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Decision on the re-cstablishment of an ad hoc subsidiary body
on effective internationzl arrangencnts to assure non-nuclear
veapon States against the use or threat of use of

nuclear weapons

(Adopted at the 245th plenary meeting on 28 February 1984)

The Conference on Disarmament decides to re-cstablish for the duration of
its 1984 scssion an ad hoc subsidiary body on effective international
arrangements to assure non-puclear weapon States against the use or threat of
use of n-clear wegpons on the basis of i1ts former mandate.

The ad hoc subsidiary body will report to the Conference on the progress
of its work before the conclusion of the 1984 Session.

The term “ad hoc subsidiary body™ 1s used pending a decision by the
Conference on its designation.
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CONFERENCE ON DISARMAMENT CD/442

28 February 1984
Original: ENGLISH

Decision on the re-establishment of an ad hoc
subsidiary body on the comprehensive programme
of disarmament

(Adopted at the 245th plenary meeting on 28 February 1984)

The Conference on Disarmament decides to re—establish an ad hoc subsidiary
body on the Comprehensive Programme of Disarmament to renew, as soon as the
circumstances are propitious for that purpose, its work on the elaboration of the
Programme with a view to the submission to the General Assembly, not later than at
its forty-first session, a complete draft of such a Programme.

The ad hoc subsidiary body will report to the Conference on the progress of its
work before the conclusion of its 1984 session, in order that the Conference may
be in a position to submit to the General Asscmbly the progress report requested in
resolution 38/183 K.

The term "ad hoc subsidiary body" 1s used pending a decision by the Conference
on its designation.

GE .84-605%3






CONFERENCE OF DISARMAMENT Cbranoup 68

5 March 1984

ENGLISH
Original: CHINESE

CHINA

Proposals on Major Elements of a Future Convention on the Camplete
Prohibition and Total Destruction of Chemical Weapons

The Chinese Delegation submits this paper in order to give a.summarized and
over-all picture of its basic position on the prohibition of chemical weapons.
During the preparation of this paper, attention and consideration have been .given
to many constructive views and proposals pnesented by other countries.

The views contained in this paper do not represent the final position of the
Chinese Delegation. Revisions and amendments would be made when necessary:in the
course of negotiations. :

I. Preamble

The Chinese Delegation considers that the Preamble should contain a strong
condemnation of the use of chemical weapons as a means of warfare in wars and
armed conflicts, a full recognition of\.the historical -role.and the practical
wignificance of the frotocol for the Prohibition of the Use in War of Asphyxiating,
Poisonous.er Other Gases, and of Bacteriological Methods of Warfare concluded in .
Geneva on 17 June 1925 and an appeal to all States Parties to the Protocol to
continue their strict observance of its provisions.

It should also be stated in the Preamble. that the prohibition of chemical
weapons represents a necessary step im disarmament, that such a prohibition should
be comprehensive and that all existing stockpiles of chemical weapons should be
totally destroyed and production or filling facilities dismantled and destroyed.

A Convention.on the cdomplete prohibition and total destruction -of chemical
weapons: would :contribute to the improvement of the international atmosphere and
promote social progress and scientific, technological and economic developments
for the good of mankind.

II. Scope of Prohibition

Statea Parties to the Convention should undertake never in any circumstances
to develop, produce, otherwisé acguire, retain, stockpile, transfer, deploy on
the territories of other countries, or use chemical weapons, and undertake to
destroy or:otherwise dispose of: existing stocks of themical weapons and preduction
or filling fagilities for such weapons.

GE.84-60612
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III. Some Definitions

1. The Convention should define "chemical weapons" on the basis of "general-purpose
criteria”. We propose the following definition:

For the purpose of the Convention, chemical weapons are the type of weapons the
casualty capabilities of which are based on the toxic physiological effects of
chemical substances. They:idelude:

(1) chemical warfare agents and their key precursors which produce a direct
- ‘toxie effect on‘living organisms;

.(2) munitions and devices specially designed to .be filled with chemical
warfare agents or their precursors and to disperse such agents or the
reaction products of their precursors in combat state;

(3) eguipment specially designed for the purpose of direct use of such
munitions and devices.

2. The Convention should include the concept of "chemical warfare agents" and define
it on the basis of "general-purpose criteria™. We propose the following definition:

Chemical werfare agents are those toxic chemical suhstances the types and’
quantities of which dccord with hostile purposes of causing injuries of different:
‘kinds ‘or death through direct interference with or damage to the normal physiological
functions of .living organisms resulting from the toxic effects of such substances:
Chemical warflare agents can be divided into the following three categories aceording
to toxicity criteria:

'{1) Supertoxic lethal agents: having a median lethal does which is less than
or equal to 0.5 mg/kg (subcutaneous administration) or 2,000 mg-min/m” .
(by—inhalation),

(2) Other lethal agents: having a median lethal does which ig greater than

T .0.5 mg/kg (subcutanenu= 2dministration) or 2,000 mg-min/m” (by inhalation)
and less than. 05 equal to 10 mg/kg (subcutaneous administration) or
20,000 mg-min/m” (by inhalation).

(3) Other harmful agents: having a median lethal does which 33 greater than
10 mg/kg (subcutaneous administration) or 20,000 mg-min/m~ (by inhalation)
and a median effective dose which is less than or equal to 0.5 mg/kg
‘{subcutaneous administration) or 2,000 mg-min/m”~ (by inhatation) but
adequate enough to produce other harmful effects of military significance.

In accordance with the above definition, chemical warfare agents should:--include
all known chemical warfare agents, dual-purpose chemical agents designed -for use in
chemical warfare and all potential chemical warfare agents.

3. Precursors for chemical warfare agents are chemical substances which can be used
as reactants in the process of synthesis of chemical warfare agents.

Key precursors for chemical warfare agents are chemical substances which can be
used as reactants in the course of synthesis of chemical warfare agents (whether in
production facilities or in binary munitions) and have a decisive effect on the
properties of the end products ard have little peaceful use.

4. Other necessary cdefinitions.
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IV, Declaration

1., Detailed declarations should be made within three months after the entry into
force of the Convention or accession to it by a State. Declarations may also be
made by stages according to agreed principles.

'2. Declarations should be directly related to the Convention, including in the main
the following three areas:

(1) items directly related to chemical warfare capabilities and subject to
prohibition:

- the posseéession or non-possesasion of chemical-uaapon stocks
(including key precursors for chemical warfare agents) and
their sources of origin, either within a country or outside it;

- the possession or non-possession of cthemical-weapon production
or filling facilities (including. the production facilities for
key precursors for chemical warfare agents) either within a
country or outside it, either under the control of administrative
authorities or military authorities or transnational corporations,
and in chemical complexes either for military purposes’or civilian
purposes;

- the names, quantities, qualities and locations of stocked chemical
munitions dand chemical warfare agents;

= the types, capacities and locations of production or filling
facilities for chemical weapons (including production faciiities.
for key precursors);

- any transfer to or acquisition from other countries of chemical
weapons since 1 May 1945, and if any,’the names, quantities and
the dates of transfer or acquisition;-

(2) activities relating to dismantlement and destruction:

- any destruction or diversion of chemical-weapon stocks since
1 May 1945;

' = the names, quantities, qualities of the destroyed stocks and
the dates and methods of destruction;

- the names, quantities and qualities of the diverted stocks,
and the methods, purposes and dates of diversion;

- any conversion or dismantlement of the production or filling
facilities for chemical weapons since 1 May 1945;

- the names, types, capacities and locations of the disméntled
facilities and the dates of dismantlement;

- the names, types, capacities, locations and uses of the converted
facilities, and the dates of conversion;

- plans for destruction or diversion of the existing stocks;

- plans for dismantlement of the existing production or filling
facilities;
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(3) items permitted under the bonvention but subject to control:

- the names, types, capacities and locations of facilities for
producing dual-purp¢se chemicals;

-« the names, types, capacities and locations of small-scale production
facilities for supertoxic lethal agents for protective purposes.

V. Dismantlement and Destruction

1. Dismantlement and destruction should be conducted under international on-site
inspection in accordance with agreed principles. The host country should provide
active co-ordination and assistance.

2. All chemical-weapon atocks should be totally destroyed except for dual-purpose
chemical agents which, as agreed upon, may be diverted for peaceful uses. Destruction
should commence at the earliest possible date after entry into force of the Convention
and should be completed within 10 years at the latest.

3 In order to eliminate as early as possible the threat to mankind of chemical
warfare,;: States in possession of chemical weapons should in the first place destroy
stocks of the most toxic and dangerous types of chemical weapons, e.g. supertoxic
lethal agents such as VX, Soman, Sarin, tabun, mustard gas, etc.

4. A1l production/filling facilities for ,chemical weapons should be dismantled and
destroyed. Dismantlement and destruction should commence as early as possible and
should be completed within 10 years. Pending dismantlement, the facilities should
be mothballed and subject to ‘the necessary verification to ensure that they are not
reused for the purpose of production or filling of chemical weapons.

5. ¢ Production.or filling facilities for chemical weapons are allowed to be converted
into facilities for the destruction of chemical weapons. But once destruction is
completed, dismantlement and destruction of such facilities should immediately
commence and be completed within one year.

VI. General Provisions for Verification
1. A Convention on the prohibition of chemical weapons shoui&,include the necessary
provisions for verification. The verification measures should be strict and effective
to ensure compliance with the Convention and, at the same time, reasonable and
appropriate to avoid unnecessary interference with civilian industries.

2. International verification should be the main form of verification and necessary
on-site inspection should also be provided in the Convention. . On-site inspection
should cover destruction of chemical-weapon stocks, dismantlement and destruction

of chemical-weapon production or filling facilities, production of supertoxic

lethal agents in small quantities for protective purposes, and alleged use of chemical
weapona, etc.

3. Different ways, means and procedures should be adopted for different purposes

of verification on an agreed basis, such as continuous on-site inspection, routine

' pepiodical' or' random on-site inapection and on-gite inspection by challenge.

4. States Parties should give co-operation to international on-gite inspection so
as to facilitate the implementation of the Canvention and help build confidence.

5. Information on the implementation of the Convention acquired by any State Party
through national technical means of verification should be made available to the
Consultative Committee and other States Parties.



CD/443
CD/CH/WP 68

‘page 5
VII. Confidence-building Measures and International Co=operation

l. .. An important pre-condition for:confidence-building 1ies in the strict compliarce
by States . Parties with the provisions of the Convention.

2. Necgssary international verification, including on-site inspection, constitutes
an important guarantee for confidence~building. States Parties should not only
subject._ themselves. to. routine inapection,."but/also ‘respond in a positive manner to
requests for challenge inspection authorized by the Consultative Committee.

3. International co-operation is an important means of confidence<sbuflding. States
Parties should be encouraged, through bilateral or multilateral channels, or through
the, Gonpultative, Committee, to:

= exchange information on the peaceful use of chemical knowledge:;
- exchange information and knowledge on chemical protection;

oreg R c
-~ exchange data on newly-discovéred toxic chemical compounids' and advances
made in the field of toxicology rssearch and register them with the
Consultative Committee;

- promote the eichange of visits of personnel working in the: field of chemical
protection. e ‘ ’

4.  The Convention: should encourage States Parties to take unilateral, bilateral or
multilateral actions-that may contribute to the strengtheéening of confidence.

VIII. Relationéhip between the Convention and other Treaties
All States Papties to the Convention -should at the same time undertake to
observe the prowigdons, regarding the -prohibition of the use of chemical weépons: faid
down in the Geneva Protocol,

. None of the provisions of the Convention shall in any way be interpreéeted-as -
limiting or diminishing the authority of the 1925 Geneva Protocol,’or -as lessening’
the obligations assumed by any State under the Protocol, or as limiting or
diminishing, the legal effect of any other international treatiés or ;natrumeﬁts
governing armed .conflicts, ' :

-

IX. The Consultative Committee

Immediately upon entry into force of the Convention, a Consultative Committee
should be set up in aceordance with agreed procedures. The principles of
universality .and equality of all Siaties; big or swall, sioculd be taken into
consideration in the composition -of the Consultative Committee. For :the conventence
of its daily work, the Consultative Committee may establish a Standing Committee or
Executive Council composed of 15 to 20 members. The Consultative Committee should
have the following functions:

1. To decide in accordance with agreed procedures on routine inspection
and oversee its implementation;

2. To decide, in accordance with agreed procedures on challenge inspection
and oversee its implementation;
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3. To review, revise or amend, when new develdpmentsix:science and technology
" make this necessary, the technical provisions of the Convention, such as
toxicity criteria, methods of measuring: toxidity, list of precursers, etc.;

4. To examine and consider complaints of non-cbmpliance with the Canvention;
5. To promote:the flgw.of information on implemehtation of the Conyentipn;

6. To rebort .en: its,work to States Parties and to the Depository of the
Convention~

7. 'f%v% sumeealL other functions ‘unanimously ‘agreed’ upon amcng the States
Part es.

X. Complaints of Non~compliance

1. Complaints may be lodged by any State Party, upon discovéring non-compliance
on the part of other States Parties, to the Standing Committee of the Consultative
Cogmittee. Such, cpmplaings must be supported by eiplanations and evidence,

2. Upon receiving a complaint the Standing Committee of the Consultative Committee
should first of all encourage the parties concerned to resolve the complaint through
bilateral or multilateral .channels. -

3 If no solution can be reached through bilateral or multilateral consultatian,
the Standins Committee should, within a period ‘'of one month, convene a plepary
meeting of the .Consultative Committee, to consider the matter.

4. The Consultative Committee, in accordance with agreed principles may decide on
the verification measures to be taken, including international on-site inspection,
to ascertain the fagcts. The outcome of the investigation should be submitted to

the States PartieSnand the Depository of the Convention.

5. If the Party challenged refuses to subject itself to verification, it should
state its reasons and.clarify the situations.

6. = If the. Consultative Committee finds the reasons or clarifications unsatischotry,
the Party challenged shall he .obliged to subject itself to verification. In case
of dispute, recourse may be had to the appropriate United Nations bodies.

XI. Other Provisions

The Convention should also include provisions 6n signature, procedure,for .
accession, entry into force, depository, procedure for amendments, review conference,
duration of validity, withdrawal, languages used, etc. ,
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Letter dated 6 March 1984 from the Representative of the

Union of Soviet Socialist Republics to the Conference on

Disarmamznt, transmitting excerpts from the spzech of the

Genzral Scucr-tary of the Central Committe= of the Communist

Party of the Soviet Union, Mr. K.U. Chernenko, d.-livered on

2 March 1984 to votcrs of Moscow'’s Kuibyshev district

I enclose herewith the text of an excerpt concerning the international
situation taken from the address of the General Secretary of,the Central-
Committee of the Communist Party of the Soviet Union, Mr. K.U. Chernenko, to
a meeting of voters of Kuibyshev electoral ward, Moscow, on 2 March 1984.

I should be gratcful if you would have this-text circulated as an
official document.

(Signed): V. Issraelyan
Member of the Collegium of the
Ministry for Forcign Affairs of
the USSR, Representative of the
USSR at the Conference on
Disarmament

%/ Re-issu:d for tuchnical reasons.
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Excerpt from the address of the Gemeral Secretary of the Central Committee
of the Communist Party: of the Soviet Union, Mrs K.U. Chernenko, to a
meeting of voters”of Kutbyshev elwetoral ward, Moscow on 2 March 1984

Now let us turn to intetndational affairs. One of the most important and
insistent instructions of the Soviet voters was, is and will remain the
instruction to safeguard peace like the apple of our eye and to ensure the
security of our hemeland: I-varr tell you-that the Party-and the Soviet State
have been following unswervingiy this instruction, doing so in difficuld
circumstances. - :

You know that therpast few years have seen a dramatic-intensification of the
policy of the more aggressive forces of United States imperdalism, a policy of
blatant militarism, claims to world dominance, resistance to progress, and
violations of the rights and freedom of the peoples. The world has seen quite
a few examples of the practical application of this policy. These include the
invasion ‘of lLebanon, the occupation of Grenada, the undeclared war againgt Nicaragua,
threats te Syria and, finally,” the turning of Western Europe into a launching, site
for Unitel States nuclesr missiles .targeted at the USSR and its allies. - e

All this compels us to attach most serious attention to strengthening the
country's defences. The Soviet ‘people want not an arms build-up but the reduction
of armaments by both sides. But we must take care to ensure sufficient security
for our country, its friends and allies. This is precisely what is being done.
And let everyone know that none of those given to armed ventures will catch us
unawares and no potential aggressor can hope to avoid devastating retaliation.

At the same time it is precisely the complexity of the situation that compels
us 'to redouble and triple our efforts in pursuing a policy of peace and international
co~operation.

One can hardly recall a problem of importance to strengthening peace on which
the Soviet Union and other socialist countries have not put forward during the past
few years concrete and realistic proposals. The initiatives of our countries are
winning ever broader support from other States. This has been forcefully confirmed
by the latest session of the United Natioms General Assembly.

Imperialist politicians are trying in every way to limit the intermational
inTuence of sccialist countries. They are attempting to impair their cohesion and
to erode the foundations of the socialist system wherever they think they can count
on success. In these conditions it is particularly important to maintain and
strengthen the solidarity of fraternal socialist countries. The leaders of the
Wargaw Treaty countries again unanimously expressed their conviction of this during

their recent meeting in Moscow.

The United States uses an economic blockade and military threats against
socialist Cuba. But the hopes to scare 1t and to make it swerve from its chosen
rrad are Aoomed to failure. This is guaranteed by the unflinching will of the
heroic Cuban people rallied around their Communist Party. This is guaranteed by
the solidarity displayed with the island of freedom by independent countries in
Iatin America and by many participants in the non-aligned movement. The Cuban
people are resolutely supported by the fraternal socialist countries. As for the
USSR, it was, is and will remain on Cuba's side in fair weather and in storm.
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The normalization of relations with the People's Republic of China could, of
course, comtribute to the growth of the role of socialism in international affairs.
We are consistent proponents of this normalization. Political consultations show,
however, that there remain differences on a number of questions of principle. In
particular, we camnot make any agreements to the prejudice of the interests of
third countries. ' Exchenge of opinions continues, however, and we consider it
useful. The Soviet Union stands for the level of contacts being raised to the
extent acceptable to both sides.

It is also useful that mutually beneficial contacts in the economy, culture,
science and other fields are being gradually re-established. This is not to the
liking of those who want to bemefit by the aggravation of relations between the
USSR and China. But it is to the good of both our countries and the improvement
of the over-all world situation.

' - ‘The danger of the imperialist policy of the incessant escalation of tension has
become obvious., The graver threat it poses to human civilization, the stronger
mankind's forces of self-preservation grow. Indigantion is rising in Western Europe
over the actions of those who are sacrificing its security to the imperial ambitions -
of Washington. Millions of participants in the anti-missile movement are quite vocal
in meking this lknown.

Also, far from all the leaders of Western countries and influential political
parties approve the adventurism of the United States administration. It worries a
considerable segment of the United States public itself as well. They are realizing
ever clearer there that the intensive militarization and the aggravation of the
jntermational situation have not drought nor are going to bring-the United States
military superiority and political achievements. They only lead everywhere in the
world to the escalation of criticism of Washington's belligerent course. People
want peace and tranquility rather than war hysteria, I can say that our
conversations with the leaders of many foreign delegations who attended the
funeral of Yuri Viadimirovich Andropov confirmed that with sufficient forcefulness.

All this inspires the hope that developments will eventually be turned around
towards peace, the limitation of the arms race and the development of international

co-operatien.

Détente has struck deep roots. This is evidenced, in particular by the
convocation of the Stockholm Conference on Confidence~Building Measures and
Disarmamemt in BEurope.

Of course, it is the bridling of the nuclear arms race that is of key importance
to peace and the security of peoples. The Soviet Union's position on that issue is
clear., We are against rivalry in building up nuclear arms arsenals. We were and
remain proponents of the prohibition and elimination of all types of those weapons.
Our proposals on this score were subtmitted long ago, both to the United Nations and
te the Geneva Disarmament Committee, but discussion on them is being blocked by the

United States and its allies.

Ag for Europe, we still gtand for it being free from nuclear weapons, both
medium-range and tactical ones. :

We stand for both sides making the first major step in this direction without
wasting time. In so doing, the Soviet Union has no intention of strengthening its
security at the expense of others but wants equal security for all.
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Regrettably, the United States has turned its participation in talks on this
surject into a tool ¢f propaganda to camouflage the arms race and cold war policy.
We will not participate in this game. The Americans created obstacles to .the talks
both on "European" and on strategic nuclear weapons by deploying their missiles in -
Burope. It is the removal of these obstacles (which would also remove the need for
our measures taken in response). That offers the way to working out a mutually
acCoptable accord. - -

™ ~ TUnited States sdministration has lately begun to make peaceably-sounding
stalements, urging vs to enter a "dialogue'.

Attention was dvaim-world-wide to the fact that these statements are in sharp
conflicv vith éverything that the present United States administration has said, and
vhich is the main thing, done and continues doing in its relations with the .-
Soviet Urion. Assurances of its good intentions can be taken seriously only if
they a~e substantia’s? with real actions. As far as the Soviet Union is concerned,
it has ali-ays been fo* a ‘search for mutually acceptable practical solutions to
concrete questions for the benefit of both countries, for the benefit of peace.

There are quite a few such questions. And the United States administration has
many cppertunities to prove its peaceableness by deeds.

Vi shewld not the United States, for example, ratify the treaties with the USSR
on the Imitat-—~n of underground nuclear weapon tests and nuclear explosions for
peaceful purposes, which were signed almost 10 years ago, and not to complete
draving up an agreement on the general and complete prohibition »f nuclear weapons
Lests? I wiil refiind you that the talks on these issues were broken off by the
Unitod Staces, The Uaited States can also make a no small contribution to strengtheming
peace by concluding an agraeuent on the remmciation of the militarization of outer
space. The USSR is kanown to lave proposed it for a long time.

The p‘saceablé assurances by the Tnited States administration would inspire by
far m:re trust hed it accepved the proposal on a mutual freeze on American and -
Swvie: nuclear weap m6. So many weap-ns have already been accumulated that this
siep weuld no¥ create gven the slightest threat to the security of either side
But, al the szme time, it would considerably improve the general political
atmosphere, and, it must be believed, would facilitate reaching agreementeon a
reducticn of nuclear arsenals.

A very importany task is to deliver mankind from the possible use of chemical
weap as. Talks on that have been in progress already for a long time, but mow it
scems .that prerequisites are beginning to ripen for resolving this question. The
p-int a% issue is the complete and general prohibition of the use of chemical
wveap ns; their development and production, destruction of all ef its stockpiles.
We.are over en elfactive contror f{us the implementaticn of cuch an agreement, that
cArtr-1 should c-ver the whole process of destruction of chemical weapons - from

beginning wo end.

It is =ob ruled out that reaching an agreement on the above-mentioned issues
would signai the scart f a real drastic change in Soviet--American relations, and
in the internstional situation as a whole. We would wish such a drastic change.
New it is up io “ashington to act. ‘
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The policy of the Powers possessing nuclear weapons is of special significance
in our times. The vital imterests of the whole of mankind, the responsibility of
Statesmen tn the present and future generations require that relations between
these Pewers should be regulated by certain norms. Our idea of these norms is as

fallows:

- To regard the prevention of nuclear war as the main objective of one!
foreign policy. To prevent situations fraught with nuclear conflict.

8

- In the event such a danger emerges, urgent consultations should be held

to prevent a nuclear conflegration- from breaking out.

— To renounce the propaganda of nuclear war in any of its variations -
either global or limited.

- To undertake not to be the first to use nuclear weapons.

- Not to use nuclear weapons under any circumstances against non~nuclear

countries, in whose territory there are no such weapons. To respect

the

status of a nuclear-free zone already created and to encourage the creation

of new nuclear-free zones in various areas of the world.

- 7To prevent the proliferation of nuclear weapons in any form: not to hand
over these weapons or control over them to anybody; not to deploy them on

the territory of the countries, where there are no such weapons; not
spread the nuclear arms race to new spheres, including outer space.

Yo

~ To press step by step, on the basis of the principle of equal security for
the reduction of nuclear arms, up to their complete ligquidation in all their

varieties,

The Soviet Union has made these principles the foundation of its policy.

We

are ready to reach agreement at any time with the other nuclear Powers on the joint

recognition of norms of this kind and imparting them a mandatory character.
that this would meet the fumdamental interests not only of the participating
countries, but also of the peoples of the whole world.

I think
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SIZE AND STRUCTURE OF A CHEMICAL DISARMAITENT INSPECTORATE
CONTENTS
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2.1. Consultative Committee
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2.3. Technical Secretariat
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5; GENERAL ASSUMPTIONS UNDERLYING A ROUGH CAICUTATION OF THE SIZE OF A
CW INSPECTORATE

‘N

.l. Ratio inspectors and support staff

3«2. Number of men days of inspection

3.3. Regional inspeétion offices

3.4, National focal points

4. ROUGH CALCULATION OF THE SIZE OF A CW INSPECTORATE

A, Systematic continuous {in CW¥ destruction plants)

B. (i) Systematic non-continuous regular inspections
(a) Verification and destruction of CW facilities
(b) Monitorang of CW stockpiles
(c) Verification of CW production for protective purposes

(ii) Systematic non-continuous random inspections

(a) Inspection of declared plants producing super—toxic lethal
chemicals and their key precursors for permitted non-CW

purposes

(b) Verification of non—-production in plants that are declared
to be capable of synthesizing organic chemicals in relevant
quantities

C. Ad hoc inspections

Se CONCLUSIONS
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INTRODUCTINN

Verification of the compliance wath a Convention banning chemical weapons ,
has been at the heart of the debate on that subject in the Committee on
Disarmament and its subsidiary bodies. Little attention however has been
paid thus far to the structure and-size of the inspectorate which will have
to perform the different vertification functions. The purpose of this
document is to address that particular issue in some more detail. Of

. course we realize that the ultimate structure and size of a chemical

disarmament inspectorate cannot be defined as long as there is uncertainty
about the precise mature of the verification provisions of a W Convention.
This uncertainty has implications for questions such as inspection schemes
for individual plants, the number of plants to be inspected, the number of
international inspectors needed for an inspection and the amount of time an

‘inspection will take. P

Nevertheless, we deem it timely and useful tq dewote somewhat more attention
to the kind of ‘chemical disarmament ingpectorate that would be required to
verify effectively the compliance with a CW Convention. The Netherlands
believes that by discussing the structure and size of such an organization

a clearer picture may emerge of the organizational and financial implications

of certain verification provisions.

Because of the present uncertainty on the contents of the verification
provisions a number of assumptions had to be made. Discussion of these
assumptions in itself can perhaps enable us to conclude whether they are
reasonable and can permit us in its turn to judge to what extent they
substantially influence the size of the inspectorate. On the basis of these
assumptions finally, in section 4 some rough calculations will be made in
relation to the size of the future inspectorate.

In order to ensure the faithful compliance with a CW-Convention some
inspection of the chemical industry will be necessary. The purpose of
these inspections is not a profound and detailed investigation nor a
scrutiny of the entire production process of chemical piants. , The sole
purpose is to make sure that no undeclared production of super-toxic chemicals
or their key precursors is taking place in quantities that are relevant in
the context of a CW Convention. These inspections should not hamper
industrial production in any way, nor should they endanger industrial
secretg. The Netherlands is convinced that if the purpose of the
inspections is made sufficiently clear to all parties concerned, including
the managements of the plants that will have vo be visited, it should not
be too difficult to organize inspections in such a way as .to avoid
hampering industrial production and compromising industrial secrets

while at the same time fully attaining the purposes of the inspection.

Which industrial plants should be inspected? It seems natural to inspect
all chemical plants that are able to produce super-toxic lethal chemicals
or their key precursors in relevant quantities. Parties to a CW Convention
should therefore undertake to declare not only all plants that are
producing super-toxic lethal chemicals and their key precursors, but also
all plants that could produce these in relevant quantities.

The criteria for the declaration of such plants of course need to be
developed and defined.
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2.

2.1,

2.2,

2.3.

204.

GENERAL REMARKS ON THE INSPECTORATE

It is assumed that a CW Convention would contain provisions for the creation
of a "Consultative Committee" (CC) composed of representatives of all the
States parties. This Committee would inter alia give general guidance to

a Technical Secretariat, established for the implementation of the Convention.

It seems natural to assume furthermore that the Consultative Committee would
elect an "Executive Council", consisting of a smaller number of States parties.
This Council would, among other things, give shorit-term guidance to the
Technical Secretariat, in particular its inspectorate, approve inspection
schemes, designate inspectors, handle financing, etc.

The Technical Secretariat, consisting mainly of inspectors and supporting staff,
could be set up by drawing as much as possible upon the experience of existing
international organizations employing independent inspectors under strict

rules of operation and with a certain degree of diplomatic immunity. This
includes questions as to how inspectors are to be designated for inspections

in particular countries, their inspection rights, as well as the right of
countries to refuse certain inspectors.

There are three main categories of on-site inspections:
A, Systematic continuous
B. Systematic non-continuous
(i) Regular
(ii) Random
C. Ad hoc ("challenge")
This classification into categories of on-site inspections has a direct
bearing on the kind of inspector needed, as well as on his modus operandi,
as will be illustrated hereafter.

A. Systematic continuous inspections would take place at CW destruction
facilities.

B. (i) Systematic, but non-continuous regular inspections would take place:
(a) At closed-down declared CW-plants and during their destruction;

(v) At CW-stockpiles storage depots until the destruction of the
stockpiles;

(c) At facilities producing small quantities of CW-agents for
protective purposes.

(ii) Systematic, non—continuous random inspections would take place at
‘- certain chemical plants, namely:
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(a) At plants that have been declared for producing certain
super-toxic lethal chemicals and their key precursors for
permitted non-CW purposes. 1/ Verification will have to
ascertain two aspects:

- that the quantity of the declared production is in
accordance with declared permitted purposes (i.e. a
quantitative check);

~ that no non-declared production of other supef—$oxic
lethal chemicels and thelr key precursors is taking
place (i.e. a qualitative check);

(v) At plants that have been declared for their capability of
synthesizing organic chemicals in relevant guantities. At
those plants the non-production of super-toxic lethal chemicals
and their key precursors will have to be verified, -

C. Ad hoc inspections under a challenge system could be held anywhere from
civilian plants to the battlefield, .

For continuous inspections, a permanent group of inspectors will be required
on the spot, i.e. resident inspectors. Recruitment procedures should take
into account that working and living conditions will not be easy because of
occupational hazards and likelihood that destruction plants will be located in
remote areas. Thus, a high degree of motivation will be needed. There should
be a rotation of these inspectors so that hardships are.evenly shared.

The continuous inspection of the destruction process will be largely a matter
of routine, once the destruction process is under way. The systematic non-
continuous inspections, particularly in the chemical industry, will be less
routine-like and may therefore require a broader expertise than will be needed
for the 1nspect10n of the destruction of stockpiles. Inventiveness and a
broad experience in the c1v111an chemical industry will be needed to be able
to find during short periods of inspection at different types of plants

clues of possible non~compliance. Intensive travelling will be involved for
these inspectors. '

Ad hoc or "challenge" inspections are of a somewhat different nature. They
might be requested on the basis of various Kinds of information, such as
indications of the use of CW, the finding of traces of a banned agent in a
river downstream of a chemlcal plant, indications of a hidden CW stockpile,
evidence of the existence of a large versatile chemical complex that has not
been declared etc. Such questions would first have to be discussed in the
appropriate organ of the Consultative Committee which could then decide to
initiate an ad hoc investigation. Dependlng on the subject, use could be
made of inspectors already employed in the secretariat or of other experts,
to be designated by States Parties. A standing list of experts established
on a wide geographical basis could be compiled and kept up to date permitting
the quick choice of appropriate experts as need may be. It may be pointed
out in this commection that the number of challenge inspections is likely to
be relatively low. Hence, no permanent inspectors need to be designated‘for

1/ The British paper CD/353 concentrates on this category of plants.
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2.8.

2.9.

2.10,

2.11.

2.12.

3.

Sele

this taks alone. The appropriate organ of the Consultative Committee must be
organized in such a manner that it can handle requests for challenge inspections
swiftly and smoothly, using expertise from outside (such as the WHO and UNEP)
when necessary.

The inspection to ensure that no militarily relevant quantities of super-toxic
lethal chemicals or their key precursors can be or are produced above the level
necessary for the declared permitted non~CW purposes (B (ii) (a)) will be of a
gquantitative nature. The reactions to the British list in CD/353 that have been
made public up to now, demonstrate that the number of these plants will be
limited,

The task of inspecting non~production of other super-toxic lethal chemicals of
their key precursors in the chemical plants mentioned above (2.8.) can probably
be accomplished easily by the same inspection team that inspects the quantity
of -declared production. This inspection will be of a qualitative nature:

every trace of a non-declared and forbidden agent is a sign of violation of

the Convention.

The verification of non-production in plants that are declared.for their
capability but not for their permitted production (B (ii) (b)) is identical
to the verification of non-production in plants that are declared for their
permitted production (B (ii) (a)). Of course not all chemical industries
have to be declared: most of them can be left on one side, ‘either because
they are clearly not capable of producing the relevant agents (e.g. paint
factories) or because they are too small to produce these im militarily
relevant quantities (laboratories, small pharmaceutical plant;). The
alternative to a systematic inspection of the relevant plants on a random
basis would be challenge inspections. But a request for a challenge inspection
requires the submission of reasonably convincing information that something is
amissj such information will often be difficult to obtain and/or to present,

Systematic inspections can be held regularly or at random. Inspections of the
chemical industry could probably most effectively be realized on a random basis.
A certain number of random inspections is much more effective than the same
number ©f regular inspections as random inspections inject the notion of chance.
If, for instance, a declared plant would be inspected on a random basis on an
average of once every three years, the chance of being visited within a month

is about 3 per cent (1/36), even if it had been inspected just that day before.
If- inspections were to be held on a regular basis a party can be sure, in this
example, that a plant that has been inspected the day before will not be
inspécted again for another three years.

The Technical Secretariat will need the assistance of States parties to obtain
gufficient knowledge of the complex subjects to be handled. One possibility
is a "technical support programme" similar to that in other fields, in the
context of which new verification methodology and equipment would be developed
by parties and transferred to the Technical Secretariat when applicable.,

GENERAL ASSUMPTIONS UNDERLYING THE ROUGH CALCUIATION OF THE SIZE OF A OW
_ INSPECTORATE

In analogous existing situations one notes that the number of support persommel
at headquarters is about twice as large as the number of inspectors in the

field., The former include, besides general services staff (personnel division,
translation, secretarial work etc.) those employed in sections dealing with the
(computer) handling of data, assessing inspections, possibly analysing chemical
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samples and/or organizing such analyses elsewhere, g/ the training of
inspectors etc. Computer handling of data with ¢ross referencing can
eventually become very useful for verification. However, less data
handling will be involved than for instance in the IAEA, as the latter
assesses .all nuclear material flows from cne safeguarded ™material balance
area" to another, whereas a chemical inspectorate will be mainly 1nv01ved
with qualitative assessments. Probably, the ratio support~personnel,
inspectors working from headquarters will have to be between 1 to 1.5 and
1 to 2. In the calculations to follow, the factor of 1.8. has been used.
With respect to the resident inspectors permanently present at destruction
facilities less support staff seems necessary. The factor of 1.0 has been
used in the latter case.

3.2 In existlng international organizations one inspector can achieve
40 man days/yesr inspection. This seems ta be a reasonable assumotion for
a chemical inspector also, lthough a hlgher ‘number of man days may be
feasible,

3.3. To limit travel, the possibility of establishing a few regional inspection
offices could be considered in particular near large-concentrations of
chemical activities subject to inspection. However, in view of the small
inspectorate envisaged, this in all likelihood would not be sufficiently
cost-effective. .

3.4. Presumably, each State party to the CW Convention will need some sort of
a "focal point" enabling contacts between the inspectorate-and the facilities
to be inspected. It could be left to the parties themselves to decide
whether to assign the functions of focal point to an existing organization
or to create & special body for this purpose. ©Such a national organization
would also systematically collect and collate data. These data would
constitute the basis for international inspections. Representatives of the
national body could accompany the inspectors during their visits and assiet
them where necessary.

4. ROUGH CAICUIATION OF THE SIZE OF A CW INSPECTORATE

The various categories of inspections would give rise to the following
rough calculatlon of the size of a CW inspectorate:.

A, Systematic continuous ins pectlons. Verlflcatiog of the destruction of
declared CW stockpiles

Assumptions:

— During the first 10 years after the entry into force of the
* CW Convention six large and nine smaller destruction plants will be

working simultaneously.

~..For a c¢ontinuous inspection of large destruction plants to be
effective two inspectors will have to be on duty at all times.
For the continupus inspection of, smaller plants one inspector on
duty at all times will be sufficient.

g/ It is to be expected that most chemical analyses will be done on the spot.
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B.

-~ Taking into account work shifts, holidays, illness etc.
three to five inspectors will be needed in order to be able to
have one person on duty continuously. ;

~ The present state of the art with respect to technical means to
moﬁ;tor destruction does not allow to dispense with the continuous
presence of one or more (according to the size of the destruction
plant) international inspectors.

Conclusion:

-~ Approximately 60 to 100 inspectors are needed for the verification

of the destruction of CW stockpiles during 10 years.

(i) Systematic non-continuous regular inspections

(a) Verification of the closure and destruction of declared
CW production and munition filling facilities

Assumptions:

Verification of non-operation of CW facilities can to a large extent
be verified by technical means (tamper-indicating seals and?ir
cameras, possibly capable of interrogation e.g. by telephone etc.).
Occasional visits by inspectors are necessary for the placement and
maintenance of equipment, inspection of seals etc.

Verification of the destruction of CW facilities can be done by a
combination of remote sensing and regular on~-site inspections.

Conclusion:

In so far as destruction of stockpiles takes place at the site of
former CW production facilities, non-operation and destruction of
these facilities can be verified by the resident inspectors at this
CW destruction plant.

For the (estimated) remaining 15 CW production and mumition filling
facilities, 15 additional inspectors working from headquarters during
10 years seem to be more than sufficient.

(v) Monitoring of CW stockpiles until their destruction

Assumptions:

—

CW stockpiles can to a large extent be monitored and safeguarded by
technical means. Most of the CW stockpiles are initially situated
near CW production facilities, which will be submitted to systematic
non-continuous regular inspection (compare B (i) (a) above), and all
stockpiles will at a given, preferably early, moment, in accordance
with a declared plan, be transported to the destruction facilities,
which are under systematic continuous internmational inspection

(see 3 A), so that storage monitoring can be largely carried out

by inspectors charged with scrutiny of the elimination of production
facilities and stockpiles. -
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Conclusion:

- The mumber of geparate inspections required for monitoring stockpiles
will be relatively small and these will at any rate only be needed
until all the stockpiles are located at the sites of their destruction

(¢) YVerification of production of super—toxic chemical agents for
protective purposes

Agsumptions:

-~ There will be a number - for instance 20 = of small scale facilities
worldwide.

- These plants are inspected on an average of once every ome and a half
years. SmAller facilities producing a few grams per armum will
require less frequent inspection than facilities producing one ton
a year, For each inspection two inspectors will be visiting the
plant during one working day. This form of inspection would consume
about 25 man days/year.

Conclusion:

- About two inspectors will have to spend about a third of theixr time
for~the verification of the production of super—-toxic agents for
protective purposes.

B. (ii) Systematic non-continuous random inspectioms

(a) Inspection of plants producing for permitted non—(" purposes
Assumptions:

- IWorldwide, about 50 plants produce super-toxic lethal chemicals or
their key precursors for permitted non-CW purposes. 3/

- These plants are inspected through selection by drawing lots.
Inspection of each of these plants takes place on an average of once
every one and a half years. For each inspection three inspectors
will be visiting the plant during an average of five working days.
Inspection of these plants would thus emtail 500 man days/yeaz.

Conelusion:

-~ Approximately 10-15 inspectors will be needed permanently for the
inspection of declared plants producing for permitted non-CW puvrposes.

3/ See the suggested list of key precursors in (D,'353.
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(b) Yerification of non—production in other plants

Agsumptions:

- Worldwide, about 500 other” plants are capable of synthesiging
organic chemicals in relevant quantities.

= These plants, to be declared in accordance with criteria to be
defined, will equally be inspected on the basis of drawing lots,
using a weighing factor in order to ensure that large and
versatile chemical complexes have a greater chance to be
inspected than smaller and more specialized plants.

These plants will be inspected on an average of onge every three
years. For each inspection three inspectors will be visiting the
plant during an average of three working days. Inspection of
these plants would thus cost 1,500 man days/year.

Conclusion:

-~ About 30-40 inspec¢tors are needed permanently for the verification
of non-production in plants that have been declared not to produce
super-toxic lethal chemicals or their key precursors but to be
capable of synthesizing organic chemicals in relevant quantities,

C. A3 hoc "challenge'inspections under the fact-finding Eg" cedures

Assumptions:

~ There are likely to be relatively Few- challenge inspections (which
would include investigation of allegations of chemical warfare),
particularly after the Convention has been in force for some time,

~ These can be performed by the existing staff at the inspectorate
and/or by specialists from member States or intermationa
organizations. )

Conclusion:

- The possibility of "challenge" inspections has little bearing on the
size of the inspectorate,

CONCLUSIONS

~ About 50 inspectors and 90 supporting staff are needed permanently in the
context of a CW-Convention.

~ In addition about 75 to 115 insvectors and about 100 or less supporting
staff are needed during roughly the first 10 years.

~ The size of the organization depends greatly on the answer to the gquestion
on what scale inspection is plammed for plants that are declared not to
produce super-toxic lethal chemicals and their key precursors but to be
capable of synthesizing organic chemicals in relevant quantities,

~ After the 10-year period, during which destruction of stockpiles and
destruction of CW plants has taken place, the envisaged CW secretariat
will in any case be considerably smaller than the part of the IARA-
secretariat, including the inspectors, involved in the application of
nuclear safeguards.
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Decision on the designation of ad hoc subsidiary
bodies of the Conference on Disarmament

(Adopted at the 248th plenary meeting held on 8 March 1984)

The Conference on Disarmament decides to designate as "Ad Hoc Committees”,
in accordance with its Rules of Procedure, the ad hoc subsidiary bodies
re-established by its decision of 28 February 1934, under agenda items 4.
"Chemical weapons", 6. "Effective international arrangements to assure
non-nuclear-weapon states against the use or threat of use of nuclear weapons"
and 8. "Comprehensive programme of disarmament”.

GE.84-60626
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LETTER DATED 2 MARCH 1984 FROM THE PERMANENT REPRESENTATIVE OF

THE ISLAMIC REPUBLIC OF IRAN ADDRESSED TO THE PRESIDENT OF THE

CONFERENCE ON DISARMAMENT CONTAINING INFORMATION ON MISSILE

ATTACKS AND BOMBARDMENTS IN BOTH MILITARY AND CIVILIAN AREAS
OF THE ISLAMIC REPUBLIC OF IRAN

I have the honour to remind you that during the past few days the criminal
regime of Iraq under various pretexts, has continued its aggression and its
missile attacks and bombardment, and especially grave is their use of chemical
weapons in both military and civilian areas of the Islamic Republic of Iran.

Since 25 February 1984, thirteen bombardments have taken place, whose
targets were Baneh, Ilam, Khorramabad, Pol e Dokhtar, Kahdasht, Islamabad Gharh,
Gilen Gharh, Borujerd, Saqqez, Hoveizeh, Bostan, Mahabad and Bakhtaran.

During these savage attacks many innocent women, old men and children have
been drenched in blood and a considerable number of persons in the Islamic
Republic of Iran have been 'rendered homeless.

The Government of the Islamic Republic of Iran, once again, draws the
attention of the Disarmament Committee to the continuation of the aggression
and the terrible crimes of the criminal regime of Iraq, which is in contrariety
to all international rules and, once again requests all international bodies
to end their silence, which constitutes an active encouragement to the inhumane
crimes of Saddam and, in accordance with the duties that they shoulder in the
path of promoting international peace and security, while condemning the criminal
acts of the Iraqi regime, to take steps to prevent the continuation of these
terrible crimes, especially the use of chemical bombs and the drenching in
blood of the innocent and defenceless people of the cities of the
Islamic Republic of Iran.

You are kindly requested to have this letter circulated as an official
document of the Disarmament Conference.

(Signed) Nasrdllah KAZEMI KAMYAB
Ambassador
Permanent Representative

GE.84-60641
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LETTER DATED 9 MARCH 1984 FROM THE CHAIRMAN OF THE AD HOC GROUP

OF SCIENTIFIC EXPERTS TO CONSIDER INTERNATIONAL CO-OPERATIVEL

MEASURES TO DETECT AND IDENTIFY SEISMIC EVENTS TO THE PRESIDENT

OF THE CONFERENCE ON DISARMAMENT TRANSMITTING THE THIHD REPORT
OF THE AD HOC GROUP

I have the honour to forward to you, in your capacity as President of
the Conference on Disarmament, the Third Report to the Conference on Disarmament
of the Ad Hoc Group of Scientific Experts to Consider International Co-operative
Measures to Detect and Identify Seismic Events. This Report was prepared
pursuant to the decision of the Committee on Disarmament of 7 August 1979.

The Ad Hoc Group would like to note, with appreciation, the assistance
which the Secretarriat of the United Nations provided to a1t.

The 44 Hoc Group of Experts requested me, as its Chairman, to transmit
on 1ts behalf, the report which was adoptcd unanimously.

(Signed)  OLA DAHIMAN
Chairman

GE .84-60684
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Summary

1. The Ad Hoc Group of Scientific Experts to Consider International Co-operative
Measures to Detect and Identify Seismic Events, so as to facilitate the
verification of a comprehensive nuclear test ban treaty, was established in 1976
by the Conference of the Committee on Disarmament (CCD) ano nc.o latlcs teéw
maintained by the Committee on Disarmament (CD), which, as of February 1984 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/43 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
assi1st 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
peaceful purposes in a protocol which would be an integral part of the treaty.

3, The proposed global system has three main elements:

(a) & network of more than 50 existing or planned seismological stations
around the globe, with improved 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) 5

(c) processing of the data at special International Data Centres (1Cs)
for the use of participant States.

4. The data to be reported from each station or observatory would be in standard
form and on two levels:

Level I #/ 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 arnd
promptness in the reporting. Where applicable, internationally agreed scientafic
practiees would be followed.

;/ Algeria, fustralia, dustria, 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, Umited States of America and
China (participating as observer).

j/ In CCD/558 and CD/43%, Level 1 and Level 2 were used, respectively.
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5. The present consensus report, which is the third report overall of the

Ad Hoc Group, contains detailed, preliminary instructions for the comprehensive
experimental testing of the global system, which might 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 and technical aspects of the global system described in CCD/558 and
CD/4§. More than 200 national contributions have beer submitted to the Group as
informal working papers, some of them of considerable impact 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. Ulf 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 has 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 Dahlman of
Sweden as its new Chairman.

8. TUpon invitation by the CD, representatives of the WMO have attended the

Ad Hoc Group's sessions, and have provided valuable advice and assistance with
Tegard 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 1983), in which he informed the
Committee of the decision by the WMO Executive Council, at its thirty-fifth session,
to approve Recommendation 18 (CBS-VIII) 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
through 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, SA 2nd 5B contain factual information on various
organizational and technical matters. The remaining appendices (3, 44, 4, 4E,
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 chapters, 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.

12, Chapter 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 are now
widely recognized, and in consequence many such systems have been installed.
While a sigmficant rmumber 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 maintains ite recommendatior from CCD/553 and CD/AB that all
network stations be equipped with modern 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 the attainment of an
agreed specification of standards for the netvork 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/558 it was noted that the large majority of high quality seismic
stations were located in the northern hemisphere. The situation 1s essentially
unchanged today. The Ad Hoc Group considers 1t essential that more high quality
stations be established in the southern hemisphere, especially in Africa and
South America. The A4 Hoc Group considers as very valuable the efforts that are
currently under way to establish the feasibility of ocean-bottom sexsmograph
systems. The Group notes that the inclusion of such inctruments would sigrificantly
improve 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 nev 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 experimertal exercise of the global system, as first proposed in
CCD/558. The need for such an experimental exercise continues to be recognized.

13, Chapter 4 discusses Level I data extraction at tbe seismograph stations of

the global network. In summary, the Ad Hoc Group has reviewed several national
investigations addressing the Level I parameter lists proposed 1n CCD/558 and CD/43.
As a result of these studies, the Group believes that a number of new parameterc
could be added as being useful for an international seismic data exchange.

Howvever, the final lisi of parameters will be established only after a comprehensive
experimental exercise as proposed in CCD/558.

National investigations have shown that exasting 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 promsing results, which mght lead to a
reduction in the work load, have been achieved using automatic procedures, but
recognizes that this 1s a difficult problem. The Group considers that further
research in this area 1c needed. Here it 1s understood that the participating
stations in the proposed global system would be equipped with digatal recording
devices.

Interactive proce3cing has proved very valuable in the analysis of geismic
records, and further studies should be conducted. A reasonable aim is tc attempt
to mpimize the number of irtermediate decision points in the interactive process,
thus approaching the goal of automatic parameter extraction. The AZ 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
Tnternational Asscciation of Seismology and Physics of the Larth's
Interior /IASPEI) durins 1te assembly in Canberra, hustralia, in 1979 regarding
1nst-uccions for measuring amplitudes and periods for magritude
determinations (Append- AC). The Group recommends that *these standards should
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form the basis 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 high-resolution wavenumber
analysis of data from small arrays. The Ad Hoc Group recommends that studies of
these and other advanced methods be pursued further.

14. Chapter 5 deals with exchange of Level I data through the WMO/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. Although some
technical problems have been encountered, the results from the experiments have
shown that the WMD/CTS has the potential of fully satisfying the aims of rapid and
undietorted transmssion of Level I data for the proposed global system. At many
remote places, the WMD/CTS offers the only practical communication mechanism for
rapid transmission of Level I data. .

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

The Ad Hoc Group sees the need for additional technical tests using the
MNKVCTS 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, Anterctica and
South America, the Group considers it important that additional experiments include
participation from these continents.

The WMD has authorized the use of the GTS for the exchange of Level I
seismic data on a regular basis from 1 December 1985. 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 Intermational 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.

15. Chapter § concerns format and procedures for the exchange of Level II data.
In the proposed global system, Level II data will be exchanged, upon request,
between government-authorized National facilities through International Data
Centres. Some national investigations have shown that rapid exchange of

Level II data 1n digital form can be achieved using modern telecommunications
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 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 estimate of the amount of Level II data
that m.ght be requested can be grven only after sufficient experience has been
acowired from a comprehensive experimental exercise as proposed in

cer/558.

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

Level II data should be exchanged as rap»idly as practical, the rapidity will
depend on precise procedures which have to be agreed upon. The Group nntes that
it will be necessary to take into consideration the practical telecommmunications
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/553.

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 cenvres end 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
implicaticns for a global system are summarized in this chapter. A "Preliminary
Operations Manual for Intermational 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 procedurec developed in this annex should be tested and updated
further.

Prelimnary results have been obtained using automated procedures for Level I
seismic data analysis in the International Data Centres 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 1t 1s poagsible to solve this problem. The Ad Hoc Group
recormends that further research into automatic processing at data centres bve
given high priority.

National investigations carried out by some countrics have shown the
effectiveness of the use of Level II data at rational centres in obltaining more
accurate focal parameters of events presenting an interest.

Some modrfications to the procedures described i1n the Group's earlier
reports have been agreed to. The procedure to be used for event definition should
take into account a large number of seismic phases than suggested n CCD/SSB and
CD/43. Further research offorts are needed tc i1mprove the accuracy of epicentre
location and, most urg a1y, of eivent depth ertimation. Thic mighl be achieved
by usang globally compiled local travel time data and alsc by using joint
hypocentre estimation teckniques. An increaced use of depth phases seens,
however, to be the most important step here.
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Certean national invistigations have shown that the more detailed analysis
of information at stations of the global nctwork (Level IT data), for examplc with
the help of polarization analysis, provides greater zffcectiveness in the
identification of depth phases.

Procedurcs and formulas should be cstablished to estimatc short perrod and
long period magnitude from local recordings. Magnitude estimation procedures
should include indavidual station corrections and the use of noisc data for
non-detecting stations. Incrcasecd cffort should be given to the repnrting and
analysis of long pecriod surface waves, since experiments have shown that surface
vave observations can be oblained 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 necd to be 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 intecrest.

17. Chapter 8 contains conclusions and recommendations for further study. As
observed in this repori, significant and rapid developments have taken place in
raecent years regarding scismology and data processing techniques, and th se
developments are continuing.

The Ad Hoc Group notes that these results can turn out to be useful 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 comprehcnsive 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 i1mportant such topics are summarized in Chapter 8.

The Ad Hoc Group notes with appreciation the recent decision by the WMO
Ninth Congress that the WMO/GTS may be used for regular transmission of Level I
data from 1 December 1983, Th2 Group sces the need to conduct further technical
tests, in co-operation with the WMO, to establish the opcrational performance of
the WMO/GTS for seismic data exchange on a global basis. The Group has worked out
a preliminary plan for such a test of the WMD/GTS transmission channcls for
Level I data to be carried out in 1984,

The Ad Hoc Group maintains i:s rccommendation from CCD/558 and €D/43 that
a comprehensive experimental cxercise of all aspects of the eventual global system
be conducted.
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CHAPTER 1

Introduction

Summary

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

1.1 Background and terms of references for the Ad Hoc Group

On 22 July 1976, the Conference of the Cormitiee 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 te assist in the verification of a comprehensive test ban. The Group submitted
1ts consensus report (CCD/SSB) in March 1978, describing how seismological science
can be applied in a co-operative international 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 Telecommunication
System 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 gomprehensive ex rimental
exercise, which could be taken initially to assist the esg;blishment ol such a
co—aperative international data exchange system.

On 9 May 1978, the CCD decided that the A Hoc Group should continue its work
by studying 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 i%s decision of 15 February 1979,
mainfained the arrangements for the Ad Hoc Group. Subsequently, in July 1979,
the Group submitted its second report (CD/43).

On 7 Auvgust 1979, the CD decided (CD/PV.48) that the Ad Hoc Group should pursue
1ts work further, under the following terms of reference:

"l. Recognizing the valuable and important work carried out by the Ad Hoc Group
in elaborating instructions and specifications for Intermational Co-operative
Measures 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 1ts work
on such measures, which might be established in the future for the intemmational
exchange of seismological data under a ireaty prohibiting nuclear weapon %ests
covering nuclear explosions for peaceful purposes in a protocol which would be an
integral part of the treaty.
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2. Thas 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 ftechnical aspects of the global
system;

-~ co-operation in the review and analysis of navional investigations into
relevant matters such as:

- the conditions for using the WMO Global Telecommunication System
for seismic data exchange;

— procedures to obtain desired data at individual stations under a
range of conditions;

- the analysis and data hendling 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 om 22 July 1976 and maintained by the
Committee on Disarmament by its decision of 15 February 1979. The Ad Hoc Group
will hold its first meeting under iis new mandate late in January or early in
Pebruary 1980.

4; The Committee on Disarmament invites WMO to continue its co-operation with
the Ad Hoc Group."
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CHAPTER 2

Organization and Mcthod of Work of the aAd Hoc¢ Group

Summagz

The organization and couposition of th2 Ad Hoc Group is describad and its
programme and method of work is outlined.

2.1 Organization and composition of the ad Hoc Group

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

Upon invitation by the CD, rapresentatives of the World Meteorological
Organization (WMO) have attended the ad Hoc Group's sessions, and have provided
valuable advice and assistance with regard to transmission of seismie data on
the Global Telecommunication System (GTS) of the WMO.

Dr. Ulf Ericsson of Sweden served as Chairman of the Ad Hoe Group from 1976
until his death in November 1982. During thesz years, he guidad the work of the
Group with great skill and dedication. The significant results that the
Ad Hoc Group has achicved must to a large extent be attributed to the
Chairmanship of Dr. Ericsson.

On 10 February, 1983, the 4d Hoc Group unanimously elected Dr. Ola Dahlman
of Sweden as its new chairman.

Dr. Frode Ringdal of Norway has servad as Scientific Secratary 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. M. Cassandra, United Nations Department for Disarmament
Affairs, Genava Branch, have served as Secretary for the Group at its different
sessions.

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

In the course of its work under its present mandate, the Ad Hoe Group
agreed to establish five Study Groups in order to achieve an appropriate
compilation, summarization 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:

:j As of 1 January 1983, the United Nations Centre for Disarmament was
transformed into the United Hations Department for Disarmament Affairs.
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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 proceaures for the exchange of Level I data
through the Wi0/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~convenor 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 scventeenta scessions) on the following dates:

9th session: 11-15 February 1980

10th session: 7-16 July 1980

11th session: 3-12 February 1931

12th session: 3-12 August 1981

13th session: 1-12 March 1902

14th session: 9-20 August 1982

15th session: 7-18 TFebruary 1983

16th session: 11-22 July 1983

17th session: 27 February-9 March 1984

The Group has submittcd a progress report to the CD after each of the
sessions and prepared an extended progress report following thethirteenth session in
order to assist the Committeec 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/260).

The method of work has been informal, with presentation of reports 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 these contributions, 2 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 Hoec 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 ind 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 uader the Ad Hoc Group's current mandate,

-~ consider the implicotions 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 Tdentify
Seismic Events -s described in CCD/558 and CD/43,

- claborate detaaled instructions for a comprehensive experimental exercise
of the global system for Internationnl Co-operative Measures to Detect
and Identify Scismic LEvents.
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The roport 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, contz2ining detailed and technical material,
are annexed 218 an integral part of this report. Appendix 1 gives a glossary
of seismological terms and abbreviations used in this document. aAppendix 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, 54 and 5B contain factual
information on various organizational and technical matters. The remaining
appendices (3, 4A, 4D, 4E, 5C and 5) contain summaries of national investigations,
and thus reflect the viewpoints of indiividual countries on various technical
problems.
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CHAPTER 3

Recent Developments in Seismograph Stations and Networks

Summary

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.

i The many sdvantages of digitally recording seismograph systems are 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 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/SSB and CD/43 that all
network stations be equipped with modern seismograph systems capable of continuous
recording of data in digital form, and operated in a standardized way. However,
progress toward such 2 standardization has been slow, and the attainment of an
sgreed specification of standards for the network is en important aim that deserves
further study.

National experiments have demonstrated the usefulness of data that can be
obtained from array s*ations, even 1f these array stations are of very small
aperture.

In CCD/558 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 Amevica. The Ad Hoc Group considers as very valuable the efforts that are
currently under way to establish the feasibility of ocean—votiom 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
theoretical capabilities of a network selected to model a global system were
considered in CCD/558. A new 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.

2.1 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 3A and 3B. The implications of these developments for the global
system described in CCD/SSB and CD/43 are 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 ain these networks were
selected from the stations of potential 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/43), submitted in
July 1979, desirable technical standards for stations participating in an eventual
global network were described, In particular 1t 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 momitor 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 es part of a
global network, the modernization of facilities and development of loczl 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.

3.2 Standards for stations in a global network

Over the past few years the many advantages of digitally recording seismograph
systems have been widely recognized and advances in technology have made such
systems much more economical than was previously the case. Consequently, many such
systems have been developed and installed, particularly for the recording and
analysis of local earthquakes (see Appendix 3A). 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/558 and CD/A} that all stations in the global
network be equipped with modern 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 as 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 standasrds 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.

3.3 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 high—quality stations
be established in the southern hemisphere, especially in Africa and South America.
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An illustration of the inadequacy of the short-pericd detection capability
in the southern hemisphere was made with a national experiment using data from
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 seismicitys
and (b) as a research programme 1n boreholes in the ocean floor to reduce ambient
noise levels,

National experiments have also been conducted cn 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.

.4 Global network capabilities

Technical information collected on exasting 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 3A), 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 seismological 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 ¢ nditions, signal levels, data
commnications 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 1t 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, using simlated
earthquake data, has been introduced to the Ad Hoc Group and 1s 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 [ data extraction

Summary

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 seismc data exchange. However, the final list
of parameters will be established only efter a comprehensive experimental exercise
as proposed in CCD/558,

National investigations have shown hat exasting methods for Level I data
extraction can impose a heavy work load cn participants in an international data
exchange. The Ad Hoc Group 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 i1s needed. Here 1t 1s understood that the participating
stations in the proposed global system 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 important and should
be investigated.

The A4 Hoc Group takes note of the recommendations adopted by the
International Association of Seismology and Physics of the Earth's
Interior (IASPEI) during its assembly in Canberra, Australia, in 1979, regarding
instructions for measuring amplitudes and periods for magmitude 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.

Promising results have been reported on the use of techniques for Level I
data extraction such as polarization filtering and high-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
& seismic waveform that should be extracted at each station within the global
network for all detected seismic events. These data should thereupon be rapidly
transmtted to International Data Centers for compilation, processing and
dissemination, The set of Level I parameters given in CCD/558 comprises
eight measurements in the case of weak events and 52 measurements in the case of
strong events.

The experienc=z acquired so far through 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 mainly to the following groups of problems:
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(a) Improvement of procedures to obtain Level I data and of instructions
for a comprehensive experimental exercise

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

(¢) Interactive procedures for parameter extraction using graphic
systems.,

A summary of these contributions 1s given in the following. Further details on
the national investigations are presented in separate appendaces,

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/558 and CD/43. Several national studies (Appendix 44)
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 Boc Group ~ was to create a common
comprehensive and high quality data base containing both Level I and Level II data.
During this Common Data Base Lxperiment (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, 1t 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 avarlable experience indicates a heavy work
load imposed by the measurement of Level I parameters 1f carried out manually.
However, the experience gained from the limited experiments which 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 3 and corresponding appendix) have been agreed to
by the Ad Hoc Group. These technical specifications are given in a revised version
of tachmiocal instructions for extracting Level I parameters at seismic stations in
Appendices 4B and 4C. In particular, inclusion of the T-phase (see Chapter 3) in
the parameter list has been agreed.

FPurthermore, 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 lLevel I data

In its second report (CD/43) the Ad Hoc Group considered automatic extraction
of seismic parameters a desirable goal and recommended further work 1n 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 with digital data recording. Besides the
important effect of time reduction, the main advantage of automatic processing
of seismic data 1s 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 parameters 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 i1mprovement of signal-to-noise ratio for small
events or in an enhancement of spectral amplitudes in conventicrnal SP- and ILP-band 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 manual measurements 1s 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 seismc 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 limted.

Unt1l now no experiments have been reported to the Ad Hoc Group in which the
whole set of lLevel I parameters has been extracted automatically. At the present
stage, i1nteractive procedures using graphic systems (section 4.4) appear to be
more practicable. However, prom.sing experiments have been conducted at some
stations regarding the automatic extraction of a few basic parameters

(Appendix 4D).

4.4 Interactive 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 wathin a short time interval. The principal advantages
of interactive processing are:

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

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

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 intermedigte 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;

(¢) 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;

(£) selection of a time window for computing parameters such as seismic
noise level, signal complexity and spectral ratios.
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In addition, several more sophisticated Level I parameters can be extracted
by interactive processing. Examples include the spectral analysis (measurement
of amplitudes at 10, 20, 30, 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 which,
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 seismologist.

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 seismograph 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 intermational 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 automatic processing system has as yet been demonstrated,
and further research in this area is therefore needed.

Interactive processing has proved very valusble in the analysis of seismc
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 1s 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 Earth's
Interior (IASPEI) 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 standards.

Additional analysis techniques

Promising results have been reported on the use of techniques for Level I
data extraction such as polarization filtering and high-resolution wavenumber
analysis of data from small arrays. The Ad Hoc Group recommends 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

Summarz

Two trial exchanges of abbreviated Level I data using the WMO/GTS have been
conducted with broad participation of countries represented in the Ad Hoec Group.
Although 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 tests using the
WMO/GTS to test further aspects of the possible international exchange of data,
especlally 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 1
seismic data on a regular basis from 1 December 1983. The Ad Hoec 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 GIS 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 1
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 54, 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 £d 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.

5.2 Review of results from co-operative technical tests

5.2.1 The firat GTS trial exchange, October-November 1980

Fourteen countries participated in the first trial exchange, which took place
from 6 October to 28 November 1980. 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 problens. 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 thas
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-December 1981

Twenty-one countries took part in this trial, which was conducted between
2 November and 1l December 1981. However, two of the countries were not
included in the list given to the WMO Secretariat and so GTS nodes were not
notified, and most of their messages were not circulated globally. Nearly all
messagas from one other country also failed to circulate, so the resulvs reported
here are based on only 18 countries.
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To avord 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
immediate 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
determined more accurately in subsequent trials. Some of the errors
were obvious (e.g., a2 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 eircuilts. 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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5.2.3 The multilateral GTS technical test, October-November 1982

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 l4-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 messages (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.

5.3 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 recomsnended 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/43 have resulted, and the
Ad Hoc Group recommends that a close liaison be maintained with these agencies in
order to co-ordinate future elaborations of the formats for Level 1 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 communication 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 sesismic
data from stations, or national seismic centres, to International Data Centersg
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 1tself 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 >btained from Africa, Antarctica or
South America; additional technical tes.s should include participation from
those continents and should also test the transmission of bulletins from data
centres.

The WMO has authorized the use of the GTS for the exchange of Level 1
seismic data on a regular basis from 1 December 1983 (see Appendix 5B). 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.

A number of national investigations have indicated that existing technology
of fers several supplements to the WMO/GTS for rapid transmission of Level I data
between national facilities and International Data Centers. As stated in
CD/43, 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 II 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 modern telecommunications 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 in the global network should be
exchanged upon requests made from a government-authoriz-d National facii iy
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 IASPEX
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 tou take into consideration the practical telecommunications
conditions particular to cach 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/558, Level II data were defined as data (mostly waveforms) that would
be requested by States participating in the international data exchange for events
of special interest. Thesc data, which would be much mors voluminous than the
Level I data, would be needed for ths detailed analysis of such events, and do
not depend so critically on rapid communication.

In the proposed system for global dat: cxchange, 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 Center.

Just a few years ago there werc no practical alternativces to the postal
system as a means for exchanging level II data. Notable exceptions here were
some large aperture seismic arrays and networks wherc seismic waveform data in
digital form were transmitted via telephone lines and/or microwave over
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considerable aistances as varly 2s in the late sixties. Recent advances in
communication and microproc:ssor technology impiy that at least in principle

rapid exchange of Lavel II data in digital form between government-authorized
National facilitiass through International Data Centers within the global
sersmograph network should now be possible. However, 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 exercisz of the global systcem, it 18 not essential that all stotions
be capable of rapid transmission of Level II data in respons2 to requests.

Recent national investigations regarding Level II data exchange {Appendix GA)
have focused on the formats of the data to be exchanged and on the potentizl for
utilizing recent advances in communications technology to ochieve rapid and
reliable data transmission. In this chapter the various means presently
available for data exchange over large distances will be presented and the quesation
of how best to utilize these sysctems for Level II exchange will be discussed.

6.2 Specafication of L:vel IT data

As earlier reported in CCD/558 and CD/43, the Ad Hoc Group envisages the need
for exchanging different types of waveform data, since the global network will be
composed of stations with different instrumentation and data recording equipment.

6.2.1 Analog recording systems

Each contributing station of the analog type in the globzl network should
ensure continuous recording of all individual seismograph components. Also,
each station should be equipped with a camera in ordsr 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 recordad event,
it would be necessary to include with the record thc appropriate information on
calibration and time corraction. (More detailed information of calibration
standards is given in Appendix 5.2 of CD/43.)

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

~ Standord stations: One 3-component short period instrument set with
ninimum 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: Samc 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 tec 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 2 specific
country. A distinction is made between the exchange of seismic event records in
analog and digital form, respectively.

6.35.1 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 scrvice 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 "plcture" of
the seismogram containing the Level II data is sent via ordinary telephone lines,
linking appropriate coding 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 the original waveform
data in digital form would be on magnetic tape, diskette or similar media, for
which 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 luvel 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 gquestion of tne possibility and feasibility of using the vMO/GTS network
for the transmission of Level II data at the request of participants may be
reconsidered in co-operation with the WMO. The final resolution of this question
would await the results of the comprehensive experimszntal exercise proposed in
CCD/558.

Incernational telecommunications services: A discussion of the various options
availabls for use of international telecommunication for tLhe exchange of digital
Level II dita 5 gaiven in Appundix 6B. In summary, tie3: optiond comprisds:

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

(b) Dedicated data links: Such data links can be established, <.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
IRMARSAT, 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 scismic 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 agrecd 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 conmprise:

-~ 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 30 sec of
noise preceding the pradicted 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 min 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 broad 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 IASPEI
recommendations should be taken into account. Formats for tne cxchange 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, 1t is desirable to
achieve digital Level II data exchange through the use of high-speed communications
circuits established betwzen the governm:nt-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 aystem

The significant developments in telecommunications and computer technology that
have taken place in recent ycars 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 WMO/GTS. The 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.
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

ccb/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.

The Ad Hoc Group recommends that further investigations be made of possible
formats and methods for Level II data exchange at the request of narticipants
in connection with the preparation for the comprehensive experimental exercise

proposed in CCD/558.
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CHAPTER 7

International Data Centers

Summary

A number of national investigations have been conducted regarding the organization
of International Data Centers (IDCs) and the data processing that would be performed.
Experimental data centres have been established by some countries end 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. 4 "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 1s annexed as an integral part of this report
(Appendix 7). Certain aspects of the procedures developed in this ammex should be
tested and updated further.

Preliminary results have been obtained using automated procedures for Level I
seismic datz anclysis 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 1s 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 1nto automatic processing at data centres be given high priority.

National investigations carried out by some countries have shown the effectiveness
of the use of Level II data at national centres in obtaining more accurate focal
perameters 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 definition should take into
account a larger rmumber of seismic phases than suggested in CCD/558 and GD/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 comprled 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.

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 shown that surface wave observations
can be obtained to a much greater extent than previously experienced.

Efforts should be made to increzse the amount of prelimnary location data from
array stations and of estimates of arrival directions for long period surface waves.
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Effective procedures need to be 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.

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 purpose 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 performed and 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 Operations Mamual for International
Data Centers" has been developed, specifying the operational procedures at such
centres. The mamual is annexed as an integral part of this report in Appendix 7.

7.2 Description of procedures to be used at the envisaged International Data Centers

[.2.1 Analysis of short period data

Agssociation of arrival times and event definition

National investigations haeve 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 expcriments demonstrate that such
array location estimates (reported as azimuth and slowness) can substantially increase
the quantity and quality of defined events. The output of polarization filtering and
waveform analysis at stations of the international neiwork to improve phase
identification has also been shown to be valuable in the association process at
data centres.

A national investigation has defined criterra for classifying observed and
reported phases as "local', "regional' or "teleseismc". Such descriptions would
be valuable at International Data Centers for event defimtion and phase association.

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

A great mumber of so-called PKP phases are regularly observed and reported
from seismic events, and national investigations have shown that such phases could
be useful alsoc for the definition of seismic events at data centres.
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Location

Comparison of various locztion algorithms used today shows that they give
fairly consistent results.

Extensive use of stations at local distances requires detailed local travel
time-tables. Such data have been presented from certain regions but have not yet
been compiled on a global sczle. These tables are essential for accurate event
location and need to be organized for use at International Data Centers.

Deptn estimation

Focal depth 1s still the most uncerta:n source parameter for most seismic
events. Improved depth estimates could sutstantially reduce the number of events
for which questions of origin might arise. Experiments show that more extensive
use of depth phases could be a promising wzy 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 permt the effective automatac
identification of depth phases at stations on the basis of Level II data.

Short period megmitudes

Short period magmitude estimates obtained from recordings at local and regional
distances could be of great importance. 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 values 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.

Unasscociated short period data

In the national studies presented to the Ad Hoc Group it has been observed that
egbout half of the reported Level T observations could not be assocrated with any
located event, and alsc that about half of the unassociated phases 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 pheses as "local',
"regional" or "teleseismic".

The question of the number of unassociated arrivals and the number of local
events 1s 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 CCD/558.

The Ad Hoc Group considers 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 perrod 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 with
long period body waves.

Arrival direction of surface waves as esiimated 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 erperiments involving systematic analysis of long period data
(reported Level I data as well zs digital Level II data) have shown that long
period surface wave observations can be obtained tc a much greater axtent than
previously experienced. Experiments show that such data could be obtained for most
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 periocd data are available.

Unassociated long period data

In CD/43 long period datz were regarded as unassociated if they could not be
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 magmitude estimates

In the experiments conducted, surface wave magnitudes, M, and upper bound
estimates of such magnitudes have been computed using the procedure described in
CD/43 and no special problems have been encountered. At distances less than 20
degrees no magnitude formula has so far been suggested for general global application.
However, for several regions, e.g. Burope, Asia and North America, such formulas
have been developed and successfully appli=d 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 statioms. A special exercise has also been
conducted to collect experimental Level II data from about 35 existing stationms.
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 dsia a2t 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.

[.2.4_ Orgamzation of data centres and techmical interaction between centres

During the national experiments conducted and in the discussion in the
4d Hoc Group the need has been seen for detailed specifications of the functions
to be performed at International Data Centers to obtain a umfied 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 experimentsl 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 communications have been
established., It has become obvious that IDCs must ensure that they have identical
data from which bulletins are prepered so that the IDC bulleiins are consistent.

7.2.5 Data wolumes 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 amalysed 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 which 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.

[.3 Implications for ths global system

Previous reports by the A4 Hoc Group have defined in a preliminary way the
technical procedures which are to be followed at the International Data Centers.
The equipment and the approximate flow of data tc the International Data Centers
were indicated in the Group's reports in documents CCD/558 and CD/43. 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 operaztional 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 Marmual for International
Data Centers', which is annexed to the report as Appendix 7. These procedures
could be revised based on the results of future testing.
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7.3.1 Functions of an International Data Center (IDC)

The functions of an IDC were described in CCD/558. The IDC operates as a
service to countries to assist them in their national monitoring and therefore it
processaes data to define and locats events, to estimate focal depths and magnitudes
and to associate identification paramcters. Howover, it does not identify events.

The automatic association/location process is initiated to define the set of
seismic events that best fits the existing set of Level I data or signal arrivals.
The automatic proccss results in a preliminary event list with tentative event
solutions, the arrivals associzted with cach located event, and the unassociaved
arrivals.

Each day a seismologist e¢xamines the cvent definitions prepared by the automatic
association/location procecss, in order to cnsure that they arc of sufficiently high
quality to b: released. If the results of the automatic process are modified in any
way, a complete description of the manual intervention will be included in the IDC
bulletin. The resulting bullztin contains the IDC definitaion of each event. All
event definitions appearing in an IDC bulletin arec reviewed by a seismologist prior
to release. The bulletin prepared at cach International Data Cunter is distributed
to the other International Data Centers for review znd 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 eveants 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 IT data) or as they are prepared (event lists and bulletins).
Event lists and bLulletins are routinely distributed to 21l participants. The
Ad Hoc Group considers th-t requests for Level I and Level II data in the IDC
archives should bc satisfied 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 Centcr 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 clarifics and, in some cases, sugge=nts changes to the
proceduras deseribed in CD/43. These changes, where chey are 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 carricd out in a way that maximizes
the probability of defining new events.”

Two new critaria for event definition and location »re given.
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The observations that may be usad to define an event consist of certain
specified phases and array mecasurements (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 (¢ven 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 i: 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 agreement - 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/43.

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 International 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 definead
in CD/43 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) times, 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 ba tested by searching for arrivals consistent
with the initial location: 2all such arrivals are then passed to the hypocentral
location program. If thce solution converges, the event is acceptable provided
that it satisfics the event definition criteria given above.
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Further rescarch efforts should be undsrtaken to improve the accuracy of
epicentre location. A better physical understanding of the transmission properties
within the earth could considerably improve the location accurzcy routinely
achieved today. Moreover, improvements would be obtained by uzing Zlobally compiled
local travel time data and also by using joint hypocentre estimation techniques and
well located calibration evunts.

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 procedurcs.

Depth estimation

In view of the importance of focal depth estimates, special attention should
be paid to accuratc determination of focal depth.

Depth is provided from the hypocentral location algoritnm using the defining
observations. If the depth provided by successive iterations falls outside the
normal range of 0-720 km, the depth should be constrained tc 33 km and marked in
the bulletin.

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

Magnitude estimation

The magnitude estimation formulas and procedurezs to be used at teleselsmic
distances (defined in CCD/558 and CD/43) should include individual 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 cstimate reliably local magnitudes on a global scale, 2 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 recommended that additional efforts be made to improve the
magnitude procedures for these short ranges and to implement them at the
International Data Centers.

Identification parameturs

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

Level II data

According to CCD/558, the functions of the International Dataz 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 IT 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 fcci 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

Bulletiu preparation

The main service provided by the IDC is the daily prepared bulletins. A
preliminary event 1ist 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/43. Form and content of these bulletins are given
in Appendix 7. The centres also regularly compile 2 1ist 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 information
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 T;

- analog waveform 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.
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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 originzl records of longitudinal,

transverse and surface waves on short-period, bruad band and long-period instruments
as requested by individual States in zccordance with tne 2stablished prccedures.
The specific fermat in which 211 tiucse data arc stored at the IDC bank will depend
on the particular hardware and data managem.ant syster in use, but standardization
of data formats is strongly encouraged. The handling of waveform data will differ
depending on whether it was received in digital or analog form.

Reports

Information on various aspects of thc zctivities of the IDC will probably be
of interest to participants. This can be summarized in repert form as follows
(more detailed iaformation is given in Appendix 7' :

- message and arrival summaries are published monthly znc contrin information
on the messages received and arrivals reportad firom cach contributor;

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

- bulletin reconciliation is a monthly published annotated list of the
difforences between the published Final Bullctins of the subject IDC 2nd the
other IDCs (the notations describe the reasons for the differences);

-~ data request log is a quarterly published log of the data requests receaved
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 be designed to carry out specified functions in an equivalent way.
Preliminary instructions for procedur=s to be used and the bulletin to be produced
at IDCs arc specificd in detail in A4ppendix 7. The =2quipment 2and software of the
IDCs should be adequate for th: rapid and accurace execution of the IDCs*® functions.

in accordance with CCD/558 the Ad Hoe Group considers that there should be
more than one international centre equipped with cquivalent hardwarc and soitwarc.
Each centre would oe requircd 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 zquipment and softw2re for the
operational processing at IDCs of large flows of Level I data, an autmmated dnta
management system for the IDC data bank and methods for receiving requested level I
data, making copics of such datz and distriouting it vo States so requesting.
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CHAPTER 8

Conclusions and Recommendations

As observed in this report, signifizant and rapid developments have taken
place 1n recent years regarding seismology and data processing techniques, and
these developments are continving. The Ad Hoc Group notes that the results can
turn out to be useful for the further development of scientific and teclnical
aspects of the co-operative global system descrived n CCD/558 and CD/43, as well
as for the further elaboration of a comprehensive experimental exercise of that
system.

The Ad Hoc Group notes with appreciat: n the recent decision by the WMO
Ninth Congress that the WMO/CTS 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 WMD/GTS channels for the transmission of
Ievel I data, and analysis of the results obtained. The Group recommends that this
technical test be conducted as soon as the necessary preparations have been made.

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

The Group has noted areas in which additional scientific and technical progress
is needed, as discussed in Chapters 3 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 modein seismograph systems, preferably broadband 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 network requires
further study.

3. It 1s essential that more high quality stations be established in the southern
hemisphere for the purpose of :mproving 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 th:se systems could =ignificantly improve detection capability in
the southern hemisphere.

6. All countries are encouraged to assemble comprehensive data on seismic noise
conditions and signal levels at their stations and deposit this information with
the Sccretariat of the Conference on Disarmawment.
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Extraction of Level I parameters

1. Regarding the Level I parameter lists proposed in CCD/558 and CD/43 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 technicues 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 1s recommended that further investigations should be carried out to permit
the effective i1dentification 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.

Exchan, of Level I data through the WMQO/GT

l. A large-scale technical test should be conducted to test: the exchange of the
full set of Level I parameters; the GTS circuits in Africa and South America;

the transmission of bulletins from data centres; and the use of message-checking
procedures.

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 Disarmament
establish regular contact with the WMO secretariat to be kept informed of changes
to the GTS and its procedures.

4. The AQ Boc Group should rmaintain 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 simul taneous transmission of outwards
messages from the GTS centre to the national seismic facili‘y which filed them.

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

8. Preparation should be made of detailed instruc*ions and guidelines for
personnel of the stations and international centres of the global system and of
the receiving and transmitting points of the WMO/GTS system for the future
comprehensive experimental exercise of the global syster.
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Exchange of ILevel TII data

1. Standard formats need to be agreed for digital Level II data on magnetic
tape. Possible future recommendations by IASPEI should be taken into account,

2. Standard formats and procedures are also needed for the transmission, on
request, of digital Level II data by telecommunications chamnels. 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 be undertaken,
and that the impact on the Level II data transmission of future developments in
telecommunication and computer technology should continue to be assessed.

International Data Center procedures

1. The Ad Hoc Group recommcnds that further research into automatic processing
of level I data to be received at International Data Centers be given high
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-tables and organization of this information for
use at International Data Centers;

~ development of methods for the classification of unassociated arrivals
as local, regional or teleseismicj

- 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 short period data
in an integrated way to improve event definition and location.

2. The Group recommends that the preliminary operational procedures for use in
International Data Centers as contained in Appendix 7 be tested and revised when
practical experience is gained.

3, The Group considers that procedures and equipment developed for the
reception, storage, and transmission of Level II data at International Data
Centers need further testing.
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United Nations Office at Geneva

Chief, Seismological Section of the
Royal Belgian Observatory, Brussels

Geophysicist
Royal Observatory of Belgium, Brusgsels

Head, Seismological Department
Geophysical Institute of the Bulgarian
Academy of Sciences, Sofia

Research Scientist

Earth Physics Branch

Department of Energy, Mines and Resources
Ottawa

Geophysicist

Earth Physics Branch

Department of Energy, Mines and Resources
Ottawa



CZECHOSLOVAKIA

Dr. V. Kdrnfk

Dr. L. Waniek

Dr. J. Fiedler

EGYPT

Dr. R. Kebeasy

Ms. W. Bassim

Mr. A. Abbas

GERMAN DEMOCRATIC REPUBLIC

Dr. M.M. Schneider

GERMANY, FEDERAL REPUBLIC OF

Dr. H.-P. Harjes

Mr. M. Henger

HUNGARY

Dr. E. Bisztricsany

INDIA

Dr. G.S. Murty

INDONESIA

Mr. T. Soetardio
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Seismologist, Geophysical Institute
Czechoslovak Acadeny of Sciences

Head of Seismologlcal Department
Geophysical Institute
Czechoslovak Acadamy of Sciences, Prague

Scientist, ministry of Foreign Affairs .~ OMO
Prazue

Professor of Seismology and Deputy Director
Helwan Institute of Astronomy and Geophysics
Helwan

Third Secretary, Permanent Mission of Egypt
to the United Nations Office at Geneva

Third Secretary, Permanent Mission of Egypt
to the United Nations Office at Geneva

Adviser, Academy of Sciences,
Berlin

Professor of Geophysics, Ruhy University
Bochum

Seismologist, Federal Ingtitute f{or
Geoscience and Natural Resources, Hanover

Head, Hungarian Seismological Obaervatory
Budapest

Head, Seismological Section, Bhabha Atomic
Research Centre, Bombay

Chief, Seismological Section,
Meteorological and Geophysical Institute
Jakarta
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ITALY

Dr. M. Caputo Professor of Seismology, Institute of Physics,
University of Rome

Dr. R. Console Chief of Seismological Section,
National Institute of Geophysics,
Central Geophysics Observatory, Rome

JAPAN

Dr. M. Ichikawa Research Official, Seismological Division,
Japan Meteorological Agency, Tokyo

Dr. M. Yanamoto Technical Official, Seismological Division,
Japan Meteorological Agency, Tokyo

Mr. S. Mori Technical Official, Seismological Division,
Japan Meteorological Agency, Tokyo

KENYA

Mr. J. Kiboi Senior Assistant Secretary
Ministry of Foreign Affairs, Nairobi

MEXICO

Mr. M. Sosa General Director, Prevention and Detection
of Urban Emergencies
Secretary of Human Settlemants and
Public Works, Mexico City

Dr. J. Yamamoto Chief, National Seismological Service,
Institute of Geophysiecs, Ciudad University,
Mexico City

NETHERLANDS

Dr. A.R. Ritsema Chief, Geophysical Division
Royal Netherlands Meteorological Institute
de Bilt

Dr. G. Houtgast Seaismologist, Royal Netherlands Meteorological
Institute, de Bilt

Dr. R. Unger Guest Scaientist, Royal Netherlands
Meteorological Institute, de Bilt

PERU

Dr. L. Ocola (contribution by mail) Instituto Geofisico del Peru, Lima



POLAND

Mr. R. Teisseyre

Dr. S.J. Gibowicz

ROMANIA

Dr. C. Radu

SWEDEN

Dr. U. Ericsson (deceased)
(Chairman through fourteenth session)

Dr. 0. Dahlman

(Chairman from fifteenth session)
Dr. H. Israelson

Mrs. B.-M. Tygard

Dr. H., Ohlsson

Dr. P. Johansson

Ms. E. Johannisson

UNION OF SOVIET SOCIALIST REPUBLICS

Professor I. Passetchnik

Dr. O. Kedrov

br. 1I. Botcharov

Dr. V. Kotioujanski
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Deputy Director, Institute of Geophysics,
Polish Academy of Sciences, ¥Warsaw

H2ad of Seismolozical Division of the

Institute of Geophysics, Polish Academy
of Sciences, Warsaw

Head of Seismological Department,
Centre of Earth's Physics and Seismology
Bucharest

Minister, Embassy of Sweden, Vienna
Research Director, National Defence
Research Institute, Stockholm

Senior Research Officer, National Defence
Research Institute, Stockholm

Research Officer, National Defence
Research Institute, Stockholm

Research Officer, National Defence
Research Institute, Stockholm

Research Officer, National Defence
Research Institute, Stockholm

Research Officer, National Defence
Research Institute, Stockholm

Professor of Seismology, Institute of
Earth Physics, Moscow

Doctor of Seismology, Institute of
Earth Physics, Moscow

Adviser, Ministry of Defence, Moscow

Ministry of Defence, Moscow

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

Mr. F.H. Grover

Mr. P.D. Marshall

Scientist, Seismological Research Centre,
Blacknest

Government Scientist, MOD(PE), Blacknest
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UNITED STATES OF AMERICA

Dr. R.W. Alewine

Col. H.L. Brown

Mr. N. Carrera

Dr. P.S. Corden

Ms. A.U. Kerr

Mr. R.J. Morrow

Mr. D.L. Springer

Dr. L.S. Turnbull, Jr.

Director, Geophysical Sciences Division
Defense Advanced Research Projects Agency
Arlangton, Virginia

Chief, Science and Technology Division,
US Arms Control and Disarmament Agency
Washington, DC

Science Officer, US Arms Control and
Disarmament Agency, Washington, DC

Physical Science Officer, US Arms
Control and Disarmament Agency
Washington, DC

Program Manager, Geophysical Sciences
Division, Defense Advanced Research
Projects Agency, Arlington, Virginia

Physical Science Officer, US Arms Control
and Disarmament Agency, Washington DC

Deputy Manager, Seismic Monitoring Program
Lawrence Livermore National Laboratory
Livermore, California

Senior Scientist, US State Department
Washington, DC

State Member of the Conference on Disarmament participating as observer

CHINA

Mr. Liang De-fen

Mr. Xin Xian=jie

Official of the Ministry of Defence of
the People's Republic of China

Senior Researcher, Atomic Energy Institute
of the Chinese Academy of Sciences, Peking

States not Members of the Conference on Disarmament, by invitation

AUSTRIA

Dr. J. Drimmel

DENMARK

Mr. J. Hjelme

FINLAND

Dr. H. Korhonen

Head of Geophysical Department
Zentralanstalt fiir Meteorologie und
Geodynamik, Vienna

State Seismologist, Geodetic Imstitute,
Charlottenlund

Director, Institute of Seismology
University of Helsinki
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NEW ZEALAND

Dr. W.D. Smith Superintendent, Seismological Observatory
Geophysics Division, Wellington

Mr. M. Lowry Seismologist, Seismological Observatory
Geophysics Division, Wellington

NORWAY

Dr. F. Ringdal Project Manager, Norwegian Seismic Array

(Scientific Secretary) (NOrSAR), Kjeller

Dr. E.S. Husebye Chief Scientist, Norwegian Seismic Array
(NORSAR), Kjeller

Dr. E. Thoresen Consultant,‘Norwegian Seismic Array
(NORSAR), Kjeller

Mr. S. Lundbo Counsellor (Disarmament), Permanent Mission
of Norway to the United Nations Office at
Geneva

Specialized Agency

WORLD METEOROLOGICAL ORGANIZATION

Dr. H.A. Bari Chief, Operations Division, WMO, Geneva

Mr. K. Yamaguchi Scientific Officer, WMO, Geneva

SECRETARY OF THE AD HOC GROUP (Ninth Session)

Mr. P. Csillag Chief of Section 'y
United Nations Centre for Disarmament ,—
New York

SECRETARY OF THE AD HOC GROUP (Tenth through Thirteenth Sessions)

Mrs. L. Waldheim-Natural Chief, Geneva Unit
United Nations Centre for Disarmament

SECRETARY OF THE AD HOC GROUP (Fourt.snth through Seventeenth Sessions)

Mr. M. Cassandra Associate Political Affairs Officer
Tnited FWations Department for Disarmament

Affairs,
Geneva Branch

:/ As of 1 January 1983, the United Nations Centre for Disarmament was
transformed into the United Nations Department for Disarmament Affairs.



CD/448
page 42

List of Convenors and Co-Convenors of the Five Study Groups
established by the Ad Hoc Group

1. Seismological stations and station networks:
Dr. Basham (Canada), Dr. Schneider (German Democratic Repuolic)

Data to be regularly exchanged (Level I data):
Dr. Harjes (Germany, Federal Republic of), Dr. Fiedler (Czechoslovakia)

£’ Format and procedures for the exchange of Level I data through WMO/GTS:
Dr. McGregor (Australia), Dr. Mori (Japan)

4. Format and procedures for the exchange of Level II data:
Dr. Husebye (Norway), Dr. Christoskov (Bulgaria)

S.é! Procedures to be used at International Data Centers:
Dr. Israelson (Sweden), Dr. Alewine (United States of America)

1l/ Dr. V. Kdrnfk (Czechoslovakia) served as Convenor of Study Group 2
during the ninth and tenth sessions.

Dr. L. Waniek (Czechoslovakia) served as Co-Convenor of Study Group 2
during the eleventh through sixteenth sessions.

2/ Dr. M. Ichikawa (Japan) served as Co=Convenor of Study Group 3 during
the ninth through fourteenth sessions.

Dr. M. Yamamoto (Japan) served as Co-Convenor of Study Group 3 during the
fifteenth and sixteenth sessions.

3/ Dr. 0. Dahlman (Sweden) served as Convenor of Study Group 5 during
the ninth through fourteenth sessions.
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Amplitude

Analog waveform

Array

Arrival
Beamforming
Body wave
Broad-band
instruments

Broad-band data

Degrce

Depth phases

Digital waveform
DWWSSN

Epicenter

Filtering

Focal depth

Focus, focal poaint

GTS

Hypocenter

TASPEI

Appandix 1

Glossary of seismological terms and
abbreviations used in this document

The maximum deflection from a zero reading of a recorded
seismic waveform

A seismic waveform in a non-numeric continuous representation
An ordered arrangement of seismometers, the data from which
are transmitted to a central computer and processed jointly
in order to increase the possibility of distinguishing weak
signals from noise

The appearance of a seismic signal on a seismic record as
determined visually or automatically using a set of criteria

The process of adding together time-shifted signals from
the individual instruments of a seismic array

A seismic wave that propagates through the earth's interior
(longitudinal P-waves and transverse S-waves)

Seismographs that record a wide range of signal frequencies,
thus encompassing the short period and long period bands

Recordings obtained from broad-band instruments

Used as a measure of distance (one degree is approximately
111 km)

Seismic waves that have been reflected from the earth's
surface above the seismic source

A seismic signal represcnted as a sequence of numbers
Digital World-Wide Standardized Seismograph Network

The point on the earth's surface which is directly above
the seismic source

The process of operating on any signal to enhance particular
frequencies and suppress others

The depth at which the source of a s2ismic cvant is located

The point within the earth from which the energy of a
seismic event 1s first relcased

Global Telecommunication System 2f th: World Meteorologzical
Organization
The location of the focus of » seisric event

International Association > Seism-lorgy =and Physics of tne
Earth’s Interior



IDc

Level I data

Level II data

Long period waves
LP

Magnitude

NEIS
0BsS
P-wave
PKP-wave

Period

RST

S-wave

Seismogram
Seismograph,
Seismometer

Short period waves
SP

SRO

Surface wave
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International Data Center (seze Scction 7)
Data (on amplitude, period, arrival time of waves, etc.)
used for the description of seismic analog or digital
signals. These data are to be routinely transmitted to
IDCs within the envisaged invernational data exchange
Records of raw seismic signals (in digital or analog form)
concerning events of special interest which will be requested
through IDCs by individual States witnhin the envisaged
international data exchange
Seismic waves of period more than 10 :=econds
See long period waves

A measure of the size of a seismic event, as determined from
seismograph observations

Body wave magnitude, i.e., magnitude calculated from data
on recorded longitudinal and transverse waves

Surface wave magnitude, i.e., magnitude calculated from
recorded surface wave data

National Earthquake Information Servize (USA)

Ocean Bottom Seismometer

A seismic body wave of the compressional type

A P wave that has propagated through the earth's core

The time interval corresponding to onc cycle of a vibration
on a1 seismogranm

Remote Seismic Terminal
A seismic body wave of the shear type

A seismic record containing waveforms covering a certain time
interval (e.g. 24 hours)

Instruments designed to detect earth motions caused by
seismic events

Seismic waves of period around 1 seccrd
See short period waves

Seismic Research Observatory - a United States designed,
digitally recording broadband seismograph system

A seismic wave that propagates along the upper layers of
the earth
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Surface wave
magnituda
T-phase
Three-component
seismograph
USS0

WMO

WWSSN

& hydroacoustical wave of seismic origin that propagates
through the ocean

A seismograph system recording earth motion in three
perpeadicular directions (Vertical, North-South, East-West)

Uniform System of Seismic Observatories (USSR)
World Meteorological Organization

World-iide Standardized Seismograph Network
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Ninte Session

AUSTRTA

AUSTRALTA

BULGARIA

CZECHOSLOVAKIA

DENMARK

FINLAND

GERMANY, FEDERAL
REPUBLIC OF

HUNGARY

ITALY

NETHERLANDS

NEW ZEALAND

NORWAY
ROMANTA

SWEDEN

Appendix 2

List of national contributions submitted toward

the third report of the Ad Hoc Group

GSE/A/S - A proposal for national investigations

GSE/AUSTRALIA/3 - Australian developments and proposals for
national experiments

GSE/BG/4 - Draft proposal on possible scope of operation
GSE/CS/2 - Czechoslovak national studies
GSE/CS/3 - Tasks of the study groups

DK/GSE/B - Review on preseni and anticipated national and
co-operative investigations rclevant for the Ad Hoc Group

Plans for national investigations

GSE/FRG/6 - Information about the planning of a workshop at
the GRF-observatory in the Federal Republic of Germany

GSE/HUN/6 - Estimation of seismic detection thresholds of
sei1smograph stations in Hungary

Plans for national investigations

On the review and analysis of national investigations

GSE/NETH/Z - Report on developments and plans in the Netherlands

in the framework of the monitoring of seismic events

GSE/NZ/2 - New Zealand involvements in national investigations
Statement concerning the Austrian paper GSE/A/5

GSE/NOR/9 - Proposal for Norwegian national research efforts
National investigations

SW/GSE/27 - Outline and organization to the continued work of
CD seismic AC Hoc Group

SW/GSE/28 - Swedish national and co-operative studies
SW/GSE/29 - Remaining problens

SW/GSE/30 - A common lata base for national and co—-operative
studies
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UNION (F SOVIET GSE/USSR/4 - Several additional protlems calling for further
SOCIALIST studies in the compilation of the third report of the
REPUBLICS Ad Hoc Group of Scientific Experts
USSR/GSE/5 - Statement on the Swedish proposal SW/GSE/30
UNITED KINGDOM GSE/TK/4 - Statement on the progress of Unmited Kingdom
national investigations
UNITED STATES OF United States Statement on proposed Swedish organization of
AMERICA Working Group

United States Statement on national efforts

CSE/USA/S - Information on the United Siates national plans
for a Seismic Data Center
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Tenth Session

AUSTRALIA, JAPAN,
SWELEN

AUSTRIA
BULGARTA,

CZECHOSLOVAKIA,
USSR

CZECHOSLOVAKIA

FINLAND
GERMAN DEMOCRATIC
REPUBLIC

GERMANY, FEDERAL
REPUBLIC OF

HUNGARY
INDIA

INDCONESIA

ITALY

JAPAN

GSE/AUS,JP,SW/1 - A proposal for a systematic trial exchange
of seismic data on the WMO/GTS

GSE/A/6 - Report on the availability of seismic messages in
Vienna - Ausvria

World Data Center A for Solid Earth Geophysscs - Hemogeneous
nagnitude system of the Eurasian continent: P waves

GSE, 5 July 1990 - Homogeneous magnitude systems - A possible
bagis for world standardization of magnitude determinations

GSE/CS/4 - Progress report - Discrimination betwean
telesersmic P, S and LR waves by particle motion analysis

GSE/CS/5 -~ Progress report - fAccuracy of megnification
curves of electromagnetic seismographs

GSE/CS/6 - Progress report - Regional travel times for the
Central European szismic stalions

GSE/FI/B — National investigations in Finland - efforts and
plans

GSE/GDR/6 - Some principles employed in the automatic
extraction of standard parameters of seismic events

GSE/FRG/? - Seismological Workshop - Procedures for extracting
Level I paraneters at a digital broad-band station

GSE/FRG/8 - Working paper on determnation of first motion
s1gn, clarity and onset times

GSE/FRG/9 - Svatement of the seismic expert of the
Federal Republic of Germany

GSE/HUN/7 - On local travel time curves, Part I
GSE/INDIA/8 - On Level II data transmission and storage

GSE/INDONESIA/1 — The nuclear explosion records from
seismic station Parapat

GSE/INDONESIA/2 — Stacement of the seismic expert of
Indonesia

GSE/ITALY/4 - Italian involvements in national investigations
GSE/JP/9 - Automatic extraction of seismic data in Japan

and development of computer program for extracting Level I
data by a man-machine interactive method



CD/448/Add .1
Appendix 2
page 5

NORWAY GSE/NOR/10 - Tational investigations: Leployment of a small
aperture array for studies of seismic events at local and
regional dastanc:s

GSE/NOR/11 - An experimental small subarray within the NORSAR
array: Crustal phase velocities and azimuths from local and
regional events

GSE/NOR/12 - An experim.ntal small subarray within the NORSAR
array: Location of local and regional events

GSE/NOR/13 — National investigations: Analysis of regional
P-wave attenuation characteristics using ISC data files

SWEDEN SW/GSE/31 - Interzational Seismological Data center
Demonstration facilities in Sweden
(A total of eight separate reports were submitted with
thas document.

SW/GSE/32 - Seismological stations and station network,
Swedish studies

SW/GSE/33 - Swedish national studies on Level I data

SW/GSE/34 - Swedish national studies on data exchange
using WMO/GTS

SW/GSE/35 - A common data base for national and co-operative
studies

UNITED KINGDOM UK/GSE/5 ~ Seismic stations and networks
National investigations

UK/GSE/6 - Classification of short period (narrow band)
recordings

UNITED STATES US/GSE/6 - D>sign and development of a seismic data center
OF AMERICA
US/GSE/7 - Investigation of the properties of CD network IIT
using synthetic data

US/GSE/B ~ Comparison of automatic signal detectors for
use in a data center

US/GSE/9 - United States presentation on 8 July 1980
US/GSE/IO - A concept for a remote seismic terminal

US/GSE/11 - Automation of a regional seismic network:
A case hstory
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Eleventh Session

AUSTRALTA

AUSTRTA

BELGIUM

BULGARTA
CANADA /GERMAN
DEMOCRATIC
REPUBLIC
FINLAND

GERMAN DEMOCRATIC
REPUBLIC

HUNGARY
INDIA

TTALY

JAPAN
NETHERLANL'S

GSE/AUS/A — Forrmal and procedures for the exchange of Lovel I
data through the 1110/GTS

GSE/AUS/5 - Study group 3: WMO/GTS trial

GSE/AUS/6 - Vorkshop on GTS cxperiment

GSE/LUS/7 - Summary of Ausiralian developments in GSC matters
SE/AUS/S - Stuly group 3: Summary of conclusinns

GSE/A/7 - Temarks on lhe dctermination of magnitudcs

GSE/L/8 - Trial exchange of seismc data on WMO/GTS
6 October - 28 November 19G0 - Result gained in Vienna

GSE/4/9 - Proposal for the reduction of surface wave parameters

GSE/B/2 - Short report on possibilities in Belgium concerning
exchange of Level 1 data through WMD/GTS

GSE/BG/: - The Bulgarian telemetric seismological system
GSE/CAN/GDR/I — Summary of navional investigations on
seismological stations and networks

GSE/FI/6 - Seismic experiment by Finland

GSE/GDR/7 - The network of seismological stations in the GDR

GSE/GDR/8 ~ Developments concerning the acquisiiion of
gseismological data at Moxa station

GSE/HVN/S - Progress report:
network in Hungary

Seismological telemetry

GSE/IND/9 - Methods for Level II data compression in
transmission and storage

GSE/ITA/6 - Trial exchange of seismic data on WMO/GTS

GSE/JPN/10 - An assessment of the reliability of seismic
data transmission via WMO/GTS

GSE/JPN/11 - Comment on table 2 in GSE/AUS/S ani proposal
of format for reporting messages recerved during the test
period

GSE/NETil/3 - Progress report: National network of seismograph
stations and trial exchange of seismic data via WMO/GTS
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NORWAY GSE/NOR/11 - Study group 4: Format and procedures for the
exchange of Level II data
SWEDEN GSE/SW/AO - Common data base experiment prngress report

GSE/SW/41 - Trial exchange of seismic data on WMO/GT'S
Reception of data in Sweden

GSE/SW/42 - Trial exchange of seismic data on WMO/GTS
Swedish messages

USSR GSE/USSR/6 — Material for the third repc: of Ad Hoc Group
UNITED KINGDOM GSE?UK/? - Experience of the trial excha-ges of data via
WMO/GTS

GSE/UK/8 - General developments in national seismograph
systems and station facilities

GSE/UK/9 - National investigations - Development in automatic
detection processes

GSE/UK/10 - Information on national seismograph station

UNITED STATES GSE/US/12 - A swmary of United States and intemational seismic
facilities

GSE/US/13 - United States contribution %o the data collection
experiment

GSE/US/14 - Summary of United States participation in the
GSE/WMO experiment

GSE/US/15 - A remote seismic terminal

GSE/US/16 - Intemational telecommum catlons options for
geismic data transmission

Study Group Papers

Study Group 2 GSE/SG2/1 - Level I Data Extraction - Progress Report for
July/October 1980

GSE/SG2/2 - Correction to Progress Report for July/October 1980

Study Grou SW/US/GSE/I - Procedures to be used at International
Data Centers

SW/US/GSE/2 ~ Procedures to be used at International Data
Centers
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Twelfth Session

AUSTRALIA/JAPAN
AUSTRIA

BULGARIA

BULGARTA/
CZECHOSLOVAKIA/
USSR

CAN/DA

GERMANY, FEDERAL
REPUBLIC OF

HUNGARY

ITALY

JAPAN

NEW ZEALAND

NORWAY

SWEDEN

GSE/AUS,JP/2 —~ The second trial exchange of seismic data on
the WMO/GTS, November-December 1981

GSE/A/10 - Second trial exchange of seismic data on the
WMO/GTS: Comment on the Document US/GSE/17

GSE/BG/6 - Characteristics of aftershock sequences in central
Balkans

GSE/BG/7 - Travel time curves for near earthquakes in central
Balkans

GSE/BG/8 - On the transmssion of analog seismic records by
telecopying facilities

GSE/BUL, Cs, USSR/2 - Homogeneous magnitude gystem of the
Zurasian continent: S and L waves

GSE/CAN/6 - Summary of national investigations on
scismological staticns and networks: Memorandum from
convenor, Stuly group 1

GSE/FRG/10 -~ Report on results of the exchange of seismic
data on the WIMO/GTS

GSE/HUN/9 - Report:
in Hungary

Short period seismic noise measurement

GSE/ITALY/Y ~ Progress report: Some development in the
Italian seismological teclemetry network

GSE/JPN/12 - A recent development of digital telemetered
netvork

GSE/NEW ZEALAND/3 ~ Study group 1 — Item 3

GSE/NOR/14 - An automated procedure for determination of
arrival time, amplitude and period for seismic event records

GSE/NOR/15 - Seismic moment tensnrs and kinematic source
parameters

GSE/NOR/16 - On the use of mcroprocessor technology in seismic
data recording and data exchange

GSE/SW/43 -~ Consequences for tue global verification system
of results obtained so far under the group's third mandate
Study groups 1-1

GSE/SW/44 - Cormon data basc experiment — Progress report
on data analysis
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SWELDEN GSE/SW/45 - A system for analysis of Level IT data
(cont.)
GSE/SW/46 - T phases from carvhquakes — some preliminary
observations in connection with the common data base
experiment

USSR GSE/USSR/7 - Material for the third report of the Ad Hoc Group
of Scientific Experts of the Committee on Disarmament to
Consider International Co-operative Measures to Detect and
Identify Seismic Events

GSE/USSR/8 - Average global P and PcP travel times

GSE/USSR/9 - To the question on estimation of earthquake
parameters from observations by a standard network

GSE/USSR/lO ~ Material to be inserted in chapter 3 of the
tmard report of the Ad Hoc Group of scientific experts

UNITED KINGDOM GSE/UK/11 -~ Some characteristics of seismic background noise
at Eskdalemuir Array
INITED KIMGDQM/ GSE/UK,SW/1 - A trial exchange of Level II data via the
SWEDEN WMO/GTS
UNITED STATES GSE/US/17 - Suggested procedures for the WMO/GTS seismic
QF AMERICA data exchange experiment, November-December 1981

GSE/US/18 - Report on the global digital seismograph day-tape

GSE/US/19 - Experience with the intemational date collection
experament, October 1980

GSE/US/20 ~ Status of three national efforts related to
Internationsl Data Centers

Study Group Papers

Study Group 1 GSE/SG1l/1 - Draft - Chapter 3: Review and Analysis of
National Investigations into relevant matters: seismograph
stations and networks

Study Group 2 GSE/CS, FRG/1 - Draft Chapter 4 ~ Review and analysis of
national investigations into relevant matters: Level I data
extraction

GSE/CS,FRG/2 - Draft Chapter 4 - Level I data extraction

Study Group 3 GSE/AUS/B - Summary of conclusions

Study Group 4 GSE/NOR/ll - Draft Chapter: Format and procedures for the
exchange of Level II data

GSE/SG4/1 - Questionnaire - Level TI data exchange

Study Grou GSE/SW,US/2 - Procedures to be used at international data
center
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Thirteenth Segsion

AUSTRALIA

AUSTRALIA/JAPAN

AUSTRIA

BELGIUM

BULGARIA

CZECHOSLOVAKIA

CZECHOSLOVAKTA/
GERMANY, FEDERAL
REPUBLIC OF

DENMARK

FPINLAND

GERIAN DEMOCRATIC
REPUBLIC

GERMANY, FEDERAL
REPUBLIC OF

GSE/AUS/9 - Guidelines for the second WMO/GTS trial exchange

GSE/AUS/10 - Australian results from the second exchange of
seismic messages on the WMO/CTS

GSE/AUS/11 - Presentation of the basic results of the second
trial exchange of data via the WMO/GTS

GSE/AUS,JAPAN/3 and Add.l - Contribution o Sectuon 5,
Extended Progress Report: the Second WMO/GTS experiments

GSE/A/11 - Second trial exchange of seismic data on che UMO/GTS

GSE/A/13 - Answers to the Questionnaire GSE/SG5/1
(Questions of operational procedvres ...)

GSE/BELGIWM/3 - Report on the second trial on exchange of
seismic data through the WMO/GTS

GSE/BG/9 - Results of the exchange of seismic data on the
WMO/GTS

GSE/BG/IO — Automatic system for collection and processing
of seismological data in Bulgaria

GSE/CS/7 - Participation of Czechoslovak seismic stations
in the second trial exchange of seismic data on the WMO/GTS

GSE/CS/S -~ HMessages received in Progue during the second
trial WMO/GTS

GSE/CS,FRG/3 — Second draft of Chapter 4, Third Report of

Ad Hoc Group

GSE/DK/9 - Answers to the questions from Study Group 5

GSE/FI/7 ~ Results from the second WMO data exchange
experiment

GSE/GDR/S ~ Participation of the seismic stations of the

German Democratic Republic in the second GSE trial exchange
of scientific data on WMO/GTS

GSE/GDR/10 - Corments on the draft progress rcpory
GSE/FRC/11 - Seismic backgrourd noise av the GRI-irray

GSE/FRG/13 - Report on results ol th sceond trial cxchange

of seismc data on the WMO/GTS
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HUNGARY GSE/HUN/10 - The crustal structure of Hungary based on the
results of explosion seismology

GSE/HUN/11 - An assessment of the CDGEI reports arriving at
the Hungarian Meteorological Instituie via WMO/GTS

INDIA GSE/IND/10 - Comments on GSE/DFR/1, December 1981

ITALY GSE/ITALY/8 - Results of second trial on exchange of seismic
data on the GTS

JAPAN GSE/JAPAN/13 - An assessment of the second experiment of
sersmic data exchange via WMO/GES

GSE/JAPAN/14 - A simulation for seismic message transmission
via WHO/G’TS

GSE/JAPAN/15 - A brief analysis on m1ssing messages

NETHERLANDS GSthETH/4 - The second trial exchange of seismic data on the
WMO/GTS

GSE/NETH/5 - Receipt of messages transmitted by De Bilt during
the second trial exchinge of seismic data on the WMO/GIS

NEW ZEALAND GSE/NZ/4 - Second trial exchange of seismic data on the
WMO/GTS
NORWAY GSE/NOR/17 - Results of secand trial on exchange of seismic

data on the GTS
GSE/NOR/18 - Level II data exchange — present capabilities

GSE/NOR/19 ~ 4 pocential back-up system for the Level I data
exchange via WMO trunk lines

GSE/NOR/20 - Optimalization of seismic array configurations
on the basis of observed signal and noise correlations

NORWAY/UNITED STATES GSE/NOR-US/1 - Global exchange of Level II data - a possible
OF AMERICA future scenario

SWEDEN GSE/SW/47 ~ The WMO data exchange experiment

GSE/SW/48 ~ Consequences for the global verification system
for results obtained so far under the Group's third mandate,
study groups 1-5

GSE/SW/49 - List of scientific reports on the common data
base experiment

(A total of seven separate reports were submitted with this
document. )
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UNION COF SOVIET
SOCIALIST
REPUBLICS

UNITED XKINGDOM

UNITED STATES
CF AMERICA

Study Group Papers

Study Group 1

Study Group 3 and
Study Group 5

Study Gr~up 5

GSE/USSR/11 and Add.l - Material for the third report of the
Ad Hoc Group of Scientific Experts of the Committee on
Disarmament for the Consideration of International Co-operative
Measures to Detect and Identify Seismic Events

GSE/USSR/12 - Comments on the progress report to the
Committee on Disarmament on ihe thirteenth session of the
Ad Hoc Group

GSE/USSR/15 - Comments on the Preface and Overview Summary
of the Progress Report to the Cormittee on Disarmament

GSE/UK/12 - Un-ted Kingdom experience oa the second trial
exchange of seismological data via the WMO/GTS

GSE/UK/13 - United Kingdom expericnce of the special trial
exchange experiment for international data centers using the
WID/GTS

GSE/UK/14 — Comments on GSE/DPR/1, December 1981
Drafi progress report

GSE/US/22 - Results of the WMO experiments, November/December 1981

GSE/US/23 and Add.l and Add.2 - Comments on GSE/DPR/1
(Draft Progress Report) of December 1981

GSE/US/24 - A regional seismic test network

GSE/SG1/2 - Chapter 3: Review and Analysis of National
Investigations into rclevant matters: Seismograph Stations
and Networks

GSE/SGS/SGS - Proposed Experiment for the Group of
Scientific Experts

GSE/SG5/1 ~ Questions on operation procedures for the
preparation and distribuiion of seismic information by
I C's

GF/SG5/2 - Comments and recommendations on the operation
of an IDC

GSE/SGS5/3 - An 1nternational data center manual
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CZECHOSLOVAKTIA/
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GERMANY, FEDERAL
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GSE/AUS/12 - Results and Conciusions from the Second Trial
Exchange of Seismic Data on the WMO/GTS

GSE/AUS/13 - The Second Trial Exchange of Seismic Data on
the WMO/GTS: Message flow-diagrams

GSE/A/14 - Second Trial Exchange of Seismic Data on the
WMO/GTS (2 November - 11 December 1981) Receiving Station
Vienna, Austria: Second Report

GSE/A/15 - A Proposal for the Reduction of Level I Data
GSE/A/16 - Addendum to Chapter 3, Appendix 3A of GSE/SG1/3

GSE/A/17 - A Contribution to the Problem Level II Data —
Intemational Data Centers

GSE/BUL , HUN,GDR, USSR, CSSR/1 - Material for the Third Report
of the Ad Hoc Group

GSE/SC,FRG/3 (Rev.l) - Second Draft of Chapter 4
Third Report of Ad Hoc Group

GSE/FRG/12 - Surface Wave Analysis including the Medium-
Period Band: A Possibilaity for Seismic Discrimination

GSE/FRG/14 - Conclusions from the Second Trial Exchange
of Sexsmc Data via the WMO/GTS

GSE/HUN/12 - On the Local Travel-Time Curves Part II
GSE/JAPAN/16 - A Contribution to an International
Seismological Monitoring System using a Small Seismic Array
An outline of the Matsushiro Array System of Japan

GSE/NOR/22 - International Seismic Data Exchange under a
Potential CTET

GSE/NOR/23 ~ Seismic Array Configuration Optimization
GSE/WOR/24 - Level II Data Exchange on an Experimental Basis
GSE/NOR/HUN/1 - Decomposition of Regional Seismc Wavetrains
GSE/SW/50 — Level II Analysis at International Data Centers
GSE/USSR/14 ~ Material for the Third Report of the Ad Hoc
Group of Scientific Experts of the Committee on Disarmament
for the Consideration of International Co-operative Measures

to0 Detect and Identify Seismic Events

GSE/USSR/15 - Comments to the Draft Progress Report
Fourteenth Session



CD/448/A34.1
Appendix 2
page 14

UNITED KINGDOM

UNITED STATES
OF AMERICA

Study Group Papers

Study Group 1

Study Group 3

Study Group 5

GSE/UK/IS - Answers to Questions in GSE/SG5/1
GSE/UK/16 - & WI1D/GTS Casc History

GSE/UK/17 - Sumnary of Verbal Contributions from
United Yangdom Delegate on GI3 Matters (Requested by
SG3 Conve:nor)

GSE/UK/18 - Proposals for Work undcr a Reneved lMandate

GSB/US/ZS — Iaportance of Waveform Data for Scismological
Analysis

GSE/US/26 - United States Dovelopment of Prototype International
Data Center

GSE/SG1/3 — Chapter 3: Reviev and Analysis of National
Investigasions into relevant matters: Seismograph Stations
and Networks

GSE/$G1/3 (Add.1) - Revision to Draft Chapter 3, Section 3./
GSE/SG3-SG5/2 ~ Proposed Procedures for a WMO Experiment

GSE/SGS/B —~ Draft Scismological and Operational Procedures
for International Data Centers

GSE/SG5/4 - Chapter 7 — International Data Centers

GSE/SG5/3 -~ Level IT and its use in the International
Co-operative System
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GSE/AUS,JAPAN/4 - Proposed amendments to Chapter 5
GSE/AUS,JAPAN/A/Add.Y - Amendments to appendices 54 and 5B

GSE/A/18 - Focel Depths and Travel Time Curves of Austrian
Barthquakes

GSE/A/19 ~ The WMO/GTS-IDC Experiment 1¢ 32 - Remarks and
Recommendations

GSE/BUL,CSSR,HUN,GDR,USSR/2 - Suggesteé paragraph for progress
report

GSE/CS,FRG/4 -~ Final draft of Chapter 4

GSE/DK/10 ~ Comments on draft of the Third Report and informal
note

GSE/GDR/11 ~ Proposal for redrafted text of Subchapter
Organization of Level I data exchange

GSE/HUN/13 - A mini-array within the Hungarian Telemetr; Newwork

GSE/ITALY/9 - New developments in the Italian Seismological
telemetry network and real time data acquisition

GSE/NETH/6 - Revision Netherlands contributions to the
Third Report -~ Appendices

GSE/NZ/5 - Proposed Amendments to Appendix A.4
GSE/NOR/25 - Status Data Exchange Experiment
GSE/NOR/26 ~ Seismological Data Exchange of the Futurc
GSE/USSR/16 - Observations on the Third Draft Report

GSE/USSR/17 — New Text describing USSR network of seismic
stations

GSE/UK/19 - United Kingdom experience of WMO/GTS/IDC
Experiment October-November 1982

GSE/UK/ZO - Level II Data Exchange, Summary of United Kingdom
workx to date

GSE/UK/21 - Comments on January 1983 Draft of Third Report
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UNITED STATES Three notes with comments on draft Third Report,
OF AMERICA dated 11, 14 and 15 February

Study Group Papers

Study Groups 3 and 5 GSE/SG3-5G5/3 - Results of the 1962 WMO/Prototype IDC

Experirment
Study Groups 2, GSE/SGZ—SGB-SGS/I - Proposal for GSE Experiment:
3 and 5 Exchange and Analysis of Level I data using the

WMO/GT



Sixteenth Session

AUSTRALTA

AUSTRALIA/JAPAN

AUSTRTA

EELGIUM

BULGARTA

CZECHOSLOVAKTA

GERMAN DEMOCRATIC
REPUBLIC

GERMANY, FEDERAL

REPUBLIC OF

HUNGARY

ITALY

D/448/5d8."
sppendix 2
page 17

3SE/AUS/1/ - Comments on Appendix 8
3SE/AUS.CAPAN/S - Proposed amendments to Chapter 5

3SE/AUS.JAPAN/6 -~ The Exchange of Level I Data Through
ihe WIO/GTS Recommendations made in the Third Report

GSE/AUS.JAPAN/7 - Lddition to Chapter 5 — Exchange of
Level I Data

GSE/A/20 - A Contribution to Appendix 5 (Chapter 5):
Level I Data Transmission

GSE/BELGIWM/4 - Report on the Activities of the
Royal Observatory of Belgium {(R.0.B.)

GSE/EELGIWM/4/Rev.1 - Report on Recent Developments in
Belgium in the Field of Detection and Identification of
Seismic Events

GSE/BG/11 -~ On the Participation in the Second Trial for
Level I Datz Exchange

GSE/CS/9 ~ P-wave Residuals of European Stations and Location
of Seismic Events

GSE/CS/10 - Participation of Czechoslovak Seismic Stations
in the Trial Exchanges of Seismic Data - Proposal of the
Text to be Included in Appendix 5C of the Third Report

GSE/GDR/12 - Participation in the Second GSE Trial Exchange
of Scientific Data - Proposal of Text to be Included in
Appendix 5C of the Thard Report GSE/GDR/12/Rev -
Participation 1n the Second GSE Trial Exchange of Seismic
Data - Proposal of Text wo be Included in Appendix 5C of the
Third Report

GSE/GDR/13 - Amendment to Appendix 4B. Revisions and
Amendments to the Report CD/43, Add.1l

GSE/FRG/15 — Experiments on Level II Data Transmission of
the Federal Revublic of Germany

GSE/FRG/16 - Facilities for Level II Data Transmission in
the Federal Republic of Germany

GSE/HUN/14 - Location of Seismic Events at the
Hungarian Stations

GSE/ITALY/10 - Reporting Long Period Amplitudes in Data
Exchange



CD/448/Add .1
Appendax 2

page 18
JAPAN

NETHERLANDS

NEW ZEALAND

NORWAY

USSR

UNITED KINGDOM

UNITED STATES
OF AMERICA

GSE/JPN/17 - Participation in the GSE Trial Exchange of
Seismic Data - Proposal of Text to be Included in
Appendix 5C of the Third Report

GSE/NETH/7 - National Report on the Participation in the
Trial Experiment of Level I Data Exchange or the GIS

GSE/NZ/6 - Amendments to Appendix 4B, pages Ad-T
GSE/NZ/7 -~ Amendments to Appendices 7, 8
GSE/NOR/27 - The Level II Data Exchange Experiment

GSE/NOR/28 - Continuation of Experimental Exchange of
Level II Data via Computer Links

GSE/USSR/18 - Comments on the Second Draft of the
Third Report of the Ad Hoc Group

GSE/USSR/19 - Addational Comments on the Text of the
Appendices to the Group's Third Report

GSE/USSR/20 ~ Comment on the Text of the Second Draft of
the Third Report

GSE/USSR/21 ~ Comments by the USSR Delegation on the
Third Draft of Chapters 6 and 7

GSE/USSE/22 - Participation in the Second Experiment in
the Exchange of Level I Seismic Data through the WMO/GIS -
Proposed Text for Inciuston in Appendix 5C of the Third Report

GSE/UK/22 - Summary of United Kingdom Experience of Data
Exchange via vthe WMO/GTS

GSE/UK/ZB - Revi>w and Update of United Kingdom Material for
the CD/AHGSE Archive

GSE/UK/24 - A preliminary Consideration of the Levels of
Seismic Signals Detectable in a Broad Band under Noise
Conditions Preva:ling at United Kingdom Seismograph Sites
US/GSE/26 - Preparation of Level I Parameters

US/GSE/27 - Comments on Second Draft of Chapter 6

GSE/US/2% - Participation in the Second GSE Trial Exchange
of Scientific Data
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Study Group Papers

Study Group 1 GSE/SGl// - Aspects of the Global System that require

further Developmenv and T:sting
Study Group 2 WG/Z — Level I Data Extraction - Future Work
Study Groups 2, GSE/SG2-SG3-5G5/2 - Comments on CRP/122
3 and 5
Study Group 5 GSE/SG/4 - Functional Description of a Computer

Program for Automatic Association
GSE/SG5/5 - Thard Draft of Chapter 7
GSE/SG5/6 - Corrections and Amendments to Appendix 7

GSE/SG5/7 - Recommendations from Chapter 7
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Seventecnth Session

AUSTRALIA

AUSTRIA

BULGARIA

CANNADA

DENMARK

EGYPT

GERMAN DEMOCRATIC
REPUBLIC

CCRMANY, FEDERAL
REPUBLIC OF
HUNGARY

ITALY

SAPAT

GSE/AUS/13 - GSE EXPCRIMENT 1984, Summary No. 1

GSE/AUS/16 - Proposed Australian participatzon in the
GSE experw.ment

GSE/.US/17 (and accompaniment) — Comments on Draft 3,
Chapuver 5, Appendaix O - Thaird Report

GSE/AUS/18 - Proposed Australian Sersmological Developments

GSE/4/21 - Comaent on the Third Draft of th~ Third R:pors
tc the Conference on Disarmament

GSE/n/22 - insvors to CuesS:onnaire GSE/AUS/15
(Proposed Global Experinent 178.))

GSE/BG/12 - Principal Notes on th Third Draft ol
Third Report

GSE/CAIl/! - Canadian Participation in the 1984 WMO/GTS Wxperiment
GSE/CAN/B - Telephone Circuit Exchange of Waveform Data
GSE/DK/11 - Comments on Third Draft, of Third Report

GSE/DK/12 - Comment on GSE/USSR/23 comment No. 1

GSE/DGYPT/1 - Working pesper on a contribution to
international monitoring system using Egyptian National
Seismograph Network

GSC/EGYPT/2 - 4 sumnary of the working paper on a
contribution to international monitoring system using
Egyotian National Seirsmograph Network

GSE/GDR/14 - Comments on the Third Draft of the Third Report
to the Conference on Disarmament

GSE/GDR/15 — Comments on thc Appendices of the Third Draft
Revort

GSE/FRG/17 - Aspects of modern developments in seismic event
recording technigues

GSC/UUN/15 - Prelin:nary location of seismic events originated
from explosions

GSE/ITALY/11 - Teleseism deioction and locztion by the
Italian National Hetwork

GSE/JAPAN/18 - Commenis on GSE/STUDY GROUP 3/1

GSE/JAPAN/19 - Comments or Third Drafi of Third Revore
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Study Group Papers
Study Group 3

Study Grou
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GSE/NETH/8 - Finalization of the text of the Third Report
GSE/NZ/8 - Comments on Appendix 8, Annex' A8-V

GSE/SW/51 ~ E84 - An electronic mail system available for
participants in the proposed GSE technical test

GSE/USSR/23 - Comments on the Third Draft of the Third Roport

GSE/USSR/24 - Comments on the Third Draft of the Appendices
of the Third Report

GSE/UK/25 -~ Suggested Definitions for Experimental Tests

GSE/UK/26 - Hotes on United Kingdom Participation in the
Proposed Third Trial Exchange of Data using the WMO/GTS

GSE/UK/27 - Comments on Working Paper GSE STUDY GROUPS 3/1
GSE/US/29 - Comments on the Third Draft of the Third Report
GSE/US/30 - Results of a Seismic Data Exchange Experiment
GSE/US/31 - Proposed United States Participation in the planned

1984 GSE Technical Test Concerning the Exchange and analysis
of Level I Data using the WMO/GTS on a Regular Basis

GSE/STUDY GROUP 3/1 - Purpose and Outline of GSE Technical
Test: Exchange and analysis of Level I Data using the
wWMo/GTS

GSE/SG5/8 ~ A Program for Automatic Association and
Location of Seismic Events

GSE/SG2,3,5/2 ~ Outline of Procedures o be used in the
1984 GSE Technical Test (GSETT)
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Appendix 3

Summaries of naticnal contributions on recent developments in

seismograph stations and networks

Summaries of national seismograph developments

Summaries of national developments of facilities for extraction of
Level I data

Cemprehensive seismic noise estimates at global seismograph stations
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Appendix 3A. Summaries of National Seismograph Developments

Australia

In Australia the array station at Alice Springs is operated jointly by
Australia and the United States. The array is being expanded from 13 to 19
short-period vertical seismometers in boreholes, at 2.5 km spacing. A gix-component
SRO-type seismograph (dynamic range 120 dB) has been operational since February 1982.
Array signals are transmitted digitally to the central recording and processing
facility. At Mawson, Antarctica, a long-period vertical seismograph and visual
recorders have been added. At the Canberra national seismological centre, data
handling and comnnections to the GTS centre (Melbourne) have been automated. An
experimental broadband digital seismograph will be installed in 1983. Extra
regional stations have been installed in Western Australia, Queensland and
New South Wales (1983).

Austria

Austria operates a seismograph network of 12 stations. Ten are equipped with
short-period vertical seismometers, one has a three~component broad-band system,
and one has a broad-band vertical seismometer. All stations have continuous
recording on chart recorders. The Austrian Earthquake Service is upgrading its
facilities. Within the next few years a digital network will be installed - one
three-component broad-band system and 10 to 15 short-period single element or,
sporadically, three-component instruments with a high dynamic range — and the data
will be telemetered to the Central Imstitution for Meteorology and Geodynamics in
Vierma. This modernization of the seismograph facilities will be a solid base for
an effective participstion in an international exchange of seismic data, though its
original purpose is to monitor the local seismicity.

Bulgaria

Bulgaria has installed a telemetered seismological network comprising
12 stations to monitor local seismicity. Plans are being made to expand the
network to 16 stations, each equipped with a short-period vertical seismometer
and a two-stage preamplifier with low- and high-gain output. Both gain signals
are sent by kM telemetry to the central station in the Geophysical Institute in
Sofia. A long—period three-component seismograph is in operation at one station.
A minicomputer system is being developed for automatic processing of the seismological
data,

Canada

Canada operates a national network of more than 50 seismograph stations of
various types, including digital telemetered networks in eastern and western Canada.
Two of the stations that may be of particular interest within an ISDE system are
the Yellowknife seismological array and the borehole seismograph near Ottawa.

These two stations are being maintained@ in operational status with modest additional
developments from time to time.

Czechoslovakia

Czecheoslovakia operates a three-component broadband seismograph system
with 0.3-300 second passband, 80 db dymamic rangs, magnetic tape recording and
a data processing system. This provides the data base necessary for the study
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of the dynamic parameters of body and surface waves. Czechoslovakia has also
undertaken a study of the accuracy of calibration curves for electromagnetic
seismographs. Calculations have been made for various seismograph models to
establish the effect of particular parameters on the response curves,

Denmark

One WWSSN seismograph station, Godhavn (GDH) in Greenland has been upgraded
to digital recording. This station is now included in DWWSSN. Investigations in
the northern parts of Greenland have shown that the geostationary satellites cannot
be used for data transmission because they are too low on the horizon.

The Swedish network of 17 stations for local seismicity studies was extended
into Denmark with three additional stations, thus enabling a uniform study of the
border regions. The digital data recorded im Stockholm have been used together
with data from supplementary graphically recording stations for studies in Denmark.
A digital recorder with an automatic event detector has been tested but did not
fulfil the expectations.

Egypt

Helwan station has been in active operation since 1899. Instruments have been
renewed several times until 1962 when Helwan became one of the world wide standard
seismological stations. In late 1975, three more stations were installed in Aswan,
Abu-Simbel and Mersa-motrouh. . In 1982 a plan was adopted to establish the national
network which includes 20 stations distributed around the country.

As from July 1982 a radio-telemetery of nine stations covering an area of
70 x 40 km was operated in Aswan region. Data from these stations is transmitted
in analog form to a center in Aswan where it is recorded, played-back and
processed. In 1984, this network will be expanded to include two three-component
and three single-component stations.

The Helwan seismological center receives earthquake information from all
stations in Egypt including the Aswan network. In 1984 this center will be
equipped with A/D converters and play-back and processing systems for precise
location and magnitude determination of local earthquakes. Also in 1984, data on
detected teleseismic events will be transmitted via the WMO/GTS.

Finland

The Finnish array station has been upgraded by increasing the dynamic range
of the system, by standardizing the seismometer and transmission equipment and by
adding new equipment and storage facilities to the digital tape recording system.
In addition, there are six other seismograph stations in continuous operation in
Finland. Two of them are equipped with digital recording systems.

German Democratic Republic

The GDR has maintained the three stations that report data to the
international seismological commmnity. In order to improve the chances of
detecting and locating weak local seismic events by the national network, a
recording and evaluation facility has been established in the past few years.
For the station Moxa, use of a digital data acquisition and processing system
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is currently being made for research purposes. FM seismic signals are transmitted
over telephone lines from Moxa to Jena, where an on-line computer provides over-all
control, analog-to—digital conversion and data storage.

Germany, Federal Republic of

The FRG has installed an array of 13 broadband stations with recording at
the Central Seismological Observatory Graefenberg. Three of the array stations
are equipped with a three—component set of seismometers. The main purpose of the
array is to record fine structure of seismic signals in the frequency-wavenumber
domain with large dynamic range and high resolution within a spectral range
between 1 s and 20 s. Gain-ran ed data are digitized at 20 samples per second
and transmitted at 1200 or 2400 baud on telephone lines to the data cemter.

A secondary 75 baud transmission channel is used for command codes for system
control and seismometer calibration. Recording is on digital magnetic tape with
additional graphic display of selectable seismometer outputs. A real-time
operating system has been specially developed for and adapted to the array data
acquisition, transmission and recording.

Bungary

Hungary is developing a digital telemetered network to monitor local
seismicity, with a recording and analysis center at the central station in
Budapest. Each of the five stationz will be equipped initially with short-period
vertical seismometers; at the central station the seismometer will be in a 200—m
borehole to avoid high noise levels. Two stations will have long-period
seismographs with digital data acquisition., Data will be radio-transmitted,
initially one-way but with future plans for duplex charmnels. Signal processing
facilities will include a front-end processor, digital-analog conversion for
visual monitors and automatic phase identification, location and magnitude
determination controlled by a computer. During 1983-1984, a very small-aperture
array will be installed in south-eastern Hungary within the telemetry array.

The array will have a diameter of 1 km and consist of five vertical short-period
borehole seismometers.

India

The seismic data which may be of particular interest within a global system
are those of the Gauribidanur seismic array, operated by the Bhabha Atomic Research
Centre. This is a short-period array of the United Kingdom type with
20 short-period and 3 long-period seismometers spread over an aperture of 25 km
in the shape of an "L". The short-period seismic data are currently recorded
on both analog and digital tape, while long-period data are recorded on analog
tape. A daily list of SP events detected by the Seismic Array System Processor
is prepared on punched tape.

Indonesia

Indonesia operates a national network of 19 seismograph stations, 1 of whach
is equipped with three-component short— and long-period seismometers. Data from
this network are transmitted by Telex or radio to the national headquarters in
Jakarta where they are employed in locating local earthqualces an® comgiles for
forwarding to international agencies.
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Italy

Italy operates a national network of about 60 stations, 30 of which
(equipped with vertical short-period seismometers) have data Il telemetered to
the Center in Rome. At this center, staffed 24 hours per day, recording 1is
carried out in parallel on continuous drum recorders, triggered chart recorders,
and a triggered digital acquisition system. In the Central Observatory of
Monte Porzio Catone other instrumentation, such as standard three-component
short- and long-period seismometers and a new broad-band vertical seismometer
with digital recording, are also in operation.

Japan

The Japan Meteorological agency has nearly completed two projects and is
implementing one that will contribute to the national earthquake prediction
program, and also to the monitoring of underground nuclear explosions. The
first project is to establish a real time, or semi-real time seismic data
processing system. More than 100 seismograph stations have been installed on
land and 4 ocean-bottom seismographs have been installed off the south coast of
central Japan. However, with the current off-line processing system 1t takes
more than one month to calculate parameters of earthquakes occurring in and near
Japan. Developments will enable seismic data from most stations to be telemetered
to local centers and pre-processed by mini-computer. The pre-processed digital
seismograms are transmitted to Tokyo through a national meteorological system
and processed by a central computer. This system will considerably reduce the
time for determining earthquake parameters and enhance the detection capability.
The second project 1s to establish a small seismic array near the Seismological
Observatory at Matsushiro located in central Japan to reduce the high background
noise. The array consists of seven bore-hole seismometers arranged on a circle
with a diameter of about 10 km. Array processing facilities are expected to
enhance the detection capability. The third project is to establish another
ocean-bottom seismograph sysiem consisting of four ocean-bottom seismographs off
the south coast of central Japan.

Netherlands

The Netherlands operates a network of five stations with recording via
telephone lines at the central station in De Bilt. This makes analysis of seismic
events possible in real time. The vertical broadband signal of the central station
and the short-period vertical signals of three out-stations are recorded on digital
type. The development of automatic procedures for signal analysis is under way.
The raw data for important specific events are stored oncassette tapes for rapid

retrieval and display.
New Zealand

New Zealand operates a network of 35 stations which extend from Samoa to the
Antarctic. Most stations are designed for study of local earthquakes, but the
network includes three WWSSN stations, one IWWSSN station and one SRO station.

A telemetered network of 10 short-period vertical seismographs operates near
Wellington, with analog recording on film. Experiments are being made with event
detection under the control of a microprocessor and more digital recording is
planned.
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Norwa

Norway has undertaken a series of experiments to study the potential benefits
of using small-aperture arrays for the comprehensive analysis of seismic events at
Jocal and regional districts. One of the NORSAR sub—arrays has been modified to a
small-aperture array with six sensors. The data have been employed to study noise
and signa coherencies at high frequencies, to identify crustal phases from
regional events, and to detect and locate regional events. Norway has also
started a project with the goal of utilizing commercially available microprocessor
components to design "intelligent" field equipment for seismic data collection.
The design tasks include: analog,/digital conversion; prefiltering coupled with
an event detector; short (daily trensmission) and long term storage (tape) of
detected signals; and two-way commmication (via radio, telelinks or satellite
with a centrally located host computer for exchange of recordings, calibration,
operational status checls and new task implementation.

Peru

Peru is operating a five-element radio-telemetered seismograph network
between 11.5°S and 15°S latitude along the coastal area, with central recording
located at Lima. One element of the network is 60 km offshore on an island.
Each station is equipped with a short-period vertical seismometer. It is
planned to expand the network to 10 elements by placing 5 additional stations
across the Andes, and to install and implement a digital, real time, automatic,
data processing and recording system.

Romania

Romania operates a network of 40 stations, 10 of which are equipped with
telemetry systems for central recording. Inst-llation has begun on a large
telemetry network of 18 stations with analog and digital recording of data on
magnetic tape. Data processing with tnis network will be performed in real time.

Sweden

Sweden has supplemented the Hagfors Observatory with a local network of
17 short-period stations to be used primarily for the study of local seismicity.
Digital data from these stations are also being collected fov the study of
discrimination between local earthquakes and explosions at short distances and
for study of teleseismic events. A high speed computer communication link has
been established between the stations in Hagfors and the analysis facilities in
Stockholm. This on-line cornection 1s being used to gain experience with high
speed data transmission and interactive computer preparation of the Hagfors
bulletin.

Union of Soviet Socialist Republics

The USSR operates 250 seismograph stations in the Uniform 3ystem of Seismic
Observatories (USSO). The TSSO comprises base and regional networks and regional
and Union processing caiirx-. Daza are_telemetered from the base stations to
the Union centre in Obninsk.

Stations of the USSO are equipped 714h a wide variety of instruments:
short-, medium— and long-period. Four stations of the USSO are equipped with
STSR instruments which record seismic oscillations in digital form on magnetic
tape. STSR 1nstruments are also installed at a numter of regional stations.
The USSR operates two stations ir the Antarctic (Mirni; and Novo-Lasarevskaya).
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There is a fast reporting service in the USSO and for local networks in some
regions where real-time connection with regional centers has been established, The
wide territorial distribution of the seismic stations permits the recording of
earthquakes over an extensive range of emicentral distances and the determination
of their epicentral parameters; in the case of weak shocks, only from data obtained
by regional stations, and in the case of strong ones, from observations by all of
the stations that have recorded a given earthquake.

The territory of the USSR has been regionalized (1n total, 14 regions) so that
the data can conveniently by computer-sorted and processed. In the routine
processing of the USSO, hypocenter co-ordinates based on station arrival times and
magnitudes based on P and L vaves are determined for every earthquake, For many
earthquakes, fault-plane solutions are determined from the signs of the first
arrivals; for the largest earthquakes globally, dynamic source parameters such
as seismic moment, stress drop, velocity of rupture propagation, source dimensions,
etc., are also determined.

In the USSR, within the framework of a program being caryied out for the
elaboration of methods for forecasting earthquakes, a network of forecasting polygons
has been established, in which complex geophysical investigations are being carried
out. Test forecasting 1s being carried out at some polygons. The seismological
network of the Soviet Union is participating in the international system of fast
reporting of large earthquakes.

United Kingdom

The United Kingdom continues to operate a 20-element, 10 km aperture,
short-period array station at Eskdelemuir. Experiemental broad-band data are
recorded locally on analog tape and chart recorders, while selected data from
the station are transmitted ccntinuously to the Seismological Centre at Blacknest
via a digital data link. The outputs of four fixed elements of the United Kingdom
broad-band array are recorded continuously on digital tape, other sites of the
array are used for the evaluation of seismometers under development for
broad-bank operation. A network of nine stations in the United Kingdom has an
aperture of around 500 km and 1s equipped with broad-band instruments. The
stations are linked by telephone lines to the Blacknest Centre where the individual
station outputs are recorded on digital tape. An associated computer system
carries out automatic detection and location processes using a filtered short-period
version of the network data to complement the detection log from the Eskdalemuir
oa-line array processor with more refined location informavion.

United States of America

The United States operates the United States Seismic Network which consists of
56 short-pericd stations in the continental United States and nine stations in
Alaska and the Aleutian Islands. Date are telemetered continuously from all
locations and recorded at the National Earthquake Information Service (NEIS)
1n Golden, Colorado. Digital data from the stations in Alaska arz collected in
real time at Palmer, Alaska, via a geostationary communications satellite and
forwarded by the same satellite to the NEIS., Data from the continental
United States arrive by leased telephone lines. The network receives long-period
data from nine locations within the United States. In addition, Digital World
Wide Standard Seismograph Stations (DWWSSN), which record both short-pericd and
long-period data, are now operating at Longmire, Washington; Jamestown, Californiaj;
French Village, Missouri; and Ctate College, Pennsylvania. Other WWSSN stations
are being systematically uvgraded to digital stai.crs. Tr.e United States continues
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to operate digital, three-component Seismic Research Observatories (SRO) at
Albuquerque, New Mexico, and Guam, Marianas Islands and a High Gain Long

Period (HGLP) station at Ogdensberg, New Jersey. Data from the full SRO and
Abbreviated SRO network continue to be received and merged for distribution to
the world—wide seismic community. =Rapid, reliable transmission and recording of
high~quality seismic data is one of the goals of the United States. One example
of this is the Regional Seismic Test Network (RSTN) which has been installed
recently in North America. This network consists of five stations: three in
the United States (Termessee, New York and South Dakota) and, by co-operative
agreement, two in Canada (Northwest Territories and Ontario). This network will
be operated on a research basis to develop and test high-quality, high dynamic
range, broad-band digital seismographic systems in the context of general
seismological problems as well as nuclear test-ban monitoring problems.
Currently, data are being received at the Seismic Control and Receiving

Stations (SCARS) in Albuquerque, New Mexico; at the seismic research observatory
in Iivermore, California; and at the prototype International Data Center (mc)
located at the Center for Seismic Studies in Washington, D.C, At the Center

for Seismic Studies the RSTN data is routinely processed, Other stations and
networks are operated for the development and testing of high-quality seismographic
systems, for local earthquake monitoring and for earthquake prediction research.
Many of these stations and networks are already operating in a digital mode and
more will be upgraded to digital operation in the future.
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Appendix 3B. Summaries of National Development of Facilities
for Extraction of Level I Data

Australia

Australia has undertaken a one-month trial extracting Level I data from SRO

analo, records to demonstrate the wordload imposed by recommendations described
in CD/43.

Canada

Digital telemetered networks are being expanded and developed in eastern and
weatern Canada to monitor local seismicity. Developments at the recording and
analysis centers include improved data base management and interactive graphic
facilities. Experience gained with these facilities will be applicable to the
analysis and management of Canadian seismic data under an international exchange
Bystm.

Czechoslovakia

The data processing system developed in Czechoslovakia performs rapid
multi-channel filtering, simulation of standard seismograms and a variety of
analysis and plotting functions, Polarization analysis is being used to
discriminate among various seismic waves, for separating phases which cannot
be distinguished on direct records, and for selection of wave groups for spectral
analysis.

German Democratic Republic

The GDR has studied the principles employed in the automatic extraction of
standard parameters of seismic events. They have concluded that, depending on the
degree of automation and the required accuracy of the results, it is reasonable to
have the results checked by a seismologist. The technique employed should have the
inherent option of choosing from among several interpretations, simultaneous
determination of several parameters and detection of possible misinterpretations.

Germany, Federal Republic of

The FRG has made a comprehensive study of the procedures for extracting
desired data at individual stations under a range of conditions, and they hosted
an informal workshop of Ad Hoc Group participants in July 1980 to demonstrate
these procedures, At the Graefenberg Observatory procedures were developed for
daily evaluation of digital data and the results are beingz published in a monthly
bulletin. The interactive processing system prefilters the original broadband
data in various frequency bands and produces an appropriate data format., Filters
can simulate most of the common short-and long-period seismograph systems. The
parameters are not automatically extracted; instead, use is made of interactive
procedures whereby all computerized measurements are visually followed and
controlled by a seismologist.

Japan

Japan has developed a computerized method of automatically picking the onset
times of P and S waves and has conducted other research on automatic interpretation
of digital seismograms., Experience has shown that it is difficult to automatically
extract some of the Level I parameters from digital data in a reasonable time.

A man-machine interactive method has been developed for computerized interpretation
of analog seismograms. The interactive extraction of the Ievel I data is carried
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out with the analog seismogram attached to an X-Y digitizer, a video display to
guide the procedure, a "menu" to guide the data extraction and read characters,
and a computer system to manage the data and perform various numerical conversions.

Netherlands

As a new facility in the Netherlands, a direct connection with a B6800-
Burroughs computer has been established using a terminal, videoscreen and printer.
Presently, identification of waveforms is still based on analysis of analog records
of the network. The new facilities will permit automatic data extraction, phase
reading and instantaneous determination of azimuth, slowness, distance and
epicentral location.

Sweden

Tn comnection with a possible extension of the local seismograph network,
Sweden is developing procedures for automatic on-line signal processing. The aim
is to obtain computer algorithms for the automatic on-line detection and preliminary
location of seismic events, and for the extraction of signal parameters for event
jdentification. This work is focussed primarily on signal processing for automatic
monitoring of local seismicity but the results should be applicable to teleseismic
events.

Union of Soviet Socialist Republics

The USSR has developed facilities for automatic processing of three-component
digital data to determine standard parameters for the formalized description of any
wave and its code. Signal detection is carried out on the vertical channel and
three-~component data for detected signals stored on disc. Results of analysis are
monitored with graphic and alphanumeric displays. Filtering and polarization
analysis is performed on onset signals to confirm P waves and calculate approximate
azimuths and angles of incidence., Components are rotated and analysis applied to
detect shear and secondary waves. All results are printed out and stored with the
original signals on magnetic tape.

United Kingdom

In the United Kingdom, operations at the Eskdalemuir array include the
extraction of some Level I parameters by an automatic process which involves
on-line detection and beamforming. Off-line processing is carried out at Blacknest
and provides onset-time, amplitude period, azimuth, velocity and noise data for
each recorded event. The developments of the processor for the UKNET will include
digital filtering, improvements in the accuracy of automatically-determined
relative onset times, refinement of epicenter location procedures, and the
provision of outputs of certain automatically extracted parameters.

United States of America

As part of its program on the design and development of a seismic data center
(see also chapter 7), the United States has developed the concept of, and
demonstrated to the Ad Hoc Group, a Remote Seismic Terminal (RST). The RST was
developed to accommodate digital seismic data available since the previous
Ad Hoc Group reports. The number of such stations and therefore the volume
of date make the traditional methods of human visual inspection to extract
Level I parameters (anticipated in earlier Ad Hoc Group reports) time consuming
and tedious. The RST was developed to provide a technologically simple alternative
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and tedious. The RST was developed to provide a technologically simple alternative
for handling digital data using widely available equipment. It is a microprocessor—-
based system which supports interactive measurement of level I parameters and can
commmicate with an International Data Center to exchange data and receive bulletins.
With current technology it is also possible to extend the capabilities of the Remote
Seismic Terminal by comnecting it to a seismometer to collect data and detect

signals for subsequent parameter measurement.
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Appendix 3C. Comprehensive Seismic Noise Estimates at Global
Seismograph Stations

In order in future to make accurate estimates of the detection capability of

a globval network of seismographs, it will be necessary to have available
comprehensive descriptions of seismic noise conditions at each of the stations.
Accordingly all States are encouraged to assemble this type of information and
deposit it with the secretariat of the CD. The purpose of this appendix is to
summarize the information that has been made available to the Ad Hoc Group for
currently operating seismograph stations. Copies of the referenced sources of
information are available on request to the secretariat of the CD.

Country: Denmark

Ccop ’ 55.68 12.43
DAG T76.77 -18.77
GDH 69.25 =53.53
X1G T0.42 -21.98

Reference: E. Hjortenberg and J. Hjelme (1980). "Seismic noise at Danish statioms
in rilat%on to detection". DPubl. Inst. Geophys. Pol. Acad. Sc.,
A-9 (135).

Summary: Monthly histograms and averages of the amplitude of vertical component,
1 Bz noise at each station for one year.

Country: Germany, Federal Republic of

Station lat. Long.

GRF (array) 46.69 11.21

Reference: GSE/FRG/11, Working Paper to the Ad Hoc Group.

Summary: Average power spectra of broadband noise for 13 array gites for day and
for night conditions.

Country: Hungary

Station: lat. Long.
BUD 47.48 19.02
Piszkesteto - -
TUjkigyos - -

Reference: GSE/HUN/9, Working Paper tc the id Hoc Group.

Summary: Averaged spectra of vertical component short-perioé noise at each station.
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Country: United Kingdom
Station lat. Iong.
EKA (array)  55.33 ~3.16
Reference: GSE/UK/11, Working Paper to the Ad Hoc Group.
Sumnary: Ten-day mean values of single array site, short period noise over a

two and a half year period; 10-day mean values of array-sum, short period
noise over a year and a half period; average spectral density of single-
gite and array-sum noise for noisy and quiet periods.

Country: Soviet Union

Station lat. Long.
OBN 55.17N 36.60E

Reference: GSE/USSR/6 Ammex 1, characteristics of micro-seismic noise of natural
origin in continental areas of the USSR.

Summary: As part of the national investigations conducted in the USSR, the
gpectral characteristics of microseismic noise of natural origin in the
continental areas of the European and Asiatic parts of the Soviet Union
in the frequency range 5 to 0,01 Hz, as well as the characteristics of its
fluctuations over time, have been obtained from representative material.
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Aggendix 4

Summaries of Nationa;_Contribqglons on Level I Data Extraction
and Tecchnical Recommendations

Summaries of national studies on Level I data extraction
Revisions and amendments to the report CD/43, Add.l

Recommendations by IASPEI Commission on Practice concerning amplitude and
period measurements

Summaries of national investigations on automatic parameter extraction

Summaries of national experiments with graphic systems
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Appendix 4A. Summaries of National Studies on Level T Data Extraction

Australia

During the Common Data Base Expzrim=nt (CDBE) stations Alice Springs (L8P),
Charters Towers (CTA) and Narrogin (NWAO) provided datxz. The following
conclusions are bascd on experiences using World Staindard and SRO seismogranms.

(a) There are difficulties in reading noise paramcters it periods near the
signal periods (i.e. in the range 0.2 - 1.0 szconds). It is suggested that ambient
noise parameters are more practical and that the format for noise be the same as
for signals viz: IDENT: TIME: PERIOD: AMPLITUDE.

(b) Maxima at periods, 10, 20, 30, 40 secconds are not well defined and a
simple LP maximum with its corresponding period 1s favoured.

(¢) Maxima on the horizontal components rarely occurred within a half-signal
period.

In conclusion the Australian experiment recommended to reduce Level I parameters
to absolute essentials in favour of enhanced availability of Level II data.

Austria

The Austrian delegate reported a proposal for the reduction of Level I
parameters:

1. Broad-band recordings flat to velocity are to be preferred;

2. Instead of maximum amplitudes with periods of 10, 20, 30, 40 seconds the arrival
time of the Rayleigh wave maximum and its period are found to be excellent indicators
for the focal region of earthquakes with normal foci. Moreover surface wave
magnitude MS 18 optimally determined from (A/T)max of the Rayleigh phase.

Finland

Level I data extraction made from three-component SP and LP analog seismograms
at stations NUR, KJF, and KEV was restricted to contain phase arrival time, P-wave
amplitude and period, surface wave amplitudes and period, and noise level preceding
the first P-wave onset.

The study was scheduled in accordance with the CDBE during the time interval
1 - 15 Octobesr, 1980.

The Finnish report specifically recommends reading of surface wave arrivals from
maximal peaks.

Germany, Federal Republic of

Using recordings from the Central Seismological Observatory Graefenberg the
Federal Republic of Germany extracted and reported the whole set of Level I
parameters during the CDBE period 1 - 195 Octover, 1960. Usiag 4 partly automated
procedure recordings of one day could oe an.lysed within four hours.
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Particular conclusions from this experience are

(1) that the correction of onset times due to instrumental time delays needs
further consideration;

(ii) that the first motion of P arrivals should have the same sign for SP and
LP instruments. If they are reported differently this indicates a
misreading due to low signal/noise ratio and should therefore carefully
be considered;

(iii) that onset times of Rayleigh and Love wave trains as well as maximum
amplitudes with periods of 10, 20, 30 and 40 seconds are hard to read.

Jagan

Japan (and also New Zealand) taking part in the CDBE propose an abbreviated
reporting for local events because the large amount of Level I data will be a burden
to WMO/GTS. For example, the number of recordings obtained by the Japanese network
for local events amounts to 200 for about 15 local shocks a day on the average.

The following proposal is offered for consideration:

1. In the case of a main shock and after shock sequence, all events with magnitude
above a threshold 2 units less than that of the main shock should be reported in
full.

2. In the case of a swarm, with no clearly defined major event, the threshold
should be 1 unit less than the magnitude of the largest event which has occurred at
the time of reporting.

3. All smaller events that are above the detection threshold defined by the local
agency may be reported in abbreviated form, using the double parentheses comment
feature of the International Seismic Code.

Netherlands

The manual extraction of the complete Level I data from analog records during
the CDBE, according to accepted formats, has appeared to be very time-consuming.
For the reporting on a routine basis the list of requested parameters should be
considered carefully and, if possible, reduced and revised without missing the vital
information needed for identification purposes of especially small events.

New Zealand

The delegation of New Zealand proposed the inclusion of T-phases in Level I
data exchange. Concern has been expressed many times within the Ad Hoc Group about
the lack of seismograph stations and the lack of detection ability in the Southern
Hemisphere. It is stated, that T-phases, however, propagate well in the ocean, with
little attenuation and are often clearly visible on short-period seismographs at
coastal stations as an extremely harmonic wavetrain. The International Seismic Code
allows the reporting of T-phase arrival times. Amplitude and period data could
follow, as specified in CD/43. New Zealand also proposed, jointly with Japan, a
scheme of abbreviated reporting for large local sequences (see Japan section above).
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Sweden

Practical experience with Level I data extraction was obtained from the
preparation and development of the CDBE. This work indicated that some parameters
may not be of great practical value. Similarly parameters not listed at present may
be of great potential use. It was found that data giving the direction of recorded
surface waves could be of significant value in the association procedures. Before
any revision of the current parameter list is carried out, however, it will be
necessary to acquire practical experience with this as well as other parameters.

Surface waves were recorded for many events for which no short period data were
available. Many of these events were in the Southern Hemisphere.

Union of Soviet Socialist Republics

The USSR has experience of visual extraction of parameters of Level I data at
seismic stations. The following conclusions may be drawn from the research carried
out:

(1) No fundamental difficulties arise in measuring the full set of Level I
parameters from seismograms, but the services of an additional operator
are pequired;

(11) At the present state of research, no revision of Level I parameters is
Justified;

(1ii) Attention is called to:

(1) the problem of arrival time delay due to the effects of instrument
characteristics;

(2) the low precision in determining surface wave arrival times and the
separation of Rayleigh waves and Love waves;

(3) experience with successful measurement of surface wave amplitudes at
10, 20, 30 and 40 seconds;

(4) determination of Level I parameters at digital stations consistent
with the procedures at analog stations.

United States

The US delegation submitted the largest data set to the CDBE. Data were
collected from 25 seismic stations, most of which are digital Seismic Research
Observatories installed by the US during 1976 - 80 and operated by the host
countries.

The United States provided Lavel I data reports 2¢cording to the Swedish delegation
instructionc. Accordingly, the number of Level I data was reduced to approximately
10, Because of the time that would have been required to accommodate the various
formats of the digital data, analog data was used to prepare L-vol J data for the two
week period. Over 900 seismograms were individually scanned for signal detection
and Level I parameter extraction. Digital data for two days of the data collection
period vere processed to compare the performance of Level I parameter measurement
using analog data and digital signal processing methods.
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Appendix 4B. Revisions and Amendments to the Report CD/43, Add.l

As a result of discussions on national reports which were summarized in the
previous chapter the following revisions of proposed procedures and addition of new
parameters were adopted by the Ad Hoc Group (refer to: Second Report of the Ad Hoc
Group, CD/43/4dd.1l, 25 July 1979; Appendices):

(a) Add.l, p. 4, last sentence of the top paragraph should be replaced by:
"Theoretically the first onset should have the same sign on SP and LP instruments.
However, due to different noise conditions, frequency response and magnification of
SP and LP recordings the first motions do not need to agree, particularly for multiple
events starting with weak arrivals. In the case of a discrepancy in the directions,
the reasons should be checked by the operator before the information is reported."

(b) Add.1l, p. 5, item 6 (seismic noise amplitude), the words "at a frequency
close to that of the signal" should be replaced by "at frequencies between 0.5 and
1 Hz".

(¢) Add.l1, p. 8, item 25, precision of time reading should be 1 s instead of
0.1 s.

(d) Add.l, p. 10, item 40 (see also CD/43 p. 1l1l), the following cxplanation
should be added: "The amplitudes associated with defined periods are difficult to
read from paper records, however, they can be obtained by analysis of magnetic tape
records.”

(e) Add.l, p.1l1, item 45, add: "The Love wave and Rayleigh wave arrivals can
be found more easily by separating the radial and transverse components which can be
achieved with digital records." !

(f) Add.l, p. 12, qualitative remarks: It is recommended to introduce instead
of the description of local and regional events a more detailed classification
permitting to use simple identifiers of the wave forms as follows:

LA - Local event within a very short distance, not possible to separate P and S
phases

LB - local event within a short distance, P and S separated but S~P interval less
than 20 sec, i.e., focal distance less than about 160 km

R - Regional event somewhere between 2° and 20°, i.e., the wave pattern is
influenczd by waves travelling betwcen the crust and the 20° discontinuity

TA - Teleseismic event, weak, a simple seismogram with largest amplitudes within
first few seconds

TB - Teleseismic event, seismogram is made up of more than one discrete arrival

TC - Teleseismic event with a complex waveform made up of many arrivals (phases) of
different amplitude, onsets difficult to interpret.

Appendix 3.2 of CD/43 is now superseded by the IASPEI recommendations reproduced
in Appendix 4C of this report.
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New parametoers

It is suggesteda to include the T-phase in data exchange. The T-~phase
propagates in the ocean w.th little attenuation #nd is clearly recorded on Sp
scismographs even from events of low magnitude. The raporting of T would
significantly augment the detection ability of coastal stations in the Southern
Hemisphere 1n relation with tests in oceanic areas. In mg¢ssages the arrival time
of the T-phase can be reported using the Intsrnational Seismic Code, and then
followed by period and amplitude mecsured as specified in CD/43 for other phases.

It was recommended to rewrits the paragraph on very larg: earthquake sequences
in the middle of p. 15, CD/43, as follows:

"During an esp~clally large local earthguake sequence, it would be allowable to
give 2 general descra.ption of the seismic field, such as 'a local sequence took place
oetveen (time 4) and (time B): without supplying indiviaual readings at Level I.

This apbreviated reporting may be used for aftershocks which are smalier by two
magnitude units or more than tha m~in shock of the sequence, i.e., M # Mmax -2,
and in the case of a swarm if M < Mmax ~ 1.1
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Appendix 4C. Recommendations by IASPEI Commission on Practice coneerning
Amplitude and Period Measurement

Adopted at Canberra
1979

IASPEI COMMISSION ON PRACTICE
SUB~COMMISSION ON MAGNITUDE

Instructions for Measuring and Reporting Amplitudes and Periods for Magnitude
Determination from Observations at Regional and Teleseismic Distances

The determination of earthquake magnitude is based on observations of amplitude
A and period T of seismic waves. It is essential for subsequcnt earthquake studies
to report the time that an observation of A and T is made.

The amplitude of a seismic signal on a record is defined as its deflection from
the base-~line. It is important that A, T, and the time of the observation should
be measured for P, S, and surface waves.

For many phases, and particularly in surface waves, the record is symmetrical
about the base-line and amplitude may be determined either by direct measurement
from the base-line or by halving the peak~to-trough deflection. For phases that
are strongly asymmctrical the amplitude should be measured as the maximum deflection
from the base-line.

The amplitude and period from the vertical component is the most important.
If horizontal components are available, readings from these should be also reported.
When such readings are reported, they should be measured at the same time on the
record so that the amplitudes can be combined vectorially.

The period T corresponding to amplitude A is measured in seconds between two
neighbouring peaks, or two neighbouring troughs, or from trace crossings of the
base-line.

P WAVES

The P wave amplitude measured should be that of the maximum trace deflection,
usually within the first 25 seconds of the first onset or before the arrival of the
next clear phase, but this interval may be extended up to 60 seconds for large
earthquakes recorded on broad-band instruments. When more than one component is
available, the amplitude from each should be reported separately.

The obsorvation time should always be measured as the time to the first peak
or trough of the trace cycle being measured. This need only be estimated to the
nearest 1 to 2 seconds. The amplitud:. measured on the record should be converted
to ground motion in nanometres or some other stated SI unit, using the amplitude-
period response curve of the instrument. When several instruments of different
frequency response are available, the amplitude and period from each should be
reported separately.
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S WAVES

The measurement of amplitudes znd periods on the sciswogram is performed as
described above. It is recommended that the beginning of the S wave be checked
against travzl-time tables. The ampliitude and periocd should be selected in the
interval up to 40-60 seconds after the b:ginning cf S waves.

SURFACE WAVES

For surfzcec waves the measurcrent of anplitudes, pericds and times of
observation on reco.ds 1s performed as uescripozd above for the maximum deflection
from the pasce line. If the maximu deflection does not occur in the period range
17-23 seconds, tben the largest deflection within this ronge should also be
reported for celeseismic distances (O 2 250).

For larg: ~acthquakes when mantle waves are often recorded, s~mplitudes and
periods of the vertical and horizoantal components with tno period in the neighbourhood
of 200 secnnds should also pe measured.

* & *

The obscrvations of A and T for all waves mentionad above should be included in
station ruports. It is essential in reporcting such observations that the type of
instrument used is clecarly stated. For this, the claasification given in the
Manual of Seismological Observatory Practice may be used. Broad~band instruments
are preferred for all measurem:nts of amplitudz and peraod.

NOTE: Seismograms can be very complicated and, ultimatzly, the selecction of a
particular measurement must be 1left to the observer's exparierce.

Additional considerations for local carthquakes

TRACE AMPLITUDE MEASUREMENT

On some types of short-period instrumants it is not possible to measure the
period of seismic waves recorded from close events, and thus to convert trace
deflection to ground motion. In such cases magnitude scales may be used which
depend on measurement of trace amplitude.

DURATION MEASUREMENT

For local earthquakes, stations should report tne signal duration defined as:
the time in secconds b-tscen the first onset and th.: time the trace never again
exceeds twice the noisc levvl which existea imirediately prior to the first onset.
Very often Jocal cartnquake recordings vill cause high-gain, short.period instruments
to saturate, th:reby making an amplitude r :ding impossible even for small seismic
disturbancas. “h.r:fore, to provid: dati from which to derive relations between
magnitudes based on durit.on 2nd those baszd on signal amplitude, both types of
observations should b= mod: of 13 mnny of the same earthquakes as possible.
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appendix 40. Summaries of National Investigations on Automatic
Paraneter Extraction

Working papers of severzl delezations discussed a general philosophy of automatic
parameter extraction. In the following those national investigations are summarized
which 2re based on actual teleseismic data because automatic location procedures for
local events are well known for many seismic areas (e.g. California, Italy, Japan).

Norwa

At the Nerwegian Seisnic Array (NORSAR) an automated procedure for determination
of arrival time, amplitude, and period of teleseismic events has been implemented
successfully. The parameter extraction is done on unfiltered traces for signai-
to-noise rativs above a given threshola, otierwise a filtered trace is used. In
the latter case, the filter aistortion effect is compensated for. The best estimate
of the paramete=rs is cxtracted by using an iterative process. Conventionati
STA/LTL-ratic is used in thz detection algorithm, the start of the first detection
is the inmitial estimate of arrival time. Signal amplicude and period are
automatically extracted after defining appropriate windows. The procedure has been
refined to a level where the measured parameters are changed by th: analyst only
rarely.

United Kingdon

The United Xingdom has installed a Seismometer Network Analysis Computer
(SNAC) to automate tha detection and location processes using a network of single
element broad-band stations. The basic program is an on~line system which gives
arrival times and calculated c¢picenters. For each event a file of Level II data
is stored containing 60 seconds of waveform data from about 10 seconds before the
onset together with details of the processing and system status at the time.

Union of Soviet Socialist Republies

The USSR has experience of automatic extraction of Level I parameters
characterizing P-waves via a short-period recording channel: A, T, and t
(1 =I, ..., 4), where A, = maximum amplitudes (Ni), T, = periods (séconds)
corresponding to amplitudes Ai’ and t. = relative moménts of arrival of amplitudes
Al at intervals of 0-6, 6-~12,712-18 and 18-300 seconds from the moment of arrival of
the P-wave.

The analysis carried out established that the selection and extraction of these
parameters proczeds without distortion up to a certain threshold signal-to-noise ratio.

In the automatic analysis of signals for which the signal-tc -noise ratio is
below the threshold, noise first has a distorting effect on the signal parameters A4,

P, and t,, and then on A,, T, and t,, and so forth.
4 4 3" 73 3

The introduction of frequency filtration in order to suppress low-frequency
noise makes possible autumatic distortion-free extraction of all the parameters in
question at smaller signal-to-noise ratios.

United States of america

During the Common Data Base Experiment (CDBE) conducted by Swcden the
United States compared the performance of Level I parameter measurement using manual
and automatical technigues. For two days of this period 2 and 4 October) a detection
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algorithm was run, followed by a post-detection procussor which automatically
measured the signal onset time, its maximum amplitude and corresponding dominant
period. At the beginning the automatic algorithm attempts to classify a detected
event as loczal, regional or telaseismic. The assignment is made on tho basis of
frequency content by comparing the power in the 3--8 Hz band to that in the 0.3-1 Hz
frequency band. After this distance determination the signal is high-pass filtered
(cut-off at 2 Hz) for local arrivals and band-pass filtered (0.8-3 Hz) for the
others. A short to long term average comparison {(STA/LTA-ratio) is then used to
determine the signal onset time, and the rate of increase of STA immediately after
the detection is used to decide whether the signal is impulsive or emergent. For
impulsive arrivals the first motion (compression or dilatation) is cetermined. The
maximum peak--to-trough amplitude and the corresponding dominant period during the
following six seconds are obtained and the amplitude corrected to ground motion.

Studies with the automatic parameter measurement algorithm have shown that it
can at present provide an onset time within onc second of what an analyst would
choose for 90 per cent of the signals it designates as impulsive and for about
T0 per cent of those it considers emergent. Since the automated procedure applies
the same objective criteria in evaluating the arrivals on all seismograms, its picks
are more consistent than those of human analysts as first comparisons for the
previously-mentioned two days-period have shown. Its chief drawback at present is
reported to be its inability to identify secondary phases such as S from local events
and depth phases.



CD/448/Add.1
Appendix 4
page 1l

Appendix 4E. Summaries of National Expuriments with Graphic Systems

Germany, Federal Republic of

1In a2 national demonstration the Federal Republic of Germany showed an
interactive processing system to extract Lavel I parameters from the Graefenberg
digital broad-band data. The Interactive Processang System (ISPLOD) preprocesses
the original broad-band data mainly automatically to minimize the time needed for
the evaluation of tne large number of Level I parameters. At o-ny stage the analyst
can interactively control and correct the automatic process using a graphic screen.

The main elements of the ISPLOD-.program are:

~ The organization of thz procedure which controls program execution. Usually
it contains z supervisor program to link different progranm segments or cxecutable
subroutines.

- The preprocessing and graphics part of the procedure which inputs the seismic
data and pa2rforms error checkins. The preprocessed data are normally stored on
disc and visualized on the graphics terminal.

- The analysis and output part of the procedure which includes all subroutines
for parameter extraction. This is the most important segment of the software
where identical algorithuas have to be used to get compatible results.

Jagan

A computer prozram hag been developed to extract Level I p«rameters from analog
recordings by a mazn-machine interactive methed in the Seismological Division, Japan
Meteorological Agency. The system consists of a mini-computer with x-y digitizer
and usual peripherals. The measurement of Level I parameters proved to be
successful. Compared to conventional manual practice the system remarkably reduced
the operation time.

Sweden

At the Hagfors Observatory a graphic display system has been usa2d for sometime
for off-line analysis. This system which is connected to a VAX 11/750 allows
extensive manipulation of signalz like expansion of time and amplitude scales.

Many traces can also be handled simultaneously on the screen. In addition,
filtering and spectral computation can be applied to enhance signal-to-noise ratios.
The system produces easy access to signals and makes it possible for an analyst to
make accurate measurements of parameters like arrival times and amplitudes. The
possibility of easy and quick crosscorrelation between traces also facilitates the
interpretation of secondary phases and other characteristics of the seismic signals.
The arrival times could optionzlly be determined automatically from prediction-error
filtered signals.

United States of America

As part of a national investigation, an interactive Rcomote Seismic Terminal (RST)
has been developed. The RST is a low-cost, micro-processor-based system which, in
addition to providing data communications with an international data center, can be
used to interactively analyse and prepare data frem local stations. The basic RST
configuration would include a processor, disk storage, video terminal, graphies
display, printer, and telephone circuit moden. Additional data storage and
peripherals could be added for special purpose applications.
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Appendix 5A: Basic Peatures of the Global Telecommunication System

General descriptions of some aspects of the Global Telecommunication System (GTs)
have been given previously in the reports CCD/558, CCD/558/4dd.1 and CD/43. This
summary itemizes those features which are relevant to the exchange of seismic data,
particularly as they might apply to an international exchange proposed by the
Ad Hoc Group of Scientific Experts. Detailed instructions for this purpose are given
in Appendix 8, Chapter 2.

The main features of the GTS in this context are:

- It 1s a world-wide communication network established and operated jointly by
the 157 member States of the World Meteorological Organization (WMO).

- Its primary objective is the distribution and exchange of meteorological
messages every three hours (at and after 00, 03, 06, 09, 12, 15, 18, 21 hours
UTC); 1t operates 24 hours a day.

- Usually there is spare capacity during the two hours preceding the meteorological
exchanges, and arrangements have been made for the transmission of seismic
messages during those intervals (see below).

- The basic elements comprise a Main Telecommunication Network (MIN), regional
networks and national networks. The nodes of the system are located at World
Meteorclogical Centres {Melbourne, Moscow and washlngton>, Regional
Telecommunications Hubs and National Meteorological Centres.

- States provide and fund their own national centres, and share the costs of
exchanging messages with adjacent States.

- The equipment at centres, and the quality of communication circuits is not
uniform. Equipment varies from automatic computerized message-switching
systems to manually switched telex systems. Circuits vary from 50=-baud 1lines
to 9,600 bits per second links.

- Procedures for using the GTS, formats of messages and codes for texts are
specified and approved by the WMO; they must be adhered to strictly.

The Eighth (four-yearly) Congress of the WMO (1979) agreed in principle to the
use of the GTS for the transmission of seismic data by the Ad Hoc Group. Under this
agreement, and after receiving specific approval from the Secretary—General/WMO, the
Ad Hoc Group conducted two trial exchangee in 1980 (October—November) and 1981
(November-December).

As a consequence of these trials the need was found to conduct additional
experiments utilizing the GTS on a more regular basis. Consequently, the Committee
on Disarmament, through a letter from its Chairman to the Secretary-General of the
World Meteorological Organization (WMO) requested the WMO to take steps to make
necessary arrangements to enable the Ad Hoc Group to continue to utilize the GTS on
a regular basis for the transmission of seismic data 1n order to detect and identafy
seismic events. (Reference: CD working paper No. 73 of 26 August 1982).

The Commission for Basic Systems of thc WMO at 1ts eighth session in Geneva,
3] January to 11 February 1983, adopted a recommendation which was to be submitted
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for approval to the WMO Congress and Executive Committee in May/June 1983, In the
General Summary of its Final Report the Commission stated, inter alia:

- The Commission was of the opinion that the GTS should be used for the global
exchange of seismic level I data only and Members should be urged to ensure
reliable and efficient transmission of seismic bulletins on the GTS. However,
it was also of the opinion that the GIS should not be used for exchange of the
muich more detailed seismic Level II data because of its very large volume.

- The Commission agreed that the implementation date of global exchange of seismic
data will be 1 December 1983.

- The Commission felt that detailed telecommunication arrangements should be made
between the GTS centre and national seismological centres in each country in
order to ensure efficient exchange of seismic data between the two centres
concerned.

- The Commission requested the Secretary-General 0 maintain close co-ordination
with the Ad Hoc Group of the Committee on Disarmament and to arrange for
periodical monitoring exercises as appropriate with a view to improving, as
necessary, the efficiency of the exchange of seismic data on the GTS.

The mcommendation of the WMO Commission for Basic Systems was subsequently
approved by the WMO Ninth Congress. Thus the Ad Hoc Group, beginning 1 December 1983,
has the formal approval necessary for regular utilization of the GTS for Level 1
data transmission.
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Appendix 5B. Authorization and recommendations by the WMO for using the GTS

IETTER DATED 15 JUNE 1983 ADDRESSED TO THE CHAIRMAN OF
THE COMMITTEF ON DISARMAMENT FROM THE SECRETARY-GENERAL
OF THE WORLD METEOROLOGICAL ORGANIZATION (wMo) 1/ 2/

I have the honour to refer to your -etter of 31 August 1982 concerning the use
of the Global Telecommunication System (GTS) of thc World Weather Watch (WWW) on a
regular basis for the transmission of specific data for the detection and
i1dentification of seismic events.

As I informed you by WMO letter No. 52.635/W/SY/T.3.4 dated 6 September 1982,
the necessary arrangements for this matter have been made by the eighth session of
the WMO Commission for Basic Systems which met in Geneva in January/February 1983.

The WMO Executive Council at i1ts thirty-fifth session, held in Geneva in
Mhy/June 1983, approved Recommendation 18 (CBS-VIII) -~ Inclusion of sexsmic bulletins
in the global exchange programme - and decided that this should be implemented as
soon as possible, but not later than 1 December 1983. You may wish to bring the
above information to the attention of the Ad Hoc Group of Scientific Fxperts to
Consider International Co-operative Measures to Detect and Identify Seismic Events.

I avail myself of this opportunity, Mr. Chairman, to extend to you the
expression of my highest consideration.

Signed) A.C. Wiin-Nielsen
Secretary-General

1/ The text of this letter is contained in Working Paper No. 99 of
20 June 1983.

g/ This letter is in reply to the letter dated 31 August 1982 from the
Chairman of the Committee on Disarmament, the draft of which is contained in
Working Paper No. 73 and which the Committee approved at its 183rd plenary meeting on
31 August 1982.
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DOCUMENT SENT BY THE WORLD METECROLOGICAL ORGANIZATION (WMO)
FOR SUBMISSION TO THE SIXTEENTH SESSION OF THE AD HOC
GROUP OF EXPERTS 1/

USE OF THE WMO GTS FCR EXCHANGE OF SEISMIC DATA

As reported in the fifteenth session, the WMO Commission for Basic Systems at
its eighth session adopted Rrcommendation 18 (CBS-VIII) concerning "Inclusion of
seismic bulletins in the global exchange programme". The WMO Executive Council at
1ts thirty-fifth session (Geneva, May/June 1983) approved this recommendation and
decided that the amendments in Recommendation 18 (CBS—VIII) should be implemented as
soon as possible, but not later than 1 December 1983.

The above-mentioned decision will be notified to all WMO Members in due course.

Tt is recommended, therefore, that national seismological authorities should
contact their national meteorological authorities in order to make the necessary
telecommmnication arrangements. In particular, detailed telecommunication
arrangements should be made between the GTS centre and national seismological centre
in each country in order to ensure efficient exchange of seismic data between them,
namely arrangements concerning working hours of the telex or other communications
between two centres should be made in order to ensure the smooth transmission of
data and to avoid an unacceptable worklocad at the GTS centres.

Tt should be borne in mind that the GTS should not be used to exchange the much
more detailed seismic level-II data.

1/ This document has been submitted to the Ad Hoc Group as Conference Room
Paper No. 119.
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Appendix 5C. Summaries of national contributions to the
WMO/GTS technical tests

The Ad Hoc Group conducted two global trial exchanges of routine seismological
data: a pilot exchange in 1980, which emphasized the need for a well-documented set
of procedures; and a more widespread exchange in 1981, to further test the
procedures. Additionally, a dual-purpose, multilateral experiment in 1982 gave more
practical experience with the GTS. These have led to the compilation of detailed
procedures for the use of the GTS for seismic data exchanges (Appendix 8, Chapter 2).

FPull details of the national contributions to the GTS trial exchanges have been
repoiced in about 50 papers (Appendix 2): the following summarize the participation
and experiences of each State.

Australia

Australia organized the two trials (with Japan), provided liaison with the
WMO/GTS Secretariat, compiled guidelines for the second trial (GSE/AUS/9), and took
part in both trials.

Messages were sent from two "national" seismological cemtres, one in eastern and
one in western Australia, to the World Meteorological Centre, Melbourne for insertion
into the GTS. During the 1982 multilateral experiment, the National Seismological
Centre at Canberra simulated a network of southern hemisphere stations, which
entailed the daily transmssion of large quantities of Level I data (GSE/SG3-SG5/3).

In both GTS trial exchanges the percentage of messages received from Australia
was unacceptably low - average 55 per cent in the second trial - despite the use of
correct GTS procedures and message-headers by the seismological centres. Where the
causes could be traced to local failings, thcy were attributable to a lack of fully
automatic, duplex connections between seismological and GTS centres. However, many
losses occurred outside Australia, and the exact causes were not established.

As a result of these experiences, automated connections and procedures are
being introduced between the Canberra (sersmological) and Melbourne (GTS) centres.
Also 1t 1s intended to use regional networkes of the GTS for routine seismic data
transmissions.

Austria

The seismological service has direct access to the WMO/GTS, and for several
years seismic data have been exchanged regularly with other countries, some outside
Europe. Farly in 1980 the availability and success rate of seismic messages 1in
Vienna was analysed (GSE/A/6) and the vesults were encouraging.

Austria tock part in both trial exchanges, and concluded that the unsatisfactory
result of the 1980 trial was not due to the GTS: the preparation time was too short,
and some parvicipants were inexperienced with the GTS.

The results of the 1981 trial were better but stiil unsatisfactory, mainly
because some countries established contect with GTS centres too late, or not at allj
this meant that GTS computers coulé not be revrogrammed, or were adjusted after the
start. The success rate varied betwecn O ard 100 per cent, depending also on vhether
messages were transmitted during mein or intermediate synoptic tames.

The Austrian expericnce 11ta the use o the CGTF 1s that aiter obtaining official
permission to use .t and after tnis permiscion 1S nublished in the WO Manual
(WMO - No.9.77.4, Ch 1), satisTactory ~xcnangses i te axpected vnrovided participants
consult their CTS hubs arn* fallow WG ~iec ct-ictly.
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Belgium

Belgium has been using the WMO/GTS for routine seismological data exchanges for
more than 30 years.

It took part in the second trial, at which time the Seismological Centre of the
Royal Observatory, being connected to the Common Computer Facilities at Uccle, was
able to transmit i1ts seismic data directly through the link of the Meteorological
Institute to the GTS.

This connection wovked salisfactorily and 22 messages were transmitted.
However only a few inwards messages from other countries were received.

The Institute 1s ready for full co-operation with the Observatory and seismic
messages can be inserted via the permanent computer link at any time.

Bulgaria

Bulgaria participated in the second trial exchange with data from station
Vitosha %$TS). The messages were elaborated for experimental transmission of
seismological data on the WMO/GTS channels. The exchange in Bulgaria was realized
on two circuits. Circuit "A" ensured the data transmission within the country and
circuit "B" (with starting/end point - the National WMO/GTS Centre in Sofia) - the
glocal circulation of the messages.

Inu total, 11 seismological messages were prepared at the National Seismological
Centre in Sofia, 10 of which were sent by the National WMO/GTS Centre for global
circulation.

In total, 244 messages from the other participants in the trial were received
in Sofia at the National WMO/GTS Centre and at the National Seismological Centre
respectively. This corresponds to the average success rate of over 60 per cent.
Messages from some countries were not received at all, whereas from some other
countries the complete number of messages was received and documented.

It was observed that the average success rate of transmission of messages
between National WMO/GTS Centres, located along the Main GTS trunk circuits was
higher than 80 per cent.

Czechoslovakia

Czechoslovakia di1d not take part in the First Trial Exchange with special
messages, but the Level I Data of the Czechoslovak Stations PRU and KHC made on
routine basis were involved in the final treatment. According to the analysis of
this Trial, among the 59 stations selected for processing, the quality of
obgervations of the two Czechoslovakian stations was corparable with the data
prepared by the official participants of this experiment.

Owing to the importance of this type of experiment for further progress
Czechoslovakia participated in the Second Trial by transm tting messages in the
format required for Level I Data. Considering the fact that this trial exchange was
focussed rather to testing the transmission capacity and reliability of the WMO/GTS,
than to verifying the detection ability of the individual stations, Czechoslovakia
participated only with the central station PRU, although the station KHC has better
conditions for recording weazk seismic signals. During the experiment 2% messages
were transmitted. No failures of tranemission and reception occurred in the
national links. A very good quality of the transmitting channels of the WMO/GTS
for level I Data was proved.
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The results of both trials demonstrated their usefulness for the further
development of the individual seismic stations participating in the global network.
Further experiments are recommended to improve and to supplement final instructions.

Denmark

In Denmark the seismograph stations are operated by the Geodetic Institute
whereas the communication with the WMO/GTS is maintained by the Meteorological
Institute.

Received SEISMO messages are routinely relayed by public telex to the Geodetic
Institute, where they are accumulated in a computer file usually covering one month
of data.

During the trial exchanges the test messages arrived together wath the routine
messages. Th: increased load created some problems because punched paper tape is
used as the link between the meteorological computer and the telex as well as
between the telex and the geodetic computer. Punched paper tape 1s not sufficiently
reliable. Hardcopies of received but not telexed messages were mailed by the
Meteorological Imstitute.

After the second trial in 1981 a special cdgse file was established but due to
many errors or missing parts the accumulated files had to be ecdited manually before
extraction and merging.

Copies of the received messages have been distributed to the sender countries.
Photocopies of the "mailed" messages have also been distributed. The convenors and
the scientific secretary have received complete copies of the material.

Tables summarizing the number of received and non-received messages during the
gsecond trial have been distributed.

During the second trial special cdgse bulletins were sent five days a week at
a fixed hour. According to an arrangement with the Meteorological Institute these
messages were sent to a telex number connected directly to the meteorological
computer. With an introductory director the messages were automatically transmitted
to the GTS. A list of transmitted bulletins has been distributed.

After the trial the Geodetic Institute continues to transmit bulletins to the
GTS. These routine bulletins are sent semi-weekly with the preliminary readings
from the Danish stations.

Finland

Pinland took part in the first and second trial exchanges. Altogether
68 seismic messages were sent by telex from the Finnish seismic data centre to the
national WMO centre in Helsinki for further transmission through the WMO/GTS.
During the second trial the computer of the national VMO centre was programmed to
receive and to store all the arriving seismic messages automatically on magnetic tape.
The study based on these tapes indicated that in the average about 80 per cent of all
messages reported to be sent by the particinmating countries were receivec in Finland.
The loss percentage was higher during the weekends, when only a few messages were
transmitted. Exceptionally high loss of mescagee was found during the period
29 November - 3 December when about half of the sent mrssages were not received in
Finland.
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German Democratic Revublac

The German Democratic Republic participated in the second GSE trial exchange of
seismic data 1981 through the stations at Moxa and Berggiesshuebel. Ievel I data
wore transmitted as within the framework of routine international co-operation for
th> determination of focal parameters. The messagee were formabted according to the
guidelines given for the experimental transmission of seismological data on the GTS.
They were telexed for global exchange to the WMO/GTS terminal of the
GDR Meteorological Service at Potsdam twice a week in accordance with established
reading schedules at the stations. Incoming messages were transmitted in printed
form from this terminal to the Central Institute for Physics of the Earth at
Potsdam. No failures of transmission and reception occurred in the national links.
The total of messages sent was 22, that of messages received 224, i.e. 56 per cent.
The total of messages received from the individual participating States ranged from
zero to 100 per cent.

Germany, Federal Republic of

The main reasons for the Federal Republic of Germany particivating in the first
and second trial exchanges of seismic data on the WMO/GTS weres

- to contribute to the general objectives of the iests

- to gain experience in handling seismic traffic between the Seismological
Observatory at Erlangen and the national GTS centre Offenbach

- to test procedures for monitoring incoming seismic messages and handling
requests for retransmission of missing data

- to develop automatic procedures in order to reduce errors caused by manual
interaction

- to test the quality of the telecommunication system with respect to
transmission errors and messages transit time between national and intermational
facilities.

Results from the first and second trial exchange were compiled and analysed in
the working papers GSE/FRG/10, GSE/FRG/13 and GSE/FRG/14. The over-all reception rate
for seismic messages in the experiments was 72 per cent and 86 per cent,
respectively. In the second test in a few cases a success rate of 100 per cent was
achieved for received messages. The excellent results can be attributed to the
support provided by the national GTS centre Offenbach, which 1s a regional
telecommmnication hub {(RTS) of the WMO/GTS main trunk.

The main conclusions which have been drawn from the tests can be summarized as
follows:

1. The ability of the WMO/GTS to transmit seismic data has been proven in
princaple.

2. Results of another short-term experiment are not expected to be
substantially better than those gained in the second test.

3, Further improvements in the reliability of the WMO/GTS can only be
achieved if the network is used on a regular basis.
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4. A future long-term experiment (several months) should simulate as closely as
closely as possible all elements of lLevel I data exchange on the WMO/GTS as
foreseen in the envisaged global system.

Bungary

In the main trial exchange in 1981 Hungary sent messages once a week in the
format adopted for the exchange. Outgoing messages were well received in most
countries {on average 81 per cent), but only a few incoming messages were recceived
by the national GTS centre at Budapest, {19 per cent).

It is expected that the latter deficiency will be remedied in a future
exchange if sufficient notice is given to all GTS nodes.

Italy
Italy participated in both trial exchanges.

Messages containing Level I data from stations MNS (SP Readings) and RMP
(1P readings), which constituted part of the information routinely sent to
International Centres, were telexed for global exchange to the WMO/GTS terminal of
the Italian Meteorological Service in Rome. Incoming messages were obtained in
printed form from the sawe terminal.

According to the information provided by experts of other delegations, in both
trials several messages were not received by any country at all. This indicated
deficiences in their headings which prevented them from leaving Italy.

As for inwards messages, in the first trial 54 per cent were received from
10 countries, and in the second trial 48 per cent from 20 countries.

The results demonstrated that improvements must be made in the arrangements
for transmitting and receiving messages at the Rome WMO/GTS.

Japan

During the first trial data exchange, the Seismological Observatory (MAT) at
Matsushiro transmitted 23 messages for the purpose of the trial, in addition to the
usual daily data transmission to USGS.

A1l messages received at JMA, a regional telecommunication hub ‘RTH) of GTS,
were printed out on a printer in the Seismological Division of JMA over the test
period. 755 messages including usual seismic messages were received and switched at
the regional hub.

During the first trial, a total of 208 messages were sent and 157 messages were
received with success rates varying from 14 to 100 (total 75) per cent.

During the second trial, 40 messages were dispatched from MAT to thc RTH of the
WMO/GTS at JMA, where they were automatically switched to Melbourne and
Washington.

Comparison of the success rates obtained from the first and sccond tiial
indicated a remarkable improvement. During the second trial, a total of
420 messages were sent and 368 messages were received with success rates aTvanse
from 42 to 100 {total 88) per cent. Tac over-all high success ratc may o<
attributable to arrangements which were conducted by a nat.onci GT7 2o sre ar
seismic centre in each country prior to the trial.
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Estimating the message transit time was a main object in the second trial. The
transit time for each message was calculated by using the time in the message
headings and was varying from 5 to 97 minutes.

Messages received by Tokyo were compared to the corresponding message copies
sent from individual participating countries. Errors wcre found out by the visual
comparison, and the error rate was 5 x 10-4.

Most of the messages from centres in Burope, except United Kingdom, Belgium and
Netherlands, were duplicated. The message duplication problem in Buropean countries
may be solved 1if the routing of messages 1s established on the basis of the routing
given in the mamual of the GTS.

Netherlands

The participation of the Netherlands has been helpful in finding potential
difficulties for a future data exchange programme.

The over-all receipt of the messages transmitted by the Netherlands had a score
of 85.8 per cent; Ausiria, Finland, Federal Republic of Germany, German Democratic
Republic, Norway, Sweden, United Kingdom, United States and USSR received the
complete set.

The over-all score for received messages was 85.7 per cent. The complete set
of messages from Austria, Czechoslovakia, Japan and Sweden were received by the
Netherlands.

Some special conclusiong of the experiment are:
1. One heading for the messages of a nation should consistently be used,

2. If more than one message is sent under one heading, this should be
specifically stated.

3« Complete instructions to the GTS station next in the system for the
reception and transmission of messages is essential.

4. The sending of messages should not take place at the full hours 00, 03,
05, 09, etec.

5. A system for requesting re-emission of missed messages should be developed.
6. The double reception of certain messages remains unexplained.
New Zealand

New Zealand participated in both the GTS trial exchanges, in October-November 1980
and November-December 1981. On both occasions mcssages were sent weekly, from the
Wellington GTS node to Melbourne and thence on through the system. There is no data
connection between the seismological centre in Wellington and the GTS centre, but
they are in adjoining buildings so messages were carried by hand.

During the first trial, no statistics of messages received in Wellington were
kept. During the second trial a total of 276 messages were received, representing
a success rate of 66 per cent. The highest success rates were from Austria, Sweden
and the United Kingdom, all over 30 per cent and the lowest from Belgium and
German Democratic Republic (Moxa), both O per cent.
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Norway

Norway participated in both trial exchanges. Messages containing abbreviated
level I data from the NORSAR observatory were compiled and transmitted on a weekly
basis. The results from the two trials were similar, although a slight improvement
in the percentages of messages successfully exchanged was observed for the second
trial. The average success rate was around 70 per cent both for incoming and
outgoing messages. Further experiments are clearly needed to identify the reasons
for loss of messages and to obtain more practical experience with the GTS.

Peru

Peru participated in the second GTS trial exchange, through the NNA seismic
gstation of the Institute of Geophysics of Peru. It was the first experience of this
kind of data exchange. SP and LP from the seismic station were read daily and a
TTY-paper tape prepared according to the experimental exercise format at the
Geophysical Institute headquarters. The paper tapes were delivered twice a week,
Tuesday and Friday, at the GTS local centre. The messages were to be transmitted
through the Lima (Peru) - Buenos Aires (Argentina) - Washington D.C. (United States)
channel at about 15:00 (U.T.). Twenty-two messages were delivered at the local
WMO/GTS centre. No attempt was made to retrieve data from other participant stations
at this centre. Because of some technical problems, only 13 useful messages were
transmitted, of which two reached final destination. Since the header and address
gseem to have been in order, it would appear that the remaining messages were lost
within the GTS,

Sweden

Sweden tock part in both GTS trial exchanges and provided an international data
centre during the 1982 multilateral experiment. During the 1981 trial 20 countries
participated, transmitting data daily, or on certain days per week according to an
agreed upon time-table. Among these 20 were all 13 countries which took part in the
first trial in 1980. The format of the messages was given in GSE/AUS/9 Appendix B,
but this was not followed strictly by all countries. The results obtained in Sweden
varied from 17 per cent (Peru) to 100 per cent (Austria, Czechoslovakia and the
Netherlands).

There was a marked difference in weekly loss rates: 10 per cent during the

first three weeks; 16 per cent in week four; 31 per cent in week five; and

18 per cent in week six. This gives an over-all figure of 16 per cent missing
messages, which is too high to be acceptable. An increase was noticed in the
percentage of received messages from most countries which participated in both
trials. For example, some comparative percentages were: Austria - 100 (1981),
88 (1980); New Zealand - 83/14; United Kingdom - 92/57. Bul there was a big
decrease for Italy - 42/100; and a small decrease for Australia - 65/69.

Attempts to trace missing messages were mostly unsuccessful, except for some
Finnish and United Kingdom messages.

The second trial was also used to prepare event bulletins. This could be
achieved only with a delay of two weeks owing to the lateness of some incoming data.
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Unaon of Soviet Socialist Republics

During the zeriod from 2 November to 11 December 1981, tac USSR tock part in an
experimental exchange of level I data through WMO/GTS channels.

The following establishments were involved in the experiment:
The Central Meteorolozical Radio Centre, Moscow;

The "Obninsk" Central Seismic Observatory; and

The Scismic Information Centre at Obninsk.

Seismic bulletins containing Level I data from signals recorded at the Obninsk
Observatory were transmitted daily through the Central Meteorological Centre to
WHMO/GTS channels in the time interval 0-12 UTC.

The content and fqrmat of the bulletins were in accordance with the instructions
elaborated by the Ad Hoc Group of Scientific Experts. At the same time, the
processing of seismograms did not go beyond the limits of the regular routine reports
used in the processing of earthquake data at USSR stations.

During the period of the experiment, some 6,000 communications from
127 stations belonging to the 20 States taking part in the experiment were received
at the Obninsk Seismic Information Centre. The number of commnications per day
varied between 1 and 293, Communication times varied from several minutes to
several hours, amounting on average to approximately 30 minutes.

During the period of the experiment, no errors were detected in the content nf
commnications; however, communications from a number of stations arrived
irregularly or began to arrive after the time fixed for the beginning of the
experiment. Consequently, the efficiency of data reception varied between
50 per cent and 100 per cent and amountcd on average to 82 per cent. However, if
allowance is made for the organizational problems encountered during the conduct of
the experiment (the absence of clear instructions on the organization and rules for
conducting the experiment, the lack of any trial testing of the WMO/GTS charmnels
before the experiment, the absence of a rule requiring daily bulletins, etc.), then
the real average efficiency of data reception at the Seismic Information Centre
would be nearer to 90 per cent.

Bearing in mind the organizational problems in the conduct of the experiment
enumerated above, it may be concluded that this communication system potentially
fully satisfies the requirements for the rapid and undistorted transmission of
Level I data from stations of the global netwock to international data centres.

United Kingdom

The United Kingdom participated in each of the trial exchanges of data and carried
out some separate evaluations nationally.

In the 1980 trial exchange a wide variation iu the results was observed by us.
For received messages, the "success rates" varied from O per cent to 100 per cent,
but we did note that results better than SO per cent were obtained from five countries
on or near the main trunk circurt. The United Kingdom's own transmission suffered a
partial failure due to a coincidental change in the computer installations of our
GTS node at Bracknell. A detailed account of our experience of this trial was given

in GSE/UK/7.
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In the second trial in 1981 we received messages from each of the other
20 participants, but again with very mixed levels of success. Nevertheless detailed
analysis indicated a definite over-all improvement with an average 86 per cent
receipt in the United Kingdom of messages known to have been transmitted. Also
around 75 per cent of messages transmitted by the United Kingdom were received on
average by other participants. Concurrent with the main 1981 expeviment, the
United Kingdom engaged with three other States in an additional exchange in which a
part of the data collected in 1980 by Sweden to form a common data base was sent by
WMO/GTS to centres in Sweden and the United States which carried out the proposed
functions of International Data Centres. The results obtained in the main 1381 trial
exchange and the sub-experiment were presented tc the Ad Hoc Group in GSE/UK/12 and
GSE/UK/13 respectively.

From results of long-running national assessments of the GTS, the
United Kingdom noted that over a five-year period the "success rate" for seismic
messages collected via WMO/GTS from a single source (Japan) improved from 68 per cent
to 93 per cent. This improvement had not taken place steadily, but was related to
known episodes of close liaison between the seismological centre and the GTS centre.
In particular, the close attention given by the whole WMO/GTS to successful
transmission of seismic messages during the two GSE trials appeared to have given
incidental benefit to this separate evaluation. It was also noted that this improved
performance tended to fall off after the stimulus of a global exchange was removed.
These results were presented to the Ad Hoc Group as a specific case-history in

GSE/UK/16.

A bilateral trial test of the poseible use of the WMO/GTS for transmission of
level II data was also carried out jointly by the United Kingdom and Sweden during
the first half of 1981. The results of this experiment, which demonstrated that
limited quantities of Level II data could be rapidly transmitted completely
successfully, were reported to the Ad Hoc Group in GSE/UK/SW/1.

United States of America

The United States took part in both GTS trial exchanges and operated a
prototype international data centre during the 1962 multilateral experiment.

During the main trial (1981), level I data were prepared and transmitted over
the WMO through the Centre for Seismic Studies in Rosslyn, Virgin:a which includes
a prototype international data centre.

For data exchange over the WMO/GTS, a DEC minicomputer was connected to two ports
of the message-switching computer operated by the National Weather Service. Both
ports were attached to a single full-duplex data line between the Center for
Seismic Studies and the United States National WMO/GTS Center in Suitland, Maryland.
This computer link, when properly established, minimized the potential errors in
transmission between national seismic centres and national WMO centres.

During the trial about 400 messages were sent; 43 messages of which were sent
by the United States; 283 messages were received with loss rates varying from 0 to
100 per cent. Approximately 133 of the messages received were duplicates.
Transmission times varied from less than one hour to two days. Analysis of
transmission times indicated that most delays occurred between seismic centres and
national WMO/GTS centres.

Since the trial exchanges, the Center for Scismic Studies now automatically
and routinely reads the WMO/GTS messages, stores them on the Center database and
uses them to prepare seismic bulletins.
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Appendix 6A= Summaries of Nationzl Investigations
on Level 1II Data Exchange

In this appendix, the outcome of a rmultinational experiment in Level II data
exchange is first described. Thereupon contributions from individual countries are
summarized.

THE MULTINATIONAL LEVEL II DATA EXCHANGL CXPLERTITINT

1. Background

During the Ad Hoc Group meeting in August 1962 the Norwegian Delegation invited
the other delegations to participete in an experiment aimed at exchanging Level II
data between different countries. The outcome of this experiment is described in
the following.

2. Outline of the experiment

- The NORSAR Data Center near Oslo, Norway, was to co-ordinate the experiment.

~ Step 1 was to establish links,ensure data exchange between NORSAR and
seismological centers/computer installations in individual countries.

~ Step 2 was to transmit a given data set from one country to znother with
start/end at NORSAR.

- The data exchange protocol was to be based on SAFT (Simple ASCII File Transfer),
vhich is available for most computer systems.

3. Trial exchange in practice

Experts from the following countries indicated their intention to participate
actively: Australia, Belgium, Canada, Demmark, Federal Republic of Germany, Japan,
Netherlands, New Zealand, Sweden, United Kingdom and United States. A mumber of
other experts were also interested, but unable to participate for the time being.

Data and messages were successfully exchanged with Canada, the Pederal Republic
of Germany, Belgium and the United Kingdom, using the SAFT protocol for transfer,
Previously, this had been achieved with a data center near Washington D,C. Exchange
of messages/data not using the SAFT protocol was achieved with computer
centers/installations in Denver, Stockholm and Uppsala. Successful exchange using
SAFT has not yet been achieved with Australia, Belgium, Japan, the Netherlands or
New Zealand.

The mumber of successful data exchange trials based on the SAFT protocol was
modest, and in consequence 1t was deemed somevwhet premature to try to implement
step 2 of the experiment for the time being.

4. Evaluation of experiment

A eritical assessment of the efforts Gescribed above, i.e., experiments aimed ai
demonstrating the viability of exchanging Level II data on a global basis via
temporary computer linkages, give that the experiment must be rated partially a
success, On the positive side: (1) valuable experience has been gained 1in
pinpointing major obstacles to easy and reliable Gata transfer between computers in
different countries, and (11) the interest in exchanging Level II data between
national data centers on an experimentel basis 1s quite large. However, a numbes: of
practical and technical problems were encountered, the most important being:
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(i) Experiment design. International data transfer should not be attempted
Pefore such skills are mastered on a local/national level.

(ii) Programming skills. Data transfer via computers requires special systen
programming skills which are quite different from that of coding scientific

problems/mathematical algorithms. liost of the technical problems
encountered are clearly related to a lack of professional system
programmers at hand.

Se Conclusion

The experiment has demonstrated that fast znd reliable exchange of Level II data
on a global basis is feasible, although the lack of extensive practical experience
in such undertakings remains a problem at many national seismological data centers.
It is therefore necessary to continue the experiments with miltinational exchange of
Level IT data and several additional countries have indicated their willingness to
participate in the future.

NATIONAL CONTRIBUTIONS

Canada

Canada has investigated the various options for the exchange of digital
waveform data which are provided by the national telephone company. These include
switched analog (dial-upg, circuit switched and packet switched connections.
National investigation GSE/CAN/8 summarizes the advantages and disadvantages of each
of these three types of connection, as well as the cosis (from Canada) of each for
representative file lengths. It is particularly noteworthy that packet switched
networks are becoming increasingly available: from Canada it is possible to obtain
access to such networks in 36 countries, including some in Africa and South America,

at relatively low cost.

In connection with the multinational Level II data exchange co~ordinated by
Norway, it has been possible to dial-in (swatched analog) to the NORSAR/PDP-11
computer and retrieve a short file from that machine. Work on implementing SAFT
on both a FDP-11/40 and a VAX 11/750 1s in progress and it is anticipated that
two-way transfer of waveform data files between Canada and Norway will be successful
very shortly. Similar connections with other countries are being investigated and
all GSE participants are encouraged to attempt to establish such exchanges with

Canada.

Germany, Federal Republic of
The Federal Republic of Germany participated in the experimental Level II data
exchange which was initiated by Norway. To conduct the test it was necessary

- +to comnect a computer with the commercial telephone net using a 1200 baud modem

-~ to implement the SAFT (Simple »SCII File Transfer) program on 2 computer for
handling the data transfer.

Before the Level II data exchange experimgnt was started, internal transmission
tests between different computer types (VAX 11,760, VAX 11/730, FDP 11/60, PDP 11, 34)
vere carried out, The SAFT programs for ihese systems were provided by Norway.
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Only communication between the VAX computers worked satisfactorily. Data
tranefer between computers of different type caused problems, Similar difficulties
arose when transmission tests between our VAX system and the Norwegian PDP 11/34
computer were conducted.

More suecessful was the bilateral Level II data cxchange experiment with a
Swedish VAX 11/750 computer. The reliability of the telephone line proved to be
excellent., Two data files which were transmitted and retransmitted contained
30 seconds of data from all 19 seismometers of the GRF array, which corresponds to
24064 characters each. The time needed for transmission of one file was 608 s.

According to this result the transmission time for Level II data (specified in
chapter 6, section 6.4 of the third report) has been estimated to be 5 minutes.
This time refers to short-period data (sampling rate 20 Hz) of a 3-component
station which covers a time interval of 120 seconds. For long period data (sampling
rate 1 s8) 8 minutes are needed if for 3 component recording an interval of 50 minutes
is assumed,

Further experiments with other countries are encouraged to be conducted on the
basis of the results of this test,

The Netherlands

Preparations are being made in both hardware and software for participation in
an experimental exchange of Level II data. It is expected that our first connection
with NORSAR will be established in May oxr June 1983.

Norway

Norway has developed a low-cost, microprocessor-based system for exchange of
Level II data as well as messages via ordinary telephone lines. This system was
demonstrated to the Ad Hoc Group during its fourteenth session in August 1982, 4
emall North Star microcomputer was temporarily installed in the restaurant on the
top floor of Palais des Nations, Geneva, together with video display screens. By
using the restaurant's telephone lines, seismic waveform data, bulletins and
messages were transmitted to and from computer facilities in the United States,
Norway and Australia.

The following transmissions were demonstrated:
1. To/from a data center in Washington D.C., United States of America.
ose: Simulate communication between two International Data Centers. By

dialling up a PDP 11-44 computer at this site, both message exchange,
retrieval of seismic bulletins and vaveform data were accomplished,

2, To/from NORSAR data center at Kjeller, Norw.y.

ose: Simulate commnication between an International Data Center and a
National center.

Similar functions as under 1, were demonstrated, in addition retrieval of
waveform and parameter data in near real time was accomplished,
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3, To/from a small prototype seismc station in Trondheim, Norway.

Purpose: Simulate communication between an International Data Center zna 2
remote seismic station,

This experiment was conducted to retrieve automatically detection logs and
selected waveform data, without any operator intervention necessary a. tlis
unmanned station.

4. Toffrom a seismological data center in Australia.

Although not a planned part of the demonstration, communication was established
and seismic bulletin data and messages were exchanged.

During this demonstration, which was actended by some 100 scientific experts
and delegates, no serious technical problems were encountered.

The conclusion from the demonstrations describeld above is that modern,
international telecommunications services today vermit easy exchange oi Level I data,
Level II data and relevant messages between most countries, using standard telephone
gervices. The cost of a minimum configuration would be relatively modest,
approximately in the order of $US 5,000, Line charges would come in addition.
Norway recommends that further experiments using this and similar systems be
encouraged, with the purpose to include this method of rapid data exchange in the
global seismological system which might be established under a comprehensive muclear
test-ban treaty.

Norway has now undertaken a project to further develop the microprocessor
gystem used during the demonstration, with the aim to implement a number of
additional functions relevant to the envisaged processing at seismograph stations
and data exchange between stations and International Data Centers.

United Kingdom

The United Kingdom has continued to evaluate techniques for the exchange of
Level II data, on a national basis, by the routine use of methods in three categories
listed 1n chapter 5 of the Ad Hoc Group's second report, CD/43, i.e., (1) facsimile
transmission of graphical recordings, ?ii) transmission of data by various means in
numerical form, %ili) standard ¢nd express airmail.

In addition, internationally, transmissions of Level II data have been made
during co-operative experiments with other Ad Hoc Group participant states. Thus
in November 1980 the United Kingdom contribuled Level II data tapes via mail to the
common data base suggested by Sweden in GOL, 5V, 35, while later, during 1981,
experimental transmissions of lLevel II data were made to Sweden via the WMo/ GTS
and reported subsequently to the Ad Joc Group in GST, UK/SW/1. In 1982,83 the
necessary technical arrangements were made for participation in the experiment
proposed to the Ad Hoc Group by Norway for the rapid exchange of Level II data
between computers linked via intermational telephone channels., A preliminary report
of progress in this ongoing experiment was made 1o the Ad Hoc Group in GSE, UK, 20.

From this experience 1t is concluded that a variety of methods exist whereby

Level II data may be exchanged promptly and successfully. An important matter
outstanding is to achieve agreement on standard formats for the exchange of

digital waveform data.
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Appendix 6B. Some Intermational Telecommunications Options
for Seismic Data Transmission and Exchange

BACKGROUND

The appendix addresses the technical means by which Level II (waveform) geismic
data in digital form and also other types of relevant information in alphanumeric
form like Level I data and messages can be transmitted, exchanged between
International Data Centers and seismic stations, national observatories located
world-wide.

Much of the seismic data transmission planning for the envisaged global system
(cCD/558) has been based upon the use of the lorld lMeteorological Organization/Global
Telecommmnications System (WMO/CTS). However, as noted in CD/43, "... at present
the WMD/GTS does not have the capacity to handle extensive Level II data exchange ...".
Accordingly, the capabilities of alternative transmission media are examined in the
sections to follow, and in this respect very extensive use is made of the
United States document US/GSE/16.

1., THE NEED FOR TRANSMISSION USING COMMERCIAL FACILITIES

The world's telecommunications facilities include many systems that might be
technologically feasible but which are unsuitable for other reasons. Systems
dedicated to particular applications, such as the Global Positioning System (GPS)
and the Landsat, cannot be used because their capacity and design are dedicated to
specific program objectives which do not include seismic data transmission, While
the operators of experimental satellites and other experimental facilities might
be willing to handle seismic data, and possibly even encourage it, such systems
often use non-standard techmical parameters, and generally operate for a limited
period of time only, beyond which a follow-on program often does not exist,

The foregoing factors motivated investigations of leased commercial facilities
(circuits) to meet international seismic data transmission requirements to send
alpharmumeric and waveform data.

1.1 The role of the common carriers

A common carrier provides end-to-end service on a leased or switched basis
between two or more locations, within or between countries, This service may be
designated "transparent” to denote the fact that the carrier does not intentionally
alter the transmission in any way. In most countries, the common carrier role rests
with a governmental postal, telephone and telegraph (PTT) organization, Examples
of specialized common carriers for bulk transmission of data are Telenet and Tymnet,
which link their United States-facilities to facilities overseas through contractual
arrangements with one of the international record carriers (IRCs), like ITT World
Commmnications or the French Telegraph Cable Company.

Completion of an international circuit at the foreign end is arranged by the
IRC with the PTT organization of the foreign country.

1.2 The role of the carrier's carrier

Many transoceanic circuits, whether via satellite or underseas cable, are
operated by a "carrier's carrier", like INTELSAT and others, which do not deal
directly with a user. Instead, they supply channels in bulk to the international
carrier which, in turn, interfaces with the user, often through the user's local
franchised carrier. There are technical and economic reasons, as well as regulatory
reasons, for this. A carrier's carrier has in geostationary orbit a satelllte(s)
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designed to cperate with the uplink nower of :.s .wn eexwi l3aticns and o transmit
sreplanned power levels to them, These earth sta.rons, :n turmn, are aesigned to
handle a large mumber of channels and often are located remctely from large cities
to mnimize interference problems. .it the user's end, che facilities to his
premises are furnished by the national PIT providing ielephone service to ham,

The INTELSAT earth stations in mosi councries are owned and operated by the
nation's PIT organization. Agreements between INTLLOSAT and these couatries usually
provide that INTELSAT will interface only with the XTT. The primary reason is that
the PTT wants its share of all commnications reverme to 1ts country. The advantage
to INTELSAT from a technical viewpoint is that it can assign a well-defined amount
of 1ts transponder to each user country based upon known usage patterns. Section 3.1
discusses transponder power and other satellite operating parameters.

2, SERVICE OPTIONS FOR SEISMIC DATA TRANSMISSION

Ideally, seismic data would be transmitted from a dish at the site of origin
directly to a satellite, from which it would gc directly to a dish on the roof of
the data center. A few of the circuits, using domestic or regional satellites, mey
function this way. An example here is the recent INIARSAT system designed explicitly
for ship/shore communications, However, many of the circuits will involve
additional relay operations for regulatory or economic, if not technical, reasons.
This section discusses (1) direct arrangement with the carrier's carrier,
(2) direct arrangement with a common carrier, and {3) service via the end offices
of a common carrier.

2.1 Direct arrangement with the carrier's carrier

Because of INTELSAT's arrangements with its member natioms, it is not free to
deal with users directly.

2.2 Direct arrangement with a common carriex

Users may arrange for international data transmission directly with any of the
international record carriers, or, for Jomestic service, directly with one of the
domestic carriers. For example, direct service via a domestic satellite may be
arranged from a seismic station within a country to its national seismic date center,
although interference problems are likely to prevent direct roof-top reception at
centrally located centers,

Direct arrangements with a common carrier would allow direct INTELSAT service
from a seismic station only if the national PIT agreed to place an earth station
there and obtained INTELSAT concurrence. While this is theoretically possible from
a regulatory viewpoint, it is not very likely from an economic or technical
viewpoint because INTELSAT generally does not tranemt to/from the small-sized
terminals (e.g., 5 meter dishes) that most likely would be used. On the other hand,
the INMARSAT system has dishes less than 2 meters and have been used for transmission
of scientific data from stations in Antarctica,

Domestic satellite systems are operated in such countries as Canada (Anik),
Japan (Sakura), USSR (Statsionar), United States of America (SBS) and Indonesia
Palapa) with more being planned. Regional satellite systems included Symphonie
gFrance and the Federal Republic of Germany;, and OTS (Buropean Space Agency).
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2.3 Service via the offices of a common carrier

In obtaining service via the offices of a common carrier, no roof-top
terminals would be used., Instead, the circuit is requested from the common carrier,
which 1n turn arranges it, The result probably will be a combination of terrestrial
and either satellite or undersea cable for international linkage. For digital
transmission, the bit error rate will be on the order of 10=7 to 10~2 if no exror
correction 1s implemented. Since rate 1,2 coding is plamned for seismic data
transmission, the actual error rate of the circuit may not present serious problems,
Leased circuits to many of the developing nations may exhibit relatively high bat
error rates in the absence of error correction. This may also be the case under
direct arrangements with a common carrier, so care must be taken to negotiate the
best possible circuit arrangement at the foreign end. Unfortunately, the PIT is in
the driver's seat there and even the international record carrier may be unable to
get the desired circuit quality at the foreign end,

3. TRANSMISSION FACILITIES

This section discusses some of the basic parameters that govern the operation
of the various types of transmission facility, such as satellite, undersea cable
and microwave radio relay. Also included 1s the possibility of sending magnetic
tape by air express where adequate facilities are not otherwise available.

3.1 Satellite transmission

A patellite syetem is characterized by several basic parameters that govern
1te performance and are detailed in the following:

3.1.1 Frequency band

The most popular frequency band for commercial satellites is 5925 to 6425 MHz
for the uplink and 3700 to 4200 MHz for the downlink, These are the bands
recommended for seismic data transmission, Future years (the mid~1980s) will see
some extension of these bands based upon the recommendations of the World
Administrative Radio Conference held in Geneva in 1979. Because of the heavy
utilization of these bands, however, more use is being made of the newer 14,000 to
14,500 MHz uplink band and the 11,700 to 12,200 !Hz downlink band. Such satellites
as the INTELSAT Vs and many of the new domestic satellites will operate in both the
0ld and new bands, while the SBS satellites and the Japanese domestic satellites
operate only in the new bands.

3.1.2 Back-off

Because of the large rumber of signals carried within a given satellite
transponder, the possibility of interference among them is very real, In fact, if
the transponder were operated at 1ts full rated pover, serious interference, known
as intermodulation, would exast. Only by keeping the total signal power into the
transponder down to about 25 per cent of the transponder's capability can
intermodulation be kept reasonably low. This 1s done simply by limiting the power
level from each uplink earth station to such a value that the total power from all
uplink earth stations does not exceed the value that would cause the transpon@er
output to exceed 25 per cent of its full capability. Because of 1ntermodulatlon,$
satellite operators hesitated for a long time to permit direct user uplinks. That
situation, in response to competitive pressures, at last is changing, at least 1~
the United States of America.
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The foregoing paragraphs have described the most commonly used itransponlier
sharing arrangement: frequency-division multiple access (FDMA)., The alternmative,
time-division multiple access (TDMA), avoids the intermodulation problem entirely
by having only one channel use the transponder at a iime, However, another »roblem
is introduced: +the individual users must take turns transmitting according to o
very well synchronized high-speed sharing arrangement. A larger version of thas
is time division multiplex, in which, for example, each of 24 channels is sampled
8000 times per second, and the whole process time-interleaved with 27 other such
processes on a single transponder. OSuch transmissior. must be accomplished by doing
all the channel combining on the ground and sending the composite signal to ile
satellite,

3.1.3 Bandwidth

Each commercial satellite transponder usually has a bandwidth of about 36 Miz.
This bandwidth is enough to allov transmission at a deta rate as hich as 90 Mb,'s
using a technique called 8-phase shift keying {&-PSK), in which 3 bits are sent
each time the transmitter is keyed, The keying rate thus is 30M baud, However,
for seismic data transmission, current nractice (and equipment availability) calls
for the use of FIMA, in which each channel uses = pre-assigned 38 kHz portion of
the transponder's spectrum. Such a system provides the equivalent of a single
telephone (voice) channel from each seismic station, The digital data rate that
can be sent over such a channel is 9600 b,'c, done by sending 4 bits each time the
transmitter is keyed, and ke ing the transmitter at a 2400 baud rate.

3.1.4 Polarization

The early domestic satellites operated wvath only a single polarization, thus
allowing 12 transponders, each of 36 !MHz bandwidth, to be allocated in the
5924~6425 MHz uplink and the 3700-4200 }MHz downlink band. The development of
better polarization control techniques has allowed never satellites to have
24 transponders, each of 36 MHz bandwidth, wathin 5CO MHz of spectrum, This can
be done by the use of polarization diversity, in which 12 of the transponders are
on one polarization and the other 12 are on the other polarization., For example,
"vertically" polarized signals ideally will not be sensed by a "horizontally"
polarized receiving antenna.

The greatest enemy of polarization diversity is precipitation. Rainfall
causes the polarization vector to rotate so that a =ignal that i1s transmitted as a
vertically polarized one, for example, is received as an elliptically polarized one,
thus exhibiting some horizontal componeni, Depolarizers have been devised to help
correct such a situation, but they are usually only on large multichannel earth
stations becuase of their cost and complexity.

3.1.5 Footprint

A satellite's "footprint" 1s i1is coverage area on the earth, which does not
extend beyond ca 80 deg latitudes., It depends upon the satellite’'s orbital location
as well as its antenna pattern or beamwidth., The early commercial satellites
usually had "global" beams, which were beams having a 18,5° width, thus transmitting
to the entire portion of the earth visible from the satellite., Some satellites,
such as INTELSAT V, now have both global and spot beams in use sgimultaneously, with
different antenna patterns being connected to different transponders. As an example
here, the geostationary INTELSAT posilions (over equator) over the Atlantic, Indian
and Pacific oceans are tabulated below,
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ATLANTIC OCEAN INDIAN OCEAN PACIFIC OCEAN
Longitude Satellite Longitude Satellite Longitude Satellite
2°W IV F7 57°E v 5 174°E IV FG
4°W Iv F2 60,2°0 IVA F3 179°E IV F4
18.5°W v F 62.9°B IVA F6
21.5°W IV F3
24 .5°W IVA F1
25.5°W IVA F2
35°W IVA P4

3.3 Microwave radio relay

Microwave radio relay systems are used extensively throughout the world, Im
many countries they use the same frequency bands as do satellites, especially the
3700-4200 MHz, 5925-6425 MHz, and 11,700-12,200 MHz bands. These frequencies allow
propagation only along nearly line~of-sight paths, so microwave repeaters must be
placed at distances of 40 to 50 km over most terrain types. Most microwave relay
systems are built to handle at least 600 voice channels, and sometimes as many as
2700 or more voice channels within a 30 to 40 MHz bandwidth allocation.

3.4 Tape by air express

Where electronic means of data transmission are not available, the use of air
express can allow magnetic tapes to be moved to many places in the world in about
two days. In view of the objective for expeditious tramsport of seismic data, the
movement of magnetic tapes by air express appears to be a viable alternative to
electronic transmission in certain regions.

4., TRANSMISSION TYPES

Data is transmitted in either of two forms, analog or digital. Their primary
differences are discussed next.

4.1 Analog transmission

The natural output of a seismic sensor is in analog form, i.e., a measure of
the actual earth movement sensed. However, analog signals suffer degradation on
transmission facilities because of the need for repeaters which introduce noise and
distortion. The greater the distance over which the signals must be transported,
the greater will be the noise and distortion.

4.2 Digital transmission

Because of the limitations of analog transmission, digital transmission is
becoming increasingly popular. The data is sent as a stream of alpharmumerics, each
of which is expressed as a combination of 1's and O's. Thus actual weveforms are
not sent as such. At each repeater the signals expressing the 1l's and O's can be
regenerated or restored so that the effects of noise and distortion car be eliminated.
Transmission bit errors can be kept as low as 1 in 107 for a transcontinental or
satellite circuit, and error detection and correction techniques exist to permit
jower error rates. Telex and high-speed teleprinters and cathode-ray tube (CRT)
display systems all illustrate the use of digital data transmission.
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" LONOMIC PACTORS

A user can crder a leased service from a common carrier without necessarily
~nowing what type of facility he will be assigred, In fact, transoceanic dial-up
zrrcurts for two-way voice often are made up of z satellite path in one direction
and undersea cable in the opposite direction. If a user should have an interactive
computer system or a facsimile circu.t requirang line-by-line verification, he wall
want to know whether or not a satellite linkk 1s part of his circuit. Otherwise, the
satellite delay may render his end-to-end system iunoperable or, at best, cause it to
operate unduly slowly. Such a problem should not occur with seismic data
transmission because the seismic station sends data continuously without waiting
for an acknowledgement from the data center.

5.1 Satellite service

5.1.1 Space segment

If a user obtains satellite service direcily from a common carrier rather than
via the carrier's office, he will be furnishing his own earth stations and thus he
may be able to negotiate a tariff more favourable than the standard published tariffs
which are based on the use of the common carrier's earth stations. Accordingly,
this section assumes that a negotiated rate will be applicable to the services
obtained. An example is a $1600/month payment in the United States for 1 per cent
of the bandwidth of a transponder., INTELSAT tariffs can be expected to be higher,
regardless of which international record carrier is used to obtain the service,

The rates may well depend upon the size of earth stations to be used,

5.1.,2 Earth segment

The price a user must pay for his own earth station will vary widely depending
on such factors as whether it is for:

-~ Voice/data or video
- Transmit/receive or receive only

and also upon its features and technical design, like:

- Dish size and antenna pattern
- Type of polarization used, etc,

For receive-only earth terminals, a well-equipped station for a single data
channel might cost as much as $US 40,000, However, this is a high price to pay if
it can be avoided by a simple leased telephone line to a not-too-far-distant mejor
earth station of a common carrier. A well-equipped station for 5 or 6 data channels

might easily cost $US 100,000,

5.2 Microwave radio relay

Microwave radio relay systems also recuire land for repeater sites as well as
building space, and total costs may well exceed ASUC 10G0,0C0. Only in unusual
circumstances should the construction of microwave relay be needed for seismic data
transmission. Where a few channels of terrestrial transmission are needed, they
should be leased from a common carrier if at all possible.
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6. REGULATORY LIMITATIONS

Before a PIT will grant data service, the purpose of the leased line probably
will have to be explained. This may result in some delay, especially if language
differences impede understanding. The PIT wants to mzke certain that it derives
its fair share of all telecommnications revemue for circuits into and out of the
given country. Accordingly, the PTT may insist on installing and operating these
circuits, which may be of very poor quality in some cases. Where the PIT already
is providing some seismic data transmission, negotiations should go more rapidly.
However, several months to a year may be required to obtain service in some
countries,
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SECTIOi! 1
INTRODUCTION

In two earlier documents CCD/553 and CDh’43 tna fa Hoc Grecup of 3crent:fic
Experts has put forth the concept of an International Data Center (IDC) to "facilitate
the monitoring of a comprehensive test ban". One of the major objactives of the
IDCs 1s the preparation of equivalent (if not actually identical) bulletins by all
IDCs. A prerequisite for the achievement of that objective is a rather complete
operational manual, specifying the functions, operations, and procedures of an IDC.
This report is a first attempt at the production of such a document. It follows
closely the recommendations of CD/43 where they are sufficiently specific, and
proposes additional procedures where necessary.

SECTION 2
Data Input to International Data Centers
1. Definitions

1.1 Level I

nLevel I" data consists of parameters as specified in Cccb/558, revised and
amended in CD/43 and in Appendix 4B of this report. The principal means of
distribution is the WMO/GTS. A complete description of Level I data will be found
in Annex A7-I to this Appendix.

1.2 Level II

"Level II™ data mainly consists of waveform data, whether digital or analog.
The principal means of distribution of digital waveform data is magnetic tape, but
other media (e.g., satellite transmission) are in use. A large number of formats
has been defined for the recording and transfer of Level II digital data, and an
IDC should be prepared to accept "any reasonable format”. The use of a standard
format, however, would be beneficial both to users and to operators of an IDC. Such
a standard is proposed in Annex A3-V.

2. Data Flow for Bulletin Production and Data Distribution

Data flow for an IDC is shown in the figure on page 2; the descriptidn below
refers to the function steps shown in this diagram.

- Input: The input consists of uninterrupted Level I data, and Level II data
on events at the request of participating States.

- Archive: All data is entered into the Archives. Current data is also
passed on to the automatic Signal Association and Even Location process. Level II
data is retrived for transmittal to indivadual National Authorized facilities upon

request.

- Initial Data and Complete Data: Not all of the data for a day will have been
recaeived by the time the Preliminary Event Listis prepared. The "initial data®" is
the data used in the preparation of the Preliminary Event List: the "complete data"
is all of the data available for the preparation of the final IDC Bulletin.
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- Signal Association and Event Location: The automatic Association/Location
orocess attempts to define that set of (seismic) events that best fits the existing
set of arrivals. This is an iterative process involving the generation of successive
nypotheses, associating arrivals with hypothesized events, locating the events, and
evaluating the solutions. At the completion of this process, the automatic process
proposes a preliminary bulletin, listing all tentative event solutions, the arrivals
associated with each, and indicating arrivals it was unable to associate with a
particular event. (All information in the tentative list of events or preliminary
bulletin is also stored in the data base.)

- Event Definition: Events are defined as soon as enough data has been
received to allow definition. Hypocenter calculations are upgraded each day as more
data become available. The IDC will prepare a bulletin using all data received at
the IDC within five days after the occurrence of the event. Event definition by the
automatic process is tentative, until reviewed and accepted by an IDC analyst or
seismologist.

- Preliminary Event List: A Preliminary Event List is prepared for each day's
input. The format and content of event lists is specified in Annex A7-III.

- Seismologist Review: Each day, a seismologist will examine the event
definitions prepared by the automatic association/location process, in order to ensure
that they are of sufficiently high quality to be released. In the event that the
results of the automatic process are modified in any way, a complete description
of the manual intervention will be included in the bulletin.

- IDC Bulletin: The final IDC Bulletin contains the official IDC definition
of each event. This definition is final in the sense that it will not be changed
unless a particiapting country requests a recalculation based upon late-arriving
data. ("Late-arriving" means data received more than five days after the occurrence
of the event.) All event definitions appearing in an IDC Bulletin are reviewed by a
seismologist prior to release.

- Comparison of Bulletins: After each International Data Center prepares a
bulletin, it is distributed to the other International Data Centers for review and
comparison. Through consultation a final bulletin is prepared which incorporates the
results of all the IDCs. This bulletin is then distributed to all participants.

The format and content of bulletins is specified in Annex AT-IV.

-~ Data Distribution: All data received at an IDC is consolidated and stored in
the IDC data archive as it arrives (Level I or Level II data) or is prepared {(event
1ists and bulletins). Event Lists and bulletins are routinely distributed to all
participants. Requests for Level 1 and Level 2 data are satisfied within one week.

SECTION 3
Procedures for Automatic Association and Location of Seismic Events

Chapter 6, and the relevant appendices, of CD/43, describe briefly the
procedures suggested for association and location. This chapter of the IDC Manual,
based upon the collective experiences of seismologists from the Group of Scientific
Experts with particular emphasis on the results of processing data provided by the
Common Data Base Experiemnt of October 1980, attempts to specify an association and
location method in sufficient detail that computer codes based upon its principles
should provide an essentially identical bulletin given the same input data, It both
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clarifies, and, in some cascs, suggests changes to, the procedure described in CD/43.
These changes, where they are mada, 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.”

The following are proposed as new criteria for event definition and location; where
they differ from CD/43 this is indicated by an asterisk (%) and justification given.

3. Defining Phases

The following phases may be used for event definition:
P (25 < distance ¢ 100 degrees)
PKP (initial DF branch only)

P and S (distance <. 25 degrees) (even in the absence of local
travel time-tables) o

Crustal phases Pg, Pn, P%®, Sn, Sg, S*%

Inclusion of PKP (DF), local ? 22l S, and crustal phases, substantially increases
the number of events defined, thereby greatly reducing the number of unassociated
arrivals and consequently the risk of false events being created. PKP is often well
recorded at low noise Northern hemisphere stations from Southern hemisphere events
for which there are insufficient P observations for definition and location. The
use of local P and S, and crustal phases, even in the absence of local travel time-
tables, is often essential for the location of small events, and the S phases in
particular are frequently crucial for depth determination. The lack of accurate
calibration in the form of local travel time-tables can be allowed for by permitting
slightly larger residual acceptance windows for these phasas than for teleseismic P.
These acceptance windows may be in future reduced when local travel time curves

are available.

4. Event Definition

As given in CD/43, (page 38)
"The minimum number of stations necessary to define and locate an event is:

(a) Four single stations, not more than two of which are local
stations;

(b) One array station at teleseismic distances, and two single
stations (no restriction on distance);

(¢) Two array stations at telesismic distances.”

In criterion (a) above, the requirement that at least two of the observations be
teleseismic is presumably intended to reduce the appearance of large numbers cf

small local events in the final bulletin. It is recommended, however, that suer
events should be located, if only in order to remove the corresponding arrival.

Ea

from the automatic association procedure, thereby minimiZing the possibilicv of
false events being created.
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Criterion (c) above may cause problems if the two recording arrays are close
to each other, in which case a very poor, or even erroneous, location may be
produced.

The following new criteria for event definition and location are proposed:

(1) Four or more defining observations, not all of which are PKP, at hd

three or more stations. 2
(11) Two defining array observations at arrays more than 20 degrces &
apart. &

For the purposes of (i), an array measurement is considered to be three observations.

The observations used by these criteria must consist of defining phases or
defining array observations, as given above in Part 1 above, with final residuals
of less than 1.5 a_priori standard deviations. These a priori standard deviations
are:

P (25 < distance < 100 degrees) 1 second

P (distance <: 25 degrees), including Pn, Pg and P% 3 seconds
S (distance <L 25 degrees), including Sn, Sg and S*® 5 seconds
PKP (DF branch only) 1.5 seconds

array observations: slowness vector
teleseiamic 1.5 seconds/degree
distance { 25 degrees 3 seconds/degree

These a_priori standard deviations may be reduced by later agreement - those
for local arrivals if local travel time-tables become avallable, and those for
array observations as accumulated experience indicates the accuracy of specific
array sites,

Local S and crustal phases (Pn, Pg, P?, Sn, Sg, and S%) may be used as defining
only if reported as such. P and PKP observations must have been reported as
primary arrivals identified as P, PKP (for association as PKP only) or without phase
identification.

5 Injtial Epicenter Determination

Starting solutions for the location and association 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)
times, or reported crustal phases. In such a case, the arrival time and the
station co-ordinates may be used as an initial hypocenter.

(e) a combinatorial approach, whereby all possible sets of three (or more)
arrivals are tested for potential events consistent with the arrival times.
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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 1s acceptable provided
that it satisfies the event definitinn criteria given in Part 4 above. Certain rules
must be applied in extending the group of defining arrivals beyond those initially
provided by (a), (b) or (c) above. These are:

(1) If both P and S (or their crustal phase equivalents) are reported, both
must be accepted or rejected - i.e. if the S time fits the hypothesis,
but that for P does not, the S arrival may not be used, and vice-versa;

(ii) the arrivals used must lie within the 99.7 per cent confidence interval
(4 standard deviations) of that predicted for the given station and
pnase by the co-variance of the source parameter uncertainties;

(1i1) the arrivals must not have been already flagged as pradicted (see Part 8
below) by an already accepted event.

It has been traditional to assign surface focus (depth = 0) to the initial
hypocenter. If the event producing the arrivals is actually deep, there is the
possibility that insufficient arrivals for event definition may be collected with
the surface focus restriction, particularly using method (c) above. A variety of
possible depths (0, 223. 413, and 603 km) should be used. To minimize the
computation that this requires, depths other than O should be tested only if
there have historically been events at depths greater than 80 km within 6 degrees
of the geographical location of the initial hypocenter based on surface focus.

6. Hypocentral Location Technique

The arrival times consistent with the initial hypothesis ars passed to a
hypocentral location prozram which minimizes, in a least-square sense, the
difference between theory and observation. In obtaining the best solution it is
often necessary to reject some of the arrival data: it is important that only one
arrival be removed at a time. The rule for such truncation is that the arrival
with the largest residual in units of a priori standard deviation of the observation
is removed when this exceeds 1.5. Location is then carried out using the truncated
set of observations and this process is repeated until the final solution is obtained.
During this process, previously truncated cebservations may te returned to the set of
arrivals us.d. The uncertainty of the source parameters should be estimated using
the a _priori standard deviations of the observations. Small corrections, such as
those for ellipticity and elevation, are applied only to the last iteration of the
location procedure.

7. Depth Determination

In view of the importance of focal depth estimates for event identification,
special attention should be paid to accurate determination of focal depth. This
is carried out as follows for an event which fulfils the event definition criteria.

(1) Depth is provided from the hypocentral location algorithm using the
defining observations P, PKP (DF) and local P and S phases. During this
process, if the denth provided by successive iterations falls outside the
normal range of 0-720 km, tne depth should be constrained to 33 km, if
possible, as an indication that tae depth is completely undetermined.

The standard error of the depth should always be given as it pertains to
free depth location even 1f the depth has been constrained in this manner.
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. s.arch is made for possible depth phascs, followed by relocation, now
.ncluding pP and sP as defining observations. The hypocenter location
that maximiz=s the number of defining observations is determined.

If an unconstrained depth solution is found in this manner and if the
aumber of defining observations (now including pP and sP) has oeen
increased by two or more over the solution given by (i) thon this new
solution is acceptad; otherwise that given by (1) is retained.

In (ii) above, a depth phase may only become defining if

- it has not been flagged as predicted by a previously
accepted event;

~ it has been reported as pP, aP, P, PP, PcP or as an
unidentified secondary or primary phase;

- a careful check has been made that the phase cannot be PcP,
which at certain distance ranges is a prominent arrival soon
after P, and often misreported as a depth phase;

- the ratio of the residual to the assumed a priori standard
deviation must be less than 1.5. The a priori standard
deviation for pP and sP is 2 seconds. )

8. Flagging,of Arrivals as Removed from Further Consideration

Arrivals corresponding to events with five or more defining observations at
four or more stations (note that this slightly greater than the event definitian
criterion) should be flagged such that they may not be used as defining
observations for later events, provided that they satisfy the following
requirements:

(1)

(2)

the predicted 87 per cent confidence interval of the expected arrival
time for the given station and phase should be leass than 30 seconds;

the travel time residual should lie in
.. the interval (=3 to +10 seconds)
ee Or in the smaller of

(-G“kto+2; ;)

and (-5 to +10 seconds)

where

a'i =02 + 0’2

event, phase phase
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The asymmetry of these windows is intended to accomodatc the tendency for the
signal onset time to be picked late, both by automatic procedures and the human
analyst.

Non-defining secondary phases (i.e. phases of types other than those given in
Section 1 above and, if used, the depth phases pP and sP) may also be flagged as
predicted, providing that they satisfy the requirements given above. The following
secondary phases should be flagged for all events, if associated as such:

PKP (BC)
PKP (AB)
PP

For large events, with more than 10 arrivals at distances greater than
25 degrees, the following associated secondary phases should alsc be flagged,
subject to the same restrictions, however they may have been reported:

PcP

PKKP (all branches)

PKPPKP (P'P') (all branches)
SKP (all branches)

Tne a priori standard deviations for these later phases are

PcP, PP - 2 seconds
PKP (AB, BC) - 1.5 seconds
All others - 3 seconds.

These secondary phases do not affect the location of the event.

-

9. Association of Arrivals

Arrivals may be associated to an event so that they appear in the event listing
even if they arc noithar predicted nor flagged according to the conditions given
"in Part 8 above. The requirement for association is that the arrival time residual
lie in the range

(-5 to +10 seconds).

Note that arrivals may be multiply associated if they are not flagged as being
predicted. However, associated but unpredicted arrivals may later become defining,
whereas predicted arrivals may not.

Note that defining arrivals for a given event need not necessarily be
predicted by that event, and in such a case are "free" to become defining to a later
event. If they are also predicted by the later event, they may no longer be defining
arrivals for the earlier event and this may then require that the earliesr event be
deleted if the event definition criteria are no longer satisfied. If a given arrival
appears to be defining to both (a contradiction of terms) but is predicted by
neither, a decision must be made by a seismologist. Both events should oe given in
the output bulletin, with an indication of the problem and the seismologist's
recommendation.
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10. Amplitude Consistency Checks

CD/43 (page 38 and appendix 6.1) recommends the application of statistical
procedures involving not only the stations which have reported signals but also
those which have not. This information is compared with a priori estimates of
detection capabilities of the individual stations for events in various regions,
in order to establish whether or not a certain association of arrival times fulfils
a preset probabilistic requirement for defining an event.

In practice this method occasionally causes problems and even causes valid
events to be rejected, primarily because station reporting characteristics are
not as consistent as the technique requires and alsoc because such essential
information as station down times is not available. Refinements and changes to
this technique are currently being studied.

Potentially this method is very powerful in deciding whether or not small
events, which only just satisfy the event definition criteria, are valid, and
this technique should routinely be applied only to events recorded at six stations
or less. It can also be used to point out inconsistencies in the solution,
without actually affecting the solution, for larger events. Amplitude-distance
relations for the suggested additional defining phases (see part 3 above - PKPDF
and local P and S) are required for full application of this technique to all
arrivals.

11. Calculation of Body Wave Magnitude

Individual station body-wave magnitudes should be computed using the amplitude
and period observations, corrected for distance by the Gutenberg-Richter
amplitude-distance relation. Station magnitudes should only be calculated from
measurements for which the corresponding arrival is defining for the event, and
only at distances greater than 20 degrees, as recommended in appendix 6.3 of
CD/43, until regional magnitude scales have been established.

Appendix 6.4 of CD/43 points out that an event magnitude based on an average
of the individual measurements is in principle incorrect and often strongly biased
too high. Mximum likelihood methods should be applied in computing event
magnitude, but care should be exercised in their application as the a priori
estimates of station noise levels and/or detectability often appear to be over-
optimistic. Further studies must be made of the detection capabilities of the
reporting stations.

12. Association of Long-Period Data

A procedure by which reported long-period surface wave data are assoclated with
events located from short-period data should be used at International Data Centers.
The travel times should be computed with the method described in CD/43, appendix 6.5.
Love wave group velocity for continental and oceanic structure could be obtained,
with sufficient accuracy, from J. Oliver BSSA 52.81 (1962). Reported long-period
surface wave data should be tentatively associated with an event if the computed
arrival time at the reported period agrees with the reported arrival time within a
predetermined time interval. A good choice of the time interval is three minutes
Plus one tenth of the theoretical travel time. Surface wave reports without
adequate information should not be considered, e.z. a surface wave associated to a
P wave by the reporting station, but reported without an arrival time, should not
be used in the magnitude calculation.
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The procedure outlined above could lead to a surface wave being associated to
two or more events. The multiple association should be resolved by the following
criteria:

(1) If both Love and Rayleigh waves are reported, both must fulfil the travel
time criterion;

(2) If the azimuth is reported, it is not allowed to deviate more than
50 degrees from the theoretical value;

(3) If the time residual to one of the events is less than 3 minutes
associations with a time residual of more than 5 minutes should
be excluded;

(4) Amplitude consistency check as described in section Part 10.

If the multiple association cannot be resolved, the surface wave report should
not be allowed to enter into the calculation of an event magnitude.

A large number of unassociated surface waves during a short time period is a
strong indication of the existence of a previously undefined event. Such an event
should be located by the surface waves or by a combination of surface waves and
short-period waves. The analysis of LP and SP data should be closely integrated so
that both kinds of data could be used jointly for event definition and location.
These procedures should be developed, tested and implemented at the IDCs-

13. Calculation of Surface Wave Magnitude

Individual station surface wave magnitudes should be calculated using the
Prague formula as suggested in CCD/558. Until a formula for general global
application for regional distances 1is agreed upon the Prague formula is used also
for regional distances. At least two approved station magnitudes should be used
in the maximum likelihood computation of the event magnitude.

14. ldentification Parameters

Identification parameters may have been reported for a given arrival. Such
information should be listed in the output bulletin; the meaning, if any, of
multistation averages of these parameters is unclear and such averages should not
be computed unless specifically requested.

15. Contents of the Output Bulletin

For each event, the estimated source parameters and their standard deviations
should be given. Body-wave magnitude, surface-wave magnitude (or an upper bound
to these) should be given.

For each associated arrival, indication should be made of whether or not it is
defining and/or predicted. The phase jdentification, both as reported and as
associated, should be given. For array observations, observed and predicted
azimuth, slowness and distance should be reported. For all observations, the
arrival time, its residual, the theoretical distance, azimuth and back azimuth, the
amplitude and period, and, if computed, the station magnitude, should be given.
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SECTION 4
IDC Output

16. IDC Bulletins

The principal external output of the IDC consists of the daily bulletins. There
are two kinds of bulletins: Preliminary Event Lists and Final Bulletins. One of
each is prepared for each day. The Preliminary Event List contains all "events in
progress", i.e., those events for which enough data has been received to allow
hypocenter detarmination, but which have not yet appeared on a Final Bulletin. The
Final Bulletin contains the "official" description of each event, i.e., utilizing
all data that has been received within five days after the date of the event.

The Event Lists will contain only basic information, as defined in CD/43, while
the Final Bulletin will contain the latest estimates of the basic information plus
a listing of all arrivals associated with the event, whether defining or non=-defining.
The Final Bulletin will also contain a 1list of unassoclated arrivals.

17. Data Archives

The principal internal output of the IDC is its data archives. There are two
principal archives: for parameter data and for waveform data. Parameter data
consist of arrival parameters submitted to the IDC by the reporting stations, through
the National Authorized facilities. Waveform data consists of waveform segments.
Other parameters resulting from processing of Level I data, such as location of
events, origin times, etc., will also be kept in the IDC archives.

17.1 Parameter Data

Parameter data should be stored in the Parameter Archive. This archive contains
parameters for all arrivals and events known to the IDC, and its contents should be
easily retrieved. The specific format in which the data 1is stored will depend upon
the particular hardware and data management system in use at the IDC.

17.2 Waveform Data

The handling of waveform data may differ depending upon whether it was received
in digital or analog form. Waveform data received in digital form should be stored
in computer-readable form in the Waveform Archive. The existence of non-digital
entries of waveform data is logzed, but the data itself is not converted to or
maintained in computer-readable form.

The IDC archive contains all waveform data received by the IDC. It also contains
a complete set of descriptive parameters for each waveform entry source time,
instrument type, channel, etc.

18. Reports

Various aspects of the activities of the IDC will probably be of interest to
participants. They can be summarized in report form and include:

- message summary: monthly; in sum and for each source, the number of
messages received, the number of messages with errors, the number of
missing messages, the number of retransmissions, etc., plus, for each
source, the number of thes last message received;
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- event/arrival summary: monthly; for each source, the number of arrivals;
total number of arrivals; total number of events; number of unassociated
arrivals;

- data request log; quarterly; a log of the data requests received and
satisfied during the quarter, showing source of the request, date, nature
of the request (data requested), data sent, date sent;

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

- bulletin reconciliation: monthly; an 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);

- Waveform Archive summary: annual, with quarterly updates; a guide to the
current contents of the Waveform Archive.

19. Data Requests

The IDC must respond to all requests for data and information made by participating
States. It i1s expected that the majority of the requests will be for more or less
well-defined subsets of IDC archival data. Response to these requests should be
prepared in accordance with the following principles:

- in the absence of other instructions, Level 1 data will be in the format
defined by CD/43 for WMO/GTS use, sorted by date and station;

- digital waveform data will be in IDC preferred input format (see Annex AT~
II);

- nine-track, 1,600 bpi magnetic tape is the preferred medium of distribution
for all data except analog waveform data;

- analog waveform data will be distributed on paper, microfilm or similar media.
All requests will be noted in the request log described above.
SECTION 5
Operational Procedures for IDCs

20. Message Handling

The IDC will maintain a message log, containing (at least) the following
{nformation for each message:

(a) medium of transmission (WMO, RST, postal service, etc.);
(b) source;

(c) date of data;

(d) date of transmission;

(e) date of receipt;

(f) message number;

(g) ocorrection history.
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In the case that "duplicate" messages (i.e. two messages from the same source
with the same message number) are received, only the most recent is kept. ("Most
recent" means bearing the latest time of transmission; in the case of messages
bearing identical times of transmission, that with the latest time of receipt is
most recent.)

As a result of the multiple connectivity of the WMO/GTS, truly duplicate
messages are sometimes received. In general, this will present no problem, for
earlier copies will be discarded. It may happen, however, that the message number
itself is garbled in one copy of the message (so that it no longer qualifies as a
"duplicate"); the IDC is expected to detect such situaticns and discard the erroneous
message.

Corrections should be submitted using standard WMO/GTS procedure.

The "correction history" entry in the log will note the number of times the
message has been corrected, and whether the last correction originated at the IDC
or at the source of the message.

The source is responsible for assigning consecutive message numbers to messages
it originates. The IDC will interpret gaps in the message numbers from any source
to be evidence of lost messages, and will initiate action to recover the missing
messages.

All messages - including those containing comments or data service requests -
will be handled in the same fashion.

The IDC will ensure that the source and message number will be kept in the
archival record for each arrival received.

An IDC may translate incoming data, if necessary, into its internal standard
format before recording the data in the Parameter and Waveform Archives. On the
other hand, the IDC will maintain a true (character for character) copy of all
incoming messages, in the original form or on tape, for historical reference.

The IDC will maintain statistics on message traffic (incidence of errors,
incidence of multiple transmission, incidence of gaps, delay before transmission,
delay before receipt, etc.).

21. Input Formats

21.1 Level I
The input format for Level I data is given in Annex AT7-I.
21.2 Level 1II

Because of the proliferation of recording formats for such data, the IDC must
be prepared to accept Level II data in any of several forms (CD/43 notes in
particular that an IDC "should be equipped to handle waveform data supplied in
any reasonable format" [emphasis added].) Nevertheless, some standard formats
must be specified for Level II data. The preferred format is specified in
Annex A7-II.

Note that the sending station must include with the Level II data enough
descriptive material to enable the IDC to reconstruct the waveforma.
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22. Archive Maintenance

The IDC will maintain several kinds of archival information input message
archive; message log; Parameter and Waveform Archives; bulletin file; station
and instrument descriptions. These archives are to be kept up-to-date:
information will be entered into the archives by the end of the working day next
after the day it has become available to the IDC. They may, but need not, exist
as separate files or file systems. The structure and format of the archives at
each IDC will depend upon the hardware and software in use at that IDC at the time.

(a) input message archive: This archive contains a true copy of all
messages received by the IDC, either on tape or in their original form. In either
case, the IDC will maintain suitable computer-resident indexing information to
enable access by source, date, and measage number.

(b) message log: This archive contains the information specified in Part 20
above. The IDC will publish a monthly summary of message traffic giving, for each
source, the number of the last message received, the number of messages actually
received, the number of gaps, the number of corrected messages, and the number of
missing messages.

(c) Parameter Archives: These archives contain the parameter data received
by the IDC, in IDC internal format. The data is organized and indexed 80 as to be
accessible in at least the following ways:

- by event (or lack of event - i.e. unassociated arrivals)
- by time

- by reporting station, country, or region

- by phase

“by any event parameter (e.g. latitude, longitude, depth, etc.).

(d) Waveform Archives: The archives contain the waveform data received by
the IDC, whether continuous or segmented, in IDC internal format. The data is
organized and indexed so as to be easily searchable and accessible by a number of
characteristics.

The IDC will not attempt any action to create "data" to fill gaps in waveform
data as archived.

(e) bulletin file: This archive contains all bulletins, indexed by date of
jssue and date of event, issued by the IDC. If other IDCs issue bulletins which
differ significantly from those issued by the subject IDC, they shall also be
entered into this archive (and indexed by source, as well as by date of issue
and date of event). (For the purposes of this requirement, an unassociated arrival

is treated as an event.)
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f) station and instrument descriptions: These archives contain complete
~urrent and historical descriptions of all the stations and instruments that have
supplied data to the IDC. The daca is organized and indexed so as to be easily
searchable by a number of characteristics.

fhe 1nstrument descriptions shall include instrument response characteristics
and calibrations as suppiied by the station.

The IDC will make every effort to maintain all archives in machine-readable form;
where this is unfeasible (as, for example with photographs, microfilms, facsimiles
of seismograms, or other graphical data) the IDC will maintain on-line indexes to
the information.

23, Bulletin Freparation

The IDC will prepare two bulletins for each day, a Final Bulletin for the events
of day -7 and a Preliminary Event List for the events of day -2. ("Day =-n" refers to
the day n (calendar) days prior to the date of the bulletin). The schedule and the
elements of the bulletin preparation procedure, in outline form, are given below
(and in the figure on page 16):

Day O: data day

Day 2: IDCs exchange and reconcile input from Day O;
prepare preliminary event list (PEL);
publish PEL;
(after publication) compare and reconcile PEL with those of other IDCs

Day 3: upgrade event definitions, in consultation with other IDCs
Day 4: upgrade event definitions, in consultation with other IDCs
Day 5: upgrade event definitions, in consultation with other IDCs
Day 6: prepare and exchange tentative final bulletin with other IDCs
Day T: reconcile and publish (both parts of the) final bulletin.

The final bulletin is prepared in two parts. The first is transmitted over
the WMO/GTS and contains only event parameters. Individual National Authorized
facilities may make additional arrangements for a direct electronic connection to
the IDC to receive the IDC bulletins. The second is mailed to all participants
(on the same day the first part is transmitted), and is a complete bulletin,
containing both basic and detailed information, as specified in CD/43. The second
part of the bulletin also contains all unassociated data, and a copy cf “x2
preliminary event list for the same day (for comparison purposes).
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The form and content of both the preliminary event list and the final bulletin
are discussed in detail in Annex A7-III through Annex A7-VI.

If a participating State requests a new computation for any event after the
release of the appropriate Final Bulletin, a Revised Bulletin will be prepared
for distribution on the next working day after the receipt of the necessary
corrected data.

24. Data Services

The IDC will supply data from its archives to authorized uers. Data will be
supplied in accordance with the principles noted in Part 19 above. The IDC will
take no action to fill in missing data (i.e., to supply data in accordance with
some convention to fill gaps) or decimate it: data will be delivered as it occurs
in the archives. (The IDC will inform the requestor of the incidence of gaps,
however.)

The time to satisfy the request will depend upon the magnitude and complexity
of the request and the currency of the data requested. Simple requests (i.e.
those involving no more than a single, recent, time period and little sifting on
parameter values) will be satisfied within three working days; complex requests
may require as much as 10 working days (or longer, for large volumes of data).
(Requests for hard-copy material, such as true copies of arcnived messages kept
in the original form, are complex.)

25. Communications

The IDC will maintain reliable communications with reporting stations and
other IDCs through a number of different media, ranging from the WMO/GTS to direct
computer~to-computer links as required by data volume and ease of use.

In addition to data links, the IDC could maintain voice links to each of the
reporting stations, and to other IDCs. These voice links would not be used for
routine traffic, but for the purpose of clarifying confused or garbled transmissions,
and for requesting retransmission of missingz messages. They will also be used
by the IDCs when necessary to reconcile differences in Event Lists and Final
Bulletins.

26, Data Validation

The IDC will exchange input files with all other IDCs every day, to confirm
consistcncy of input. This exchange should be carried out two days after receipt
of the data in order to reduce the number of differences due to missing messages
and delays in transmission, and also to allow time for the correction of obviously

garbled messages.
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The format for exchange of input shall be a character-for-character copy of
the messages as received or corrected (from ZCZC through STOP), ordered by time
of transmission and originating station, and with a leading blank inserted on
each line. The exchange should take place by terminal-to-computer or computer-
to-computer link, not via WMO/GTS. The exact procedure for accomplishing the
exchange will be defined by the IDCs involved.

In case the input is not identical, the procedures given in Part 26.1.4
(Differing input) are to be followed.

26.1 Procedures for Correcting Messages and Obtaining Missing Messages

26.1.1 Missing messages

When an IDC suspects that it has not received a message, it will firat enquire
of the other IDCs whether or not they have received it. If any have, it will
request a copy from one of them (via terminal -to-computer or computer-to-computer
1ink); if none has received it, and if retransmission has not been requested during
the previous 24 hours, it will request retransmission by the originator.

26.1.2 Garbled messages

A garbled message is one that is obviously in error, either because the
automatic decoding process has failed, or because its content is inconsistent or
out of limits. Upon receiving such a message an IDC will first enquire of the
other IDCs whether or not the copy they received was garbled. If one of the
IDCs has received a correct copy, then the message will be requested (via
terminal-to-computer or computer-to-computer 1ink) from that IDC. If all IDCs
received garbled versions, then the action taken will depend upon the nature of
the error. If the error is a simple typographical error, and if all IDCs agree
on the same interpretation, then the IDC interpretation shall be taken as correct
(but the final bulletin shall report both the original data and the corrected data).
In all other cases, a correction (or retransmission of the entire message) shall
be requested of the originator.

26.1.3 Multiple messages

When a message is received more than once, either as a result of multiple
processing within the WMO/GTIS or as a result of a specific request for retransmission,
the latest copy shall be considered as the correct one. ('Latest™ means bearing
the latest time of transmission, and, of several with the same time of transmission,
that one having the latest time of receipt.)

26.1.4 Differing input

During the two days between receipt and comparison of input the IDCs will be
able to obtain missing messages and to correct garbled messages. Nevertheless,
differences in input will arise: for example, lost lines, unreceived correction
messages, and undetected transmission errors all will occasionally occur. In the
case where one IDC has not received all the data that another IDC has received,
and detects this situation as a result of the daily comparison of input, it will
normally accept the additional comparison data as correct (whether it is complete
or partial messages). If there is reason to believe that the additional data is
erroneous, then confirmation will be sought from the originator. In the case
where two IDCs have apparently correct, but different, versions of the same
message, both versions should be re jected, and retransmission by the originator

should be requested.
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Inrex £7-1

Level 1 Data

1, Introduction

The format for Level 1 (parameter) data has been specified in some detail
on pages 22-30 of CD/43/Add.l, but some problems with those specifications have
come to light in the wake of the WMO experiments of October 1980 and
November/December 1981. Three types of difficulties were experienced:

(a) improper handling of essential information (e.g., reporting interval
and downtime 1n£brmatlong when it 1s enclosed in double parentheses (i.e., when
it looks like commentary) (It should be noted that CD/43/Add.1, on page 23,
mentions the undesirability of treating reporting interval and downtime as
comments.)

(b) the fact that some phase identifiers (e.g., MIR) duplicate station
names

(c) the lack of definitive event delimiters,
It has been necessary to modify the specification given in CD/43/2dd.1 very
slightly to overcome these problems, The modifications occur as changes to
items 6 and 7 in the description of the format, a new i1tem 8 (event delimiter),
end a new name (MIRZ) for parameter group 37-38-39 (maximum amplitude of IRZ).

2. Description of the format

The proposed format, which 1s described in detail in Tables A7-I(1) through
A7-I(4), is in most respects identical to the International Seismic Code. However,
the following deviat ons should be noted:

(1) Numbering

The messages originating from each national facility will be consecutively
numbered starting at the beginning of each calendar year, The general form of
the number is Nyn where N is a prefix, y is the last digit of the calendar year
and n is a number of 1 to 5 digits.

(2) Additional phase identifiers

As described in detail in Tables A7-I(1) and A7-I(2), several new phase
identifiers will be needed compared to the Intermational Seismic Code., Each
of these is to be followed by the corresponding arrival time, period and
amplitude in accordance with standard practice., Note that all the amplitudes
of these new phases will be quoted in nanometers (mm).

(3) Identifiers for parameters

Again referring to the Tables A7-I(1) and A7-I(2), a number of new identifiers
corresponding to specific computed parameters will be needed.
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(4) Later phase information

For each later phase, the maximum amplitude (quoted in nm) and corresponding
period that is associated to the phase will be reported. For horizontal instruments
the component on which the measurements were made might be specified as a suffix
(E or N) immediately following the phase identifier. However, care must be taken
not to exceed the maximum length (5 characters) of a phase identifier.

Additional comments

(5) Grouping of readings

Readings from short and long period instruments for the same phase should be
grouped together. When the time of arrival is determined more accurately on the
SP instrument, the arrival time on the LP instruments need not be given, but the
long period maximum amplitude identifier should be followed as usual by its
associated arrival time, period and amplitude.

(6) Reporting interval

The time interval covered by the transmitted message should be specified
using the identifiers EEG (beginning) and END; for example:

((BEG APRO1 120000 END APRO2 120000))
Note: In case of a station transmitting a group of messages, e.g., once per day,
the first message may contain the reporting interval for the entire group. If so,
the number of messages (NM) in the group should be appended as, e.g.,
((EEG APROL 120000 END APRO2 120000 WM7))
(7) Down—time information
If a station has been out of operation, this time interval should be reported
as OUT (date, time) followed by TO (date, time). This reporting should be made as
soon as possible after the station is back in operation,

((OUT SEPO2 191530 TO SEPO2 223515))

Partial outages are reported with a component identifier following the downtime
identifier OUT:

((OUT LPZ MAYO2 1330 TO MAYO2 1600))
Additional explanation may be included in brackets as found necessary.

(8) Event delimiter

In ISC (International Seismic Code), the start of a new event is signalled
by the occurrence of one of six accepted first arrival phase names. In effect,
these phase names are used 'as event delimiters.,
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The protocol for parameter reporting defined in CD/43 allows other phases
to be reported as initial arrivals, for example, initial S phases, body waves on
long-period instruments with phase identifiers identical to those reported from
short-period instruments, and Rayleigh and Love waves not associated to any short-
period arrivals., These initial phases conflict with the ISC convention.

A repetition of the station identifier should be used between events as an
event delimiter when reporting non-ISC-standard initial phases. (The ISC-standard
initial phases are P, FDIF (or DIF), PKP, PN, PG, and PB.)
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Table A7-1(1)
Proposed identifiers for Level 1 short period parameters
Type Proposed
of Component Parameter ldentifier
Wave
P Vertical (a) Standard parameters - stations
of types 1. Il and 11l
1. Arrival time .
2. First-motion sign and clarity .
(if readable)
3. Amplitudes A
(1=1.....4)
4. Arrival imes corre M1X, M2X M3X, M4X**
sponding to each A
5. Periods corresponding
to each A
8. Noise amplitude, Ay NA
7. Period corresponding NT
to Ay
8. Secondary phese description:
Amplitude .
Period .
Arrival time .
9. Complexity CMPX
10. Spectral moment, ratio SPMM, SPRT, SPVT

or vector
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S Horizontal 11 Arrival time .
12 First-motion clanty .
13. Maxamum amplitude, Ay
on each horizontal
compeonent
14. Arnval times corre- MSE, MSN**
sponding to each Ag
15. Periods corresponding
to each A,
16. Secondary phase description:
Amplitude .
Period .
Arrival time .
T Vertical 53. T-phase description
Amplitude *
Period *
Arrival time - *
P Vertical (b) Additional standard parameters
(type III stations only
17. Apparent slowness .
18. Epicenter azimuth and *. DIS
distance
19. Epicenter latitude and LAT, LON
longitude
20. Origin time oT
21. Magnitude m, MB

¢ Form employed in the International Seismic Code should be used.

*s  Each phase identifier is followed by arrival time, period (T) and amplitude (A) according
to standard conventions.
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Table A7-1(2)

Proposed wdentifiers for Level 1 long period parameters

Type Proposed
of Component Parameter Identifier
Wave
P Vertical (e) Standard parameters - -
stations of types 1,
Il and I1I.
22. Arrival time A

23. First-motion sign and
clarity .

24. Maximum Amplitude, A,

25. Arrival time MLPpe*
corresponding to A,

28. Period corresponding
to Ay

27. Noise amplitude, A, NLPA
28. Period corresponding NLPT
to Ay

29. Secondary phase
description:

Amplhtude .
Period
Arrival time .



Hori1zontal

Vertical

30. Arrival time
31. First-motion clarity

32. Maximum amplitude,

on each horizontal
component

33. Arrval times
corresponding to each

34. Periods corresponding
to each Ay

35. Secondary phase
description:

Amplitude
Period

Arrival time

38 Arrival tuime
37. Maximum amplitude, Ay

38. Arrival time corresponding
to Ay

39. Period corresponding
to Ay

40. Maximum amplitude for
periods near 10, 20, 30
and 40 s

41. Arrival time corresponding
to ampltudes for the
above periods

42. Actual observed periods
(item 40)

43. Noise amplitude, Ay

44. Period corresponding
to Ay
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MSLPE, MSLPN®**

MLRZ**

M1L,M2L,M3L,M4L**

NLPA


http://MlL.Ii
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1Q Horizontal 45. Arrival time 1Q

46. Maxxmum amplitude, Ay
on each horizontal
component

47. Arrival times corresponding MLQE, MLQN®*
to each A,

48. Periods corresponding
to each Ay

(b) Standard parameters -
type IlI stations only.
P Vertical 49. Apparent slowness SLOLP
50. Epicenter azimuth AZLP
LR Vertical 51. Magnitude Mg MS
Horizontal 52. Magnitude mg, MSH

w

*  Form employed 1n the International Seismic Code should be used.

*s  Each phase 1dentifier 1s followed by arrival time, period (T) and amplitude (A) according

to standard conventions
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Table A7-1(3)

Sample telegraphic text for the transmission of Level 1 data

SEISMO N82351((BEG SEP22 180000 END SEP23 240000 NM8))
ARR SEP22
1PCU 1819020

M1X19035 T3A60 M2X19112 T3.2 A53.1
M3X191680 T3.5A20.8  M4X19233 T3.5 A27.2
MLP190680 T6A144

NT1.0 NAS.1 NLPT8 NLPA1S

E PP 2247 T3.6A18.2
T8 A108

ES 30025 MSE 30080 T4A75.2
MSN 30080 T4A81.0
MSLPE 30090 T9A216
MSLPN 30080 T9A135

ESS 3711 T4.7A81.7
Ti2 A192

LRZ 4841 MLRZ5407 T22A271
M1L5837 T10A135 M2LS5311 T20A200

M3LS203 T30A105 M4L5012 T40A28
NLPT20 NLPA12

LQ 4251 MIQE4302 T21A220
MLQN4302 T21A172

CMPX 23.02 SPMM 2.45 ]
SLO 4.8 AZ226 DIS94 LAT-35 LON-120 OT180541 MB8.S
SLOLP 4.8 AZLP221 MS6.4 MSH6.8
ARR
S 2358100
MSE 58162 T2.8 A48.7
MSN 58182 TR.7 A53.2
STOP
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Table A%/(4)
Ezplanation of the tezt in Table A7-/(3)
SEISMO - identification of type of data (seismic)

N82351 - message no. 2351 during 1978 for the station(s) BEG SEP22 180000
END SEP23 240000 NMB8 - Thus 1s the first message 1n a group of 8 covering
the time 1nterval indicated (UTC).

ARR - station name
SEP22 - date of recorded event (22 September)

IPCU 1818020 - first-motion clarity (I). type of wave (P), direction of first
motion (C - compression on short-period seismograph; U - compressioﬁ on

long-period seismograph), arrival time (16h18m02.0s) in component Z

M1X19035 - time of arrival (19m03.5s) for P-wave first amplitude, A,, in

component Z

T3AB0 - period (8 seconds) and amplitude (60 am) for amplitude A, in

component Z

M2X19112 T3.2A53.1 - time of arrival, period and amplitude for amplitude A; in

component Z

M3X19160 T3 5A29.8 - tume of arrival, period and amplitude for amplitude A4 in

component Z

M4X19233 T3 5A27.2 - time of arrival, period and amplitude for amplitude A, in

component Z
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MLP19080 TEA144 - time of arrival, period and amplitude on LP seismograph,

com.ponent. VA

NT1.0 NAS.1 - period and amplitude of noise on short-period seismograph,

component Z

NLPT8 NLPA1S - period and amplitude of noise on long-period seismograph,

component Z

E PP 2247 T3.6A18.2)
TB A108 ) - time of arrival, periods and amplitudes of secondary
longitudinal PP wave in component Z (on short and long period instruments,

respectively)

ES 30025 - first-motion clanty (E). wave type (S). arrival time, (component not
indicated)

MSE 30080 T4A75.2 - time of arrival, period and amplitude for maximum
amplitude of short period S wave in component E

MSN 30080 T4A61.0 - time of arrival, period and amplitude for maximum
amplitude of short period S wave in component N

MSLPE 30090 T9A216 - tume of arrival, period and amplitude for maximum
amplitude of long period S-wave (component E)

MSLPN 30090 TOA135 - tume of arrival, period and amplitude for maximum
amplitude of long period S-wave (component N)

E SS 3711 T4.7A81.7)
T12 A1682 ) - clarity and time of arrival, pericds and amplitudes for

secondary shear phase (SS) (component not indicated)
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LRZ4841 - time of arrival of Rayleigh wave in component Z

MLRZ5407 T22A271 - time of arrival, period and amplitude of maximum phase in

Rayleigh wave in component Z

M1L5637 T10A135 - time of arrival and amplitude n Rayleigh wave for 10 second
period in component Z

M2L5311 T20A200 ) - arrival times and amplitudes in Rayleigh wave
M3L5203 T30A105 ) for, respectively, 20, 30 and 40 second
M4L5012 T40A98 ) periods in component 2

NT20 NA12 - amplitude of noise for 20-second period on long-period vertical
seismograph

LQ 4251 - time of arrival of Love wave in componunt E

MLQE4302 T21A220 - time of arrival, period and amplitude of maximum phase

in LQ wave in component E

MLQN4302 T21A172 - time of arnval, period and amplitude of maximum phase
in LQ wave in component N

CMPX 23.02 - ‘complexity’ parameter in P wave recording
SPMM 2.45 - 'spectral moment' parameter for P waves
SLO 4.8 - apparent slowness (s/degree)

AZ2268 - azimuth from station to epicenter (degrees)

DIS94 - epicentral distance (degrees)
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LAT-35 - latitude (degrees) of epicenter (- = south)
LON-120 - longitude (degrees) of epicent.er. (- = west)
0T190541 - origin time (16h O5m 41s)
MBS.5 - magnitude, determined for short-period P wave
SL'OLP 48 - apparent. slowness of long period P (s/degree)
AZLP 221 - azimuth to epicenter from LP recordings (degrees)
MS6.4 - Rayleigh wave magnitude on LPZ seismograph
MSHB.8 - S-wave magnitude on long-period horizontal seismograph
ARR - station code, repeated to serve as event delimiter

§ 2358100 - phase (S) and arrival time (23h 58m 10.0s) (component not
indicated)

MSE 58162 T2.8 A48.7 - time of arrival, period and amplituds for maximum
amplitude of short period S in component E

MSN 58162 T2.7 A53.2 - time of arrival, period and amplitude for maximum
mputudeofshortperlodsmcomponent)!
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Annex A7-II

Level 2 Data

1. Introduction

Although an IDC should be prepared to accept any reasonable format, storing,
copying and distribution of Level II data will be expedited if a standard format
is used whenever possible. The following specification describes a format that
is already in use. It is designed for transmitting digital waveform data via
magnetic tape. The format may be generally described as a descriptive header
followed by the actual wafeform samples.

2. Description of the Format

Annex A8-V describes the preferred format for exchanging digital Level II data
by magnetic tape.
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Annex A7-IIT

Form and Content of a Preliminary Event List

A preliminary event list contains ~vents that ar~» listed as soon as there is
enough information to define the event. The preliminary nature of the list is
emphasized by reporting fewer parameters and less precision than are reported on
a final bulletin. Preliminary event lists are prepared as follows:

(1)
(2)

(3)

(4)
(5)

(6)

N

use the format described in Annex AT7-V ("Bulletin Format')

list events in chronological order, with automatically defined and
manually defined events in the same stream

time to the nearest sccond, latitude and longitude to the nearest
hundreth of a degree and the depth to the nearest 10 «m, magnitude to
the half magnitude

station list - include all stations contributing to the event
event code (to be inserted after the event delimiter):

- AOK: an automatically defined cvent that has been accepted by
reviecwer

- ARJ: an automatically defined event that has been rejected by
reviewer

-~ ARM: an automatically defined event for which a reviewer has
proposed modifications (an event of this type should always be
accompanied by a corresponding RMA)

- RMA: a reviewer's modification of an automatically-defined
event (an event of this type should always be accompanied by a
corresponding ARM)

- RDE: a reviewer-defined event (i.z., one that does not correspond
to any automatically defined event)

there may be more than one event given for one time (two reasons: the
time granularity is coarse, and the possible existence of ARM/RMA pairs
with the same time)

all events with code different from AOK should be accompanied by
explanatory commentary ((enclosed in double parentheses)) following
the event code.

((Each line of commentary should be enclosed))
((in double parentheses)).
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Annex AI-IV

Form and Content of a Final Bulletin

The final bulletin 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 (on the same day the first part is transmitted), and is a complete
bulletin, containing both basic and detailed information, as specified in CD/43.
The second part of the bulletin also contains all unassociated data, and a copy
of the preliminary event list for the same day (for comparison purposes).

Both parts of the bulletin contain entries for events that have been
undefined, together with the remark "deleted".

The precision of reporting of values in both parts of the final bulletin
shall conform to accepted standards.

1. First Part (WMO/GTS)

Bulletins transmitted by the IDCs over the WMO/GTS will be prepared as
follows:

(1) use the format described in Annex A7-V ("Bulletin Format")

(2) 1list events in chronological order, with automatically defined and
manually defined events in the same stream

(3) give all parameter values to standard precision, and include error
eatimates in parentheses where appropriate

(4) include the number of defining stations, but do not include the station
list that appeared in the PELs

(5) event code (to be inserted after the event delimiter):

- AOK: an automatically defined event that has been accepted by
reviewer

- ARJ: an automatically defined event that has been rejected by
reviewer

- ARM: an automatically defined event for which a reviewer has
proposed modifications (an event of this type should always be
accompanied by a corresponding RMA)

- NEV: an event that did not appear on an earlier PEL or bulletin
for this date (usually because of the later arrival of defining
data)

- RMA: a reviewer's modification of an automatically-defined
event (an event of this type should always be accompanied by
a corresponding ARM)



CD/448/Add .1
Appendix 7
page 35

- RDE: 2 reviewer-defined event (i.e., one that does not correspond
to any automatically defined event)

- UND: an "event" that has been undefined as a result of later
analysis; no event parameters other than time need be transmitted
for an event that has been undefined

(6) there may be more than one event given for one time
(7) all events with code different from AOK should be accompanied by
explanatory commentary ((enclosed in double parentheses)) following the

event code.

((Each line of commentary should be enclosed))
({in double parentheses)).
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.1

Ezample SEIT?M)C)) N30002 IDCA((BEG MAYO1 0000 END MAY02 0000))((FINAL BUL-
LETIN

:: AOK

003654.0 36 48N 1.63E DEP38
N7

MB 4.1 N3

:: UND

0049

:: RDE

DEFINING ARRIVALS WERE CAUGHT BY))
REJECTED EVENT AT 0049))

010338.3 44.57N 81 29E DEP33

N4

MB4.7 N3

;s ARM

((REVISION OCCURS AS EVENT AT 0112))
0109

o ARRIVALS FROM TOM BELONGING TO))
s

EVENT AT 0104 WERE MISASSOCIATED))
011237.6 1.42N 123.26E DEP332
Ni2
HBS 1 N4

RECEIVED AFTER PEL WAS PREPARED))

' inmnmc ARRIVALS FROM ONO AND TWO WERE))

040403 5 29.39N 70.15E DEPO
KB4 8 N2

STOP

2 Second Part (mailed)

The complete bulletin (the version that is mailed to all participants) will be

prepared as follows:

1) A ime-ordered, detailed listing of all events, using the format described in

Annex A7-VI.

2) A time-ordered listing of unassociated arrivals, giving station, code, phase

name (if supplied), time, and any other reported parameters.

3) A copy of the Preliminary Event List for the same day.
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Annex A7-V

Bulletin Format

The following is a proposed format for the exchange of parameter event-

oriented information via the WMO/GTS.

KEYWORD

SEISMO

PEL [BULL]

Nnnnn
identifler

BEG...END...

date_of_event

event_code

DESCRIPTION

Start of seismic message. (Ends with STOP.)

Prelminary event list {final bulleun]. (PELO and PELO are also
acceptable codewords for a PEL.)

Message number. (nnnn is numeric.)
Site issuing the bulletin.

Bulletin contains events between dates and times histed.
Format may be either of the following: 820501 1200 or 82MAYO1
1200

Dates folllow the same rules as in the International Seismic
Code.

Event delimiter.

Three-character code giving the type of event {automatic or
manual, original or revised).

((commentary)) Commentary describing the reasons for rejection or revision of

time

an event. ((Required for all event.codes except AOK.)) The
double parentheses are required.
Origin time, to the minute for PEL, to standard precision (with

error estimate in parentheses) for BULL.
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lat

long

DEPnnn

Nnnn

(1

()

(3
(4)

Latitude, to the degree for PEL. to standard precision (with
error estimate 1n parentheses) for BULL
Longitude, to the degree for PEL, to standard precision (with

error estimate in parentheses) for BULL.

Depth of focus. nnn is numeric (kilometers) (with error
estimate in parentheses) for BULL: it 1s D (deep) or S (shallow)
for PEL

Number of defining stations (BULL only). nnn is numeric.

The following 1s used only in PEL's:
A list of the stations contributing to the event (station codes,

separated by spaces).

NOTES

Keywords appearing 1n UPPERCASE, and ::, are to be entered exactly as
they appear; keywords appearing in lowercase are descriptive of the

contents of the field.

Error estimates should always be given in the same units as the

parameter to which they reter.
The event delimiter (::) is required for each event.

Any number of newlines is permussible.
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SAMPLE DETAILED EVENT LISTING FROM A FINAL BULLETIN
Descriptior ¢f the contents in the evertlist
~g0116
52857 8+. 3.1 35.0N+- 0.7 138.6E+- C.1 73KMe- 29 BASED O°. 6 STAT.
FOASHF . JAPAN
NUMBER OF ASSOC SP-TIMES 15 NUMBER OF ASSOC. LP-TIMES 7
ME . 4 1 BASED ON 3( 1 ) STAT 3( I1) STAT 2(I11) STAT 33( IV) STAT
MS . 4 2 BASED ON 6( I ) STAT 3(I11) STAT
COMPLXY : 1.13 STD: 0.03 BASED ON 2 VALUES
T™F] - 1.05 STD: 0.10 BASED ON 2 VALUES
™Fe : 0.92 STD: 0.02 BASED ON 2 VALUES
SPECTRAL VECTORS BASED ON 2 STAT.
INITIAL PHASE CODA
MEAN : 0 ~-14 -27 -40 -52 0 -14 =29 -47 -51
STD : 3 9 12 9 0 5§ 12 12 0 0O
MAJOP (P ) 52923.0 ~0.5« 1.5 348.8 168.1 13.55 2 0.95
REPORTED: 5.1
CHTOP (P ) S53615.8 0.6+ 38.6 255.6 S57.0 8.35 9.6 1.06 4.6 1 0.20
COL P (P ) B53802.0 0.4, 52.0 31.3 272.5 7.49 2 0.20
WRA P (P ) 53815.0 =-3.7 54.8 184.9 4.3 7.30 4.0 0.90
KAMOP (P ) 53830.5 =0.5« 56.0 291.1 68.0 7.16 9.1 1.06 4.6 1 0.15
KAAC (XP ) 539%9.5 0.6 56.0 291.1 68.0 7.20 13.2 1.4
ASP P (P ) 53849.0 -0.2¢ 58.6 185.0 4.5 6.95 2 0.28
MBC P (P )} 53852.5 <-0D.1* 59.1 15.5 290.7 6.91 13.0 1.00 4.8 1 0.05
YRA P (P ) 53949.3 6.4 66.7 29.0 301.2 6.32
REPORTED: 294.7 6.50
WB2 P (P ) 54037.2 3.6 75.1 336.4 d3.4 5.89 7.4 1.00
REPORTED 74.0 49.0 6.04 4.6
DUG P (P ) S4105.7 3.1 80.4 47.4 307.9 5.3
ANMO P (PP ) 54506.7 -0.9 87.6 48.2 311.9 B.08 2.1 1.00
SPA P (PKP ) 54748.7 -0.9 124.9 180.0 137.7 1.985
ARC P (PKP ) 54840.0 2.3 147.4 €3.1 310.3 3.57
30BO (PP ) 55216.4 0.1 149.7 5B.8 313.1 5.72 3.5 0.94
CMPLX ™F1 T™™MFC
KAAO 1.15 0.02 1.12 0.07 0.91 -0.01
ARMO 1.1 -0.02 0.98 -0.07 0.94 0.02
AAJO LT (LZ ) 53020 3¢ 1.5 348.4 168.1 10129.0 18. €-0.09
REPORTED: 135.0
TATO LZ (LZ ) 53855 15 17.9 240.4 51.9 1604.0 21. 4.0 % 0.45
REPORTED: §5.0
GUMO LT (LZ ) 54035 58 22.1 163.6 346.2 998.0 25. 4.2 1 0.8B
REPORTED: 1.0
CBTO LT (Lz ) 55225 -16 38.6 255.6 S7.0 504.0 22. 4.2 1 0.78
REPORTED 50.0
CTAO L2 (L2 ) 55640 -17 55.3 171.2 352.4 215.0 26. 4.1 1 0.53
REPORTED: 343.0
KARO LI (LZ ) 60240 -48 $6.0 291.1 68.0 353.0 20. 4.4 1 0.43
REPORTED: €0.0
MIOLZ (LZ ) 60925 126 62.5 296.5 65.3 290.0 21. 4.4 1 0.48
REPORTED: €5.0
Line
1-13 contains the event paraaeters.
15-32 contains information about the shortperiad
observations defining the event or associated
to the event,
u-36 contains information about stations reporting
{dentification parameters.
38-4) contains informaticn about the lengperiod
observations assocfated to the event.
780116 Date yymmdd -
2 £2857.8+ 3.1 Origin time with error estimate
35.0N+ 0.1 138.6€+- 0.1 Epicenter with error estimate
7304 29 Depth with error estimate
BASED ON 6 STAT, Muzber of shortperiod cbservations
defining the event
k] MONSKU, JAPAN Regfon name calculated with Flina-Engdahl
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NUMBER OF ASSOC.SP-TIMES 15 The number of shortperiod observations
associated to the event including the
defining observations.

NUMBER OF ASSOC. LP-TIMES 7 The number of associated longperiod observa-
tions.

MB: 4.1 The estimated shortperiod magnitude By-

BASED ON 3( 1 ) STAT 3 ( II) STAT 2(III) STAT 33( IV) STAT
The mumber of observations in the each
category used in the magnitude calculation.
See report by Elvers (1980) for further ex-
planation

MS: 4.2 The estimated longperiod magnitude M¢

BASED ON 6 ( I ) 3(111) STAT
The number of observations in the exch
category used in the magnitude calculation.
See report by Elvers (1980).

COMPLX: 1.13 STD: 0.03 BASED ON 2 VALUES
The calculated complexity with standard
deviation and the number of observations used.

TMFI : 1.05 STD: 0.10 BASED ON 2 VALUES )
The sama for the third moment frequency for
initial part.

TMFC : 0.92 SYD: 0.02 BASED ON 2 VALUES
The same for the third moment frequency, coda

10-13 SPECTRAL VECTORS Spectral ratios and the nusbar of observations

15

used in the calculation. The mean values and
the standard deviation are given. For further
explanation over the {dentification parsmeter,
see report by Israelson(1980).

MAO P (P ) The station code and the reported phase name
are given. ¥ithin brackets the phase associated
to this arrival in the association procedure.
Phasenames follow the rules in the Earthquake
Data Telegraphic Format.

52923.0 -0.5 n The reported arrival time to the station MAJO
and the calculated time residual. The asterix
(x) after the time residual denotes a dafining

observation.
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1.5 The ralculated distance

348.8 Calculated azwmuth event-station

168.1 Caloulated azimuth station-event

13.55 Calculated slowness

2 0.95 This observation is defining and therefore

used in the magnitude estimation. It is put
into class 2 with a plausibility of 0.95.

16  REPORTED For stations reporting azimuth, slowness,
distance and/or magnitude a line is inserted
with the reported parameter for comparison,

5.1 This observation was marked as originating from
local event and the distance put to 5.05. This
is reported here.

17 CHTOP (P ) 53615.8 0.6x 38.6 255.6 57.0 8.35
Station code, phasename, arrival time, time
‘reSidual, defining observations, distance,
two azimuths and slowness as above.

9.6 1.06 Reported amplitude and period for this arrival.

4.6 The estimated station magnitude.

1 0.20 This arrival has reported amplitude and there-
fore is put into category ! with a plausibility
of 0.20,

27 REPORTED .... NB2 reports azimuth, slowness, distance and
also 2 magnitude. These reported parameters
are found here for comparison. 4

34-36 These lines contain the reported identification
parameters from individual stations used in the
calculation except the spectral ratios.
Standard deviations are also given.

38-51 A1l parameters for the longperiod associated
observations are listed in exactly the same
way as the shortperiod data. The times are
given in seconds and no slowness is reported.
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PREFACE

This appendix has been written with the intent of condensing all the
information on international seismic data exchange contained in the first
(CCD/558), second (CD/43) and third reports of the Ad Hoc Group into one
relatively short document. It desacribes the procedures which have been
established by the Group for the preparation, exchange and processing of
Level 1 data, and for the preparation and exchange of Level 2 data.

Level 1 data are basic parameters of detected seismic signals which are to
be routinely reported without delay. The instructions for the preparation and
exchange of level 1 data are given here in sufficient detail that the only other
document required is a copy of the WMO/GTS Manual, which can be consulted at the
participant's national GTS center. The processing procedures to be carried out
at the International Data Centers are described in great detail in Appendix 7
of the third report, and those countries acting as such Centers should use
Appendix 7 rather than the summary of its contents given in chapter 3 here.

The sections of chapter 3 on data acquisition and comparison, and on bulletin
distribution should, however, be of interest to all participants in tests of
the global data exchange system.

Level 2 data is data transmitted in response to national requests for
additional information, mainly waveform data, for events of particular interest.
Such requests should be made through one of the International Data Centers.
Chapter 4 of this document proposes procedures and formats for the exchange of
digital waveform data. Various national investigations have suggested means
by which non-digital waveform data might be exchanged. The various methods
of Level 2 data exchange have not yet been properly tested and more experience
in this area is required.
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CHAPTER 1

Preparation of Level 1 Data

1.1 Introduction

Level 1 data are basic parameters of detected seismic signals which will be
routinely reported with minimum delay. Existing seismic networks are primarily
aimed at detecting and locating events; however, since the global system
proposed by the Ad Hoc group has the additional task of providing identification
data, it has been found necessary to extend established seismological practice
towards the determination of identification parameters.

The parameters to be reported are specified in tables 1 and 2 of
Annex A8-III, and detailed instructions for their measurement are given in
sections 3 and 4 of this chapter. At stations which record data digitally, it
may be possible to automate the extraction of some of the specified parameters,
though the Ad Hoc group has not yet decided on standard procedures to carry out
such automation. Section 5 of this chapter suggests procedures which might be
applied to digital data for automatic parameter extraction.

_ All seismic events registered by any station in the network should be
réported by that station in terms of the specified level 1 parameters. However,
in order to keep the volume of data at an acceptable level, the Ad Hoc group
has recommended an abbreviated form of reporting that would be allowable for
events classified by the station's analyst as:

- local earthquakes (within 160 km)

- events belonging to an earthquake sequence (e.g. more than 10 events
a day from the same place).

1.2 Operation of Contributing Stations

The proposed international data exchange is a decentralized system. Each
station should prepare and edit its own data as carefully and completely as
possible. Tasks at each station thus include amongst others:

-~ Determination of arrival times of seismic phases in Universal
Co-ordinated Time (UTC)

- Reading and interpreting seismic phases

- Correcting for time drifting of the clock

- Correcting for instrument response

- Maintaining and ensuring calibration integrity
- Reporting down time intervals

1.3 Principles for Reporting Level 1 Data

The proposed level 1 data are listed in tables 1 and 2 of Annex A8-III.
Some of the parameters would be reported only by seismic array stations. The
general principles of CCD/558 and CD/43 concerning level 1 data are as follows:
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(a) All recorded events should be reported from the participating
stations with minimum delay.

(b) Each reporting should consist of a COMPLETE set of parameters as
specified in section 1.4 and tables 1 and 2 of Annex AB-III, to the extent
that these are measurable.

(c) For some of the specialized parameters in tables 1 and 2 of
Annex A8-III (such as items 9 and 10 of table 1), some stations might prefer,
for practical reasons, to transm:t these data to the international centers on
a weekly or monthly pasis as agreed, or possibly only on request.

The first requirement (a) above applies without any exception. For
practical reasons of handling a manageable amount of data the second requirement
(b) can be relaxed in certain cases, anc¢ abbreviated reporting would be allowed.
The form of such abbreviated reports, and the circumstances under which they are
allowed, are described in 1.3.7 below.

The level 1 data as specified in tables 1 and 2 of Annex A8-IIT compraise a
number of basic parameters, thc most important of which are signal arrival time,
first motion, amplitude, period and magnitude. It is essential that these be
measured in a standardized manner and to a fixed precision.

1.3.1 Signal Arrival Time

On a graphic record, a signal arrival is defined as a marked change in
amplitude, phase or frequency. The corresponding time reading is reported in
Universal Co-ordinated Time (UTC) to the nearest 0.1 seconds for short-period
readings and to the nearest second for long-period readings. Each station
should maintain a timing accuracy to within a tenth of a second relative to
UTC.

Because of the high accuracy of time measurements the problem of
instrumental time delay must be noted. As an example, for WWSSN (World Wide
Standardized Seismograph Network) SP instruments at 1 Hz, phase delay is about
0.3 seconds and group delay time is about 0.4 seconds. Corrections for these
delays should be made before reportinz arrival times.

1.3.2 First Motion Sign and Clarity

Direction (or sign) of the first motion on vertical short- and long-period
instruments should be reported. For complicated or weak signals, the direction
of the first motion may be in doubt; if so, it is not to be reported.
Theoretically the first onset should have the same sign on short-period (SP)
and long-period (LP) instruments. However, due to different noise conditions,
frequency response and magnification of SP and LP recordings the first motions
do not need to agree, particularly for multiple events starting with weak
arrivals. In the case of a discrepancy in the directions the reasons should be
checked by the operator before the information 1s reported.
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If possible, the first motion on the LP horizontal components should also be
reported. The following first motion notations should be used:
- SP compression (Up)
- SP dilatation (Down)
- LP compression
- LP dilatation
LP movement on the N-S component, direction to the North
- LP movement on the N-S component, direction to the South

- LP movement on the E-W component, direction to the East

E N <K g o OO
]

- LP movement on the E-W component, direction to the West

The clarity parameter is used to indicate whether a recorded seismic signal
represents a clear onset. If the signal onset can be identified within
+/= 0.2 seconds for P waves or +/= 1 second for S waves, the clarity notation 1 is
used, while if the onset identification is less accurate, the clarity notation e
is to be used.

1.3.3 Signal Amplitude Measurements

Amplitude is determined from the maximum signal deflection on the seismogram
trace and then converted to ground motion in nanometers using the instrument
response or amplification curve. Trace amplitude is measured as the center-to-peak
{(or trough) deflection from the median line, or alternatively, for symmetric
signals, by halving peak-to-trough deflection. For SP signals, amplitudes are
measured to a precision of 0.1 nanometers, for LP signals to 1 nanometer. Note
that in formatting WMO messages, SP amplitudes are reported in nanometers, but
that LP amplitudes are reported in micrometers. This 1s a requirement of the
International Seismic Code (see Annex A8-II).

1.3.4 Signal Period Measurements

Signal period corresponding to each amplitude observation is measured at
median line crossings or between neighbouring peaks or troughs. This parameter
is reported to the nearest 0.1 seconds and 1 second on SP and LP instruments
respectively.

1.3.5 Noise Measurements

For each event, the maximum noise amplitude at frequencies between
0.5 and 1 Hz should be measured and converted to ground motion in nanometers.
The corresponding period should also be measured and reported. The maximum is
selected over a time interval preceding the first signal onset and covering
30 seconds for SP records and 1 or 5 minutes (for body and surface wave arrivals
respectively) for LP records.

1.3.6 Additional Standard Parameters

Complexity, spectral moment, spectral ratio and spectral vector may be
reported. There are at present no standards for calculating these parameters,
and stations computing them should describe the method they use.
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Array stations may report apparent slowness and azimuth. Slowness should,
if reported, be determined with a precision of 0.1 seconds/degree. Azimuth
should be reported to 0.1 degrees or to the accuracy that is judged to be realistic
in each case. Note that the azimuth corresponds to that from the station to the
epicenter, measured in degrees East of North.

Array stations may deduce, and report, epicenter latituae, longitude, origin
time and maznitude from the measured arrival time, slowness and azimuth. It
gshould be noted however that the data centers will use the measured parameters
rather than the location deduced in this wanner.

1.3.7 Abbreviated Reports

As described zbove under 1.3, abbreviated reporting is permitted under
certain circumstances. For events which can be classified by the station
analyst as:

(1) Local earthquakes or quarry blasts

(ii) Belonging to an earthquake sequence (e.g. more than 10 events a day
from the same place).

An abbreviated report would be allowable. This would comprise reporting of
P and S arrivals, maximum amplitude within the first six seconds, the associated
period, and, for earthquake sequences, an association of the arrival to the
specific sequence. A "local" magnitude ML or the signal duration DUR of the
short-period recording may be reported as well as amplitude and period of local
events.

1.4 Procedures for Extracting Level 1 Parameters

A sample analyst worksheet for use 1in the tabulation of level 1 parameters
is given in Annex A8-I.

1.4.1 Short Period Parameters

The time of the first arrival and its first motion and clarity should be
determined. The first arrival should always be identified by one of the standard
symbols given in the International Seismic Code (Annex A8~II) for initial phase
identification. Acceptable first arrival phase identifications are:

p, PDIF, PKP, PN, PG and PB(P¥*).
Note that PN, PG and PB are also acceptable secondary arr.vals.

Ground amplitudes A, are to be measured as the maximum deflection witnin
the time intervals 0-6 séconds, 6-12 seconds, 12-18 seconds and 18-300 seconds,
on the SP vertical seismograms, where the time intervals are relative to the
time of first arrivai. In many cases the signal may be of such short duration
that reasonable measurements cannot be made during the later time intervals.

The times and associated dominant periods corresponding to each Al are
also to be measured. Fizure 1 1llustrates the method for measurans zich A and
the matching time and period. The codes to be us2a for weasureuents ia the
time intervals giver above (0-5, 6-12, 12.18 and 15-300 seconds; are diX, M2X,
M3X and M4X respectively.
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FIGURE 1 : Illustration of rules for measuring:

&‘3 wave amplitude, period and time of maximum ocscillation
kinematic and dynamic parameters of SP records
(¢) spectral parameters of LP records

[Reproduced from Figure A3.1 1 of CD/43/Add. 1, page 14]
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The seismic noise amplitude and period should be measured as described in

1.3.5.

Secondary phases should be reported wherever possible. If identified as a
particular seismic phase, the standard notation as given in the International
Seismic Code should be used. Arrival times of clear, but unidentified secondary
phases should also be reported. Hour is reported only if it differs from that of
the preceding phase. For each reported phase, the maximum amplitude and
corresponding period should be measured and reported. It 1s important that a
special effort be made to report the depth phases pP and sP.

Complexity, spectral parameters and array slowness and azimuth may be
reported by stations equipped for their measurement, according to 1.3.6.

If S is observed, its clarity, maximum amplitude, arrival time and the
corresponding period should be measured on both the North-South and East-West
components., The maximum amplitude is measured within the first 10 seconds of S.
The arrival times given on the two horizontal components should not differ by
more than one half signal period, so that the amplitudes can be combined
vectorially.

1.4.2 Long Period Parameters - Body Waves

Readings should preferably be grouped by event, rather than by instrument,
and readings of a particular phase from different instruments should be grouped
together.

When discernible, phase identification, arrival time, first motion and
clarity should be reported from the LP vertical component even if a SP initial
arrival has been reported. The maximum amplitude and corresponding period (one
measurement only) should also be given, together with the amplitude and period
of the noise. The latter should be measured within 1 minute before the first
onset on the LP vertical component.

Secondary phases as measured on the long-period vertical should be
reported in the same manner as for short-period data, described in 1.3.

If visible on the horizontal long-period component, S should be identified
and the arrival time measurea on one of the components only. The clarity of S
on the same component should also be given. The maximum amplitudes, and
corresponding arrival time and period should be measured separately on each
horizontal component, within the firat 40-60 seconds. These measurements should
be carried out at times differing by no more than one half signal period.

1.4.3 Long Period Measurements - Surface Waves

RAYLEIGH WAVES

Rayleigh wave measurements should be made {rom the vertical components
only.

The onset time of LR and its clarity should be measured. Both these are
hard to read and are strongly dependent on signal-to-noise ratio.

The maximum amplitude and tne corresponding time and dominant period
of the Rayleigh wave should be reported.
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In addition, maximum amplitudes closest to periods of 10, 20, 30 and 40
seconds, together with the corresponding time and the actually observed periods
should be measured and reported as MIL, M2L, M3L and M4L.

The largest amplitude of seismic noise in the period range between 10 and
30 seconds should be measured on the vertical component within the 5 minutes
preceding the onset time of LR. The dominant period of the noise should also be
reported.

LOVE WAVES

The onset time of LQ should be measured, though it is appreciated that, as
for the onset of LR, it may be difficult to determine accurately.

The maximum amplitudes of the Love waves, together with the corresponding
time and period, should be measured on both the NS and EW components. The
measurements should be made at times which do not differ by more than one half
signal period.

l1.4.4 Qualitative Remarks

It is very important that the report is, where applicable, accompanied by
remarks made by the experienced analyst qualifying the character of the event,
as seen from visual inspection of the record or by more sophisticated analysis.
The following detailed classification is suggested:

LA Local event within a very short distance, such that P and S cannot be
separated.

LB Local event within a short distance; P and S separated by (S=P)
interval less than 20 seconds, corresponding to a distance of
about 160 km.

R Regional event somewhere betwecen 2 and 20 degrees distance.

TA Teleseismic event, weak, a simple seismogram with largest amplitudes
within first few seconds.

TB Teleseismic event, seismogram is made up of more than one discrete
arrival.

TC Teleseismic event with a complex waveform made up of many arrivals
(phases) of different amplitude, onsets difficult to interpret.

1.5 Level 1 Parameter Extraction (Digital Stations)

The availability of digital seismic data renders the automatic extraction
of Level 1 parameters possible. Considerable advances have been achieved in
recent years in the automatic detection and timing of digital seismic signals.
However, routine application of such techniques using large volumes of data has
been confined thus far to the operation of local seismic monitoring networks.
In addition, many of the existing routine algoricthms are applied exclusively to
short-period vertical recordings, and have not been standardized even in such
limited applications.
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Tvo prime considerations to be kept in mind when considering automatic
4eve)l 1 parameter extraction are the following:

(i) Automatic processing of digital signals cannot duplicate the rather
complex processes involved in manual analysis. Instead, it must
rely on strategies which are well suited for machine processing, but
impossible to achieve manually, such as digital filtering of digital
signals.

(i1i) On the other hand, automatic processing should not lead to a
redefinition of Level 1 parameters as described above. Instead, the
final product should be consistent with results which could be
obtained manually. Consequently, any automatic parameter extraction
should be intimately linked with a capability for interactive,
graphical review of the results by an experienced analyst, and
provision made for acceptance, correction or rejection of the results
by the analyst.

An automatic parameter extraction procedure which yields a well defined
output consistently in agreement with manual extraction on the same signals
can then be standardized in the form of a complete algorithmic definition of
the process, and thus offers the advantage of yielding systematic and consistent
results which can be duplicated exactly.

Continued research in automatic Level 1 parameter extraction should be
vigorously pursued, starting with those parameters which are most amenable to
digital treatment, such as amplitude and period measurements in specific
frequency bands. In addition, provision should be made for a clear indication
of which parameters have been extracted automatically, and which are the results
of human intervention.
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Proposed wdentifiers for Level 1 short period parameters

Compéodnent

Vertical

Parameter

(a) Standard parameters - stations

of types ]. Il and 1.
1. Arnival time

2. First-motion sign and clarity
(if readable)

3. Amplitudes A,
(i=1.....4)

4. Arrival imes corre
sponding to each A

5. Periods corresponding
to each A

8. Noise amplitude, A,

7. Period corresponding
to Ay

8. Secondary phase description:

Amplitude
Period

Arrival time
9. Complexity

10. Spectral moment, ratio
or vector

Proposed
Jdentifier

MIX M2X M3X M4Xe*

3 &

SPMM, SPRT, SPVT
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CHAPTER 2

Exchange of Level 1 Data

2.1 Introduction

The object of this chapter is to show how to exchange seismic bulletins
internationally by means of the Global Telecommunication System (GTS) of the
World Meteorological Organization (wMO). It has been compiled specifically for
use by members of the Group of Scientific Experts (GSE), but the instructions
are applicable by individuals at the national or station level., It is assumed
that the reader hes available a copy of the WMO/GIS Manual.

The elements of an International Seismic Data Exchange (ISﬂE) are depicted
in Pigure 2. Short experimental exchanges made during 1980, 1981, end 1982
demonstrated that the GTS would meet the needs of an ISDE, and in 1983 the WMO
formally approved its use for this purpose,

To facilitate the use of the GTS it is important to have a general
understanding of its structure and mein features: a summary of them is given
in Section 2.2.1. It 1s also important to be aware that seismic traffic,
relative to meteorological traffic, is unusual, infrequent, and irregular.
Consequently, problems can arise, particularly at non-sutomatic GTS centres,
and due allowance must be made for familiarization by GIS operators. The most
important single step in starting an exchange is to consult the national GTS
centre well beforehand, and to continue consultations wmtil it is working
satisfactorily.

The contents of this chapter are based on experiences gained during the
three GSE-sponsored experiments. Mr, K, Yamaguchi (Secretariat, WMO/GTS,
Geneva), and Mr. J.R. Neilon (President, WMO Commission for Basic Systems) gave
advice during their preparation and checked that they conform with GTS practice.

2.2 The WMO/GTS

2.2.1 Functions and organization of the GTS

Complete details are given in the GTS Manual, but in summary:

The GTS is one of three functional units of the WMO's World Weather Watch, and
is responsible £~r the regular exchange of meteorological information between
member States.

- It is a world~wide communications network which operates continuously;
peek loads occur at and after synoptic observations at 00, 03, 06, 09,
12, 15, 1R, 21 hours UTC; these times should be avoided for seismic
exchanges.,

- The basic elements comprise a Main Telecommunication Network (MIN),
regional networks, anrd natioral networks. The nodes of the system are
losated at World Meteorological Centers (Melbourne, Moscow and Washlngton),
Regional Meteorological Centers, Regional Telecommunications Hubs, and
National Meteorological Certers.
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INTERNATIONAL
TELECOMMUNICATIONS
CIRCUITS

NATIONAL DATA
FACILITIES

COOPERATING
SEISMIC
.y STATIONS

(EVENT LISTS

EVENT CHARACTERISTICS
- | REQUESTED RAW DATA

® INTERNATIONAL
DATA CENTER

DATA FROM
INDIVIDUAL
STATIONS

FIGURE 2 : Elements of International Seismic Data Exchange
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- States provide and fund their own national cenvers and share the costs of
commnications facilities with adjacent States. The equipment at centers
and the quality of communications circuits between them 1s not uniform.
(Some centers are operated manually and others are highly automated; circuits
range from 50 baud links to 9600 bits/s links).

-~ Rules for the format and length of messages, and codes for texts are
specified by the WMO and must be adhered to strictly.

Figure 3 depicts the GTIS circurts and their composition at February 1983,
Full details of the GTS are given in the WMO/GTS Manual,

2,2.2 Preparatory Arrangements

Consultation with the national GTS center is the most important step in the
establishment and maintenance of effective use of the GTS for seismic exchanges.
It should be carried out at least three, and preferably six months before the
exchange is due to start.

- Describe the objectives; include:

proposed commencement date

duration of exchange

countries taking part

destination of outward messages
frequency and length of outwards messages
number and length of inwards messages
distribution of inward messages.

- Determine how GTS messages are structured, and obtain specific header
information.

— Determine how to file your messages with the GTS center (see 2.4.1).
- Agree on suitable time(s) for filing messages.

-~ Arrange to receive a copy of your outgoing messages, preferably showing
the actual time-of-day they were sent.

~ Arrange to receive any required imvards messages from other national
centers.

- Discuss the best way to respond to requests for repetition of messages.

- Discuss any local practices which are specific to your GIS center i.e.y those
which are not laid down by WMO/GTS. (The concern here is about procedures
which may cause the loss of outgoing or 1ncoming Selsnic messages Or
ipterference to other traffic.)
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2.2.%3 Structure of messages

These GTS definitions should be noted:

- Meteorological message - A message comprising a single meteorological
bulletin, preceded by a starting line and followed by end-of-message

signals.

- Routine meteorological message - A meteorological message transmitted
according to a predetermined plan.

- Non-routine meteorological message — A meteorological message for which there
1s no predetermined dastribution plan.

The words '"message", "routine'", and "non-routine" will be used with the above
meanings. Also, the word "meteorological" has been replaced by the word "seismic"
to avoid confusion; and standard communications control symbols (as used i1n the
GPS Manual) are replaced by:

<CR> carriage return (<)
<LF> hne feed (=)
<SP> space ->)
<S> letter shift (s)
<FS> figureshift ()

2.2.4 Alphsbets

Communications alphabets comprise the usual letter alphabet, the digits (0-9),
control characters (e.g. carriage returns), and other symbols (e.g. the gquestion
mark?). The GTS accepts two alphabets:

(a) International Telegraph Alphabet No. 2
(v) International Alphabet No. 5.

Alphabet No. 5 1s 7-level and so 1t has more characters than Alphabet No. 2
(5-level). Omly characters for which corresponding characters exist in both
alphabets are allowed; the seismic code takes this into account.

Message formats are given here in alphabet No. 2. Alphabet No. 5 does not
require control characters to change from letters or numbers to the other case,
and 1t has simple opening and closing operations. Otherwise, the message formats
are the same. Alphabet No. 5 1s used mostly on high speed segments of the
Main Telecommunication Network, but consult the national GTS center to find out
which alphabet should be used.

Full descriptions of Alphabets No. 2 and No. 5 are given in the WMO/GTS
Manual.
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2.3 Message Formats

2.3.1 General format of routine seismic messages

A routine seismic message shall comprise:

- A starting line
- An abbreviated heading

A text (seismic bulletin)

End-of-message signals.
There shall be only one seismic bulletin per seismic message.

2.3.,2 Starting line

The format of the starting line 1is

<CR><CR><LF><LS>ZCZC<SP><FS>nnn<SP>CLLLL<SP><SP><SP><SP><SP>

which when prainted will appear as
ZCZC nnn CLLLL

The symbols mean:
Z0ZC

nnn a 3-digit number giving the transmission sequence of messages from
one center to the next

OLILL classification and 1dentification group (see WMO/GTS Manual).

For seismic messages for global exchange C =1

I1L2 indicate the originating (GTS) center

13 = 5; 1t 1s always used in combination with C and for seismic data CL3 = 15
14 1s allocated by the respective Regional Telecommunications Hub, 1t

combines with L1L2 to i1dentify aindividual bulletins,

2.3.3 Abbreviated heading

The format of the abbreviated heading 1is

(CR)(CR)(LF)(LS)TTAA(FS)11(SP)(LS)CCCC(SP)(FS)YYGGgg((SP)(LS)BBB)

which when printed will appear as

TTAA11CCCCYYGGggBEE.
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The symbols mean:
T Datae designator; for seismic data TT = SE (see WMO/GTS Manual)

AA Geographical designator indicating the country of origin of the
nmessage (see WMO/GTS Manual)

ii a number with 1 or 2 digits which indicates how the messages are
distributed; ii = 1-19 for global distribution

CccCcC International 4-letter location indicatcr for the GTS center
originating the message.

YYGGgg date-time group giving the day of the month (YY) and the origin time
at the GTS center; GG = hour, gg = minute

BEBB an indicator for late, corrected or amended messages. [Note: for
gseismic messages only the CARRECTION indicator CCR _may be applied.
In normal, routine transmiss:ons this is NCT vaed.]

Annex A8-VI shows the approved Starting Line and Abbreviated Heading for all
countries using the WMO/GTS at December 1933,

2.3.4 Text
There are three types of routine seismic text:
- Lists of Level I phase data sent by seismic centers or stations
-~ BEvent lists sent by intermational data centers

-~ Requests for repeat transmissions sent by an internmational data center,
described separately in 2.5.

All routine texts begin with the word SEISMO, and end with the word STCP.
The recommended codes are given in Annexes A8-II and A8-III, which include
examples of messages. The only code approved formally by the GIS is the
International Seismic Code (Ammex AS-II) but the additions (4nnex A8-III) have
been used successfully during GSE experiments.

GTS instructions for compiling text are:
- Text shall be in one code only

~ Text shall begin on the first line after the abbreviated heading and shall
be transmitted in consecutive lines

-~ Individual reports shall start at the beginning of a new line

- The end of a report shall be irdicated by = (Signal No. 22); the signal
follows the last group with no intervening space

- TFull use should be made of the capacity of a teleprinter line (69 characters).

[Note: seismic data and formats do not produce eonstant-sized groups, and
text is hard to comprehend 1f all available 69 characters per line are used. Th:
1ast GTS instruction does not have to be observed strictly, so the text may be
formatted as 1n the examples giver. in Annexes AS-II and AB-III.]
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2.3.5 Message Numbers

The International Seismic Code, described in Appendix A8-II, includes
provision for a message number immediately following SEISMO. This message
number 1s part of the text of the seismic message and should not be confused
with numbers appearing either in the starting line (see 2.3.2 above) or
abbreviated heading (2.3.3).

It 18 considered essential that each contributor of level 1 data assign
unique and sequential message numbers to each seismic message, in order that the
International Data Centers (IDCs) may be made aware of missing messages.

The sequence should preferably start with a message number 1; i1f this is for
any reason inconvenient, the IDCs should be notified. If data from more than one
seismic station are to be filed independently through one national GIS center,
each station should use a different sequence pattern (e.g., station A sequence
starts with N3001, station B starts with N35001).

The importance of these message numbers 1. euwsuring that IDCs realize that
messages have been sent, but not received, cannot be over emphasized.

Absent message numbers are the prime Justification for retransmission
requests (see 2.5).

2.3.6 End-of-Message Signals

These are the communications signals needed after the text to terminate the
message.

The format is:

<1S><CR><CR><LF><LF><LF><LF><LF><LF><LF><LF>NNNN<LS><LS><LS><LS>
<LS><LS><LS><LS>

which when printed appears as
NNNN
eight lines below the word STOP,.

2.3.7 NIL Messages

The GTS provides for a NIL message to be sent when a routine message 1s not
available at the regular time for transmission. However, though desirable, 1t is
not essential for seaismic bulletins to be sent at the same pre-set time each dsy,
so a NIL message is not needed for this purpose. In the unlikely event that no
seismic phases are recorded in a day, the provisions for message sequence numbers,
reporting period, and downtimes give all the requisite information and NIL
messages are not called for at present by the GSE.

2.3.8 ILength of Seismic Megsages

The maximum length of messages is 3800 characters. Nominimum length 1s
specafied.
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The count includes the characters in the starting line, the abbreviated
heading, and the end-of-message signals. These amount to at least 76 characters
and there may be more depending on local practices.

The count also includes all "invisible" characters (the non-printing functions
such as carriage-returns, figure-shifts), seismic messages have a high percentage
of "invisible" because the text 1s a mixture of letters and figures. It 1s highly
desirable that equipment used to prepare messages provides an actual count; as a
rough approximation the text should not exceed 2100 alphanumerics.

2.4 Transmission of Messages

2.4.1 PFiling of messages

The means of transferring data from the station analyst's list to a GTS center
varies widely from place to place. In some places the seismic and GTS centers are
co-located, in others they are not; communications equipment at seismic centers
ranges from a manuscript form to a computer. Similarly, on the receiving side, some
geismic centers can receive inwards messages only by mail several days after the
event. In these circumstances 1t 1s not practicable to give specific instructions
which will meet every requirement. Only some of the more common matters are
discussed; and in all of them detailed arrangements must be made locally.

2.4.2 Optimum Time for Filing Messages

In princaple, the intervals 04-06, 10-12, 16-18, and 22-00 hours UIC carry the
least meteorological traffic. However, the optimum intervals should be arrived at
through discussion with the local GTS center; there may be certain times when local
or regional meteorological exchanges impose a high load.

Even during optimum intervals occasional interruptions can be expected owing
to the priority givean to meteorological messages. Thie 18 likely to occur only
very occasionally during extended transmissions. If a message is interrupted
(that 1s, if the end-of-message group NNNN has not been sent) the message must be
re-started at the beginning (that is, from ZCZC).

2,4.3 Teleprinter Messages and Links

Many commections are by standard telex links. The use of pre-punched paper
tape (5 hole) allows the contents of the message to be checked before transmission
and it 18 a very reliable medium. However, it takes about eight minutes to send
a 3800 character mescsage and 1f several messages are sent in a batch disconnections
are posgsible.

Practices such as the following should be noted when using a telex line:

(a) The line will be opened automatically if no signals are sent within
20 seconds or so0.

{b) The 1line will be opened automatically if 30 or so identical characters
are sent successively.

The format and procedures for seismic messages take these into account
but they should be allowed for when creating a telex tape of more than one message.
The gap :n the tape between messages should not (using the figures above) last
longer than 20 seconds. nor contain 30 or more spaces.

The physical connecsion between national seismic and GTS centers, over
normal telephune lines, may be by



CD/448/Add.1
Appendix 8

page 19

(a) teleprinter to teleprinter
(b) teleprinter to computer

In (2) a seismic telex 1s connected to a meteorological 'inwards’ lelex which
produces a paper-tape copy of the message, the paper tape is torn off and
becomes the input for an ‘outwards’ GTS telex. This ‘torn-paper-tape’ system is
used at many GTS centers, mainly on the low speed circuits. For seismic pur
poses its big drawback is the dependence on an operator recognizing the iso-
lated SEISMOs in the inwards streams of meteorological messages.

In (b) a seismic telex 1s connected directly to a GTS computer, and mes-
sages can be held in a buffer before being inserted into the GTS. This is a reli-
able, inexpensive method, the only minor drawback being the relatively low
speed on the telex line.

In (a) and (b) special arrangements have to be made with the GTS center
for relaying incorung SEISMOs to the national seismic center. Inexpensive
automatic devices such as selective calling units and associated receivers allow
nominated messages (in this case SEISMOs) to be recetved at particular places
(1n this case at the seismic center).

2.4.4 Computer Messages and Links

If the national gseismic and GTS centers are equipped with computers which
can inter-communicate, links may be made via dial-up telephone lines, or via
dedicated lines. Both types of link offer &ll the advantages of ease of composing.
formatting and correcting inputs, and automated transfers; the use of dedicated
lines may not be warranted if the volume of traffic is low.

25 Retransmission of Hwng:és

2.5.1 Retransmission Requests

The various IDCs will compare the WHO/GTS messages they have received,
according to the procedures described in 3.2.5. 1If it appears from the message
numbers described above in 2.3.5 that a given mesasags from a contributor has
not been received by any of the IDCs, or if the message received seems to be
either incomplete or garbled, one of the IDCs will request retransmission of the
message in question.

Requests for retransmission will be broadcast over the WMO/GTS at a fixed
time each day, and may cover a number of apparently missing messages from
several different contributors. The format of a retransmission request is illus-
trated by the example given in Annex AB-]V.

2.5.2 Special Procedures for Retransmission

Requests for retransmission should be complied with as soon as possible, at
the next time of regular transmission by the contributor. In order to avoid con-
fusion over the out-of-sequence message numbers that this might occasion, it
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would be desirable to insert a one line comment immediately after the first line
(SEISMO etc ) of the message text, of the form :

((RETRANSMISSION OF Nxxx, AS REQUESTED))

It 1s however appreciated that, particularly in cases where the national seismic
and GTS centers are geographically separated, such editing of messages may be
difficult to achieve It is also understood that some seismic centers can receive
inwards messages from the national GTS center only by mail several &ays after
the event, and that delays in complying with retransmission requests may occur.

2.8 Additional Information Requested of Participants

Each participant in the International Data Exchange is requested to supply,
both to the conveners of Study Group 5 and to those organizations operating
International Data Centers, the following information:

(1) The UTC time at which WMO/GTS messages will be sent from the national’
GTS center.

(2) The frequency of such transmissions (daily, daily excluding weekends, or at
less frequent but fixed intervals)

(3) The codes and locations of the selsmic stations from which data will be sup-
plied.

(4) The anticipated delay between the date of level 1 data and that on which it
is transmitted. . -

(5) A point of contact, prefarably a single person, and a telex or telephone
number. For the latter, an indication of the UTC times of day at which ths
point of contact is available is desirable.

This information should be supplied at least ane month befors the com-
mencement of the experiment. Changes in this information (addition of new sta-
tions, etec.) are best provided in WMO/GTS messages using the comment facility
provided by the international seismic code.
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CARETER 3

Procedures for Prototype International Data Contoers (IDCs)

3.1 Introduction

Detalled seismological and operational procedurcs nave becn developed for IDCs
and applied successfully during the oxperiment carried out during October and
November of 1982. Thesc procedures are described in detail in Appendix 7 of tne
Third Report of the Ad Hoc Group. This chapter thereforc consists mainly of a
brief summary of that contents of the appendix, with some new material which has
been considered necessary in the light of thc application of the procedures given
therein during the 1982 experiment.

3.2 Data acquisition and coamparison

3.2.1 Logging of WMO/GTS messages

Each IDC is assumed to have a reliable (preforably computer-computer)
connection to the national GTS centre. The time of receipt of cach message at
the national GTS centre should bc recorded, as unduly long transmission times may
indicate problems somewhere on the WMO/GTS. The general form of the message logs
to be maintained by an IDC is given in 5.20 of Appendix 7. The information
required for the message logs, as they rclate to WMU/GTS messages, are obtained
from the abbreviated heading (see 2.3.3) and message number (2.3.4). This
information will, provided that the procedurcs described in Chapter 2 for the
exchange of Level 1 data arc strictly adhered to by the contributors, be unique and
sufficient.

The following table, listingthe first mdssages received from Australia, Japan
and the United Kingdom on the third day of the 1982 cxperiment, is an example of a
message log:

Month  Abbreviatced Heading Message&  Time of & Lines

Receipt
0CT SEAU1 AMMC 262215 N2016 262241 115
OCT SEJPY RJTD 270400 NOO1 270411 21
OCT SEUK1 EGGR 271000 Nzo22 271009 19

Taking the first entry as an example, the abbreviated heading contains the
unique identifier of the contributor (SEAUl AMMC 1s Melbourne, Australia) and the
day dd (of the month) and the hour hh and minute mm of transmission in the
form ddhhmm (=262215). The month to which dd refers must be added by the IDC as
it is not supplied in the heading. The unique message number assigned by tne
contributor, which immediately foliows SE1SMO in the first line of the text, is
given in the third column and the time of rcceipt at the national GTS centre to
which the IDC is connected appcars in the fourth column.

The final column may be considcered optional; 1t 1s the number of lines
(excluding blank lines) from the starting line through the end of the massage,
denoted by NNNN. While comparisons between IDCs of the number of lines is to be
by no means considered a substitutce icor the oxact comparison of messages described
below in 3.2.4, differences in its value betwcen IDCs can act as an early
indication of incomplete messages.
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3.2.2 Logging of other messages

Messages may be received at the IDC's by means other than the WMO/GTS.
Examples of such messages may be confirmatory air mail copies of WMO/GTS messages
sent by contributors of Level I data to the IDCs and Level II data requests. All
messages, whatever their source and means of transmission, should be logged at the
IDCs in a form consistent with that suggested in section 5.20 of Appendix 7.

3.2.3 1Interconnection of IDCs

A reliable and efficient means of transferring fairly large volumes of data
between IDCs is essential to ensure compatibility and completeness of data archives
and to make agreement on a final bulletin possible. The most suitable form of
such a connection would be a direct computer to computer link. Such a connection
was established between Sweden and the United States for the 1982 experiment,
using a relatively cheap commercial packet-switched network. Several million
characters of information were successfully transferred between the United States
and Sweden using this link.

An electronic mail system was found to be particularly valuable during the
1982 experiment and is considered much superior to voice telephone connections,
particularly for the purposes of discussion.

The interconnection between IDCs should be established and thoroughly tested
well before the commencement of any experiment.

3.2.4 Inter-IDC exchange of WMO/GTS messages

It is essential that each IDC has a complete and identical set of all WMO/GTS
messages. In order to achieve this objective, it is not, however, necessary that
each IDC transmits all the messages it has received to all other IDCs. The most
suitable procedure is that each IDC acts in turn, for a time interval of one week,
as the COMPARER. The other IDCs send, daily at preset times, copies of all messages
that they have received during the previous day, from 0000 to 2400 UTC, to the
COMPARER. They should at the same time send copies of their message log, of the
form described above in 3.2.1, for the same time interval.

3.2.5 Comparison of WMO/GTS messages

The IDC which is functioning as the COMPARER first acknowledges receipt of all
messages sent to it by the sending IDCs. Initially, it compares the message logs
in order to uncover transmissions which were not at all, or only partially,
received by itself or any of the senders. If a sender has a message that the
COMPARER does not, COMPARER adds that data to its input. If COMPARER has received,
either directly or from one of the senders, a message that another IDC does not,
it sends a copy of that message to the IDC in question. Receipt of such messages
should be acknowledged by the IDCs.

The COMPARER now carries out an exact character-by-character check of the
contents of each message as received by all IDCs. While this could be carried out
by eye, it is preferable to do this using automatic file comparison programmes
which are now provided by many computer operating systems. The same message as
received at different IDCs should differ only by the starting line (see 2.3.2) which
is attached by the receiving national GTS centre.
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If after comparison of each message as received at all IDCs, the best version
still appears from its structure or text to be incomplete, retransmission is
requested from the contributor of the message in question. If a message is missing
(none of the IDCs received it, and message sequence numbers (see 2.3.5) indicate
that it was sent), retransmission is requested.

The IDC which is functioning as COMPARER prepares a reconciliation report
listing differences in copies of all messages and recommending appropriate action
in each case. Only COMPARER requests retransmission.

It should be noted that the functions of the COMPARER apply not only to WMO/GTS
messages containing Level I parameters, but also to Preliminary Event Lists
(see 3.5.1 below) and Final Event Bulletins (3.5.3).

3.2.6 Procedures for requesting retransmission of WMO/GTS messages

Direct point-to-point, rather than broadcast, transmission of messages 1is
theoretically possible but practically difficult to achieve over the WMO/GTS. For
this reason it is not desirable that retransmission requests are issued directly
and solely to the originator of the missing or incomplete message.

The most practical method is that the COMPARER sends, at a fixed time daily
(if necessary) a broadcast message, or messages, listing the GTS code of the
contributor and the numbers of the missing or incomplete messages for that
contributor. An example of such a retransmission request is given in Annex A8-IV.

Each COMPARER is responsible for requesting retransmission only of messages
which should have been received during the (one week) time interval for which it
wag functioning as COMPARER. This means that an IDC which is no longer
functioning as a comparer of currently incoming Level I data messages may still
request retransmission of messages expected during its period(s) of duty as
COMPARER. 1In the event that no retransmission request has been complied with for
more than one week, the IDC currently functioning as COMPARER will directly contact
the contributor in question by telephone or telex.

5.3 Bulletin generation - Level I data

The first two reports of the Ad Hoc Group (CCD/558 and CD/43) described only
briefly the procedures suggested for the definition of seismic events and the
association of Level I data leading to an output seismic bulletin. Chapter 7 of
the third report, and the corresponding appendix, define these procedures much more
precisely. The specifications given in that appendix attempt to describe the steps
taken to generate an event bulletin from Level I data in sufficient detail that
computer codes based upon their prainciples should provide an essentially identical
bulletin given the same input data. Appendix 7 both clarifies, and in some cases
suggests changes to, the procedures described in CD/43. These changes, where they
are made, are designed to best implement the objectives stated in section 6.5
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"

The following subsections (3.3.1 through 3.3.10) briefly summarize the chief
points of Appendix 7. The appendix itself indicates where changes or additions to
the principles laid down in CD/43 have been made and justifies these actions.
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3.3.1 Event definition

The following phases may be used for event definition and are designated as
defining phases:

Teleseismic P (25<distance <100 degrees)
PKP (intial DF branch only)

Local P and S (distance<25 degrees)
(even in the absence of local travel time-tables)

One of the following two 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 is considered to be three observations)

Two defining array observations at arrays more than 20 degrees apart.

Defining observations used by these criteria must consist of single station or
array observations of defining phases, with final residuals (after convergence of
the location procedure) of less than 1.5 a _priori standard deviations. These
a_priori standard deviations are:

Teleseismic P 1 second
Local P, including Pn, Pg and P* 3 seconds
Local S, including Sn, Sg and S* 5 seconds
PKP (DF branch only) 1.5 seconds

Array observations: slowness vector
Teleseismic 1.5 seconds/degree
Local 3.0 seconds/degree
Local S and the crustal phases Pn, Pg, P%, Sn, Sg and S®) may be used as
defining only if reported as such. P and PKP observations must have been
reported as primary arrivals identified as P, PKP (for association as PKP only) or
without phase identification.

3.3.2 Initial epicenter determination

Starting solutions for the association and location procedure may be provided
by array observations, "local' arrivals, or combinatorial approaches, as detailed in
section 3.5 of Appendix 7. Each hypothesis thus provided is tested by searching
for arrivals consistent with the initial location: these are then passed to the
hypocentral location programme.

If the solution converges, the event is accepted, provided that it satisfies
the event definition criteria given above in 3.3.1 and also satisfies certain rules,
detailed in Appendix 7, section 3.5, applied in extending the group of defining
arrivals beyond those used in generating the starting solution.
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3.3.3 Hypocentral location technique

The arrival times consistent with the initial hypothesis are passed to a
hypocentral location program which minimizes, in a least-squares sense, the
difference between theory and observation. Truncation of the set of observation
may be necessary to achieve convergence; the rules for carrying this out are given
in section 3.6 of Appendix 7.

3.3.4 Depth determination

Special attention should be paid to depth determination in view of the
importance of such estimates for event identification, Depth is initially provided
from the hypocentral location program using only the defining phases specified in
3.3.1. A search is then made for possible depth phases, followed by relocation now
including pP and sP as defining observations. A depth phase may only become
defining if it has satisfied fairly stringent conditions described in section 3.7
of Appendix 7.

3.3.5 Removal of arrivals from further consideration

Arrivals corresponding to events with five or more defining observations at
four or more stations (note that this is slightly greater than the event definition
criteria) should be flagged such that they may not be used as defining observations
for later events, provided that they satisfy certain requirements detailed in
section 3.8 of Appendix 7.

Non-defining secondary phases may also be flagged as predicted, provided that
they satisfy the same conditions required for defining phases. The following
secondary phases are flagged for all events, if associated as such:

PKP(BC), PKP(AB), PP
For large events with more than 10 arrivals at distances greater than 25 degrees,
the following secondary phases should also be flagged, subject to the same
restrictions:

PcP, PKKP (all branches), PKPPKP (all branches), SKP (all branches)

None of the secondary phases affect the location of the event.

3.3.6 Association of short-period data

Arrivals may be associated to an event so that they appear in the event listing
even if they are neither predicted nor flagged according to the conditions given
above. The requirement for association is simply that the arrival time residual
lie in the range (-5 to +10 seconds). Note that arrivals may be multiply
associated if they are not flagged as being predicted. However, associated but
unpredicted arrivals may later become defining, whereas predicted arrivals may not.

Defining arrivals need not necessarily be predicted by the same event, and in
such a case are free to become defining to a later event. If they are also
predicted by the later event, they may no longer be defining arrivals for the
earlier event, and this may then lead to the earlier event being deleted if the
event definition criteria are no longer satisfied.
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3.3.7 Association of long-period data

The procedure for association of long-period surface wave data is described in
section 3.12 of Appendix 7. This section includes methods by which multiple
associations are resolved. Azimuth estimates, obtained from Rayleigh waves recorded
on long-period horizontal components, are particularly valuable in this procedure.

3.3.8 Consistency checks

Appendix 6.1 of CD/43 recommends the application of statistical procedures
involving not only stations which have reported signals but also those which have
not. This information is combined with a priori estimates of detection
capabilities of the individual stations for events in various regions, in order to
establish whether or not a certain association of arrival times fulfils a preset
probabilistic requirement for defining an event.

This method should be applied to the association of both long- and short-period

data. In practice this technique occasionally causes problems, and refinements and
changes to the method are currently being studied.

3.3.9 Magnitude calculation

Individual station body-wave magnitudes are to be computed using the amplitude
and period observations, corrected for distance by the Gutenberg-Richter
amplitude-distance relation, for defining arrivals only.

Individual station surface-wave magnitudes should be calculated using the
"Prague" formula as suggested in CCD/558.

Event magnitudes should be computed from the individual station magnitudes both
by simple averaging and also, since this may often be strongly biased too high, by
maximum likelihood techniques.

3.3.10 Association of identification parameters

Identification parameters (complexity, spectral ratio 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 parameters 1s
unclear and such averages will not be computed unless specifically requested.

3.4 Bulletin comparison and distribution

3.4.1 Preliminary event lists

After a fixed time interval, each IDC prepares a Preliminary Event List (PEL)
which it then transmits in abbreviated form (see Annex AT-III to Appendix 7) to
all participants over the WMO/GTS and to the other IDCs over computer-to~computer
links. Since inter-IDC exchange and comparison of Level I data messages
(see 3.2.4 and 3.2.5 above) has already been carried out, and the same basic
procedures (see 3.3 above) have been applied to all the data received, these PELs
should be very similar.

Chapter 7 of the third report recommends that the time interval between the
preparation and transmission of the PELs, and the day for which the PEL lists
events, should be two days. In practice this time interval will primarily be
decided by the speed with which Level I data is measured, formatted and transmitted,
and a slightly longer time delay may prove necessary.
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The chief aim of the PEL is, firstly, to provide a basis for participating
countries to report further Level I data, and, secondly, to enable the various IDCs
to initiate discussions leading to =2greement upon, and publication of, the final
event bulletin.

One change from the PEL format described in Annex AT7-III of Appendix 7 of
the draft third report is considered desirable. The origin time should be
specified to the nearest second, the latitude and longitude to the nearest
hundredth of a degree, and the decpth to the nearest 10 km. During the 1982
experiment with synthetic data it was found that the much less precise specifications
(to nearest minute, degree, and depth given simply as S for shallow or D for deep)
were not adequate for the purposes of initiating discussions on a final bulletin.

3.4.2 Reconciliation of preliminary event lists

After all PELs have been transmitted and recaived by all IDCs, negotiations
commence with the aim of converging on a final event bulletin. While this is taking
place, additional Level I data for the day in question may still be arriving, and
the process of exchange and comparison of these Level I data messages continues in
parallel with the bulletin discussions.

After some cut-off time (suggested as 7 days in Chapter 7 of the third report),
no further Level I data will be considered for use in the final bulletin.

An electronic mail system, as described in 3.2.3, is virtually essential for
the inter-IDC discussions as many exchanges may be required before agreement on
the final bulletin is reached.

3.4.3 Final event bulletin

After consensus has been reached between all IDCs, the final joint bulletin is
prepared and distributed. An abbreviated version, containing basic event
parameters only, is transmitted over the WMO/GTS by each IDC. The full bulletin,
including a complete description of all Level I parameters associated to each event,
as well as a list of all unassociated arrivals for the time period covered by the
bulletin, is distributed by mail to all participants. The formats of the final
event bulletin are given in Annexes V and VI of Appendix 7 (WMO/GTS and full
versions respectively).
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CHAPTER 4

Exchange of Level II Data

Level II data consists of waveform data, whether digital or graphicsl,
"segmented" or "continuous". The principal and most widely used mediumfor the trans-
for of digital waveformdata is magnetic tape. Other modes of exchange, such as land
or satellite telephonic transmission, are routinely used. Although CD/43 makes
noté of the fact that an IDC "should be equipped to handle waveform data supplied
in any reasonable format®, experience has shown that some degree of
standardization is desirable.

4.1 Tape Format for Exchange/Storage of Level II Data

The most stringent requirement to be placed on the design of a standard tape
format for Level II data exchange is that the tape format itself should be clearly
specified and adhered to. Tape records must be included which contain enough
descriptive information for data reconstruction, and documentation must be
provided which should permit development of a computer program for tape reading
and writing on as many different machines as possible.

A tape format for data exchange and storage is proposed in Annex V; it
results from an intensive effort to define a durable format for tapes used to
archive digital seismic data. The principal feature of this format is that it has
been written to conform to a particular standard, namely ANSI standard X3.27-1978.
Preliminary experiments indicate that this feature greatly simplifies tape transfer
of information from one computer to another, possibly of different type. A
possible tape data file format is also described in Annex V. Although this format
is adequate for level II data exchange between a number of existing facilities,
it is recommended that further experiments be conducted to examine the trade-off
between compactness of the storage medium and the general convenience and
availability of the medium. Specifically, it is recommended that experiments be
conducted using 1600 BPI (instead of 6250 BPI) tapes, and that ASCII data
representation (instead of 32-bit binary) be tested. Only with such experience can
a generally acceptable format be established.

4.2 Inter-IDC Exchange of Level IT Data

Requests for level II data, for example waveform data requested of one nation
by another, will be relayed through the IDCs. One IDC, presumably that with the
best communications with the source of the level II data, will raquest and acquire
the level II data. This data must then be transferred to the other IDCs. For
speed of transfer, and bearing in mind that direct computer-to-computer
connection exists between the IDCs, data transfer by tape is not desirable and
direct file transfer is preferable. Annex A7-II of Appendix 7 describes a
suitable format for such file transfers. This format could also, of course, be
used to transfer data from individual participants to the IDCs if direct
computer-to-computer links exist between the national data center and one of
the IDCs.
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ANNEX AB-]
Sample Analyst Worksheet for Level 1| Parameters

NOTE: All times to be corrected for instrumental group delay.
All amplitudes to be converted to ground motion in nm.

Short Period Vertical Component

(¢ lcode It |arrivaltime!period! amp. Inote
X X___{First arrival
X[M1X X A, (0-8 sec.)
X[M2X X A, (6-12 sec.)
X M3X X A, (12-18 sec.)
XiMeX X A, (18-300 sec.)
X INA X X X Neise amplitude
X INT X X X__{Noise perjod
X Secondary phage
Secondary phase
X Secondary phase
Secondary phage
X Secondary phage
X Secopdary phase
X Secondary phage
X
X e
Short Period Horizontal Components
_c |eods arrival time | period | amp, inote

X X __{S-wave arrival time, clapity 1

i

3
/]

Fﬁk SIS
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Long Period Vertical Component
e icode If !|arrival time | period | amp, |note
X X __[First errival
X|MLP X Maximum amplitude Ay :
X INLPA X X X oise amplitude before P |
X INLPT X X - X __{Noise period before P
X X Secondary phase
X X Secondary phase
X X Secondary phase
X X e
X X Secondary phase
X X Secondary phase
X LR X p.4 X wave onset
X IMLRZ X : Rayleigh wave maximum |
X MiL X Rayleigh max (10 sec. gegod) ‘
XiMaL X Rgmmnm&_(zg_w)
3L, X
X {M4L X Rayleigh max. (40 sec. gegog)
X INLPA X X X Amp. of nojse before LR
X INLPT X X X ___IPeriod of same
Long Period Horizontal Components
¢ lcode _If _period | amp. Ipote
S X X X {S-wave arrival time t
X IMSLPN_IX
X IMSLPE IX
X X
X X
X X
X X
X X
X X X
X [MLON X
X E X
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Additional Parameters (Array stations only)
code value note
SLO (in sec./deg.) )
AZ | (indeg) Azimuth to epicentre (SPY
DIS (in deg ) Inferred distance to epicentre
LAT (indeg ) Ipferred latitude of epicentre
rQT erre e
MB m, ( from M1X)
SLOLP Slowness (long-perjod)
[AZLP Azimuth (LP)
NS M, ( from MLRZ )
MSH M from MSLPN/MSLPE

Additional Paremeters (Certain digital stations only)

_value(s) note —
c Complexity

—

Spectral Vector

NOTES

X - denotes measurement not epplicable

¢ - denotes elarity indicator (I or E)

f - denotes first motion determination (C,D etc)
code - where given, as required for parameter
amp. - amplitude
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Annex A8-II
THE INTERNATIONAL SEISMIC CODE

CODE FORM

The following statement is the generalized code form for the routine
reporting of basic seismic data from any number of stations, for any
number of seismic occurrences:

SEISMO“HSGNOBINIT(I,I)UEVENT(I,I,1)3..-3INIT(i.j)¥EVENT(1,j,k)ﬂSTOP

wvhere ¥ 1s a delimiter (usually a space), k represents the kth
occurrance of an EVENT group for a givem combinaticn of i and j, and the
delimited groups are either symbolic words, or dummy words representing
variable collections of sub-groups.

SPECIFICATION OF SYMBOLIC qu DUMMY WORDS AND LETTERS
SEISMO Symbolic word prefixing this type of seismic message-.

MSGNO Includes the ordinal number f£rom the first seismic
message ©Of the calendar year. Used to detect the
non-receipt of a previous seismic message. Should not be
confused with external message number. This optional
group has the form:

Ryn

vhere;

. § is a prefix.

y is the last digit of the year of
transmission of the mwmessage (unot
necessarily the year of the data).

n 43 the 1 to 3 digit ordinal mpumber itself,
based on the number of these seismic
messages, originating with a particular
petwork or agency or relayed from another,
and not corresponding to individual
stations in a network.

INIT(4,3) The INIT(1,}) group as shown in the generalized code form

above, is a dummy group representing any legitimate
combination of one or more of the following initializer
groups vhich may occur in series with each other:

STA(1) represents the ith occurrance of a3tog 5
character international station
abbreviation. It is required for INIT(1,1)
and whenever a change in statiom occurs.
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DATE(J) represents the jth occurrance of a DATE
group. The date (UTC) d4s based on the
arrival-time of the £irst phase 1in the
following EVENT group. It is required for
INIT(1,1) and.vhenever a change in date
occurs. DATE comnsists of the following;

wrmdd
vhere;
mom is the 3 character month
{dentifier.
dd is the 1 to 2 digit day of
month.

Those contributors with more than ome
station should ceonsider the following
statement:

By slloving either 3 (i.e. the date) or &
({.e the station) to change more rapidly,
one may order data either by space-time
events (hypocenters) or by statiem.

SPMAG is an opticmal £field containing the
standard magunification of a recording
vhose short-period trace amplitudes may be
4ncluded in a following event. Information
on the relevant instrumentstion must have
been furnished to the recipient. SPMAG
consists of the following:

sk

wvhere;

B is ‘- the short-period
vertical magnification in
thousands. A decimal point
may be necessary.

K 48 a suffix denoting this

gTOUP.

LPMAG is en optional field containing the
gstendard wagnification of a recording
whose long-period trace zmplitudes may be
4ncluded in a following event. Information
on the relevant instrumentation must have
been furnished to the recipient. LPMAG
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EVENT(1,]3,k)

consists of the following:

1M
where;
1 is the long-period vertical
magnification.
M is a suffix denoting this
groupe.

The SPMAG & LPMAG groups are always
optional when the recipient i1s kmown to
have a record of the current operating
magnification(s) of the default
instruments. Inclusion of either of these
groups is optional because they serve only
as a check on the values stored in the
recipient’s computer data bank. If the
operating magnification is changed, the
sender should start a new message with the
new magnification and . include a
plae-language comment in the first EVENT
f£field confirming that a change has
occurred. Otherwise, it will be
considered an error. These groups are
never included vhen the relevant
amplitudes are ground szmplitudes or by
stations who never send amplitudes.

The standard wmagnification 4is that
magnification, at the nominal period, to
which the instrument magnification factor
is normalized to 1. The period to which
magnifications are normalized varies with
the instrument type, but is generally 1
second for short-period instruments and
that periocd at vwhich the instrument
magniffcation peaks for Tong-period
instruments.

is a station-event group, i.e. 3ll of the data from =a
single seismic source, as recorded and interpreted from
any number of instruments at a single site, or as
ascribed to a single station as in the case of slowness
or phase velocity. The format of EVENT(1,3,k) is:

IFASEYTAMPYSFASE (1) ¥. . . BSFASE (n) ¥ SFCESLOWECOMM

where { = 0 to n, and:



IFASE is the initizl phase-time group in the
form;
PRASEhhmmsss
vhere;
PEASE 48 a 1 to 5 character phase

hh

code vwhich may include an
onset prefix (accuracy
indicater), and -
first-motion suffix.

is the 2 digit hour.
is the 2 digit minute.

is the seconds and decimal
fraction  thereof. This
group should be quoted only
to the precision actually
obtained 4n scaling, but
must contain &t least 2
digits. A decimal point is
required ocnly if the time
dncludes Tthundreths of a
second.

is the period and amplitude of the first

phase based ca .2 short-périod vertical
recording. This optional group bhas the

form:

Tt.t Asa.aas

where;

a3.83a

is a symbol prefixing the
period.

18 the period 4n seconds.
Tae decimal point is
required unless the tenths
are Zero.

4s a2 symbol prefixing the
awplitude.

4s the amplitude {either
double trace amplitude in
millimeters or ground
amplitude 4n nanometers).
The decimal point i3
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required to indicate a
precision of less than one
wnit. Applitudes should bde
quoted only to the pecision
actually obtained when
scaling, generally 2 or 3
significant figures.

SFASE(1) 4s a secondary phase-time group. This
optional group has the form:

PHASEhhmmssas
where;
PHASE is the 1 to S5 character

phase code which may
include an omnset prefix
(accuracy indicator).

hh is the optional 2 digit
hour, required oanly when
the hour is not the same as
the hour of the preceding
IFASE or SPASE within the

EVENT groupe.
mn is the 2 digit minute.
s8ss is the seconds and decimal

fractions thereof. (same
format as in IFASE)

:Up to 23 SFASE groups may be included
in each EVENT group.

SFC is the wndifferentiated surface-wave
group. This optional group has the form:

LZ¥TrtAaa.aa¥LNYTttAaa.aa¥LEYTetAaa.aa

where;
1z is a symbol for the
vertical component groupe.
LN is a syzbol for the
north-south component
group.
LE is a symbol for the

east-west component groupe.



tt

83a.8a

is 3 symbol prefixing the
period.

is the period, in vwhole
seconds, of the
surface-vave component.

is the amplitude <Yeither
double trace amplitude in
millimeters'”* or grownd
axplitude in micrometers).
The decimal point is
required to indicate a
precision of less than omne
unit. Amplitudes may be
reported to 3 decimal
places, but should bDe
quoted only to the
precision obtained vhen
scaling, generally 2 or 3
figures.

The vertical- compozent
group may asppear alone.
Conversely, the 2
horizontal compoments may
appear without the
vertical. However, Dboth
horizental components
should appear together.

SLOW 48 reduced array data, consisting of
either of the following optiomal groups:

S10¥s.ssPAZ¥aaa

VEL\hrv.v].lAﬂm
where;

SLO is a symbolic indicator of
slowness data.

VEL is a symbolic indicator eof
phase velocity data.

BS.8 is the slowness in sec/deg.

VvV 4s the phase velocity in

km/sec.
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STOP

aaa is the station-to-epicenter
azimuth.
CoMM i8 additional information and couments.

This opticnal group has the form:

()

wvhere;

(¢ is a symbol indicating the
onset of plain lamguage
information which may or
may not be related to the
data to which it is
appendeﬂ.
sycbolizes plain language
information.

)) is a symbol indicating the

end of such informatione.
i3 the symbolic word ending the message.

is the symbol for a delimiter. Delimiters in all of the
above forms are shown only vhere they are required as
group separators. A delimiter may consist of ey number
or combination of spaces, carriasge-returmns or line-feeds.
Single spaces are permitted, but not required in other
positions, which will be 4illustrsted in following
discussiocns and examples.

By using vabrious or multiple characters for delimiters
cne may "columnarize" the data to dimprove visual
legibility.

WARNING

While encoding a SEISMO message, one should keep in mind
that it will be decoded by a computer program designed to
cope with only a limited number of deviatioms from the
prescibed format.
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APPENDIX A

This appendix d1llustrates a SEISMO message, comtaining datas from more
than one statien, in which the sender chose to group the data by station
({.e. the date varies more rapidly than the statiem). This is generally
the wmost coaveoient grouping method when the data from the various
stations are from different days, have been interpreted at different
locations, or have been collected regicnally and are then relayed to a
central observatory.

This example is then followed by a detailed discussion of each group in
the order in which they have been introduced in the example. We have
given 2 number of relaxations of the format vhich are acceptable, but
vhose useage is deemed poor practice.

EXAMPLE OF TELEGRAM TEXT

SEISMO N812 TUC 200K 3¢@PM APR3¢ IPCU17523¢3 T@.8 A38.8
152530 LZ T21A1¢0 LN T2¢A99 LE T20A161 SLO 6.84 AZ 357
DPIFU235511¢ PRPCU2358101 158452 ISKP@OP1401 MAYPY (P)0@37428
IPDP2¢#373 T2.9 AL3.6 IAPPAS552 EXPPl642 IPNCRBL19226
IPB19252 ISN19558 ISB20325 ELG23P69 ((DAMAGE VII YUMA,
MLS.8 D2.1)) IPCUP6G615¢ ESE9P68 IPCP10521 IAPCP11288
EXPCP11520 ESCP14¢8P EPUB15169 LZ T21A4.2 ((NREW STATION

AT BLACE BUTTE 34 DEG 24 MIN 28.6 SEC N, 1¢6 DEG &é

MIN 44.3 SEC W, ELEV 1524 M DATA WILL SOON BE SENT BY

TEL))

ALQ 4PPR 1500M APR26 IPGC1459884 (( STRIP MINE EXPLOSION 31 DEG

14 MIN N, 111 DEG 2 MIN W)) APR27 EPR1752241 ES1881446

LN T18A4.6 LE T19Al.3 IPDR1921367 ((LPZ,N,E OFF SCALE, LZ SCALED
FROM SPZ, DOUBLE TRACE AMPLITUDE EQUALS 72 MM AT 2P SEC)) EP2346178
((CORRECTION APR24 EP1543274 SHOULD READ EP1945276))

SRF APR23 (PN)@51422¢ IPG14324 ELG1517¢ IPGDE7£3162 ISGE3261
((ISMS ©334)) IPN12133¢¢ IAPN1343¢ IPB13512 ISN1443¢ STOP

Code EXPLANATION OF TELEGRAM TEXT

SEISMO is the message type identifier, amnd wmust aluays be the
first 6 characters of this type of message.

N812 1Indicates that this message is the 12tk such message sent
during 1978 by this station or network. The first few
messages of 1978 might have contained data recorded in 1977

UTC.

TUC 4is the internstional station abbrevistion for Tucsom,
Arizona.

ALQ and SRF are abbrevistioms for other stations being
gsent. As shown above, we strongly recommend introducing a
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28¢R

3¢00M

APR39

1PCU

carriage-retum and 2 line-feeds as a delimiter preceeding
the appearance of data from additional stations, when data
are grouped by station. This greatly enhances wvisual
scanning.

Use only the international station abbreviation code and
not the full name of the station. The 3 to 5 character
abbreviations are assigned by the U.S. Geological Survey in
cooperation with the International Seismological Centre.

is the short period vertical magnification in thousands.

Worldwide Stamdardized Seismograph Stations (WJINSS),
SEISMIC -RESEARCH OBSERVATORY (SRO), and IRANIAN LONG PERIOD
ARRAY (ILPA) stations reporting peak-to-trough short-period
body-wave trace amplitudes (i.e., double trace amplitudes),
in wmillimeters, must report their short-period vertical
magaification at 1 second in multiples of thousands (X).
For example, 208PK for 20¢@Pd, 12.5K for 12508, 6.26K for
625¢, and 3.125K for  3125. Stations reporting
center-to-peak ground amplitudes (in nanometers) must not

quote magnification setting.
is the long=-period magnificatiom

WWNSS, SRO, and ILPA stations reporting peak-to-trough
surface-wave trace awmplitudes (i.e., double trace
amplitudes), in millimeters, must report actual long-period
magnification selting at the period at which their
magonification 1is a maximum (i.e. 15, 25 and 25 seconds
tespectively). The letter M mumst follow the number. Both
short-period and long-period magnification settings may be
reported. Stations reporting center-to—-peak surface-wave
ground amplitudes (in micrometers) must not quote
long-period magnification setting.

is the date group and is decoded.as April 3fth of curreant
year.

This group is used to identify the date of the first EVENT
group reported and each change of date thereafter. Thus
this group need not be inmcluded with each event 1f there is
more than one reported per day. Any of the following forms
are acceptable: JAN@l, JANl, JAN {1, JAN 1; SEPT22,
SEP.22, etc. Moanths are identified only by the following:
JAN, FEB, MAR or MARCH, APR or APRIL, MAY, JUN or JUNE, JUL
or JULY, AUG, SEP or SEPT, OCT, NOV, and DEC.

is the initial phase identification, onset prefix (accuracy
indicator), and first motion suffix(es). ’

P Phase code
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Initial first arrival phase identificarions accepted by
the computer are P, PDIF (or DIF), PKP, PN, PG, and PB.
PN, PG, and PB are also accepted as secondary arrivals.

Frequently, 1in a8 preliminary interpretation of a
selsmogram, ome may not knov whether a particular phase
is 2 P or 8 PRKP, in which case a P should be reported.
However, first arrivals identified only with an bmset
prefix such as ( ), E( ), E, I, etc. will be assumed to
be P, and converted automatically to (P), E(P), EP, IP,
etc. Secondary arrivals identified as E, I, etc. will
be retained as E, I, etc.: they are treated as first
arrivals only if there is no associated primary phase.

Onset Prefix (accuracy indicator)

To ay phase code, one may prefix the onset codes E, I,
(), and E( ), as long as this field will not exceed 5
characters. However, it is not necessary to include any
such prefix.

Choice of E, T or ( )

For purposes of computing hypocenters, it is most useful
to employ E and I to denote the accuracy of the timing
of the phase for the first arrival, rather than the
character of the recording (which wmay depend on the
paper or film speed). For first arrivals with clear
first wpotions and timing which should be accurate to
vithin about +#.2 sec, I should -be used. TFor first
arrival times with accuracies between +(ff.2 to 1.f) sec
E should be used. If the uncertainty in the onset of
the £irst arrivael d4s greater than 1 see, E(P), (P),
(PN), etec. should be used.

The above criteria, of course, spply to readings taken
from seismograph systems having comparable chronometer
accuracies and drum speeds and trece widths =allowing
comparable resolutioms.

For secondary phases onsets will seldom, if ever, be
legible to within +#.2 second, and criteria for use of I
and E should be liberalized.

Although an onset may exhibit "nodal character”, mno
provision has been made for such information in the
onset codes. Any onset codes received as EI will be

processed as E.
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17523¢

CU First Motion Identifications

short-period compression
short-period dilatation (rarefactiom)
long-period compressicnm

long-period dilatation (rarefactiom)

b == N o]

The definition of long and short-period first motions is
left to the discretion of each observer, however, it
should be based on the instrument from which the first
motion was obtained and not the apparent period of the
signal. First motions obtained from intermediate-period
instruments should be reported as loang-period.

One may report either or bYoth short and 1long-period
first motions. Do not leave a blank (space) for the
short when only the long 1s reported. The 1long and
short need not agree with each other. If one has
assigned an e(P) to a first arrival onset time scaled
from a short-period instrument, one would ordinarily not
report a short-period first motiom.

Only clear first-motions are desired; there is no
provision for a first-motion quality indicator.
However, observers are encouraged to send first motions
whenever possible.

The onset, phase, and first motion field is rastricted t.
five digits; consequently the oaset portiocn may
occasionally be omitted as .it 1s the least important.
Appendix C gives a complete list of acceptable combinations
comprising this field.

is the initial‘phase arrival time, and is decoded as 17hr
52mn 3¢.3sec.

The d4nitial phase arrival times must always include the
hour.

A decimal point is not necessary to indicate tenths of a
second; however 1its use is allowed, and it is required if
two decimal places are to be indicated. Likewise, arrival
times may be given to the whole second. Do not fill in
decimal fractions of seconds with zeros, 1if it will yleld a

false precision.

If only six digits are reported, the time is assumed to be
to the nearest second, i.e. @1#2¢3 is interpreted as 91 92
$3, not as 0% 14 2¢.3; @1 @2 $3.4 is Interpreted correctly.

Spaces and decimal points in the arrival times are allowed.
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Exaaple:
Correct Incorrect

1752383

17 52 383 1752383.

175236.3 or 17523¢,3 1752343,

17 52 3p.3 *

Do not use 24 for mm hour. Example:

SEP3¥ IPC2452123 incorrect
OCT@#1 IPCPP52123 correct

Do not use a2 number larger than 59.99 for seconds wnless a
leap-second is involved.

Example:

OCT@1 IPR102464.5 incorrect

OCTPl IPRIP2564.5 correct

DEC31 IPD235960.3 correct for memth ending 4n a8 leap
second.

T9.8 A38.# are the period and smplitude of the short-period P
body-wave

This group must immediately follow the first arrival time.
The period and amplitude values must follow the letters T
and A respectively. For example, correct forms are T§.8
A3¢.¢ and T10¢ A¢o8. Bmver, Towgo, 110&8, and TMG
are also acceptable. Period and amplitude data should mot
be reported for phases known to be PRP. If uncertain as to
vhether a phase s PKP or P, report it as a P, and include
period and amplitude if legible.

ASSOCIATED SECONDARY PEASES
FORMAT

152538 Secondary phase codes, together with their omset eodes,
158452 1f eny, must not consist of more than 5 characters.
ISKPOPA1401

IAPGP552 These arrival times need include the hour omly whem the
EXP1842 hour differs from that of the preceeding phase of the
IPB19252 EVENT group, as in the case of the SKP time shown. Thus
IPG19272 if they are reported to the nearest whole second, thelr
etc. arrival times will consist of either 4 or 6 figures. If
reported to the mnearest teath of a second, without

including the decimal point, they will consist of S or 7

figures.

Likewise, a secondary arrival time need fnclude the minute
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only vwhen the wminute differs from that of the preceeding
phase of the EVENT group. However, such a degree qf
fragmentation of the data is not recommended, as experience
has shown that such data are more difficult to correct {if
there is an error or garbling in transmissiom.

Arrival times may be reported to hundreths of a second, in
vhich case a decimal point wmust be used.

Secondary arrivals must arrive within 66 min of the primary
phase: otherwise, they will be considered to be new
primary phases. One additiocnal requirement is that FG, PB,
and P*, when they are not primary phases, must not include
the first motion identifiers C, D, K, or U. Por example,
EPNG102¢3.4 IPGCA142(19.5 would be considered to be two
different events.

As many as 23 secondary phases may be d1ncluded with each
EVENT group.

Since an asterisk (*) generally cannot be sent by telegram,
phases P* and S* should be sent as PB and SB.

No first motion identification should be used for secondary
phases.

RELATIVE IMPORTANCE

The most important gecondary phases for hypocenter
estimation are those which give an indication ‘'of the depth
of focus. These include pP encoded as AP, sP encoded as
XP, pPKP encoded as APKP, Pg encoded as PG, Lg encoded as
1G. Also of great value are § phases f£for local and
regional shocks :when their onset can be read accurately
enough to yield a check on the computed origin time. They
are especially valuable for local and regional shoecks with
deeper than normal f£foci. Any strong phase following
teleseismic P by less than 2 min 30 sec, which might be a
PP but for which the interpreter does not wish to
definitely identify as pP, should be encoded as an E or 1I.
A pPcP and/or sPcP (encoded as APCP and XPCP respectively)
together with PcP will yield depth information from
stations which wmay be too close to the focus to record pP
or sP. The same consideration applies to ScP, PcS, and ScS.

Phases which are generally prominent on  short-period
vertical instruments which are of some value in hypocenter
estimation include PcP, ScP, PKKP and SKP. Identificatiom
of these phases by some stations may aid 4n the
identification of these same phases from other statioms
vhich have reported them as P. Such phases as PP, PPP, SS,
8SS, SP, PgPg, etc., are generally of lesser value in

routine hypocenter work.
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Phases closely following P which have much larger
emplitudes than P and may indicate a multiple or complex
event nmay be encoded as an E or I (these may also include
breakout and stopping phases),.or they may be encoded as
separate shocks i1f the interpreter has such evidence, or
desires to include their amplitudes.

1Z, 1IN, 1E ere the surface wvave cozpconent identifiers

Identify data following &as surface-wave period and
amplitude group. Z, N, and E dindicate the compcment.
These data must relate to the same earthquake described by
the preceding initisl phase identification.. Either the
vertical component alone (Rayleigh Wave) and/or the two
horizontal components may be reported. Average surface
vave magaitudes are computed using ely the vertical
component, although individual station magnitudes computed
from horizontal compoments are reported on the EDR.

T21A160 are the surface-wave period and amplitude

The surface-wave period and amplitude (see also 3p0@M
sbove) must follow the 1letters T and A respectively.
Decimal points are necessary to report decimal fractions of
the amplitudes. Amplitudes should generally be reported to
at least 2 significant figures. Seldom will their precision
be greater than 3 significant figures. Surface-wave period
and amplitude group must follow the companent they apply to
(e.g., LZ, 1IN, or LE). If nearly zero, plesse assign an
allowvable peried with the zero amplitude. If a borizomtal
compenent is not scalable because it is missing, off scale,
etc., do not report either horizental component. If the
horizontal periods differ, we assign them the value 2¢ sec
arbitrerily.

S10 6.84 AZ 357 are array data

Arrays now report Slowness in sec/deg (S1D) or Velocity d4n
km/sec (VEL), and station o epicenter Azimuth in deg (AZ).
These should follow the associated primary phase, secondary
phases, or periocd-amplitude group. The order d4s mnot
important. The group sbove could also have been reported

as VEL 16.3 AZ 357.
((——)) Additional Information and Comments

All additional dinformation must be enclosed within double
parentheses, and must come between the words SEISMO and
STOP. Any wmessages in double parentheses after the word
STOP will not be machine processed and will prodably be
lost. If 4t pertains to m event for vhich data are
included in this wmessage, the information, enclosed in
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STOP

double parentheses, wmust follow the data of that event.
Usually this type of information 1includes macroseismie
data, e.g. ((FELT IV AT RAB)), and magnitude information.
If a magnitude 18 sent based on a distance and/or a depth
which are not well known, the applied distamce (in
geocentric degrees) md/or depth (in km) should be
included, together with the magnitude value and scale, e.g.
((ML 5.8 D 2.1)), ((B 6.2 D 85 DEPTR 658)) . 1Other useful
i{nformation 4includes rockburst, coal bump, and blast
information; hypocenters supplied by your network; and amy
other commeat relative to the hypocenter, magnitude, or
depth determination, such as: ((probable double-shock, SPZ
amplitude refers to second shock)).

If the additiomal information does mnot pertain to any
particular data, it must be appended to the end of any
convenient event. Such information may include:
confirmation of a change in magnification ((SPZ changed
from 199K to S@K for winter, effective oCT16, 150¢Z));
corrections; supplementary informatiocn for events reported
on earlier messages; and information on new stations.
Please do not include comments such as SEP238 ((NIL)) or
SEP28 ((NO SIGNAL)). The correct method <&o send such
information 1s...SEP29 IP$522195 ((SEP28 NIL))... however
4t 418 not/necessary to send such information at all if the
MSGNO group is used. ’

The stop instruction turns off automatic equipment. It
must -come before a signature or confirmation. No matter
how long a telegram may be, confirmaticms should never come
before the STOP. Usually, commas (,), dashes (-), and
other symbols not shown in the sample message are ignored,
except in comments which are enclosed iz doudble
parentheses. ‘However, do not use a . or , at the end of a
message, because this can be confused with the decimal

point. Example:

EPF18283.4 STOP - Correct
EPFIP2834  STOP

EP$19293.4. STOP - Incorrect
EPF1920834. STOP

Please stress to the people preparing these telegrams and
these transmitting the telegrams that they must follow the
format exactly. The letter O and the number zero (9) must
be used correctly by the telegraphic operator, and mnot
interchanged. The same applies to the letter I amd the
number 1, especially following the letter T, for pericd.
Symbols which do not appear om all teletype machines are
transmitted by various upper case letters:
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Symbol Transnitted by

( figures (upper case) K

) . " L

, " " . X

? " " B

/ " » X

. " " M

( " " } <4

) ® » L

1f gyour teletype. key board does not contain the symbols
contained in the left column above, please transmit the
datg in the right ecolum.

Some stations or nets routinely send date telegraphically, and then send
their preliminary interpretations by. mail. They are requested to
indicate on their preliminary bulletins or 1letters, which data have
previously been supplied by telegraph, and vhich, if sny, are revisions
of such data or new data. When this is known, only the events which are
new or revised need be processed.

Some stations are nowv sending telegrams with only first arrivals, or
first arrivals and their period and amplitude, within a few days of
recording, and are then sending by mall reinterpretations within a few
weeks. they are urged to send their important secondary phases and
comments with their d4nitial telegrams, 41f these wmore ecomplete
preliminary interpretations can be sent with enly a2 short additienal

delay.

All first-motions with data received by airmsil will bde econsidered
short-period £irst-motioms unless identified =as long-period
first-motions on each message.
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APPENDIX B

This appendix fllustrates a SEISMO message which contains data from more
than one station in which the sender chose to group the data by date
(1.e. the station varies more rapidly than the date). This 1s frequently
the most coavenient grouping method when the signals are telemetered to
cne recording site from several seismometers.

In both versions frequent use of carriage-returns and Iline-feeds were
made not simply to separate the data by seismic event, but, in so doing,
to make the original copy more legible for the teletypist and others, in
preparing the message for tramsmissiom.

As long as the format rules are adhered to ridgidly, the computer
receiving the message does not "care” what it looks l1ike to the eye.
Bach seismological agency should, together with those transmitting their
messages, adopt a delimiter technigue best suited to their individual
situation.

Version I

SEISMO

MAR23
GIL IPC1919534 Tl.4 A463.0 ANV IPC1918485 SIT EP1920528 KDC EP1920528

PMR EP1919478 T1.0 A65.0 LZ T20A90.0 LN T20A30.0 LE T20A95.0
NRA EP19195058 GMA EP1919063

ANV EP1927248

CIL EP1953558 T1.5 Al107.0 ANV EP1952488 KDC EP1953356
NRA EP1953039

GIL EP2157109 T1.0 A25.0 ANV EPC2156570 KDC EP2156368 PMR EP2156557
T1.0 A75.0 NRA EP2156566 GMA EP2157029

GIL EP2226548 TO0.9 A4.2

MAR24
GIL IPC0052368 T1.0 A65.0 153255 NKI IPCO0S4070 GMA IPCO053149

NRA IPCO0S3162 KDC IPCO053018 ADK IPC0054325 PMR IPC0052459 T1.0 Al102.5
ES3305 154582 LZ T18Al14.0 LN T18A6.0 LE T18A12.0 ANV IPC0053275
SIT IPCO0S5158% MID IPC0052394 PMA IPC0053328

GIL_EP0122119 T1.3 A25.0 NRA EP0122002 PMR EP0122070 T1.2 Al6.3
ANV EPO121517
STOP
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VERSION 1I

SEISMO

MARZ3

GIL IPC1919534 T1.4 A463.0

ANV IPC1918485

SIT EP1920528

KDC EP1920528

PMR EP1915478 T1.0 A65.0 LZ T20A90.0 LN T20A30.0 LE T20A95.0
NRA EP1919058

GMA EP1919063

ANV EP1927248

GIL EP1953558 T1.5 Al07.0
ANV EP1952488
KDC EP1953356
NRA EP1953059

GIL EP2157109 T1.0 A25.0
ANV EPC2156570

KDC EP2156368

PMR EP2156557 T1.0 A75.0
NRA EP2156566

GMA EP2157029

GIL EP2226548 TO0.S A4.2

MAR 24

GIL IPC0O0S52368 T1.0 A65.0 153255
IPC0054070

IPCO053149

IPCO053162

KDC IPC0O053018

ADK IPC0054325

IPC00S52459 T1.0 A102.5 E53305 154582 LZ T18A14.0 LN T18A6.0
LE T18Al2.0

IPC0053275

IPCO051589

IPC0052394

IPC0053328

B2

5% 8

EP0122119 T1.3 A25.0
EP0122002

EP0122070 T1.2 Al6.3
ARV EPO121517

STOP

388 ¥4
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APPENDIX C

l. A. Llist of acceptable combinations of first arrival codes, onset codes,
and first motiom codes.

P PDIF PRY PN PG PB
EP EFPDIF EPK? EPN EFG EPB
IP IPDIF IPKP IPN IPG IPB
(P) PDIFC (PKP) (PN) (PG) (PB)

PC ¥DIFD PKPC PNC PGC PBC

D PDIFU PKPD PND PGD PBD
EPC PDIFR EPKPC EPNC EPGC EPBC
IPC DIF IPRPC IPNC IPGC IPBC
EFD EDIF EPKPD EPND EPGD EPBD
IPD IDIF IPKPD IPND IPGD IPBD

U (DIF) PRPU PNT PGU PBU
PR DIFC PRPR PNR PGR PBR
EFU DIFD EFKPU EPNU EPGU EPBU
IPD EDIFC IPKPU IPNU IPGU IPBU
EFPR IDIFC EPKPR EPNR EPGR EPBR
IPR EDIFD IPKPR IPNR IPGR IPBR
PCU IDIFD PKPCU PNCU PGCU PBCU
EPCU DIFU PRKPCR EPNCU EPGCU EPBCU
IPCU EDIFU FKPDU IPNCU IPGCU IPBCUO
PCR IDIFU PKPDR PNCR PGCR PBCR
EPCR DIFR EPNCR EPGCR EPBCR
IPCR EDIFR IPNCR IPGCR IPBCR
PDU IDIFR PNDU PGDU PBDU
EPDU DIFCU EPNDU EPGDU EPBIU
IPDU DIFCR IPNDU IPFGDU IPBDU
PDR DIFDU PNDR PGDR PBDR
EPDR DIFDR EPNDR EPGDR EPBDR
IFDR IFNDR IPGDR IPBDR

B. Since the onset codes E, I, and ( ) refer to the accuracy of the
timing of the onset of the phase and not to the quality of the
first motion, the following are also valid combinations:

(P)C (PN)C (rG)C (PB)C
(P)D (PN)D (PG)D (PB)D
(P)U (PN)U (PG)U (PB)U
(P)R (PN)R (PG)R (PB)R
(P)CU
(P)CR
(P)DU
(P)DR

These combinations could arise 4f ome had poor chronometer
accuracy, but a clear first motion; or. a noisy short-period
instrument from which times were scaled, and first motions taken
from long-period instruments.
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List of acceptable condbinations of phase codes and onset codes
that may be either first arrivals or secondary phases.

PN
PB
PG

EPN
EPB
EFC

IPN
IrB
IPG

(PN)
(PB)
(PG)

Pirst motions can only be appended to these phases when>they are

a first arrival.

List of acceptable combinations of secondary phases and their

onset codes.

APR
XPN
SN
SB
SG
PGPG
SGSG

PCP
APCP
XPCP
PCS
SCp
ASCP
XSCP
SCs
RPCP
RSCS

EASCP

ESCS
ERPCP
ERSCS

IXPCP
IPCS
1sCcr
1ASCP
IXSCP
IsCs
IRPCP
IRSCS

(APR)
(XPN)
(sK¥)
(5B)
(sG)

(16)

(AP)
(XP)
(s)
(xs)
(PP)
(APP)

(XPP)
(ss)
(PPP)

(sss)
¢PS)

(sP)

(SPP)
(APS)
(PPS)
(XSP)

(PCP) ’

(PCS)
(scp)

(scs)
(RPCP signifies PcPPcP)
(RSCS signifies ScSScS)
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APKP EAPKP IAPKP
XPKRP EXPRP IXPKP -
SKS ESKS ISKS {SKS)
PKS EPKS IPKS (PKS)
APKS EAPKS IAPKS
XPKS EXPKS IXPKS
SKP ESKP ISKP (SKP)
PKRP
PRXP EPRXP IPKXP
SKKS ESKXS ISKXS
P3KP EP3KRP IP3KP
P4KRP EP4LKP IP4KP
PSKP EPSKP IPSKP
P6RP EPSKP IP6KP
P7KP EP7KP IP7RP
RPKP ERPKP IRPKP (RPRP signifies PKPPKP)
RRPKP (signifies PRPPKPPKP)
SKSP ESKSP ISKSP
G EG 16 (G)
T ET 1T (T)
IT EIT ITT (TT)

Phase codes without the onset prefix are accepted. However, use
of the onset prefix as an accuracy indicator is encouraged,
except where such use would lead to a field of more tham S
characters.

P° and P* are alternate phase code designators for PKP and PB
respectively. They are acceptable to computers processing selsmic data,
and may thus be exchanged by computer links or by air mail. However, "’"
and "*" are generally not available to teletype cicuits, so PKP and PB
are the preferred codes for teletype data evem i1f the originator 1is
capable of sending "’" or "*".
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Annex AB-TIII

Extensions to the International Seismic Code

1. Introduction

The International Seismic Code, as described in Annex AB-I], 1s not adequate for
all the requirernents of the proposed International Seismic Data Exchange, due
to the defimition of new parameters by the Ad Hoc Group. This appendix
describes the necessary additions to the code. These have been previously
specified 1n some detail on pp 22-30 of CD/43/Add 1, but some problems with
those specifications have come to Light in the wake of the WMO experiments of
October, 1980 and November/December, 1981. Three types of difficulties were
experienced.
a) umproper hendling of essential information (e.g.. reporting interval and
downtime information) when it is enclosed in double parentheses (i e.,
when it looks like commentary) (It should be noted that CD/437Add 1.
on page 23, mentions the undesirability of treating reporting interval
and downtime as comments )
b; the fact that some phase identifiers (e.g., MLR) duphcate station names
¢) the lack of definitive event delimiters

1t has been necessary to modify the specification given in CD/43/Add.1 very
slightly to overcome these problems. The modifications occur as changes to
items 6 and 7 1n the description of the format, a new item 8 (event delimiter),

and)a new name {MLRZ) for parameter group 37-38-39 {maximum amplitude of
LRZ

2. Description of the Format .

The proposed format, which 1s described in detail in Tables AB-III(1) through AB-III(4), is 1n
most respects identical to the International Seismic Code, However, the following deviations
should be noted.

(1) Numbering

The messages originating from each national facility will be consecutively numbered
starting at the beginning of each calendar year. The general form of the number is Nyn
where N 1s a prefix, y is the last digit of the calendar year and nis a pumberof 1 to §
digits.

(2) Additional phase 1dentifiers

As described 1n detail in Tables AB-1I1{1) and AB-111(2), several new phase identifiers will be

needed compared to the International Seismic Code. Each of these 1s to be followed by

the corresponding arnival time, period and amplitude in accordance with standard

?ractxce Note that all the amplitudes of these new phases will be quoted in nanometers
nm).

(3) ldentifiers for parameters

Again referring to the Tables AB-III(1) and AB-III(2). a number of new identifiers
corresponding to specific computed parameters will be needed.
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(4)

(5)

(8)

(7

(8)

Later phase information

For each later phase, the maximurn amplitude (quoted in nm) and corresponding period
that i1s associated to the phase will be reported. For horizontal instruments the
component on which the measurements were made might be specified a$ a suffix (E or N)
immediately following the phase identifier However, care must be taken not to exceed
the maxymum length (S characters) of a phase identifler.

Additional comments
Grouping of readings

Readings from short and long period instruments for the same phase should be grouped
together. When the time of arrival is determined more accurately on the SP instrument.,
the arrival time on the LP instruments need not be given, but the long period maximum
a.mphtuge 1dentifier should be followed as usual by its associated arrival ime, period and
ampltude.

Reporting interval

The tume 1nterval covered by the transmutted message should be specified using the
identifiers BEG (beginning) and END: for example:

((BEG APRO1 120000 END APRO2 120000))

Note: In case of a station transmitting a group of messages, e.g., once per day, the first
message may contain the reporting interval for the entire group. If so, the number of
messages (NM) in the group should be appended as, a.g.,

((BEG APRO1 120000 END APRO2 120000 NM7))
Down-time information ’

It a station has been out of operation. this time interval should be reported as OUT (date,
time) followed by TO (date, time). This reporting should be made as soon as possible
after the station i1s back in operation.

((OUT SEPO2 191530 TO SEPO2 223515 ))

Partial cutages are reported with a component identifler following the downtime
identifier OUT. )

((OUT LPZ MAY02 1330 TO MAYO2 1600))

Additional explanation may be included 1n brackets as found necessary
Event delimiter

In ISC (International Seismic Code), the start of a new event is signalled by the
occurrence of one of eight accepted first arrival phase names. In eflect, these phase
names are used as event delimuters.

The protocol for parameter reporting defined in CD/43 allows other phases to be
reported as wutial arnivals, for example, utial S phases, body waves on long-period
instrurments with phase 1dentifiers 1dentical to those reported from short-period
instruments, and Rayleigh and Love waves not associated to any short-period arrivals.
These irutial phases conflict wmith the ISC convention.
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A repetition of the station i1dentifier should be used between events as an event delirniter

when reporting non-1SC-standard 1rutial phases. (The ISC-standard irutial phas
PDIF (or DIF). PKP. PN, PG, and PB.) phases are P,

(9) Large Local Sequences

During a large local earthquake sequence a comment (enclosed in double
parentheses) such as "a local sequence took place between (time A) and
(time B)" may be used to report aftershocks which are smaller by

two magnitude units or more than the main shock of the sequence,

i.e., M € Mgay = 2, or in the case of & swarm 1f M € Mpgx = 1.
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Table AB-11I(1)
Proposed iudentifiers for Level 1 short period paramaters
Type Proposed
of Component Parameter Identifler
Wave
P Vertical (a) Standard parameters - stations
of types I, Il and IIl.
1. Arnival time g
2. First-motion sign and clarity i
(it readable)
3. Amplitudes A
(i=1.....4)
4. Arrival times corre MIX M2 MIX M4X**
sponding to each A,
S. Periods corresponding
to each A
6. Noise amplitude, Ay NA
7. Period corresponding NT
to Ay
8. Secondary phase description:
Amplitude .
Period .
Arrival time .
9. Complexity CMPX
10. Spectral moment, ratio SPMM, SPRT, SPVT

or vector
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S Horizontal 11. Arrival time °
12. First-motion clanty .
13. Maxamumn amplitude, A,
en each horizontal
component
14. Arrival times corre- MSE, MSN°**
sponding to each Ay
15. Periods corresponding
to each A,
16 Secondary phase description:
Amplitude .
Period .
Arrival time .
T Vertical S3. T-phase description
Amplitude *
Period *
Arrival time *
P Vertical (b) Additional standard parameters
(type I stetions only
17. Apparent slowness .
18. Epicenter azimuth and s VIS
distance
19. Epicenter latitude and LAT, LON
longitude
20. Origin time oT
21. Magnitude m, MB

*  Form employed in the International Seismic Code should be used.

*» Each phase identifier is followed by arrival time, period (T) and amplitude (A) according
to standard conventions.



CD/448/Add.1

Appendix 8
page 38
Table AB-III(2)
Proposed wdentifiers for Level 1 long period parameters
Type Prdposed
of Component Parameter Identiffer
Wave
P ' Vertical (e) Standard parameters -
gtations of types I,
O and Il
22. Arrival time .
23. First-motion sign and
clarity .

24. Maximumn Amplitude, A,

25. Arrival time MLP**
. corresponding to Ay
26. Period corresponding
to Ay
27. Noise amplitude, Ay NLPA
28. Period corresponding NLPT
to Ay
29. Secondary phase
description:
Amplitude .
Period .

Arrival time .



Horizontal

Vertical

30 Arrival time
31. First-motion clarity

32 Maxumum amphtude, A,

on each horizontal
component

33. Arrival times
corresponding to each

34. Penods corresponding
to each Ay

35. Secondary phase
description:

Amplitude
Period

Arrival time

36. Arrival time
37. Maximurm amplitude, A

88. Arrival time corresponding
to Ay

38. Period corresponding
to Ay

40. Maximum amplitude for
periods near 10, 20, 30
and 40 s

41. Arrivel time corresponding
to amplitudes for the
above periods

42. Actual observed periods
(item 40)

43. Noise amplitude, Ay

44, Period corresponding
to Ay
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MSLPE, MSLPN®**

MLRZ**

© MI1LM2L.M3L,M4L°*

NLPA
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IQ Horzontal 4S. Arrival ime 1Q

46. Maxamum amplitude, Ag

on each horizontal
component

47. Arrival times corresponding MIQE. MLQN®*
to each Ay,

48. Periods corresponding
to each Ag

(b) Standard parameters -
type Il stations only.
P Vertical 49. Apparent slowness SLoLP
50. Epicenter azimuth AZLP
LR Vertical 51. Magnitude Mg MS
S Horizontal 52. Magnitude mg; MSH

* Form employed in the International Seismic Code should be used.

s Each phase identifier is followed by arrival time, period (T) and amplitude (A) according
to standard conventions.
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Table AB-111(3)
Sample telegraphic text for the transmission of Level 1 data

SEISMO NB82351(BEG SEP22 180000 END SEP23 240000 NMB))
ARR SEP22

IPCU1919020

M1X19035 T3 ABO M2X19112 T3.2A53 1

M3X19160 T3 5 A29.8 M4X19233 T3.5A27 2
MLP19060 T6A144

NT1.0 NAS.1 NLPT8 NLPA15

EPP2247 T3.6 A18.2 TBA108

ES30025 MSE30080 T4 A75 2 MSN30080 T4 A61.0
MSLPE30080 T9A216 MSLPN30090 TOA135
ESS3711 T4 7 A61.7 T124192

LRZ4B41 MIRZ5407

M:1L5637 T10A135 M2L5311 T20A200

M3L5203 T30A105 M4L5012 T40A98

NLPT20 NLPA12

LQ4251 MLQE4302 T21A220 MLQN4302 T21A172
CMPX 23 02 SPMM 2 45

SLO 4 B8 AZ 226 DIS94 LAT-35 LON-120 OT190541 MBS6.5
SLOLP 4.8 AZLP 221 MS6.4 MSHS6.8

ARR

P2353147

S58100 MSN58162 T2 7 AS3.2 MSE58182 T2.8 A46.7
STOP



CD/448/add.1
Appendix 8
page 62

Tabte AG-III(4)
+ Explanatwon of the taxt in Table AS-III(3)
SEISMO - identification of type of data (seismic)

N82351 - message no 2351 during 1878 for the station(s) BEG SEP22 180000
END SEP23 240000 NM8 - Thus 1s the first message in a group of 8 covering
the time interval indicated (UTC).

ARR - station name
SEP22 - date of recorded event (22 September)

[PCU1819020 - first-motion clarity (I). type of wave (P), direction of first motion
(C - compression on short-period seismograph: U - compression on long-
period seismograph), arrval ime (19h19m02.0s) 1n component Z

M1X18035 - tume of arrival {19mO03.5s) for P-wave first amplitude, A,, in
component Z

T3 ASO - period (3 seconds) and amplitude (60 nm) for amplitude A, in
component Z

M2X19112 T3.2 AS53.1 - time of armival, period and amplitude for amplitude A, in
component Z

M3X19160 T3.5 A29.8 - time of arrival, period and amplitude for amplitude Ayin
compenent Z )

M4X19233 T3.5 A27 2 - ume of arrival, period and amplitude for amplitude A, in
component Z

MLP19080 T8A144 - tume of arrival, period and amplitude on LP seismograph.
component Z. Note that for LP measurements, the amplitude and period (A
and T) are not separated by a space, as they are for SP.

NT1.0 NAS.1 - period and amplitude of noise on short-period seismograph,
component Z

NLPT8 NLPA1S - period and amplitude of noise on long-period seismograph,
component Z

EPP2247 T3.6 A18 2 TBA108 - time of arrival, periods and amplitudes of
secondary longitudinal PP wave in component Z (on short and long period
instruments, respectively)

ES30025 - first-motion clanty (E), wave type (S). arrival time, (component not
indicated)

MSE30080 T4 A75.2 - tume of arrival, period and amplitude for maximum
amplitude of short period S wave in component E

MSN30080 T4 A81.0 - time of arrival, period and amphtude for maximum
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emplitude of short period S wave 1n component N

MSLPE30080 T9A216 - time of arrival, period and ampltude for maximum
amplitude of long period S-wave (component E)

-

MSLPN30090 TSA135 - tume of arrival, period and amplitude for maximum
amplitude of long period S-wave {component N)

ESS3711 T4 7 A81.7 T12A182 - clanty and time of arnval, periods and amplitudes
for secondary shear phase (SS) (component not indicated)

1LRZ4B41 - time of arrival of Rayleigh wave in component Z

MILRZ5407 T22A271 -time of arrival, peried and amplitude of maximum phase in
Rayleigh wave in component Z

M1L5637 T10A135 - tume of arrival and amplitude in Rayleigh wave for 10 second
period 1n component Z

M215311 T20A200 ) - arrival times and amplitudes in Rayleigh wave
M3L5203 T30A105) for, respectively, 20, 30 and 40 second
M4L5012 T40ASB ) periods in component Z

NT20 NA12 - amplitude of noise for 20-second period on long-period vertical
seismograph

1Q4251 - time of arrival of Love wave in component E

MLQE4302 T21A220 - time of arrival, period and amplitude of maximum phase
in LQ wave in component E

MLQN4302 T21A172 - time of arriva.l period and amplitude of maximum phase
in LQ wave in component N

CMPX 23.02 - ‘complexity’ parameter in P wave recording
SPMM 2.45 - 'spectral moment’ parameter for P waves
SLO 4.8 - apparent slowness (s/degree)

AZ 2268 - azimuth from station to epicenter (degrees)
DIS94 - epicentral distance (degrees)

LAT-35 - latitude (degrees) of epicenter (- = south)
LON-120 - longitude (degrees) of epicenter (- = west)
OT180541 - origin time (16h O5m 41s)

MB6.5 - magnitude, determined for short-period P wave
SLOLP 4 8 - apparent slowness of long period P (s/degree)



CD/448/Add.1
Appendix 8

page 64

AZLP 221 - azimuth to epicenter from LP recordings (degrees)
MS8 4 - Rayleigh wave magnutude on LPZ seismograph

MSH6 6 - S-wave magnitude on long-period horizontal seismograph
ARR - station code, repeated to serve as event delimiter

IPC2353147 - iutial P phase arrival time, with clarity (I) and first motion (C)
indicators.

S58100 - phase (S) and arrival time (23h 58m 10.0s) (component not indicated)

MSES8162 T2.8 A46.7 - time of arrival, period and amplitude for maximum
amplitude of short period S in compenent E

MSNS58162 T2.7 A53.2 - time of arrival, period and amplitude for maximum
amplitude of short period S in ¢omponent N
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ANNEX A8-IV
Example of a Retransmission Request

SEISMO N3167 NM1

((RETRANSMISSION REQUEST))

((FOLLOWING MESSAGES NOT RECEIVED AS OF 0000UT, FEB27))

((SEAU1 AMMC NBDBQg;

((SEAU1 AMMC N3090

((SEEX1 EBER N3062))
((SECZ1 OKPR N3051))
((SEF11 EFKL N3071))
((SEID1 WIII N3026))
((SENZ1 NZKL N3067))
((SEXX1 KWBC N3103))
STOP

The above WMO/GTS message requests retransmission of messages
numbered 89 and 80 from Australia, numbered 62 from Belgium,
51 trom Czechoslovakia, 71 from Finland, 26 from Indonesia, 67
from New Zealand, and 103 from the U.S.A.
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ANNEX AB-V
TAPE FORMAT FOR EXCHANGE AND STORAGE OF LEVEL 2 DATA

1. Introduction

Tape exchange and storage of level 2 data requres a magnetc tape format
which allows eflicient use of the medium. As well as allowing reasonably easy .
retneval of waveform data at the International Data Centres (IDCs], it should
also be as close to an accepted standard as the nature of seismuc data permuts,
1n order to make the writing and reading of such tapes at National Data Centres
as easy as possible. To this end, a set of design goals has been developed and, 1n
turn, these have lead to the specification of a standard tape format 1n which it 1s
desirable that all waveform data be exchanged and stored. It should be noted
that two features of this design may need to be modified - namely the use of
6250 BPI tapes and that of binary representations of the data.

2. Design Goals
The design features which have guided the choice of a tape format are
enumerated below:

1. The format should make efficient use of 8250 BPI tape
and thus have large blocks. These should contain an
integral number of words and while not of fixed length,
most will be large.

2. The format should contain data headers sufficient to
recover and identify the data without the help of
database information. These headers should be large
enough to contain all necessary information but not
8o large as to encourage inclusion of unnecessary
{nformation. The headers should not span physical block
boundaries and they should be an integral number of
weords long.

3. The format should be simple enough to allow reading
and decoding with a straight forward user program.

4, The format should be structured so that resynchronization
after a read error (bad block) is easy with the loss
of minimum data.

5. The format should conform to the ANSI standards for
multi-flle tapes.

3. ANST Standard Labels

The tapes should be written to conform to ANSI standard X3.27-1978 as
specified 1n the document American National Stondord Magnetic Tape Labels
and Fila Structure for Information Interchange. This 1978 release is version 3
of standard X3.27 which supports fixed, vanable and spanned records. Each
record format has a blocked and an unblocked form. The layout of records in
data files will be discussed later in this document.

The layout of required labels (80 character blocks of ASCII characters). tape
marks and data files 1s shown below. Label blocks are denoted by thewr four
letter 1dentifiers and tape marks by asterisks (*).
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VOL1 HEDRi HDR2°-file A-*EOF1 EOF2°HDR! HDR2*-file B-*EOF1 EOF2**

N\ote the addition of the HDR2 and EOF2 lebels These describe certain features
of the record format used within the data files and are requred when other than
fixed record format 1s used

¥hile multi-volume multi-file tapes with tape flles which span volumes are
not presently envisioned, this can be done under the standard by ending file sec-
tions with an EOV1 - EOVZ2 label group. Should the IDCs decide to implement an
automatic volume switching capability, the layout for two volumes with sections
of the same file is as follows.

VOL1 HDR: HDR2* - - data flle - section 1 - - ®EOV1 EQVZ2**
VOL1 HDR1 HDR2” - - data file - section 2 - - *EOF1 EOF2**

The formats for the various label blocks as outlined by the standard are
shown in tables below The data in these label blocks are all in ASCIl. When the
column labeled "standard description” says "&" chars it means any reasonable
printing ASCIl character (upper case only ) and “n" means the subset 0-8. The
column labeled IDC use attempts to indicate what the use of the field will be by
the IDCs If it simply states "std” then the content is apparent from the stan-
dard defimtion. In other cases the default value which will appear is supplied.

3.1 VOLUME HEADER LABEL ( YOL1 )

1 3
4 e label num 1 must be 1 std
5-10 3 vol serial num 8 any 8 "a” chars reel name
11 4 accessibility 1 space=unlimited space
12-31 5 reserved 20 maust be spaces std
32-37 6 reserved 8 must be spaces+ std
38-51 7 owner id*’ 14 any “a” chars dba
52-79 , B8 reserved 28 must be spaces std
80 S __ stdversion 1 versiond 3
3.2 FILE HEADER LABEL ( HDR1)
character length standard IDC
1-3 1 labelid 3 must be HDR std
4 2 labelnum 1 must be 1 std
5-21 3 filleident 17 any "a" chars sta or sta-ch
22-27 4 filesetid 6 any "a" chars spaces
26-31 S flle sect num 4 0001 single vol 0001
32-35 6 file seq num 4 0001..0002 std
36-39 7 generation num 4 0001 1st gen 0001
40-41 8 gen ver num 2 00 1st ver std
42-47 8  create date 6 space yyddd std
48-53 10  expire date 6 same as above  expired
54 11  accessibility 1 space or "a" unlimited
55-60 12  block count ] must be "zeros" std
61-73 13 system code 13 (optional) css
T4-80 14 __reserved 7 mu
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3.3 FILE HEADER LABFL ( HDR2 )

character
1-3 1 label id 3 must be HDR std
4 2 label num 1 must be 2 std
5 3 rec format 1 F = fixed std
D = variable
S = spanned
6-10 4 blk length 5 max chars/blk 1e. 10240
11-15 5 rec length 5 max rec length std
if < 99999
else 00000
16-50 g ____reserved 39 any "a” chars
16-20 8a tape density 5 NON-STANDARD tape
21-25 8b tape length S NON-STANDARD =  use
26-30 8c feet used 5 NON-STANDARD stats
31-35 6d marks written 5 NON-STANDARD
38-40 Ge ibgs wmtten 5 NON-STANDARD
41-50 et bytes wntten 10 NON-STANDARD
51-52 7 buf offset 2 additional chars 00
inserted before
record in each blk
| 53-80 8 reserved 28 reserved
3.4 END OF FILE LABEL ( EOF1)
character length standard IDC

4 2 label num 1 must be 1 std
5-54 3-11 same as HDR1 50
§5-80 12 block count 8 6 "n" chars std
L £1-80 13.1% same as HDR1 20
3.5 END OF FILE LABEL ( EOF2 )
character lepgth standard IDC
1-3 1 label id 3 must be EOF std
4 2 label num 1 must be 2 std
5-80 3-8 same as 78 same as std
in HDR2 in HDR2
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3.6 END OF VOLUME LABEL (EOV1)
character length standard IDC

" must be

4 2 label num 1 must be 1 std
554 3-11 same as HDR1 50
5§5-60 12 block count 6 8 "n" chars std
681-80 13.14 same as HDR1 20

3.7 END OF VOLUME LABEL (EOV2)

Note that the first reserved fleld in the HDR2, EOF2 and EOVZ2 labels has
been used to record tape usage statistics. This is allowed under the standard as
long as the system code is supplied. Systems which do not recognize the entry in
system code should ignore this reserved fleld.
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4. DATA FILE FORMAT

For simplicity the choice is, for the present, to use the sumpler record for-
mats provided by the standard. While spanned format appears tantalizing, espe-
cially for long waveform records, it 13 not fully supported by many systems yet,
and has some implementation problems which need to be addressed before 1t
will serve well in an exchange environment. The old fixed length record format is
certainly the simplest scheme although it requires that waveforms be
represented as several records rather than a single entity. For parameter data
it could be somewhat wastetul since parameter records would all have to be pad-
ded to the fixed length Even when large blocks are written a significant amount
of tape is given up to record geps and tape marks. At 8250 bpi an 8192 byte
block takes only a hittle more room than two inter-block gaps, and only half the
space required for a tape mark.

It is important to note that records of only one format are allowed in any
single tape flle. If we were to choose variable length record format for parame-
ter data, then tape flles containing mixed waveform and parameter data would
also have the waveforms formatted as variable length complete with the record
control words The question of whether or not to block records is clear no
matter whether fixed or variable records are used. To treat parameter records
and waveform headers as individual records suggests a relatively small record
size, say 256 bytes. This means that to make any reasonable use of high density
tape we must place many such records in a tape block. Examples of blocked
records appear in the diagrams below.

| record | record |

block L bloek |
Blocked Fixed Length Records
cord reco record record record record
.xmﬂ RCW RWC RCW | RCW |
bleck L___Dblock block

Blocked Variable Length Records

Variable length records use a record control word {RCW) to indicate how
many characters are {n the record. The RCW consists of four ASCII characters
formung a decimal number which is the count of characters, inclusive of the RCW
itsel!, in the record. For both fixed and variable there are an integral number of
records in a block. The blocks can be filled wmith as many records as will it 1n the
maximum block length, but blocks shorter than the maximum length are
allowed for either format. It is assumed that the actual number of characters in
a block can be recovered from the operating system when the block 1s read. No
explicit indication of the boundaries between records is provided for fixed for-
mat
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4.1 WAVEFORM DATA

On waveform only tapes a fixed record format 1s perfectly adequate The
first record for a segment will be an ASCHl header as described below, with the
characters “WFH1" prepended Four character designators like “"WFH}" are hen-
ceforth referred to as record tags The content of the header fields after the tag
is summaearised in the table below where blanks appear in the unspecified byte
positions such as 9,25,32 etc. Note that the table assumes a 258 character
record length. If a different record length i{s chosen the pad fleld at the end
would be adjusted accordingly.

L___bvtes name description forma

1-8 date date (ie. 1982254) i8
10-24 time epochal time {(double precision) 153
26-31 sta station code (ie. ANMO% a8
33-34 chan channel (ie. sz) a2
38 - 43 nsamp number of samples i8
45-55 smprat sample rate (in samples/second) 11.7
§7-65 calib calibration constant 18.8
67-73 calper calibration peried 7.4
75-80 instyp instrument type a8
82 -82 segtyp segment type al
B4 - B85 dattyp data type (1e. 14 or F4) a2
87-87 clip clipped flag al
89 - 86 imd instrument id i8
o8 -105 wiid waveform id 18
107-136 ar directory datea came from a30
138-157 file file data came from a20
158-164 volnam volume name of tape a8
166-170 tpflle tape flle number iS5
172-178 tpblck block number within file i5
178-207 remark comment a30

_200-202  reserved blanks

Following the header record comes the data records which each occupy the
same number of bytes as the header record. The four character record tag is
occupied by a decimal number which 1s a record counter within the waveform.
This can be used for resynchronization in case of tape read failures. Record tags
for parameter data have been chosen to always contain at least one letter so
they can never be confused with the record counter found in waveforms.

Since a fair amount of densification 13 obtained by using binary storage for-
mat, tapes written for internal use at the IDCs will probably use this means of
storing waveforms. Binary waveform data samples are written as 32-bit integers
or 32 bit floating point numbers (the type can be determined by inspection of
the dattyp fleld in the header). Details on the order or content of the four bytes
in a sample can be found 1n the hardware manual of the system supplying the
tape. If tapes are exported in binary it will most likely be to other sites with the
same computer operating system as the source of the tape. If binary data is
desired for other installations it will be wise to keep to integer format , but some
byte swapping may still be requred due to the different orders that various
computers use to map the bytes in memory.

ASCII format will be used for most export data tapes ASCIl waveform data
will*:onsist of strings of decimal numbers where again the type (fleld width) of
the data samples 1s derived from dattyp as above. Floating point data will be
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written using fixed point notation and a decumal point will always be present for
systems or languages which use it for alignment. Integer data will be nght
justified in the fleld and an integral number of samples will be written 1n a
record An optumuzed record length {like B character fields in 280 character
records) may be chosen for such data so no padding is needed to fill out

records

Most of the information 1n the table on the previous page is self- explana-
tory, but a few items requure clarification:

date
time
chan
calb

1nstyp

segtyp
dattyp

clip
inid

- the date is given as yyyyddd where yyyy=year (e.g. 1983) and
ddd is the day number within that year (e.g. February 1 = 032)

- epochal time is the number of seconds since 00:00 00.000 on Janu-
ary 1, 1970.

- the channel 13 given as bo where b = the frequency band (s=short,
l=long. etc) and o 1s the orientation (z=vertical, n=North-South, etc)

- this is the number of nanometers of ground displacement per digi-
tal count, at the calibration period {calper) (The response curve of
the instrument must be fully specified elsewhere)

- An alphanumeric description of the instrument - e.g. SRO, Kirnos

- denotes whether the data is continuous (c) or segmented (s)

- data representation. 14 and F4 denote binary 4-byte (32 bit) integer

and floating point. Codes will need to be dewised for various binary
and ASCII (formatted) representations.

- indicates whether (c) or not (n) the data is clipped.

- instrument 1dentification number. instyp (above) may not be ade-
quate to fully describe the wnstrument, and this number can be used
as an index to a fuller desription of the instrument and its response.

- waveform identification number (assigned by the IDC)

- On computer systems using & directory and file structure, denotes
the directory from which the data came (or is to go to) for on-line
(disc) storage : /
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Country of QLLL in the TTAALL CCCC in the
erigin GTS centres starting line cbbreviated heading
Argaatine Buencs Aires 14250 SEAGL SABM
Austyulic Melbourne 16550 SEAUL AMMC
Avstzia Viennao 19850 SEOS1 LOWM
Belgium Brussels 19057 SEBX1 EBBR
Bulgmriao Sofia 19250 SEBUL L2SO
Conodo Toronto 14751 SECN1 QWTO
Colambio 8ogota 14650 SECO1 MCBO
Czechkoslovakia Progue 18650 SECZ1 OKPR
Dermnxrk Copenhagen 19752 SEDN1 £
Fiji Nandi 16952 SEFJ1 NFFN
Finland Halsinki 19551 SEFI1 EFIL
Framce Poris 19050 SEFR1 LFPW
Gersun Democrutic

Rapublic Potsdom 18750 SEDD1 ETPD
Germmny, Federul

Rapublic of Of fenbach 18150 SEDL1 EDDW
Guatescle Guotemalc 16250 SEGQUL MGGT
Hong Xong Hong Kong 13053 SEHK1 VHHH
Hungory Budaopest 18655 SEHU1 HAPB
Indin Nev Delhi 12350 SEIN1 DEMS
Indunesia Jokarta 16755 SEID]1 WIIX
Italy Rome 18850 SEIY1 LIIB
Japan Tokyo 12850 SEJPL RJTD
Korem, Republic of Seocul 13050 SEXO1 RKSL
Kaloysia Kvolao Lumpur 16655 SEMS1 WK
Moumitius Vacoas 11552 SEMAL FIMP
Moxico Mexico City 14950 SEMX1 MX
Netherlands De Bilt 17856 SENL1 EHDB
New Zecaland Wellington 16851 SENZ1 NZKL
Ni emyagua Managuo 16254 SENKI MNMG
No oy Oslo 19650 SENOL11 ENMI
Pexu Limo 14350 SEPR1 SPIM
Polamd Sarsaw 18755 SEPL]1 SOWR
Sudon Khartoum 10456 SESU1 MSSS
Swexdien Norrkdping 19450 SESN1 ESWI
Tamrzonia,

Bapublic of Dor es Scloam 11350 SETN1 HTDA
Tha3iland Bongkok 12150 SETH1 VIBB
Tunisia Tunis 10257 SETS1 DTTA
United Kingdos Bracknell 17550 SEUK1 EGRR
UsA Washington 15050 SEXX1 KWBC

15051 SEXX2 KWBC }

15052 SEXX3 KWBC
UsSs Moscow 17250 SERS1 RUMS
Yugmslovia Belgrade 19855 SEYG1 LYBM
Zimibobwe Horore 11952 SEZW1 FRSB
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