.

National data centre experiments performed on both synthetic and real data 
clearly show that the output of presently used automatic association procedгxres can 
be improved by analyst interaction. Such manual interaction therefore seems 
necessary to obtain a h i ^  quality seismic bulletin, at least xintil the automatic 
procedures have been further improved.

A great number of so-called PKP phases are regulsirly observed and reported 
from seismic events, and national investigations have shown that such phases could 
be useful also for the definition of seismic events at data centres.
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Location
Comparibon of various location algorithms used today shows that they give 

fairly consistent results.
Extensive use of stations at local distances requires detailed local travel 

tine-tahles. Such data have been presented from certain regions hut have not yet 
been compiled on a global scale. These tables are essential for accurate event 
location and need to be organized for use at International Data Centers.

Depth estimation
Focal depth is still the most iincerta:n source parameter for most seismic 

events. Improved depth estimates could substantially reduce the number of events 
for which questions of origin might arise. Experiments shcn̂  that more extensive 
use of depth ]ihases could be a promising way to reduce these uncertainties.
National investigations also show that the problem of improving depth estimation  ̂
can be resolved both through the use of the traditional method based on an iterative 
search for minimum errors and on the use of depth phases. It is recommended that 
further investigations should be carried out to permit the effective automatic 
identification of depth phases at stations on the basis of Level II data.

Short period magmtudes
Short period magnitude estimates obtained from recordings at local and regional 

distances could be of great importaлce. Formulas for the estimation of such 
magnitudes have been presented, together with amplitude-distance curves for local 
and regional distances for certain regions.

National investigations also suggest that the use of individual station 
corrections and of a procedure that takes into account both the observed signal 
values and the noise I'alues of those stations which have not detected the event 
increase the consistency of magnitude estimates. However, the question of noise-based 
magnitude evaluation at stations which have not recorded a given event has not yet 
been studied in all its aspects.
Unassociated short period data

In the national studies presented to the Ad Hoc Group it has been observed that 
about half of the reported Level I observations could not be associated with any 
located event, and also that about half of the unassociated pliases are reported 
as "local". The experiments have also shown that a substantial amount of the 
remaining unassociated arrivals could be clarified with the adoption of the criteria 
mentioned under paragraph 7-2.1 for classifying observed phases as "local",
"regional" or "teleseismic".

The question of the number of unassociated arrivals and the number of local 
events is extremely complex, as the number of unidentified signals depends heavily 
on the area in which the stations are located, and such evaluations can be carried 
out only in the process of a comprehensive experimental exercise as proposed in ССВ/553<

The Ad Hoc Group conoiders that in the future methods may he developed for 
the classification of unassociated arrivals as "local", "regional", or "teleseismic".
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7.2.2 Analysis of long period data 
Association of long period data with located events

Only a limited number of experiments using long period data have been conducted. 
These experiments have been dealing only with long period surface waves and not m t h  
long period body waves.

Arrival direction of surface waves as estimated from the amplitude ratio of 
the horizontal components, a parameter not included in Table 3*2 of CD/43, has 
proved very valuable in the association of surface waves at date centres.

National experiments involving systematic analysis of long penod data 
(reported Level I data as well as digital Level II data) have shown that long 
period surface wave observations can be obtained to a much greater extent than 
previously experienced. Experiments show that such data could he obtained for nrast 
of the events that were defined and located using short period data. Long period 
surface wave data have also been obtained from a number of events from which no 
short period data have been observed. Surface wave data could thus be used to 
define and locate new events, although the accuracy of such locations would be 
inferior to that obtained when short period data are available.

Unassociated long period data
In CD/4 3 long period datau were regarded as unassociated if they could not he 

matched with short period observations. As mentioned above, events can also be 
defined and located from long period surface waves alone. If one accepts such 
"LP events", the number of unassociated long period surface wave data becomes 
quite small.
Surface wave magnitude estimates '

In the experimenfcs conducted, surface wave magnitudes. Mg, and upper bound 
estimates of such magnitudes have heen computed using the procedure described in 
CD/4 3 and no special problems have been encountered. At distcinces less than 20 
degrees no magnitude formula has so far been suggested for general global application. 
However, for several regions, e.g. Europe, Asia and North America, such formulas 
have heen developed and successfully applied, in routine practice for distances 
less than 20 degrees.

7.2.3 Level II data
As part of national investigations, experimental computer systems have been 

established with a demonstrated capability to efficiently handle and analyse 
Level II data from a global network of stations. A special exercise has also been 
conducted to collect experimental Level II data from about 35 existing stations.
This experiment clearly demonstrated the usefulness of Level II data for analysis 
at national centres.

National investigations presented to and discussed in the Group concerning the 
use of requested Level II data ax national centres showed that such data would
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increase the accuracy of determination of epicentre location, origin time and 
depth of events of particular interest, and also improve the possibility of observing 
surface waves for such events, etc.

7.2.Д Orgamzation of data centres and technical interaction between centres
During the national experiments conducted and in the discussion in the 

Ad Hoc Group the need has been seen for detailed specifications of the functions 
to be performed at Intemational Data Centers to obtain a unified operation of 
such centres. Such specifications would include detailed description of the 
procedures and software to be used.

Only one experiment to test interaction between experimental data centres has 
so far been conducted. No particular problems are expected in the co-ordination 
of Level I data, once the necessary facilities and conmunications have been 
established. It has become obvious that IDCs must ensure that they have identical 
data from which bulletins ane prepared so that the IDC bulletins are consistent,

7,2,5 Data volumes and equipment at data centres
Data files similar to those described in CD/43 have been established temporarily 

as part of national experiments, and no special difficulties have been encountered.

National experiments have shown that the amount of Level I dat^ that has to be 
handled and analysed at a data centre is small in relation to existing computer 
capabilities and therefore does not pose any particular problem.

Experimental data centre facilities established as part of national experiments 
have demonstrated that there is no particular restriction on the amount of Level II 
data produced by a global network of stations î hich can be handled efficiently 
using computer hardware and software available today. It will not be possible to 
assess the precise volume of Level II data that individual States parties to the 
treaty will request through the International Data Centers until after the conduct 
of a comprehensive experimental exercise of the global system.

7.3 Implications for the global system
Pre\aous reports by the Ad Hoc Group have defined in a prelimnary way the 

technical procedures which are to be followed at the International Data Centers,
The equipment and the approximate flow of data to the International Data Centers 
were indicated in the Group's reports in docLunents CCD/558 and CD/4 3. Under its 
third mandate, considerable technical material has been received by the Group, 
as presented in the preceding subsection 7*2, which provides additional information 
on these procedures and on the practical ways in which the International Data Centers 
should operate. Such procedures have been implemented in experimental data centres 
by some countries in order to gain practical experience.

On the basis of the technical and operational recommendations received by the 
Group and on the practical experience acquired so far, preliminary operational 
procedures for the International Data Centers have provisionally been agreed upon. 
These procedures are given in "Preliminary Operations Manual for Intemational 
Data Centers", which is annexed to the report as Appendix 7. These procedures 
could be revised based on the results of future testing.



7-3-1 Functions of an International Data Center (IDC)
The functions of an IDC were described in CCD/5 58. Tho IDC operates as a 

service to countries to assist them in their national monitoring and therefore it 
processes data to define and locate events, to estimate focal depths and magnitudes 
and to associate identification parameters. However, it does not identify events.

The automatic association/location process is initiated to define the set of 
seismic events that best fits tho existing set of Level 1 data or signal arrivals.
The automatic process results in a preliminary event list with tentative event 
solutions, the arrivals associated with each located event, and the unassociated 
arrivals.

Ekch day a seismologist examines the event definitions prepared by the automatic 
association/location procf.sa, in order to ensure that they are of sufficiently high 
quality to be released. If the results of the automatic process are modified in any 
way, a ccxnplete description of the manual intervention v;lll be included in the IDC 
bulletin. The resulting bulletin contains the IDC definition of each event. All 
event definitions appearing in an IDC bulletin are reviewed by a seismologist prior 
to release. The bulletin prepared at each International Data Cjnter is distributed 
to the other International Data Centers for review and comparison, and also to 
other participants. A final bulletin is then prepared and distributed to all 
participants. The format and content of bulletins is specified in Appendix 7 .

The final list of unassociated signals is also regularly prepared at the 
IDC and distributed together with the bulletin of events to all participants. All 
data received at an IDC are consolidated and stored in the IDC data archive as they 
arrive (Level I or Level II data) or as they are prepared (event lists and bulletins), 
Event lists and bulletins are routinely distributed to all participants. The 
Ad Hoc Group considers th-it requests for Level I and Level II data in the IDC 
archives should be s.atisfied within one week.

The procedures for requesting Level 1 and Level II seismic data will be 
elaborated within the framework of a future treaty.

7 .3 .2  Procedures for data analysis
Event definition

Chapter 6 of CD/43 and its relevant appendices briefly described the procedures 
suggested for event definition and location. Based upon national investigations, 
some principal concepts of International Data Center procedures have been developed 
further. The complete preliminary specifications of IDC procedures are provided in 
Appendix 7 and are in sufficient detail so that computer codes based upon the 
principles involved should provide an essentially identical bulletin given the same 
input data. Appendix 7 both clarifies and, in some cases, suggents changes to the 
procedures described in CD/45» These changes, where chey art made, are designed to 
best implement the objectives laid down in section 6 .3 of CD/43, stated as:

"The association of arrival times should be carried out in a way that maximizes 
the probability of defining new events."
Two new criteria for event definition and location ,are given.

CD/440
peg*.- 23



CD/ 'AS
prgo 29

The observations that may be used to define an event consist of certain 
specified phases and array measurements (slowness vector). The defining phases 
include P (in the distance range 25 to 100 degrees), PKP (Initial branch DF only) 
together with P and S at distances less than 25 degrees (even in the absence of 
local travel time-tables).

One of the following criteria must be satisfied for event definition and 
location :
- Four or more defining observations, not all of which are PKP, at three or

more stations (an array measurement it considered to be three observations).

- Two defining array measurements at two arrays more than twenty degrees apart
in azimuth.
Residuals are also specified for the various defining observations. These 

may be changed by later agreanent - those for local arrivals if local travel 
time-tables become available and those for array observations as accumulated 
experience indicates the precision of specific array sites.

The procedure to be used for event definition should thus take into account 
a larger number of phases, e.g., crustal phases at local or regional distances, PKP 
and LP surface waves, than suggested in CD/4 3.

The analysis of LP, broad band and SP data should be closely Integrated so that 
all these data could be used jointly for event definition and location. These 
procedures should be developed, tested and implemented at the biternational Data 
Centers.

Although manual Interaction is foreseen in the processing at data centres, 
attempts should be made to improve automatic procedures.

Epicentre estimation
Event definition and location is an integrated and iterative procedure defined 

in CD/45 and CCD/558.
Starting solutions for this procedure may be provided by:
(a) Array measurements of azimuth and slowness of a particular arrival;
(b) Using arrivals identified as "local", either from analyst comment,

(S-P) tiroes, or reported crustal phases. In such a case, the arrival time and the 
station co-ordinates may be used as an initial hypocentre;

(c) A combinational approach, whereby all possible sets of three (or more) 
arrivals are tested for potential events consistent with the arrival times.

Each such event hypothesis must be tested by searching for arrivals consistent 
with the Initial location: all such arrivals are then passed to the hypocentral
location program. If the solution converges, the event is acceptable provided 
that it satisfies the event definition criteria given above.



Further research efforts should be undertaken to improve the accuracy of 
epicentre location. A better physical understanding of the transmission properties 
within the earth could considerably improve the location accuracy routinely 
achieved today. Moreover, improvements would be obtained by using globally compiled 
local travel time data and also by using joint hypocentre estimation techniques and 
well located calibration events.

Local and regional travel time information should be compiled on as wide a 
scale as possible, taking into account information presented to the Group in 
national investigations. Such a compilation, along with the development of automated 
methods of using these data would significantly improve the accuracy of the events
located by the International Data Center procedures.

Depth estimation
In view of the importance of focal depth estimates, special attention should

be paid to accurate determination of focal depth.
Depth is provided from the hypocentral location algoritnm using the defining 

observations. If the deoth provided by successive iterations falls outside the 
normal range of 0 -720 km, the depth should be constrained to 55 km and narked in 
the bulletin.

In addition, depth should, whenever possible, be estimated using depth phases.
An increased use of such phases seems to be a most important step.

Magnitude estimation
The magnitude estimation formulas and procedures to be used at te3eseismic 

distances (defined in CCD/558 and CD/45) should include xndlvidual station 
corrections and adequate noise data at non-detecting stations. Procedures and 
formulas should further be established to estimate SP and LP magnitudes from local 
recordings. To estimate reliably local magnitudes on a global scale, a comprehensive 
set of such local and regional amplitude distance curves has to be compiled and 
integrated into the processing procedures at the International Data Centers. In 
order to use surface waves recorded at distances less than 20 degrees from the 
epicentre, it is reccmmended that additional efforts be made to improve the 
magnitude procedures for these short ranges and to implement them at the 
International Data Centers.
Identification parameters

Identification parameters such as complexity, spectral ratio, third moment 
of frequency, etc., may have been reported for a given arrival. Such information 
should be listed in the output bulletin. The meaning, if any, of multi-station 
averages of these f>arameter3 is unclear and such averages should not be computed 
unless specifically requested.

Level II data
According to CCD/558, the functions of the International Data Centers in 

connection with Level II data will consist of :
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The transmittal of requests from individual States parties to the treaty to 
government-authorized National Facilities for Level II data from stations of the 
global network;

The collection of Level II data received from these government-authorized 
National Facilities;

The preparation of copies of requested Level II data;
The storing of requested Level II data in the centre's data bank;

The transmittal of Level II data to States so requesting.
In the course of the national investigations presented to and discussed in 

the Group, the effectiveness of such data was confirmed for improving the accuracy 
of the parameters of the foci of events of interest at the national level.

Procedures and equipment have been developed to receive, store and transmit 
Level II data, but further testing of these procedures is needed.

7 .3 .3  IDC services
Bulletin preparation

The main service provided by the IDC is the daily prepared bulletins. A 
preliminary event list containing essentially epicentre information is to be 
submitted with a delay of at most two days to encourage participating countries to 
report further data. The final joint IDC bulletin is submitted with a time delay 
of seven days and is prepared in two parts. The first is transmitted over the 
WMO/GTS and contains only event parameters. The second is mailed to all 
participants and is a complete bulletin, containing both basic and detailed 
information, as specified in CD/4 3. Form and content of these bulletins are given 
in Appendix 7 . Ihe centres also regularly compile a list of unassociated signals 
and distribute it together with the final event bulletins to all participants.

Data request
The IDC must respond to all requests in connection with data and infonnation 

which may be received within the framework of the system for the international 
exchange of seismological data in accordance with special procedures which will be 
elaborated within the framework of a future treaty.

Response to these requests should be prepared in accordance with the following 
principles :

- in the absence of other instruction, Level I data will be in the format
defined by CD/43 for WMO/GTS use, sorted by date and station;

- digital waveform data requested by a State will be in a format consistent
with that specified in Appendix 7;

- analog wavefonn data will be distributed on paper, microfilm or similar
media.

Data archives
The principal internal output of the IDC is its data archives. There are two 

principal archives: one for parameter data, and one for waveform data.



Parameter data can in turn be divided into the following basic types of data:
The parameters of the events located by the centre;
Calibration data from recording instruments and information from stations;

The parameters of signals reportea from stations (Level I data).
Waveform data consists of copies of original records of longitudinal, 

transverse and surface waves on short-period, broad band and long-period instruments 
as requested by individual States in accordance with tne jslablished procedures.
Ihe specific format in which all tn^se data are stored at the IDC bank wilJ depend 
on the particular hardware and data managera.nt system in u^e, but standardization 
of data formats is strongly encouraged. Th« handling of waveform data will differ 
depending on whether it was received in digital or analog form.

Reports
Information on various aspects of the activities of the IDC will probably be 

of interest to participants. This can be summarized in гч port form as follows 
(more detailed information is given in Appendix 7':
- message and arrival summaries are published monthly anc contain information 

on the messages received and arrivaJs reported fi'om each contributor;

- data validation report is a quarterly published list of the differences 
between the archives at the subject IDC and at each of the other IDCs;

- bulletin reconciliation is a monthly published annotated list of the 
differences between the published Final Bulletins of the subject IDC and the 
other IDCs (the notations describe the reasons for the differences);

- data requf'St log is a quarterly published log of the data requests received 
and satisfied;

- waveform archive summary is published annually, with quarterly updates, and 
is a guide to the current contents of the waveform archive.

7 .3.4  International Data Center equipment and software
IDCs should b'-' designed to carry out specified functions in an equivalent way. 

Preliminary instructions for procedures to be used and the bulletin to be produced 
at IDCs are specified in detail in Appendix 7. Ihe equipment and software of the 
IDCs should be adequate for th<. rapid and accurate execution of the IDCs' functions.

In accordance with CCD/558 the Ad Hoc Group considers that there should be 
more than one international centre equipped with equivalent hardware and soitwarc. 
Each centre would oe requir>.d to provide fre-. and easy access to all facilities 
designated "international". Appropriate provisions will be elaborated within the 
framework of a future treaty.

It is necessary to further develop and test vaquipment and software for the 
operational processing at IDCs of large flows of Level I data, an automated data 
management system for the IDC data bank and methods for receiving requested Level II 
data, making copies of such data and distriouting it to States so requesting.
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CHAPTER В
Conclusions and Recommendations

As obsen^ed in this report, sagnificant and rapid developments have taken 
place in recent years regarding seismology and data processing techniques, and 
these developments are continuing. The Ad Hoc Group notes that the results can 
turn out to be useful for the further development of scientific and technical 
aspects of the co-operative global system described in CCD/558 and CD/43> as well 
аз for the further elaboration of a comprehensive experimental exercise of that 
system.

The Ad Hoc Group notes with appreciati n the recent decision by the WMO 
Ninth Congress that the TOIO/GTS may be used for regular transmission of Level I data 
from 1 December 1983*

The Ad Hoc Group has worked out a preliminary plan for carrying out a further 
technical test in 1984 for the use of the WMO/GTS channels for the transmission of 
Level I data, and analysis of the results obtained. The Group recommends that this 
technical test be conducted as soon as the necessary preparations liave been made.

The Ad Hoc Group reiterates its statement made in CCD/558 that it sees a need 
to conduct an experimental exercise relevant to the proposed system.

The Group has noted areas in which additional scientific and technical progress 
is needed, as discussed in Chapters 5 through 7 of this report. These aspects are 
summarized in the following:

Seismograph stations and station networks:
1. Stations that may participate in the global system should as far as possible 
be equipped with modem seismograph systems, preferably bioadband with high dynamic 
range, capable of continuous recording of data in digital form. However, data from 
analogue stations, particularly in the southern hemisphere, would continue to be 
useful to the global system.
2. An agreed specification of standards for stations in the net-vrork requires 
further study.
3. It is essential that more high quality stations be established in the southern 
hemisuhere for the purpose of improving the direction and location of seismic events 
in that region.
4. Efforts under way to establish the feasibility of ocean-bottom seismograph 
systems should be continued, as such stations could be a valuable supplement to 
land-based stations, particularly in the southern hemisphere.
5. The development of special systems for T-phase (hydroacoustic wave) detection 
should continue as those systems could signif:cantly improve detection capability in 
the southern hemisphere.
6. All countries are encouraged to assemble comprehensiv'-c data on seismic noise 
conditions and signal levels at their stations and deposit this information r̂i.th 
the Secretariat of the Conference on Disarmament.
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Extraction of Level I parameters

1. Regarding the Level I parameter lists proposed in CCD/558 and CD/4 3 the
Ad Hoc Group believes that a number of new parameters could be added as being useful
for an international seismic data exchange. However, the final list of parameters 
will be established only after a comprehensive experimental exercise of the global 
system.

2. Promising results on the use of filter techniques for Level I data extraction 
from three-component instruments (e.g. polarization filtering) and from small 
arrays (e.g. high-resolution wave number analysis) have been reported. The
Ad Hoc Group recommends that these studies be pursued further.

3 . The Ad Hoc Group maintains the goal that automatic procedures, supplemented 
by visual inspection, should be developed for Level I parameter extraction at the 
stations.
4. It IS recommended that further investigations should be carried out to permit 
the effective identification of depth phases by automatic methods at stations on 
the basis of Level II data.
5. The Ad Hoc Group recommends that methods be developed to accommodate reporting 
of large earthquake sequences and swarms.

Exchange of Level I data through the Ш О /GTg
1. A large-scale technical test should be conducted to test: the exchange of the 
full set of Level I parameters; the GTS circxiits in Africa and South America;
the transmission of bulletins from data centres; and the use of message-checking 
proced\ires.
2. Routine use of the GTS should be expanded and should be monitored to make 
long-term assessments of performance (message losses, error rates, transit times).

3 . It is recommended that the secretariat of the Conference on DiscLrmament 
establish regular contact with the VJMO secretariat to be kept informed of changes 
to the GTS and its procedTires.
4. The Ad Hoc Group should maintain a close liaison with international 
seismological agencies in order to co-ordinate proposals for changes of the format 
of Level I parameters and the International Seismic Code.
5. The global system should include procedures at International Data Centers to 
monitor incoming messages and request re-transmissions by national seismic facilities.
6. National procedures should include the simultaneous transmission of outwards 
messages from the GTS centre to the national seismic facility which filed them.

7 . National seismic facilities should be equipped to exchange messages with 
national GTS centres by automatic means.

8. Preparation should be made of detailed instructions and guidelines for 
personnel of the stations and international centres of the global system and of 
the receiving and transmitting points of the Ш О /GTS system for the future 
comprehensive experimental exercise of the global system.
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Exchange of Level II data

1. Standard formats need to he agreed for digital Level II data on magnetic 
tape. Possible future recommendations hy lASPSI should he taken into account.

2. Standard formats and procedures are also needed for the transmission, on 
request, of digital Level II data hy telecommunications channels. The formats 
should follow the magnetic tape standard as closely as possible.

3. The Ad Hoc Group considers that further experiemental investigations on the 
rapid transmission, on request, of seismic Level II data should he imdertaken, 
and that the impact on the Level II data transmission of future developments in 
telecommunication and computer technology should continue to he assessed.

International Data Center procediures
1. The Ad Hoc Group reconracnds that further research into automatic processing
of Level I data to he received at Intemational Data Centers he given h i ^
priority. This research would include;

- efforts to improve the accuracy of epicenter location and, most urgently,
of event depth estimation;

- compilation as available on a global scale of detailed local and 
regional travel time-tahles and organization of this information for 
use at Intemational Data Centers;

“ development of methods for the classification of unassociated arrivals 
as local, regional or teleseismic;

- development of surface wave magnitude formulas for epicentral distances 
less than 20 degrees for general global application;

- development of procedures for analysing long period and shoarC period data 
in an integrated way to improve event definition and location,

2. The Group recommends that the preliminary operational procedures for \ise in 
Intemational Data Centers as contained in Appendix 7 Le tested and revised when 
practical experience is gained.
3. Ihe Group considers that procediires and equipment developed for the 
reception, storage, and transmission of Level II data at Intemational Data 
Centers need further testing.
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