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TTEM 1: Opening of the Meebings

Dr. G.L. Plckard, Vice~Chalzman of the G?’cup, opened the mee'ting, wulﬂemed the
participants, and made special mention of the addition of Peru and Thailand to
the Group. He reported that as Mr. Klaasse, the Chairman of I.C.G., had ret:.;.ed
beecause of ill health he had acted as Chairman In preparation for this meeling.:
He acknowledged the assistance of Mr. Klaasse's associates in the U.S.A. in

-preparing the Chalxman's report for this meeting

I't was a@eed tha;b Profesuor Pickard shmld a,c'h as Cha.iman for the present
meeting.: SR L o

(n behalf of the host comntry, welcomihg éﬁeéchés weve maae 53? or. K. Pakahashi,

' Director-General of the Japan Meteorbloglesl Agency, and Dr. K. Nishida, Director-

General.of the Japan: National Committee for Unesco. They underlined the lmportance
of the work of the Group and wished it every sueccess in its work during the coming
week. On behalf of the I0C, Mr. Tolkachev welcomed the participants and expressed
appreciation ‘to the host country and the Japan Meteorologlcal Ageney for the warm
hospitality and excellent arrangements made for this meeting. Mr. Tolkachev agreecl

to become rapporteur (Llst of pa,rticipants Armex I).

_I'IIEM Py Adoption cf ‘the Agenda,

The agenda was ad.opted by the Group wi’bhmxt any changes, and, the Chairman

' opened the discussion on - i'bs items (Bnnex II)

'I![EM 3: Paport on recomendations from: 'the Second ICG Sesslon in Vanoou‘rerj |

Lanada, Ma;y 1970

The Chaiman reviewed the report of the actlons taken on the Reco"nnenda'b:.ons '
of the Second TCG Meeting (Anmex IXI). During the discussion, the representative
of the Philippines made a request for one more tide gange, and the Canadian dele-
gate .agreed that this would be sent if approvel was glven by both Unesco and . '

TITC.. The delegate from the United States stated that they have equipment avai'l—»‘ '

able, including a. number of seismographs and tide gauges, and any request from.

. member countries would he Walcomed. Such requests should be transmitted through

ITIC and. Unesco.
’Ihe Group weleomed the addition of Peru- and. Theiland.

The representa,tive of the IOC Secretariat indieated that invitations to

- Momber States to join the Group will be reissued; in accordance with Resolu’c:!.on

VII~2h o:E' IOG

- It was agreed. 'that actims teken on the otl‘:.er Recommendations Will ‘be COTi~
sidered under fur’ther items of the agenda

Vhen reviewing the actions made on Recormnendaﬁ.on 5(2) - Telecomunications,

_ the Group agreed with the opinion of the Chalrman that, vntil more detailed .

requirements are expressed, these frequencies will be adequate for regional
transmission of sei smie or sez level data pertinent to tsunaml warnings.
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TIEM 4: Natlonal reports related to the Tsunaml Varning System

- The delegates of Canada, Chile, Japan, Peru, United States, the Philippines,
and Union of Soviet Socialist Republics presented reviews of their reports on the
" national activities of their countries. The full texts of these reports appear

in Ammex V.

The representative of Canada, Mr. Dohler, presented his report deseribing
instrtment developments and applications as well as current research on tsunaml
problems. In reply to a question from Dr. Soloviev he stated that information
on microbarograph observations in the vieinlity of gauging stations 1is available
from the Atmospheric Enviromment Semce.

The delegate of France reltera.ted, the statement made by the representative of
" France at the previous meeting of the Group (R@part of the Second Mee‘tmg of ICG,
Ttem 8). .

' The delegate of the USSR expressed his appreciatien of the effectlve work of
the Group, and in particular the ITIC in further developing the Tsunaml Warmning
System in the Pacific, and noted that the USSR had been actively participating _
in this work since 1965 in close collaboration with other countries of the Pacifie.
In this comnexion, special attenticon in his report was given to the tsunaml dummy -
transmissions conducted in 1970 and 1971 between Homolulu, Tokyo and Khabarovsk.
In these dummy tests the USSR had used the regulations on the exchange of urgent -
information between USSR, Japan and the United States set up in December 106k,
He menticned that in the USSR they had been designing new instiruments for measur-
ing sea level, and some improvements had been made at the observatlion stations of
the Kurile Islands and Kamchatka. The meeting was alsc Inforwed of the research
work the USSR is doing on 1mproved methods of tsumami forecasting. :

In presenting the natlonal report of Chile, Mr. Gareia~Huidobro noted that
his country has a complete programme for improving the communication network,
but they have some Ffinancial difficulties in its implemenitatlion. The Group
reviewed the recommendations made by the Chilean delegate in his report and came
- to the conclusion that certain action had already been taken by the Group on the
questions raised in the reccmmendations. In this comnexion, references were made
to Recommendation 3 of the First Meeting of ICG and Recommendation 8 of the
Second Meeting, as well as to Resolution VII-28, "Tsunami Warning Systems", of _
the Seventh Session of I0C. Regarding the assistance Chile requires for installa-
tion and maintenance of equipment, it was recommended that the detalled request
be gent to the Chairmen of the Group for further submlssion to Unesco for con-

sideration.

In reviewing the report of Japan, Dr. Suyehiro proposed to discuss the setting
up of zm intermational formating system so that a2ll tsunaml messages can be hand- -
~ led by computers used by Japan for this purpose and to provide rapid relay of

information to other countries. (Anmnex VI) Dr. Suyehiro stated that in recent
years the transcommunication system around Tokyo had been greatly lmproved. The
Oroup noted with satisfaction the completion of the plan, introduced during the
first meeting of the Group, for the creation of a network of telemetering selismic
stations for tsunaml warning in Japan. Plve Tsunaml Warninz Ceutres had beenr set
.up in Japan to provide warnings cn tstmamls generated by lozal earthguakes. In
- answer to 2 gquestion by Dr. Soloviev, Dr. Suyehiro explained that they planned %o
- set up ocezn botiom stations equipped with selsmic and hydraulic pressure gauges.
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TIn presenting the U.S. national report Mr. L.M. Murphy cited the addition

of several stations to the Tsumaml Warning. System during the past two years (as
1listed in the report). By installation of the tide statlon at Manzanillo, Mexico,
-1t was mentioned the gap between California and Central America will be practically
cglosed. Mr. Murphy described briefly the new Commmication System in Bawaii For
- providing immediate commmication between the various islands in Hawall. He also
, described the Palmer, Alaska system for detection of earthquakes in the Alaskan
area. Mr. Eppley informed the meeting that next year several communication chane
nels of a geostationary satellite, to be positioned at 0° lat. 100% long., would
be available to the Tsunaml Warning System for the relay of seismic and sea leval
data. Dr. Miller summarized the tsunawi research as related to source mechanlsm,
~ propagation and run up, model studies and mstn_menta.tion,

'The Peruvian dalegate in his report, noted that Peru, in eowopera.tion with

- other Central American countries: (Colombia, Bcuador, Peru, Trinidad/Tobage, and

- Venezuela) could undertake studies on tsunamis, in accordance with a programme

to be developed in the period 197h to 1978 under the CERESIS project. He also

made some comments on the ITIC proposal on the expansion of the selsmilc and tidal

networks in the TWS, as related to the tide stations in Peru, and expressed the

“--hope that Unesco would. provide support for the establishment of a Peruvian Natz.onal
Service on tsunami warning. _ o _

ITEM 5:  ITIC Develogmen'ts

Dr. G. Miller, Director of ITIC, expla:z.ned the many organiza,tlonal changes
within ITIC, the relocation of the selsmologlsts, and the moving of the Director's
office to the University of Hawaili. He requested those present at the meeting to
contribute information which might be appropriate for inclusion in "The Interna-
tional Tsunami Information Centre Newsletter.' He expressed the deslre to have
good contimuity from now on, aud saild that he would be sending cur inquiries to
" members of the Group because he is still unfamiliar with meny operational aspects.
He added that the National Weather Service will ultimately be operating the
Tsunami Warning System, after approximately one year. Dr. Miller said that two
seientists, one from Japan and one from the USSR, had worked at the Centre and he
expressed thé hope that others would also visit the Centre In the future. Dr.

o Soloviev pointed cut that there was great need for the existence of such a Centre

and that the Group must underline the necessity to take other steps to secure the
actlvities of the Cen‘tre, the regular preparation of the Hewsletter, and the pro=- -
gramme to enable scientists from different countries to work at the Centre, which
‘had proved to be of grea.t help. A recommendation was adopted on this subject

- (Ammex IV).~ : R : o o

- ITEM 63 Problems and imprﬁvemen‘hs in cexrmmicatims

In tald.ng up this 1tem. Dr. Suyehim of Japan 5ntrcduced the proposals of

Japan on improvement in commmicaticn (Annex VI), and the Group set up a sub-
. committee to consider this subjeet and prepare a recommendation. A recommendation
. was adopted on this subject (Armex IV)

_ The meeting-was informed about the work of the Joint WMO/IOC Group of Experts

. on Telecommmication, and recognizing the importance cf further close contact with
that Group, decided that the Group should be represented at the hih Meeting of
ITEL, +to be held 12 t6 19 December 1972. It was agreed that the Chalrman of the
Group would designatea representative of ICH to participate in the above meeting.
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I'IEM 7 Proposal for an expa:nsion of the Tsunami Warnling System

Dr. Miller,. Director of ITIC d_stxﬁ.mted suggestmns for ’rhe expans:Lon of the

Psunami Warning System (Annex V‘.III) He ‘quoted Recommendation No. 3 from the
Vancouver meeting of the Group, i.e., "Considering the locations of seismic and
~ tidal stations in the Pacific Ocean area, 1t 1s recamended that a list of key

stations be compliled for use in desisning z network to pro*tect life and propem:"
In those countries: . .

(2) belonging "to the Tmnami Haxnine; System In the Paclfic, and
(b) which may Join 113, “the i‘utu:r'e. |

In selecting 'l:hez s’cations, consideration should, be given 'to the tsunami origin, '
either close to or distant from the coasts. It is further recommended that ICG

should acecept the offer of the ITIC to complle a draflt 1list which will. be distri-

buted to the Member S‘ha:bes for review and finalization.”

The stations in the draft lists were selected on the basis of the follmvmg o
considerations:

(a) Existing seismograph and tide stations were chosen, where possible, :
in order to provide more complete geogra,phie coverage.

- (p) The- density of tide s‘tations in the major tsw1am1genic areas Will B
permit tsunami detectlon within at most one half hour. . :

-Beveral delegates commented on the proposed ‘bide and seismograph stations to
be included in the Pacific Trunami Warning System. Recognizing the importance
of the proposed system, however, the Group felt that further study of different
aspects of this proposal would be necessary by each member country, and, in con-
nexion with this an approprlate recommendation was adopted on this subject
(Annex IV).

TTFM 8: Summary report on IUGG Tsunami Conm:ittée Meeting in MOSQOVB Augps‘b 1971

" Dr. Soloviev, Chairman of the IJUGG Tsunami Commitiee, gave a report on the
International Symposium on Tsunami held in Moscow in August 1971, (Annex VIII).
The Group was informed that reports made at the Symposium would be made available
in Russian, and that there are tentatlve plans to publish the papers in English.

Dr. Soloviev outlined proposals of the IUGE Tsunami Committee made in response
to Recommendation No. 8, Unesco/I0C Meeting of Tsunami Warning System, which are
related to the activities of the ICG.. 'They read as follows: :

"I =~ that installation of multiple-site recording systems, using open
' ocean marigraphs recording on shore be strongly recomended to all
warning systems Involved with near-shore sources of tsumami, in _
view of the usefulness of the methed in the protec 1ot of populated
areas;’

IT -~ that all stations of warning systems be encouraged to utilize micro-
barographs for the airwave detection of remote tsumami;
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ITI. - @&eduction of bottom displacements from seismle data and elaboration
for this purpose of methods of relisble and quick de'bemination of
focal depth, mechanism and moment of an earthquake;

~ automation of epicentre and.- maglitude determination of ear‘thquaj:es;

v ~ TrTesearch on tsunaml propaga:ticn in near-shore areas and of _
o determination of local responses to tsunami propagatlion in view
of the applicabllity of the resulis in such uses as preparaticm :
of irmndation or damage-risk maps."

Referring to 'i:h& above proposals, Dr. Soloviev emphasized once again that
all countries should try to install the equdpment recommended Iin Proposal 1, and

 use 1t effectively.

I'EEM 9: Date and place of next meeting, and arrangsments for eo-ordination_
of ICG activities during the Interdim period

o Tt was agreed that the nexbt meeting should be in two years time, l.e. in-

early 197h. In the meantime, ICG activities will be co~ordinated through the
Chairman's office. The Chairman stated that, to date, no offers had been received
to host the next meeting and the Group suggested that the TOC Secretariat contact
the Membsr States on this subject. _

TTR 10¢ Other business

The representative of TOC brought Resolutiom VII-28, "Tsunami Warning System"
(Amnex IX), to the attention of the Group, and in particular the item concerning -
the preparation of educatlonal material deslgned to arocuse public awareness of
the dangers of tsunamis and also the protective action that should be taken upon
recelpt of 2 tounaml warndng. After a shcrt discussion the Croup adopted the
recommendation on that subject. _

On the afternoon of Wednesday, 10 May, the Group visited the Japan Meteoro=
logical Agency and were shovm the variocus aspects of the mechanisms for receiving
and transmitting tsunaml information and, in particular, the Tsunami Warning
System Centre. At the conclusion of the visit two films were shown. These were
- produced in the USSR and the U.S.A. to inform the public on the dangers of tsunami
end on the Tsunami Warning System to mitigate such dangsrs. ‘

| TTEM 11: Adoptlon of report

_ The draft report of the meeting and the recomserdations proposed were discus-~
sed and agreed upon. . _

ITEM 122 Election of _Chaiman end Vice-c.'hairman

' Dr. S. Suyehiro was elected Chairmsn and Professar G.L. Pickard was re-elected
Vice-Chairmen of the Group, to take office at the conclusion of this meeting.
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-,ITEM 13: Closure of the meeting

Mr. L.M. Murphy expressed the sincere apprecia'bion of the Group to the hast
. cauntry, the organizations and the individuals concerned for the excellent arrange-
“ments for the meetings, for the pleasant social occasions and for the visit to
the J.M.A. during the mee’ting, and, for the study tour of coastal areas planned
for after the meet:.ng ' , '

" The Acting Chairman closed this ‘l‘hird Meating of the ICG on 'J&lursday after-
noon, 11 May 1972.
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ANNEX, IT

PROVISTONAT, AGENDA

Opening of the session.

Adoption.of the agenda.

Report on reéommendations'from the Second I1CG sessioﬁ in Vancouver, ﬁay.1970;
Nationai reports on current tsunami research and.instrumental devélopments.
ITIC developments. | |

Problens and improvements in commmications.

Proposal for an expansion of the Tsunami Warnin:. Sistem.

- Summary report on LG} Tsunami Committee meeting in Moscow, August 1071,

Date and place of next meeting and arrangements for co-ordination of

ICG activities during the interim period.
Otl:er business.

Adoption of report of meeting.

Elecfion of chaiﬁnan,

Closure of meeting.
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REPQRT OF THE CHAIRMAN ON ACTIONS TAKEN
ON THE HECGMMENDATIONS OF THE SECOHD MEETING -

'Recommendatlon No 1 - Eqﬁ;pm@nt for the Paclflc THS .

_ 10C Circular Lettar No. 303 datad June 22, 1970, solicited 1n£ormat10n
from Members of the ICG as to the availability of meismic and sea level recording -
“_equlpment to other partlczpatlng countrles for use in the Tsunami H&rnlng System.'r:--

‘ Canada responded to this letter by offarlng ten Foxboro pressure«type g
tide gauges to any participating couniries which exprszsed an interest in operating
such gauges. The ITIC was a331gnad reaponslbllltv for the flnal dprOSltlUH of e
the 1nstruments. C

Subsequently, the Phxllpplnea requested and received one of the tide gauges.,
~ Chile and Korea haVQ expressed intersst 1n the gauges but no further actlon has S
been reported.- T o

. Since the laat ICS meetlng, the Unlted States has provxded on 1ndef1n1te‘“‘7_ 
"loan, ‘additional remcte recording tide gauge equipment and visual r&cordlng , A
r'_selsmograph.systems to ‘several countrieg. The tide gauge 1nstrumenta were. 1nstalled_i=
" in Perw and Chile while.the seismic systeme were installed in Hong Kong, the ' o
iPhlllpplnes, Western Samoa* szl, and Rew Zealand. . :

'Recommendatlon Nﬂ. 2 - ICG Partlclpatlon ,j

- On September 14, 1970 the Actlng Secreta:f of the I10C dlstrlbuted a
pireular letter to all Mewber States of the Pacific Region who were not members

. of the ICG inviting them to participate in the work of the Group. The circular
letters were sent to Australia, Colombia, Indonesia, Malaysia, Mexlco, Panama,
Peru, Sirgapore, and Thalland.

SC-72/CONP-T6/2 -
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As a result of the invitations, Peru and Thailand accepted membership
‘n the ICG. Colombia and Panama have indicated some interesi in joining the
Group while Mexico declinsd the invitation.

" Following are the other members of the ICG : Canada, Chile, China, Ecuador,
France, Guatemala, Japan, Korea, New Zealand, -Philippines, U.S.A., and U.S5.3.R.

‘Hecomhendation No. 3‘$:Hatﬁork of Séismic ahd Tide Stations

This recommendation proposed that the ITIC compile a lisi of seiswic and
tide stations which would form an expanded network dssigned ito offer grsater
protection to Member Statee from tsunamis generated either close or distant
from their coasta.

Such & list will socor be distributed by the ITIC to each HMember State so

they will have the opportunity to study the propossd locations and make appropriate

recommendations at the 1972 ICG Mesting. Those countries who do not expect to
have representativee at this mesting are encoursged to send their comments to
~the Chairman, ICG. o T T T o

Recommendation No. 4 — Tsunami Data Ragorfing |

_ The recommended procsdurss to be used by tide cbeervers in reporting
tsunami data were made available to all participating stationz in Decembsr 1970
#hen the United States distributed a revissd verasion of the publication,"Have

Reporting Procedures for Tide Obaervere in the Tsunami Warnizg Syztem.” '

_ Since then thers have been only a few small itsunamiz rsporied to the Warning
Center. In reviewing these reports, it was noted that all stations did report
wave heights in metric units. Howsver several stations failed to follow the
recommended format of reporting the initial amplitude and subeequent maximum

wave heighte at regular intervals. ' ,

‘Continuing affortsrshould be mada.by sach member countfy to providk-full :
instructions to their tide station peraonnsl on. smergency reporting of isunami
data. - ' . ' L - :

Recommendation No., 5 — Telecommunications

In July 1970, the Chairman sent letters to all Nationel Coordinaiors
requesting informstion on each Nation's telscommunication requirements and
plans. The information was requested so that the Chairmsn could reepond to
certain questions raised at the 3rd Meeting of the Joint W¥0/10C Group of
" Experts on Telecommunications in May 1970.

The replies submitted by the Group members indicated that they wers not
yet in a position to supply details on the use of telscommunicatione for the
Pacific THS.
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In viewing the situation with regard to telecommunication requirements
in the TW3, it should be noted that the Joint Group of Experts haa approved
certain frequencies for itsunami warnlng purposes as quoted below from the
report of thelr Becond msetlng

"The Group felt that it should meske interim arrangements
for the collection of initial data for warnimg purpomes
(ecge, tsunami, hazardous weather phenomena, etc.). Since
these data will have to be transmittsd on a non-scheduled
basis, ii was felt that the lowest assignable frequency in
each of the six allocated bands* should be reserved for the
-collection of these data exclusively. The occupied bend

" widths for these transmissions should be as small as posalble
and preferably should not excaad 100 hz.“

The Chairman believes that, until more detailed requlrements are expressed
these frequencies will be adequate for regional transmlsslon of seigmic or sea
level data pertlnent to tsunaml warnlngs. :

For long range tramsmission of data and warnings in the Pacific ™S,
the United States expecta to launch a communioations satellite in 1973 thch
will have the capability of relaying telemetsred data to the Warning Center
from distances of about 8,000 kilometers. About 100 channels will be avallahle
for emergency use in the 401 850 MHZ to 402.00 MEZ range.

Recommendation No. 6 - Communication Tests

In accordance with Recommendation Number 6, arrangements were made through
the ITIC for a test transmission from Khabarovak to Honolulu and Tokyo. The test
was conducted on September 16, 1970, using direct radiotsletype. Khabarovask used
three transmitters in the test= From 0200 CGMT to 0205 GNT, Kharbarovsk transmitted
on the following frequencies : 4516.7 khz, 9230 khz, and 14737 kXhz. After s
10 minute intermimsion, Khabarovek broadcast from 0215 GMT to 0220 GMT on the
following frequencies : 6830 khz, 12253 khz, and 19275 khz. Honolulu reportsd
good reception at only the two highest frequenocies. No mignals wers received
at the two lowest frequencies and reception was poor for the two intermediate
frequencies. Tokyo had good reception on 6830 khz and did not monitor the other
'frequen01es.

* Allocated frequency bands :
4162,5 ~ 4166.0 KHZ
6244.5 - 6248.0 KHZ
8328.0 - 8331.5 KHZ

12479.5 ~ 12483.0 KHZ
16636.5 — 16640.0 KHZ
22160.5 ~

22164.0 KHZ
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;commendation No.T - Conmunlcatlon Tsata

In acoorﬁanca aith Reconnon&aixon Hunber T, comnun1cat1on tests were.
carried out between Honolulu, Tokyo, and Khaharovak, testing both direct
broadcast and point-to-peint transmission over exlatlng tsletype c1rcu1t|

- operated for metaerologmual or. othar purpoaasg

- "ths one on Septeubor 16, 1970,

Thaers wore tuo dlreot broadgasts mads fron Khabarovsk in additloa +o

The first one, ‘on Harch 15, 1971, was tranlmltted on - the rollowlng

"';fraquenclen : 3995 khz, 5885 kks, 8130 khs, 12295 khe, 16080 kksz, and: 21?50 khz

Honolulu reportsd no signel rec@xved on the first thrse frequencies,: fair. rouaption*; fi '

2. on the next, and good reception on the last two. The report from Tokyo did mot..
'V”mentlon the flrgt two frequenoles and reportsd gcnd,raceptlon on the last fourc;;,i

7 gama frequencies except that 16080 khe wae replacsd by 16010 khze Ho slgnal

The secemd Khdbnrovsk taet wasz run on S@ptunhpr 15, 1971 and uaa& thﬁ

" was raceived by Honmolulu on the first two freguencias, the recspiion on theAnéif

,Q;ﬁthrea was: fair to.good with voice ‘and CW interference,. and reception wae good -
* on the. laat frequoncy. Tbkyo dld not report rssnlta of thls taet to ths ITIC.""

_ Three: test bro&dcastm w&rs also -ade frnn Honolulua All *hrea unad the s
same six frequencies : 4163 Xhz, 6245 khz, 8328.5 khs,12480 khe, 16637 khs, =
1d 22161 khz. These ars ths fraguencias racommended by the Joint WMo/ T0C Group
{ Experts on xelecommunlcatxona for use in tsunzai traa;mlasiona.

: In the first tast on Dacember 15, 1970, Tokyo reportcd no slgual on’ the f
- - f£irst three freguenciss, fair o good racepiion on ths fourth, vary good recepiion
_on the fifth, and good recep*xon on the sixth. Ths broadcast was raportsd 1o .
- have bean racalvod ia Khaharnvsx, but no detaile on frequency reception wers
. made. available to the ITIC, In a test on June 17, 1971, Homelulu mismed the .

" scheduled broadcast ‘time for the first, third, and fifth frequencies. No raport
 was rscaived from Tokyo or Khaharovsk on whethsr the otker thres frasquencies. B
‘wera received. In. another- tsnt, on Decsmber 15, 1971, Tokyo reported no aignaL,fEﬁ-'
on the first three fraquana1es, ‘fair recaption on. the fourth, good rtception =

on the fifth, and very. goaﬂ rsception on tho 5izth frequency. Ho . rsport HAZ
racalvad from Khaharovak. ; ., e _ R

A1l broadcast tasta ware con&ucted botwean the houra of G200 and 0220 Gﬁ?

Four teste sTS. 1n1t1ated by the ITIC. ut111z1ng sxisting teleiype clrcults'
. between Honolulu Observatory and Japan Heteorologaoal Agsncy, and betwesn JHA -

" and the Hydromsteorological Servics in Khabarovsk. Ehabarovsk respondad to all
four tests and round trip times wers as follows : Juae 16, 1970, 1 hr. 10 min.;
December 4, 1970, 2hr. 25 min.; Msrch 16, 1971, éhr. 12 mln., and June 22, 1971,
1 hr. 16 min.

Zince the Khabarovak filing time was raported,to the ITIC only on the
Tecember 4 tesi, this is the only test in which the sotual communication time can
- separatad frcm the in-station delays. On this occasion, the actual itwo-way
irensmission time was 43 minutes.
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ANNEX IV

R:co“ HIDATIONS

-. Recognizing the importance of the existence of the International

Tsunami Information Center (ITIC) and its work in the development:
of the Tsunami Warning Systen in the Pacific, the ICG recommends
that its activities should not be diminished 1n any way by 1nternal
organizational changes and that the attention of the ITIC should be
devoted primarily to the collection and dissemination of informa-
tion on research and technical developments on tsunemis as well as

. promoting the exchange of scientific and technical personnel among

participating countries. It further recommends that the Member
Countries provide all possible support to the ITIC.

- The Group recommends that the Director of ITIC prepare a description

of - the functicns and main activities of the ITIC and include it in.
the next issue of the Tosunami Information Center Newsletter.

Considering the proposal of ITIC on expansion of the Tsunami Warning
System made in accordance with Recommendation 3 of the Second Meeting

of ICG, it is recommended that all member couniries consider which
of the proposed tide and seismograph stations suggested for the

Pacific Tsunami Warning System should receive priority, bearing in
mind technical and telecommunication aspects, and submit before the

end of 1972 their proposals to the ITIC for preseﬁtgtlon to the next

ICG meetlnga

"-Recognizing the recent improvement in the telecommunication system

in the Pasific Area; the International Coordination Group urges the
countries concerned mainly Japan, the United States of America,
and the Sov1et Unlon, to study the Japanese proposal on the format.
of tsunami messages as 2 basic material, and give to the Japan
Meteorological Agency their suggestions on the agreement to process
and relay these messages automatically by ADESS (Auiomatlc Data
Edltln” and Sw1tch1ng System).

Notlng the 1mportance of standardization in providing exchange of
urgent information’ among Pacific countries, the Group recommends
that member countries participating in the operational exchange of
this information should review the procedures in use with a view
to obtaining complete standardization among member countries and

should report the results to the 4th meeting of ICG.

Bearing in mind the positive resulis achieved during the conducit
of tsunami dummy tests, and with the view to keeping the existing
telecommunication systems active, the International Coordination
Group recommends the continuation of dummy tests and exchange of
actual tsunami warnings between Honolulu, Tokyo and Khabarovsk.
The details for the tests will be agreed by letter. . :
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'

30a11ng in mind Resolution No. VII-24 of IOC, in particular the
tem on the necessity of prevaring eaucational material designed

0 arouse public awareness .of the danger of tsmanis and also
ihe protective action that should be faken upon receint of a égg?

sunami werning, and recognizing the importance of this material

or creation of Tsunami Werning Systems in the developing couniries,

ICG requests all member countries to prvide to ITIC copies of their

educhtlonal materizl so that b1311orranh1es and examples can be

 p“ena“ed by ITIC for dlotrlbutlon, tnﬁourn bhe-IOC Secretarlai
1o other countrleserﬁ_;' _ . -
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CANADIAN NATYIONAL REPORT
PREPARED
FOR THE 3RD MEETING
OF -

f o ' .. “THE INTERNATIONAL COORDINATION GROUP
 FOR THE TSUNAMI WARNING SYSTEM IN THE PACIFIC

" TOKYO, JAPAN MAY 8-12, 1972

Instrument Developments

In accordance with a request made by the Inter-
governmghtal Oceanographic CommiSsion, thg Canadianlﬁovernment
authorized a_gift of_ten surplus tide gauges to be allocafed
through the Intermational Tsunami Information Centre (1TIC)
to countries particibating in.fhe Tsunami Warning System in
the Pacific. At the end of April 1972, only one instrument
was requested by.ITIC for use by the Philippiné Coast and Geo-
detic Surveyfaﬁ Manilaf' The_instrument was shipped from.
Canada eérly in 19717

. The Tsunami Warning stations at Tofino and Victoria

have been working satisfactorily;thrqughout the last two years,

Honelulu was advised about three times during that period nn.

equipment failures or. the rélocation.of statiéns_andrequip_
ment. Revised instruction procedures for the Honolulu
Tsunami Warning antre Personnel weré requested and supplied.
for the interrogafion of_the Canadian gauges.  In.addition,
hourly fide predictions were prepared for the same centfe_

covering the years 1971, 1972 and 1973.
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It was feported during the second meeting that
a fully dperational Telemetry system between Langara Island
and Prince Rupert Airﬁort would be available by the end of
1970. Breakdown bf fhe submersible transducer and the
difficult acéess to:Langara Island caused many deléys;
Procedures on how fbi&ﬂ%éih.dété fr;mrﬂonolﬁlu fof Langara
Via.Prince.Rupeff radio éilinﬁe“f;;paféd after the system
has been operational for at least two months. .. A

For the last year, the interrogation of géuging
equipment has been tested at several locations, utilizing
telex facilities. After recei#ihg'the data at a central
location, computation and étorage is done with the aid of
a time sharing computer. So far the results are encouraging.
It seems, however, that the mechanical devices employéd to
record and transmit the data afe prone to failure.

'For.those interested in the operation of the
telex system empioyed, a short descriptibh is éttached.

Investigations are now under way to utilize the
telephone system in'conhecfion with metal 6xide semiconductoré
(M08) an& Compleﬁentary.— symmetry metal oxide semicoﬂductors
(COSMOS) elements to'berform various logic.and memory func-
.tions for direét.access'to the digital data recorded.
For.warning purposeé,'data fecorded six hours prior to_a
Tsunami occurrence, and at frequencies of one minuté or

less thereafter, should be accessible in almost real time.
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The data will be available in the four digit metric system

with proper time and even identification to the interrogator.

During the period of the call, recording of the water level
changes should continue without interruption of the selected
cycles;

" One of the recommendations made by'the-I{U,G.G.

Tsunami Committee at the Moscow meeting in August 1971 was

that countries supply'tide gauge data obtained during major

‘earthquakes. For some Canadian west coast stations data

ccvering 19 major eafthquakes during 1970 have been sent

to ITIC. We did not find anything particularly significant,

.but will send annually selected tide gauge data, collected

during major earthquakes, to Honolulu.

Current Tsunami Research

S5ince the West Coast of Cénada hés a highly,
irregular coastline indented with mény complex inlets.
(some: having as many as thirty branches), analytical studies
are unlikely to be successful. For this reason we have |

concenirated on numerical methods to model the topography

as realistically as possible. The resonance phenomenon

has'ﬁeen identified as the primary source cf tsunami ampli-

fication in the West Coast inlet systems énd for,this réason
our research effort has been concentrated upon understanding,
in as mﬁch detail as possible, the resonance.characteristicé

of the important inlets.
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¥or long and narraw.inlets one-dimensional models
have been used and wé-are starting to look into.the resonance
" problems in wide bays which require a twoédimensional fdrmﬁ~
lation. Us}ng,some new techniques developed recently in
hydrodynamigs the normal modes of a given water body will
be computed once and for éll,-using solely the hydrographic
dataﬁ‘,Then,thg response of thg sysﬁem to any forcing,.whetﬁef
it be a tsunémi,or a”étormg_canibg_determined by a_suitable.
combination of the normal modes. EUsing this technique we
hope to look at the fesponse of the Dixon Entrance, Heﬁate
Strait, Queen Charlotte Sound system'to_incoming tsunamis,_
Since after entering an iniet, a tsunami might be.
transformed somewhat into a bore, we are.looking at the
general problem of propagation'of bofes, We have also.been
working oﬁ the quesfion_of correct modelling of épen-bounda—
ries in tsunami froblems. One of the very difficult proﬁlems'
in numerical-modeiling.is the treatment of.open boﬁﬁdaries
and a very clear distinction has to be made between ekcita-
tion by traveliing waﬁes in. contradistinction to excitation
by standing waves. Finally, we hope to look at thé tsunami
proness of our iﬁlep.systems in great detail uSing detailed

hydrographic jnformation.

- CANADTAN MEMBERS

Dr. G. L. Pickard _ G. Dohler

Director, Institute of Oceanography Chief, Tides a=ad

University of British Columbia Water Levels

Vancouver, B.C. _ . Dept. of the Environ-
' ' ment

Ottawa,.Ontario'

‘Ottawa, April 1972 .
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.REAL TIME WATER LEVEt INTERRGGATION

For the lést fewrmonths,_Tides.éhd Water Levels at Ottawé:‘
has beem: testing the interrogatioﬁ é;éaugigg'eQﬁipméﬁE;'utilizipg'
telex facilities. ‘Satisfaétory%results;have been obtained éna‘a7:
data file éﬁ;ﬁéfaligé’é Computef Centre in Tbrbﬁté?gs being‘créaéed.

_\“Thigwfilgwmay4bg oﬁ7interest to hydrbgraphers, hyd?auli¢ _
en@ineers, power_élant operatérs or séienﬁists to obtain wﬁgér;lévcl
data on an almost .real time bﬁ%iéan‘ |

The éttﬁched block éiagram illungtrates the recording and
interrogation systgm;and the computer ipstructions to bbtain water
level data from éhe present Tide and Water LeVels.file at Toronto._.

We could provide nore détailed informétion or give a |
demonéﬁration here in Ottawa if the system is of inﬁerest. _ |

terminal should be addressed to Dataline Systems Limited, L0 St. Claire .

Street West, Toronto,

- -

- Ottawa, November 1973.
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8 LEVEL DIGITAL §7.
PUNCH PAPER TAPE § &
LEVEL RECORUER
FLOAT OPERATED

METHOD OF OPERATION

Operator aclivates re-
corder tope advance to
bring last data punch

within range of reader.

Then ‘tape reader is
activated.

Data cn tape is trans-
mitted via teletype
lines to recetving
equipment.

Output appears as
duplicate of punch
paper tape record
gatherad unattended
on stte as wall as

 'printout of data.

w0 U PAPER TAPE TOOP

RECORDING SITE EQUIFMENT

e e e e ]

N
P i . “ s
E .
/ . a O P
EXTENDED OUT Y mpp spvance
* OF ‘RRCORDER g © Y T COUTROL LINES
| TELETYPE TAPE § 5 | o
" FWADER_HEAD ' Mopmr 33 -
TETTTT T T TS T TELEPRINTER
1
i
T0 COMIERCIAL C
TELETYPE NETWORK . -
| .
i
- MODEL 33
TELEPRINTER |
PUNC:;:J doe |mapo copy

OUTT : ‘PRINTOUT

RECEIVING SITE EQUIPMEIT




SAMPLE TELEX LISTING

71110508

11867 CODFRICH
PPRs PR3 POGD
P194 @196 194

B2
p192

0261
(193

p2np
7190

13330 PTWELLER |
PRAR 6 ANR3 ANEBS ANB6
AART GARS AAR L PR A
GP89 AE91 ARBY GA9D

anET
bn8g

AR &
anon

13327 TOFONTO
AAR9 FERT ANBY HARY

GRRE ORB6 PORS ARRS

BR9D AN9 A DAY 4 HPEIS

BOR 6
BO9 4

ABns
AA9 S

135902 COROURG -
AARE FORR AASR
QP8R PARR WASR
@r83 FAE9 ANB9

388
nrsT
fe9a

Nas 6
P99 L0909
[}

13988 KINGSTON
fAR9N OR92 GH9H
GHOA GH92 GA9A
CEB6 NOB4 PRB3

GA9 3 .
AN9 4 AN9E AASE
GARS AABS BASS

0385

n1eT

Pig7

R8s

pAIZ

PEs S
BRI5

RR37
aag9

nesy
ong 7

7199 0198
6188 %

arg7 ARBY
ag92 5

NAgT OR39

B394 &

npag 00T
ne9B $

aaon page
reg4 SEND

B197

nag 6

BO39

5087

A086

Annex V (a} ~ page

6196

nagg ansT

PEIB POEVG

0p88 PE8S

AESE 0086
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- SAMPLE COMPUTER _OUTPUT

DATLY MEANS

-

57927 57914 57925 o 0
YONTHLY #MEAN 57940
HIGH EXTREME 7 930 53012 LOY

HIURLY HEIGHTS FOR STATION 13030
291071 1312 1312 1308 1304 1312
: 1312 1322 1315 1312 1304
301071 131% 1312 1312 1312 1302
_ 1312 1312 1312 1308 1308
311071 132% 1313 1322 131§ 1312
1312 1308 1302 1302 1302

11171 130% 130% 19299 1302 1302

1305 130% 1305 1308 1305

21171 131% 13025 1318 13922 1322
122 1292 1312 1312 1302
31171 129% 1299 1302 1099 1299
1295 1295 1295 199% 1285

41171 1285 1299 1299 1292 1285
f 1285 1279 1276 1276 1285

DAILY _ME/\:\!S
24412 24411 24406 0 0
TMINTHLY MEAN 24402

HIGH EXTREME 5 200 24425 LOW

HOURLY HEICGHTS FOR STATION 13320
291071 1318 13148 1315 1312 ,1305
© 1315 1318 1315 1315 1312
301071 1308 130% 1315 1312 1312
' 1325 1314 1315 1308 1315

311071 L3331 1331 1331 1318 1312

1322 1322 1318 1312 1308
11171 1299 1302 1302 1299 1305
130% 1308 1308 1312 1312

21171 1322 122% 1331 1335 1328
: 1295 1308 1318 1315 1302
311711308 1312 1308 130571308
1305 1308 1305 1295 1292

41171 129% 1305 13021302 1299
' 1289 1282 1279 1279 1289

-0

EXTREME

0

3

g8 57871

STARTING 29 10 71

1368
1302
1305
1312
1308
1299
1312
1302
1303
1285
1295
i1eRa
12845
1282

1312
1312
1305
1312
1308
1299
1305
1302
1305
1288

1295
1279
1285
1279

EXTREME ~

13006
1308
1308
ia1s
1312
1295
1299
1302
1299
1292
1295
1232
1252
1285

1312
1318
1305
.1312
1308
L2999
13299
1299
1305
1299
1295
1RR2
12432
1292

13135
1315
1308
1318
13005
1289
1302
13ane
1302
1295
1295
1292
1272
1282

7 1005 24372

STARTING 29 10

130%
1318
1315
1314
1315
1305
1305
1308

1314

18389
1305
13289
1295
17282

1315
1318
1312
i315
1319
130¥
1302
1315
1308
1292
1299
12832
1292
1279

1318
1315
1318
1315
1318
1308
1299
1312
1305
1299
1305
1285
1292
1285

71
1318

1315,

1318
1322
1312
1295
1305
13038
1302
1312
1305
1295

1292
12927

L3

i3R2

1318

1315
1325
1315
1302
1305
1304
1299

1299

1308
1305
12855

1292

1315
1315

1308

1322
1305
1295
1308
1302
1295
1289
1299
1295
i279
1289

1322
1328
1308
1328
1315
1302
130738
1315
1295
1299
1315
1302
1292
1295

1315

1318
1312
1322
1305

1302

1308
1315

1279
1292
1299°

1289
1782
1285

131
1315
1315
1325
1318
1295
13204

I315.

1292
1299
1308
1299
1292
1295
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~ TIDES ‘AND WATER LEVELS DATA FILE

" This report concerns data stored on DECtape at DATALINE'S computer .
centre in Toronto. The tépe contains hourly heights and daily means from -
the first of-the month up to date. Data for ’cﬁé p“rré-vious mon'__fh is retained
for a few days after the begimning of the month and then deleted.

The stations for which date is stored are:
03130 - Riviere-du~Loup, Que.

- 03170 5%. Jean Port Joli, Que.

11860 CGoderich, Ont.
1303¢ Port Weller, Ont.
13320  Toronto, Ont.
13590 Cobourg, Ont.
13988 = Kingston (Portsmouth) Ont.
15520 Montreal, Jetty No. 1, Que.

The following instructions describe how to obtain a terminal listing, .

printer listing, and/ or punched cards containing data from this tape.

. The underlined parts of the instructione are noit typed by the unser,

tut are .responses from the computer,
The 1C is obtained by holding down the CTRL key and typing C.
'I’he‘, is not typed. It is used here to designate when the user should

depress the RETURN key.
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1. Connect terminal to computer by telephone

2. Log into the system, mount DECtape D268, and transfar program

PUB toc user disk areas

: AC

.LOG‘)

- JOBi DATALINE VERS DSLiii

log into system

data

NOTICE, TXT LAST CHANCED time

g account number
ASSWORD:z password‘z
Iime  date T

<R YOUNT,
=M D268,

REQUEST ACCEPTED
*D268 MOUNTED ON DTAn

*fC

+AS DTAn 13y
TrAn ASSIGNED

R PIP
/" X€~—13: PUB. BE%

l%él'

3. Run program PUB

o BX PUZBQ_

- TOADING

LOADER 14K CORE
EXECUTION

mount DECtape '

- n will be a
digit from O
to T

aselgn DECtape
uwnit (in place
of n use digit
asglgned above)

' ‘transferrprogram '
to user disk area

ENTER STATION NUMBER FOLLOWED BY A CARRIAGE RETURN

N0 STATION NUMBER WILL CAUSE ALL STATIONS TO BE PROCESSED

31 30‘1

()

ENTER STATION NUMBER FOLLOWED BY A CARRIAGE RETURN

13039

ENTER STATION NUMBER FOLLOWED BY A CARRIAGE RETURK

L

(2)._'

ENTER STARTING DATE (YMD} —~ NO STARTING DATE WILL CAUSE

&

FIRST DAY OF THE MONTH TO BE ASSUMED - (3)

ENTER ENDING DATE (YMD) - NO ENDING DATE WILL CAUSE

LAST DAY OF THE MONTH TO BE ASSUMED

Tllllcn

ANSWER THE FOLLOWING WITH A Y FOR YES OR AN N FOR NO

FOLLOWED BY A CARRIACE RETURN
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HOURLY HEIGHTS?

(4)

TERMINAL OUVTFUT?.
Y _ '
i
HOURLY HEIGHTS (TYPS II) OR SHALLER INTERVAL (TYPE 1) OR BOTH (TYFE B)?

FOLLOW IZPIER WITH A CARRIAGE RETURN | (5)

Hy

~ PRINTER OUTPUT?

N
'4
CARD OUTPUT?

.IJ "

PLOPTER OUTPIT? S o - (6)
Kl :
DAILY MEARS?

R T A -

TERMINAL OULPUT?
3

PRINTER OUTFUT?

%y

CARD OUTFUT?

¥

PLOTTER_QUTPUT?
B

any terminal output
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Note: (1) If no station number is entered here (i.e. (gust az ),
all stations will be processed.
It is not advisable to do this at this time.

{(2) By entering just a g here the user tells the program
: he ha.s entered all the sta.t:l.ons he wishes dala for.

(3) By enterlng jusst a here the user tells.the. program.
that the data he wanis begins at the first day of the
month.

{4) 1f Ny is entered here, no hourly heighte are desired
and ‘all questions up to DAILY MEAN3? will be omi‘t‘teda

(5) If Ny were entered in response to WAL OUTPU‘I"-*
this question is omitted. , _

(6} HNo plotter output is available at present.

{7) If Ny is entered here, no daily means are desired and .. .
the remaining questions are omitted.

4. Dismount the DECtape

-R MOUNT
LY

DrAn DISMOUNT REQUESTED
#0268 DISMOUNT

*4C

5. If printer or card output was requested, it can be obtained as
follows: Otherwme, proceed to 6.

=R PRINT, : B
*HHLIS, DAT/F/D,L _  Hourly height listing
*DMLIS. DAT/¥/ ) o ' Daily mean listing
.

.R PUNCH 2 : | _
=HHCDS. DAT/Dj , Hourly height cards
*DMCDS. DAT/D : : Daily mean cards

6. Log off the system

LKIJOBY,
CONIFTRM: KQ

“log out information
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TSUNAMI WARNING SERVICE AND ITS SYSTEM
IN JAPAN

* The tsunami warning service in Japan started on April 1, 1952. It took about two years for pre:
paration after the authorization by the Cabinet' Council on Dec. 2, 1949. The service gained the first
success for the tsunami caused by the Tokachi-oki earthguake of 1952. Since then the service had
" been operating principally against the tSunamis occurring near the Japan Islands until the Chilean
TFsunami of 1960 which brought Japan extensive damage The service was, thérefore, reinforced and
fmproved from the international point of view. ' o T

1. System in the JMA

The Tsunami Waming Service in Japan consists of three parts: 1) tsunami forecast system, 2)
dissemination system to transmit forecast messages to coasts, 3) terminal system to evacuate the people
rapidly on receiving warnings. The first part is operated exclusively by the Japan Meteorological Agency
(JMA), the second by a number of civil and public organizations and the third, by local autonomies.- - "

The system for tsumami warning in the JMA is composed of seismic monitoring stations, tidal
monitoring stations and analysis centers. The communication between seismic or tidal stations and
centers are maintained through the JMA exclusive lines and public telephone lines. If the landline is
broken, wireless communication system will be ready to operate. : ‘

The JMA system is operated by special regulations.

4} Tsunami analysis ceniers apd divisions of coasts

The entire coast of Japan is dévnded mto 17 d1v1saons, for Wthh five Regional Tsunaml Centers
are assigned them as shown in Fig. 1, :
When a tsunami originates in a distant ocean farther than 600 km frdm the Japanese coasts,' the
Headquaters of JMA (Tokyo) is responsible for its analysis as the National Center.” Whereas near -
tsunamis are analysed by the Regional Centers. The Regional Centers are in District Meteorological
Observatories (DM() under the JMA except for Tokye DMO, in place of which JMA~ Headqﬂater
(JMAH) performs the work: ’ .
For the tsunami work, two persons are always on duty in the office of the se:smological seetwn in .
JMAH and at least one in the observation section in each DMO. °
Consolidated training for Tsurnami Warning System is made once or twice a year in each DMO.

1.2 Seismic Monitgﬁng stations

Seismic cbservation is made in 106 weather stations under the JMA. Four stations of Okinawa will
join JMA netwark on May 15, 1972, Sixty nine stations of them are specifically designed to make
additional observation necessary for the warning against tsunamis from near earthguakes, They are
called ‘‘seismic-stations for tsunami warning”. Similar additional observation for distant earthquakes
is also made by 13 selected stations among them. They are called **teleseismic-stations for tsunami _
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warning *’. Al the stations (106) are dévided into- five groups belonging to each tsunami center.
Exact locations of these stations are given in Table I together with the list of seismographs. Their
standard response curves are shown in Fig. 2. ’
Whenever an earthquake is fgit, a seismic station interprets prompty the record of seismograph
and dispaches the results by telegram to its Center. This telégrafn "is called “éeismo-telegram ”,
Seismic-stations for tsunami warning should dispaches the special seismo-telegram, 1) when the staff
of the station feels earthquake stronger than IV in the JMA Intensity Scale (see Table 2) or 2) when
the record of strong motion seismograph (V=1, Tu=6sec, Tv=>5sec) exceeds 5mm in double amplitude.
This telegraphic report is called “seismc»te!egrarri for tsunami warning ™ and consists of two parts.
First report should be sent within five minutes after the shock reporting intensity and P-time, and
second one within ten minutes reporting all available informations. The telegram is sent with the top
 priority. S o o o o _ -
The station designatgd for distant earthquakes must send the reading data fo JMAR by telegram
when an 'earthquake occurred farther than 60sec in $-P time and the trace amplitude by a special
seismograph of 10sec period exceeds a certain level. This kind of telegram is called “ seismo-telegram
for distant tsunami warning . . ; .
The distribution of these stations is shown in Fig. 3, classified by several different kinds of seismo-
graph. The principal seismograph of the system is the Strong Motion Seismograph {(notatior $ in
Table 1) which is installed in all stations and used for measuring amplitudes necessary for determining

_the magnitude of large shocks. ' ‘ .

' -In order to report P- and S-times necessary to locate epicenters, seismographs with a magnification
of about 100 are used. The principal seismograph is of electromagnetic type (notation VI or VI in
Table 1). All seismographs used for warning service employ visual recordings of ink-writing or smoked
papers. Urgent reading is made without removing the records from the recorder. )

Telemetered seismic observation system with magnetic tape recording has been developed in order
to locate earthquakes in and near Jahan as quickly as possible for -the purpose of tsunami warning,
These stations are shown in Fig. 4, which includes the installation plan. Data from 4 stations are
telemetered to each Tsunami Regional Center for the immediate location of regional earthquakes. The
monitor recorder and alarm bell start in addition to the tape recorder when the vectorically composed
horizontal amplitude exceeds a pre-set triggering level, 10 to 30 microns, depending on each station.

' By the telemetering system, a visible recorder (visigraph) at the Tsunami Regional Center writes
simul'taneously the same signals which appear on the monitor recorder at each station.. Accordingly,
in each Tsunami Regional Center, the analog seismic signals sent from 4 subordinate stations can be
seen. In each station, the non-linearly compressed * velocity ™ is written on the monitor for easier
identification of P-time. However, in the Tsunami Regional Center, the identification of S-time is also
important for an immediate location work, and the horizontal components are restored back to linear
quantity and integrated to obtain *‘displacemeént’’. The recording is made dually through high sensi-
tivity (x100) and low sensitivity (- 10) channels to ensure a large dynamic range. The vertical com-
ponent, however, is written only as non-linearly compressed quantity for easier identification of P-time.

In the case of large earthquakes an immediate estimation of the epicental region can be made
simply from these monitor recorders.

1.3 Code for seizmo-telegram

We have two kinds of codes each being in use for reports by the seismic-station for tsunami
warning and the teleseismic-station for itsunami warning.
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E-E : . .
Y'Y X hohomeme seso(titsty) (4X:bbXs) (AiAA, 3 73] 00,
P .

HiY’Y? X hohometme SeSetitits 4X:bbX: A:ALAACA.] = v+ | GO
where parentheses are omitted in the first report,

r+¥w © : Emergency {datum code, in Japanese)

P : Earthguake (datum code, in Japanese)

it ¢ International station mimber :

X, : The IMA Intensity Scale of Earthquake (see Table 2)

Y'Y’ hohememeses.: Day, hour, minute and second of commencement time of P-phase
titity : S-P time in second ' : o
X bb : Sense and direction of the initial motion (see remarks)

AlA A3 Y 2 Double amplitude of maximum ground motion in mm{: ¥ ; in Japanese) multiplied
by the station factor . : )
A, A:A:A:A,: Double amplitude of maximum ground motion in micron with station factor

=¥ : Distant earthquake (in Japanese)
0’0’ @ Abbreviation of seismic-station
Xs : Remarks
Remarks ' _
X . 3 8 . /
Vertical motion (+) (—) unknown
bb [ 02 03 0t 05 06 07 08 (02 10 11 12 13 14 15 16
Azimuth NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NWN N
Xa Remarks
¢ No remark
1 iP, iS
24 iP, eS5
3 eP, e5
4 eP, iS5
5 Local earthguake type
6 Spindle shape type
7 Deep earthgquake type
3 S¢S is recorded. .
9 Period of maximum amplitude being longer than 1/3 minutes by eye-measure-

ment

1.4 Tidal monitﬁring staﬁons

% _ _ Under the JMA, 53 tide-gauge stations are operating, They are distributed in Fig. 5. Most of

' them are equipped with Fuess type recorders, and some of them, with pressure type recorders.
Because of the distance between the weather station and the tide-gauge site and also of the danger

which threatens an observer at the time of tsunami, 11 tide-gauge stations along the Pacific coast of

Japan are equipped with telemetering device which enable them to watch the behaviour of the sea
surface at their own stations. The staff members read the record of the height of peaks or troughs
of the wave from the datum level and telegraph the coded data to the Regional and National Centers.
The state of the sea surface in every moment is very important also to cancell an already issued
tsunami warning, when it becomes unnecessary any longer.
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The code used by the tsunami stations for the report of tsunami observation is as follows:
i) In case of commencement of tsunami, ' ' - '

| LV
WY YGG g g vwHH M v+ 1k v 7] OO

where - S
Y'Y'G'G'g’g’ : Day, hour and minute of arrival time -of tsunami
vv : Peak or trough - ' e
HH:Hy : Height of water level from the daturn line in cm. .

One thousand is added if HrH Hz has minus sign. =
o+ 349 v %+ Tsunami ohservation (in Japanese) - ‘
Other symbols have the same meaning as those of the seismo-telegrams.
ii} In case of peak and trough 'cf tsunami, - R
W fAREVFIAVVY
WY Y'G'G'g'g vwHHH | k] NN OO
W {REwF T H V¥ v Seismo-tsunami observation (datuny code, in Japanese)
s Remarks (in Japanese) ‘ ‘ -
NN : Number in series -
Other symbols have the same meaning as those of the seismo-telegrams.

2. Function of the tsunami cenler

When the alarm bell starts or the Regional Center receives a seismo-telegram, the Regional Center

immediately begins its activity. ‘The process of analysis is as follows: 1) location of epicenter, 2)

determination of grade magnitude of tsunami and 3) determination of warning message. These works

" in the Regional Center including the delivery of waming message to the dissemination centers should

be completed within 20 minutes after the occurrence of an earthguake.

2.1 Location of epicenter

The data indispensable to locate the epicenter of earthquakes are the P-times and S-P times, A
nomogram for cbtaining epicentral distance from S-P time is provided, which is based upon Wadati--
Masuda travel time toble. First some focal depth is assumed to the shock, say 40km, and, making
use of the nomogram, circles as many as the number of messages from the reporting stations are
drawn on a blank map with centers at their locations. The epicenter is located at the point where

. these circles intersect each other most densely. When the intersection points of these circle are not

dense enough, the same process is repeated assuming another depth until satisfactory results are

_obtained. The epicenter and depth can, in this way, be estimated simultaneously. The epicenter thus

obtained is checked by the iso-P lines which are drawn from P times. The directions of initial motions
are also useful for the check of the result obtained by other methods. Especially, in the case of large

"earthquakes, 5-P data often lose their value or location of epicenter, owing o falses S reading, and

iso-P lines and directions of initial motion must inevitably be used.

2.2 Determination of the grade magnitude of tsunami

The grade magnitude of tsunami, for the practical use of warning, Is dévided into three gradm:
1) major tsunami, 2} minor tsunami and 3} no tsunami, '

On the tsunami forecasting chart, the amplitudes reporied in - geismo-telegram ™’ are entered
against their respective epicentral distance obtained during the process of 2.1 (see Fig. 6). From the
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pattern of the distribution of observed points, an estimation of the magnitude of the shock can be
made. If the magnitude jof the shock falls between 7.0 and 7.8 in Richter scale, then.a tsunami of
small scale is assumed to occur and if it is greater than 7.8, a tsunami of large scale is assumed to
occur. '

. i is of course desirable to take into consideration the effect of focal depth and earthquake mecha-
nism of the shock. No time, however;, can be spared to distinguished a litile difference in depths less

- than 20km or to pay attention to its mechanism; as far as the analysis work is manually done. Tt is

necessary for us to autemate the process’ of the present analysxs in order to improve the Tsunami
‘Warning Service both in rapldlty and accuracy. ’ " : ’

2.3 Determination of warning message

n determining the message of tsunamg wammg to be pubhcly announced the fol!owm;, method
is employed.

When a major tsunami is expected as a result of analysis on the forecastmg chart, **a major
tsunami " is issued to the coastal division nearest the epicenter and ‘*a minor tsunami’, to its adjacent

.

is issued to the nearest coast of the epicenter; **no tsunami’ is

divisions. Wher ‘*2 minor tsunami’
issued to the adjacent divisions, .
Five degrees of messages for tsunami forecast, including those already mentioned above, are emn-

" ployed as shown in the following. The height of tsunami means the maximum height of peak measured

from the usual tide level.
1 No tsunami None or almost imperceptible;
2 Fear of tsunami Tsunami is predicted but its magnitude is uncertain. ;
3 Minor tsunami . No damage or slight damage Height of tsunami is generally us to several
tens centimeters (up to 2 meters in the worst places). i ‘
4 Major tsunami More serious than the above. Height of tsunami is generally up to 1 meter
{up to 3 meters in the worst places).
5 Cancellation of warning No more danger.
The code by mhlch a message of tsunami forecast is sent to the d]SSlmmatmn centers arc as
follows: : ’ ’
’ a) When it is sent by ‘telegram,
 Forecast message, number of the coastal dmsnon number of coastal dnnsmn _
b) When it is sent by telephone,
* Number of coastal division, number of coastal division, ——, forecast message.”
¢) When a warmning announcement is made by radio or television, ‘
the epicentral region and numencally coded message are given to hroadcasting stations to
avoid misinterpretation.

When the maximum seismic intensities cbserved at the coasta! stations do not exceed I and no

tsunami is obvious, the announcement of ‘““no tsunami’
- While the warning is effective, the Regional Center makes regular announcements of information

will not be given.
on the earthquake, tsunami and damage until the cancellation of warning is issued.

3. Dissemination of warnings

The code of tsunami forecast prepared at the Regional Center is sent to the dissemination centers
either by telephone or telegram and relayed to the coasts. The names of dissemination centers are

" as follows:
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a) The NHK (Japan Broadcasting Corporation) Broadcasting Station

b) The Nippon Telegraph and Telephone Public Corporation

¢) The }Japan National Railways

d)} The Maritime Safety Agency

e) The National Pdice Agency and Prefectual Police. -

Whenever a Regional Center issues a tsunami forecast, the contents of forecast must be informed
to the following organizations:

a) The weather stations under the control of the center

b) The Japan Meteorological Agency o

c)- The other organizations designated by the director of the Center.

‘On receiving the tsunami warning code from one or more Regional Centers, the JMA transmits the -

"contents to the following organizations:

a) The Ministry of Transportation

b) The Central Disaster Prevention Committee .

¢) Other organizations designated by the Director-Generat of JMA.

The offices of villages, towns or cities along the coast which have received tsunami warning
message by telephone, telegraph, radic or television etc., should inform the people of it by fire bells
or sirens. _

Cancellation message is transmitted through the same route @s in the case of warning to each
coastal division. : o

It is generally seen that autonomies of coastal regions, where tsunami was frequently attacked in
the past, perform regularly the training of evacuation of people against future tsunamis on a memorial
day of past large tsunami.

4. Warning service for distant isunami

As stated before, the warning for the tsunami which originates farther than 600km the coast of
Japan, is handled by the National Center. When a large shock occurs somewhere at a great distance
and the seismno-telegram for distant tsunami warning comes to the Center from the teleseismic-stations,
the National Center starts locating epicenter and estimating magnitude. On the other hand, the Center
immediately establishes connection with the Tsunami Waming Center at Honolulu Observatory by
sending seismic data of Matsushiro Observatory and requests data of their side.

Against distant tsunamis such as from Kamchatka, Aleutian or Chile, our Tsunami Warning
Systemn depends largely on the information from the statiens around the Pacific coasts mostly coming
through the Honolulu Observatory, the NOAA-NOS, the Tsunami Warning Center in the Pacific. (Fig. 7)

When the tsunami is observed in Japan, mareographic data of at least Hachinohe and Tosa-shxmlzu
are to be sent to the Tsunami Waming Center at Honolulu Observatory.

USSR started the broadceast of tsunami wamning in English from Khabarovsk since October in 1963.
Messages from Khabarovsk via MRS (Meteorological Regional Cireuit) is relayed automatically to
Honolulu and Palmer- by the ADESS since April of 1972, and all messages headed by TSUNAMI are
relayed automatically to Khabarovsk. tentatively. ‘These data are vitally important for warning against
tsunamis originating in the northerm Pacific. .

Present status of international tsunami warning service at the JMA is as follows.

4.1 Determination of the epicenter of distant earthguake )

a) For areas covering the Kurile Islands, Kamchatka Peninsula and the Aleutian Islands, the
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epicenter has been located: satisfactorily by the S-P circle method using the data from Japanese stations
as well as those from Colleg‘e, Palmer, Sitka, Honolulu, etc. and the stereochart projected from the
globe of 20em dlameter Iso-P difference lines among Matsushiro, College and Honolulu drawn on the

- globe of 45¢m diameter or on the stereo-chart have been also in use. (Fig. 8) . .
b) For areas covering the s-outhem seas of Japan, ‘the epicenter is usually located by the S—P'

circle method ce‘ntermg Guam, Hong Kong and other stations in Japan on the stereo—charts or 15()'P
difference hnes among - Matsushiro, Hong Kong and Shillong. :

4.2 Criteria for the issnam:e ef tsunzmi wernings

When it is clear. that the. earthquake has occurred under the ocean and i{s magnitude is more than
8 in Richter scale, the **Fear of tsunamr " is issued. The message goes through the same route as in
the case of near tstnami, Bes;des, the NHK nation-wide broadcast is nsed for dissemination. |

After a warning is issqed, information on the tsunami is announced regularly through radio and
television. Distant tsunamis allbw a plenty of time before the arrival uniike near tsunamis, and the
broadcast of mfonnatmn becomes an important part of the wammg service. The contents of the

“information are, a) forecast of arrival time of tsunami, b) estimation of wave height, ¢) the actual

state observed at coasts of . fore:gn countries reported from the Tsunami Warning Center at Honolulu
Observatory, d) the actuai state at the Japanese coasts, e) the countermeesure to be taken against the

: commg tsunami. -

Several kinds of refrac:t;on dlagrams (Fig. 9) are used to estimate arrival time of tsunarni at places
of the northern, middle and southern parts of the Pacific coasts of Japan. The information is sure to
include an eshmatlon of tzme delay of the occurrence of maximum wave from the first arrival of
tsunami. ’

If there is no report of tsunami with wave he!ght of more than 50cm after 2- 3 hours from the
arrival of first tsunami, the’ wammg is usually cancelled. Howwer, it is cautioned that the oscillation

“of the sea water may continue two or three days, and the peopie interested in sea shore mdustry
. should watch the motlon of sea surfaee even after the cancelation.

4.3 Issusnee ;nﬂ dissemination_-af tsunami warnings

Any tsunami warning issued to ihe coasts of Japan and seismograph reports collected from Japanese
stations are sent to Honolulu and Palmer together with the information of epicenter and tsunami, if
observed. " I it is likely to affect as far as Hong Kong, the warning will be sent there.
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Station

_Table 1. List of JMA stations and their seismographs

e ——

© Abashiri

@Aikawa
Ajiro

@ Akita
Anabuki’

@@ Aomori
@Asahikawa
@ Ashizuri
Aspsan
Chichibu

@Choshi
@Fukue
@Fukui

& @Fukuoka
@Fukushima

Gifu ’

(@@Hachijojima.
®Hachinche
@Hakodate
@®Hamada

@Hamamatsu
Hikone
Himeji
Hiroo

@ @Hiroshima

®lida
Irozaki
Ishinomaki
Plzuhara
@®Kagoshima

Kakioka

@Kanazawa
Karuizawa
Kawaguchiko
Kobe

@ Kochi
‘@Kofu
Kumagaya
@Kumamoto -
@@ Kushiro

@Kyoto

@Maebashi

@Maizurn
Matsue
Matsumoto

& Matsushiro
@Matsuyama
Mishima
aMito
@Miyako

@Miyazaki

" @Morioka
Muroran

@Murotomisaki

&Nagano

(=:@Nagasaki
$Nagoya
Nara
= @Nemuro

@Niigata

Nobeoka
@O0bihiro
@Ofunato
@Oita
@0Okayama

Oraezaki
©O0nahama
@ @0saka

2 \ @ Height i
o i [ m
E144°17.07 - N44°0L. O s !
138 14.5 38 01.2 EY I
139 05.8 35 02.6 5% |
140 06.1 39 43.1 g
134 10.2 1 34 02,5 57 |
140 47.0 | 40 49.0 4
142224 43 46.2 1
133 010 32 43.0 . 36
131 645  } .32 52.7 - 1143 .}
139 4.9 ! 35 59.5 218 i
140 50.6 - i 3543.5. 4 27 i
128 50.0 32 42.0 26
136 13.6 | 3% 032 | g
130 22.8 | 33 348 | 2
140 28.5 37 45.4 &7
136 45.9 35 23.9 | 13
139 47.3 33061 30
141 31.6 40 31.5 | 27
140 45.5 41488 | 35
132 04.4 34536 18
137 43.4 34425 | 3z
136 14.8 35 16.4 | 87
134 42.1 34 50.2 | 37
143 19.0 4217.0 | 32
132 26.2 34 21.8 | 29
137 50.1 35 30.6 l 482
138 50.8 34360 | 55
141 18.2 38 25.5 | 43
129 17.7 3412.2 | 21
130 33.2 31 3.4 4
140 11.6 3 13.9 | 27
136 38.9 - 36 32.8 27
138 33.1 36 20.4 | 999
138 45.8 35 29.9 860
135 10.8 3441.3 | 58
133 32.0 330 | 40
i38 33.5 ! 3539.9 | 272 ¢
139 23.1 | 36 08.8 © | 30
130 42.6 - 1 32 486 38
144 23.7 ! 42 58.7 33
1 i C |
135 44.1 | 35 0.7 i 41 |
139 03.9 - 36 241 112 i
135 23.2 | 35283 ; - 3|
133 4.3 35 27.3 17 |
137 58.4 |- 35146 | 610 |
138 12.5 36 32.3 . 40
132 46.8 - 33 50.4 . 32
138 55.8 | 35 06.7 | 20 i
140 28.3 36227 ! 3w
141 58.1 39 38.7 5
13t 25.6 31 55.0 7
141 10,9 30 41.8 S 1588
140 59.0 42 19.0 a3 i
134 10.7 33 14.9 18
138 11.8 | 36 39.6 418 .
12052.2 ! 32 43.9 T
136 58.1 35 09.9 52
135 50.0 34 41.0 105
145 35.2 4319.7 26 1
139 03.1 37 54.6 2 i
131 41.0 32 35.0 19
143 13.3 42552 i 3
141 43.1 39 03.7 38
131 37.4 33 14.0 "5
133 54.9 34 40.8 4 |
138 12.8 34 36.2 45 !
140 54.4 36 56.7 3
135 31.3 34 40.7 © 13

L

Seismographa

VI, QP :

VI, EMT
Vi, EMT/
Vi, EMT/

. VI, EMT
. VI, EMT
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Station i i [ Height Seismographs
. O L S DU m o .
@0shima .o E139°22.7 N34°45. 7 191 5, W
®0wase 136 117 . 34 04.0 14 S, VI, EMT
$Rumoi . 141 38.0 ) 43 57.0 22 s, P
’ Saga | . .. 130 18.3 33 1.7 - 4 S, P .
W ®5aigo ' 133 20.0 36 12.3 26 S, VI OGP
®Sakata 7 139 50.8 38 54.4 3 5, EMT -
(= @Sapporo : 141 19.5 43 03.5 17 S, VI, EMT
©@Sendai o 140 54.0 38 15.6. 38 S, VI, §*
®Shiméaneseki ' ,! 130 56.5 : 33 57.2 46 S, VI, EMT
®@Shicnomisaki : 135 45.8 i 33 26.8 74 S, W, EMT
Shirakawa - 140 13,5 | 37 07.1 354 S, EMT
®Shizuoka . 138 24.4 ¢ . 34 58.4 14 S, VI, EMT
Sumoteo ’ : S 134 54.5 34.20.1 109 S, EMT
@®Suttsu ' 140 14. 4 - 42 47.4 X 16 S, EMT’
Takada _ 138 15.0 37 06.3 13 S, VI
@Takamatsu S 134035 34 19.0 10 S, W
Takayasuyama 135 39.6 34 367 472 VD’
Takayama ) 137 15.3 36 09.1 561 S, EMT
@Tzanegashima , 131 00.0 30 44.0 17 S, Vi
®Tateyama : 139 52.1 i " 34 59.0 ] S, ¥I, EMT
®Tokushima . P 134346 34 03.9 2 S, P '
@®Tokyo ; 139 45.5 . 35 41.2 21 '8, VI, VDY, P, 1
@Tottori . ! 134 10.7 ! 35 30.7 17 S, EMT/
@Toyama : 137 12.5 . 36 42.4 | 9 S, VI
Toyooka i 134 49.5 35 32.0 4 S, W
Tsu i 136 3.1 34 42.1 3 5 P
Tsuruga 136 03.9 | 35 39.0 1 5, P
Unzendake : S 130 15.2 . 32 4.1 849 S
@®Urakawa ! 142 46.8 42 09.5 30 S, VI, EMT/
@Utsunomiya : 139 52.3 36 32.6 120 5, EMT
Uwajima : 132 33.5 33 13.5 43 S P :
S$Wajima ’ : 136 53.9 37 23.4 ] S, Vi, EMT
@Wakayama . 135 10.0 3 13.6 14 5, VI
@®Wakkanai ; 141 40.4 45 25.0 90 S, VL OP
Yamagata : . 140 21,0 33 15.2 151 -5, EMT’
Yokohama ' 139 39.3 35 26.2 38 S, EMT
@Yonago : . 133 20.6 35 26.0 7 5 P
Ishigakijima 124 10 . 24 20 6 S, VI
Naha 127 41 ) 26 13 11 S, VI
Miyakojima L o 125 17 24 47 . 40 S, VI
Yonagunjima 123 01 24 28 o3 P
(Mori 140 34.5 42 06.3 12 S)
{Tomakomai - . - 141 35 . 42 38 : 8 P)
MNotations :~—
¥ Longitude
@ Latitude
s : Strong motion selsmograph (magnification; 1)
S* : do {magnification; 0.4)
P 1 Portable seismograph
w : Wiechert type seismograph ) .
Vi JMA 59-type electromagaetic seismograph with visible recorder
vD : JMA 6l-type electromagnetic seismograph with visible recorder
(8] 3 : JMA 59-type electromagnetic seismograph with optical recorder
EMT 1 Electromagnetic seismograph with magnetic tape recorder

EMT/ : Electromagnetic seismograph with magnetic tape recorder and transmitting unit
VI, v/, 1, I/: JMA 63-type seismograph

AW Anderson-Wood seismograph

B Benioff seismograph L: Long period, 5: Short period

L Long period seismograph with magretic tape recorder H: High gain, L: Low gain
v : Short period vertical seismograph .

WW : World-wide standard seismograph L: Long period, $: Short period

[ : Stations which send data only by request from the Center.

[ ] : Seismic-stations for the tsunami warning

® Teleseismic-stations for the tsunami warning
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Ratmg

Number

Vi

i

Table Z.

The JMA Intennity Scele of Eerthguake

Adlectwal
Description

No Feeling

Slight

Weak

Rather Strong

Strong -
Very Strong
Disastrous

Very Disastrous

Descriptive Remarks

Shocks teo weak to cause human feelings and registered onty by seisma-

graphs.

Extremely feeble shocks only feit by persons. at rest or by those who

. are pbservant to earthquakes. -

Shocks felt by most persons, slight shaking of doors and japanese Iatlm:ed

sliding doors (Sho_u)

Slight shaking of houses and huildinga. rattling of doors and Japan;u
latticed sliding doors (Sheji), swinging of hanging objects hke clectnc

lamps, movmg of liquids in veaseis.

Strong shaking of houses lnd bulidmgs. overturning of unstable’ objecta.

_spilling of l:quxds out of vessels,

to chimneys and mud-and-plaster warehouses.,

Demolition of houses by less than 309 in total number, land-alips, fissures

in the ground etc.

- Cracks in walls, overturning of gravestones, stone lanterns, etc., damage

Demolition of houses by more than 30%, intense landslips, large fissures

in the ground, faults.
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126

. Fig. ¥ Network for Teunami Forecast of the JMA. ’
Numbers in the follows show the diviaions of coasts assigned to respective Tsunami Centers.

center coast

SAPPORO 1,2 3

SENDAI 4, 5

TOKYO 67,8910
OSAKA 11, 12, 13, 14, 15
FUKOUKA 16, 17

Closed circles show the Regional Tsunami Centers and a dounble circle shows the National Tsunami Center,
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Fig. 2 Standard Response Curve of Seismographs shown in Kig. 1.
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Fig, 3 Seismic  Monitoring Station.

Stations with JMA~59 type electromagnetic seismograph (Ty=5 sec)
Stations with JMA-61 type electromagnetic seismograph (To=10 sec)
Stations with Wiechert type and portable seismograph

Stations with other seismograph :
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38
$-H 28N
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3G

128
132 . . '
136°E & O : Seismograph stations with magnetic
: - tape recording :
®  : Regional Tsunami Centers
&—®: Telemetering stations with magoetic
tape recording -
BEPLOYMENT PLAN
B —® §&: Completed by March, 1972
¢ : Scheduled to compiete by March, 1973

Fig. 4 Instaliation Plan of Telemetered and Non-telemetered Seismic Observation System
with Magnetic Tape Recording at the JMA.
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138 ' 6 148F
142 1? asN

A2

132

1355 1 1 ‘

122 126
Fig. 5 JMA Tide-gauge Stations. '
Closed circles show'tide-gauge stations with telemetering system and open circles ones ‘without it.
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Fig. 6 Tsunami Forcasting Chart of JMA.



10 or more tide | wave seismo. Seismological Obs, Khabarovsk

stations,JMA readingsa readings (Matsushiro) Tsunami Warning Ce
{Xnabarovsk Hyd-Met.
105 stations under gz ~via MRC—(Sece notes}—~—J , '
- 3 k :
'(H;iuie;izﬁgﬁicﬁ glecit:\;:a seismo.- o r~via AFTN(=FAA)B-channele—data and messages —
will join JMA network on readingd ¢ o (;‘e-&
May 15, 1972)° w _ eire
o . Yy <, ' Tokyo Air Communica-
N —~via APTN(=FAA)> tion Center o
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Warning . . ] . |
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B ~via MRC data and messages
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exclusive . _ _
circuits . —via MI—————seismo.reading
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ADESS:
o Automatic
Land-line tape-out)— Data ':t?ansmlt)— International
. X Japanese datsd Editing foreign data . X
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Section mont . .o Section
< Switching _ y
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. ; : i . . for .
selsmo.messages . data and messages received by .ADESS foreign countries
w&%—g&a' JMA mamial conneciion
or via card-slider| . inami Warning Center :
(Seismological Section,JMA)

JMA Building

Fig. 7 Block Diagram of JMA Communication Circeits for Tsunami Warning System
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Seismological Obs.

data and messages received by ADESS

JMA

Tsunami Warning Center
(Seismological Section,JMA}

for

foreign countries

manual conneciion

wave seismo. Khabarovsk Honolulu
readings readings (Matsushire) Tsunami Warning Center Tsunami Warning Center
{Khabarovsk Hyd-Met.Obs. (Honolulu Observatory)
E- ~via MRC (See notes - T
| seismo. o (—via AFTN(=FAA)B-channel—data and messages seismo.readings.
freadingd B ' (reserve
| circuits?
<3 | b
o . ) Tokyo Air Communica-— Palmer
r=via AFTN{=FAA M tion Center - Tsunami Warning Center
E A-channel (Hanada Air Port) {Palmer Observatory)
U)-_‘
o IAFCS Weather Relay Taiwan
?—ﬂ‘ o ~via AD¥U=——-3and Broadcast Center Tsunami Warning Center
B 7 {Puchu Air Station) 4“““1——_____ i (Taipei Met. Obs.)
Tl —— seismo. reading
D
— ) ‘ Hong Kong
(r —via MRC data and messages 3 Tsunami Warning Center
: g ‘ MHong Kong Royal Met.Obs.
[+
4] )
— via MTC seismo.reading La Plata Observatory
PRERNEICYSTTIIRE | -
kA A ¥ o v L 4
ADESS: . Guam Observatory
- Automatic )
Sa) v
ge ou§;~? D?t? &m{thn”mlt}_q International
iese datd Editing foreign data Commuri cation
1 Lo Jored] and " fe{monitor —> o Sitka Observatory ?
_ . Section
Switching : .
Systen
data and messages Coliege Observatory

Hotes : .

Messages from Khabarovsk Center
are relayed automatically to Honolulu
Center and Palmer Center by ADESS.

Tentatively, all messages headed
by TSUNAMI are relayed automatically
to Khabarovsk Center by ADESS,

- JMA Building:

Fig. 7 Block Diagram of JMA Communication Circuits for Tsunami Warning System.
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UNITED STATES NATTONAL REPORT
PSUNAMI WARNING SYSTEM

I. REVIEW OF PROGRESS RELATED TO MAY 1970 ICG RECOMMENDATIONS

.: A'

Recommendatlon on Equipment

CI0C Circular Letter No 303 dated June 22 1970

. sclicited information from Members of the ICG as to

the availabllity of selsmic and sea level recording

‘equipment to other participating COJntrieS for use
“in the Tsunami warning System ' _

Canada responded to this 1etter by offering ten

‘Foxboro pressure-type tide gauges to any particlpating
© countries which expressed an interest in operating '

such gauges. ' The ITIC was assigned responsiblility for
the final disposition of the instruments.

Since the last ICG meeting, the United States. has
provided, on indefinite loan, additional remote re- _
cording tide gauge equipment and visual recording selis-
mograph systems to several countries., The tide gauge
instruments were installed in Peru and Chlle while the
selsmic systems were installed in Hong Kong, the
Philippines, Western Samoa, Fi1ji, and New Zealand.

Recommendation on ICG Participation

On September 14, 1970, the Acting Secretary of the

- I0C distributed a eircular letter to all Member States

of the Pacific Region who were not members of the ICG
inviting them to participate in the work of the Group.
The circular letters were sent to Australla, Colombia,
Indonesis, Malaysia, Mexico, Panama, Peru, Singapore,
and Thailand. L - '

As a result of the invitations, Peru and Thalland
accepted membership in the ICG. Colombia and Panama
have indlcated some Interest in Joining the Group while
Mexlco declined the invitation.
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o

Following are the other members of the ICG :
Canada, Chile, China, Ecuador, France, Guatemala,
Japan, Korea, New Zealand, Philippines, U,S,A,,
and U,S,S,R. :

Recommendation on Seismic and Tide Station Network

This recommendation proposed that the ITIC com-
pile a 1list of seismic and tide statlions which would
form an expanded network designed to offer greater '

- protection to Member States from: tsunamis generated

elther close or distant from their coasts.

Such a - 1list has been distributed by the ITIC fto
each Member State so they will have the opportunity

to study the proposed locations and make approprlate
recommendations at the 1972 ICG Meeting. Those
countries .which do not expect to have representatives
at this meeting were encouraged to send their comments
to the Chairman, ICG,

Recommendation on Tsunami Data Reporting

The recommended procedures to be used by tide
observers in reporting tsunami data were made avail-
able to all participating stations in December 1970
when the United States distributed a revised version
of the publication, "Wave Reporting Procedures for
Tide Observers in the Tsunamil Warning System.”

Since then there have been only a few small tsunamis
reported to the Warning Center. In reviewing these re-
ports, it was noted that all stations did report wave
heights in metric units. However several stations falled
to follow the recommended format of reporting the initial

"amplitude and subsequent maximum wave heignts at regular

intervals.

Recommendation on Telecommunications

In July 1970, the Chairman sent letters to all
National Coordinators requesting information on each’
Nation's telecommunication requirements and plans.

The information was requested so that the Chairman
could respond to certain questions raised at the 3rd
Meeting of the Joint WMO/IOC Group of Experts on Tele-
communications in May 1970. : ' -
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The replies submltted by the Group members in-
dicated that they were not yet 1In a position to supply
details on the use of telecommunications for the

_Pacific_TWS, S P :

In viewing the situation with regard to tele-
communication requirements in the TWS, it should be
noted that the Joint Group of Experts has approved
certain frequencies for tsunami warning purposes as

- quoted below from the report of their second meeting :

. "The Group felt that it should make interim
. <-arrangements for the.collection of initial
data for warning purposes (e.g., tsupami,
hazardous weather phenomena, etc.}. BSince
these data will have to be transmitfed on a
. non-scheduled basis, it was lelt that the .
lowest assignable frequency in each of the
six allocated bands should be reserved for
the collection of these data exclusively.
. 'The occupled band widths for these trans-
. missions.should be as small as possible and
- preferably should not exceed 100 hz."

.fhe Chairman believes that, until more detalled

.requirements are expressed, these frequencies will be

adequate for regional transmission of selsmic or sea

level data pertinent to tsunaml warnings.

For lcong range transmission of data and warnings

in the Pacific TWS, the United States expects To
launch a communicatlons satellite in 1973 which will
have the capabllity of relaying telemetered data to

‘the Warning Center from distances of about 8,000 .
“kllometers. About 100 channels will be. avallable

for emergency use in the 401.850 MHZ to 402.00 MHZ
range. : _ '

Recommendatlon on Communication Tests

In accordance with Recommendation Number 6,
arrangements were made through the ITIC for a test
transmission from Khabarovsk to Honolulu and Tokyo.
The test was conducted on September 16, 1970, using
direct radioteletype. Khabarovsk used three trans-
mitters in the test. From 0200 GMT to 0205 GMT,

Kharbarovsk transmitted on the followlng frequencies 4

4516.7 khz, 9230 khz, and 1437 khz. After a 10

minute intermission, Khabarovek broadcast from 0215
GMT to 0200 GMT on the following frequencles : 6830
khz, 12253 khz, and 19275 khz. Honolulu reported -
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good reception at only the two highest frequencies.

No signals were recelved at the two lowest frequencies
and reception was poor for the two lntermedlate fre-
quencies, Tokyo had good reception on 6830 khz and
did not monitor the other frequencies,

¢. Recommendation on Communicatlon Tests -

: In accordance wlth Recommendation Number 7, com-
munication tests were carried out between Honolulu,
Tokyo, and Khabarovsk, testing both direct broadcast
‘and point:to-polnt transmission over exlsting tele-
type clrcults operated for meteorologlcal or other
purposes. ' R ‘ ’

There were twd direct broadcasﬁé made from |
Khabarovsk in addition to the one on September 16,
1970. o ‘ o

The first one, on March 15, 1971, was transmitted
on the following frequencies : 3995 khz, 5885 khz, 8130
khz, 12295 khz, 16080 khz, and 21750 khz. Honolulu re- -
ported no signal received on the first three frequencies,
falr reception on the next, and good reception on the
"last two. The report from Tokyo did not mention the
first two freguencles and reported good reception on
the last four, :

The second Khabarovsk test was run on September
15, 1971, and used the same frequencles except that
16080 khz was replaced by 16010 khz., No signal was
receilved by Honolulu on the first two frequencles,
the reception on the next three was fair to good with
voilce and CW interference, and reception was good on
the last frequency. Tokyo did not report results of
this test to the ITIC. - : ' e

Three test broadcasts were alsc made from Honolulu,
All three used the same slx frequencies: 4163 khz,
6245 khz, 8328.5 khz, 12480 khz, 16637 khz, and 22161
khz. These are the frequencles recommended by the Joint
"WMO/IOC Group of Experts on Telecommunicatlons for use
in tsunami transmissions. ‘ :

In the First test, on December 15, 1970,-Tokyo re-
ported no signal on the first three frequencles, fair
to good receptlon on the fourth, very good reception
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on the fifth, and good reception on the sixth. The
broadcast was reported to have been received in
Khabarovsk, but no detalls on frequency receptlon
were made avallable to the ITIC. In a test on June
17, 1971, Honolulu missed the scheduled broadcast
time for the first, third, and fifth freguencies.

No report was received from Tokyo or Khabarovsk on
whether the other three frequencies were received.
Tn another test, on December 15, 1971, Tokyo re-
ported no signal on the first three frequencies,
fair recepbion the fourth, good reception on the
£ifth, -and very good reception on the sixth frequency.
- No report was recelved from Khavarovsk. _

All bfoadcast tests were conducted between the
hours of 0200 and 0220 GMT. :

_ Four tests were initiated by the ITIC utillizing
“existing teletype circults between Honolulu Observatory
and Japan Meteorological Agency, and between JMA and |
the Hydrometeorological Service in Khabarovsk. FKhabarovsk
responded to all four tests and round ftrip times were

as follows : June 16, 1970, 1 hr, 10 min, ; December 4,
1970, 2 hr., 25 min.; March 16, 1971, 6 hr. 12 min.; and
June 22, 1971, 1 hr. 16 min. :

~ Since the Khabarovsk filing time was reported to
the ITIC only on the December 4 test, this is the only
test in whilch the actual communication time can be ;
separated from the in-station delays. On this occaslon,
the actual two-way transmission time was 43 minutes.
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-II, NATIONAL TSUNAME WARNING CENTER

A. Watch and Warning Actions 1970-1972

Although no major tsunaml activity has occurred
iIn the Pacliflec Ocean durlng the past two years, the

NTWC has lssued several Tsunami Watch Bulletins for

earthquakes that could have generated destructive

waves, Following is a tabulation of these eventg :
] . "~ Earthquake

Date Epicentral RegiOn Magnitude - NTWC Action

5/31/70 Peru | 7.8 watch

6/21/70 ;Queen Charlotte Is. 7.0 Watch'(Palmer)
' 1/10/71 West New Gulnea 8.1 Wwatch

5/2/71 Aleutian Is. 7.1 Watch

7/14/71 New Ireland Region 7.9 Watch

7/26/71 New Ireland Reglon 7.9 watch.

12/15/71 Xamchatka - 7.8 Watch

The NTWC now lssues Watch and Warning information
to 34 U.S. civilian and military agencies.
through the mechanism of the International Tsunami In-
formation Center, digseminatlon 1s made to 13 Pacific
countries and territories. -

In addition,

B. Improvements at the National Tsunaml Warning Center

been in operstion approximately two years.

The new instrument console at the NTWC deslgned to - |
meet the requirements of both the Hawallan Reglonal
Tsunami Warning System and International System has

This con-

sole Iincludes improved ampllifiers and recorders for

" gelsmic and tldal data,

island of Oahu.

All experimentation, adjust-
ments and operational developments have been completed
on the long period selasmograph system and on the short
period quadripartite seismograph system based on the

A regional warning system being developed

by the Universlty of Hawall which involves radlo tele-
metry of short perlod seilsmlc and tide data from the
other islands in Hawall 1s not complete although the
recording equipment, as noted above, 1s ready. -
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The long perlod selsmograph system peaks at 20
gecond period and records on hellcorders at three
magnification levels - 1000, 100 and 10. Magnitude
calculations are readily made for Mg, usling appro-
priate surface wave peak to peak scalings and tables
corresponding to the three calibrated galns, '

The Oahu quadripartlite network provides approxi-
mate azimuths from real time arrivals on hellcorders
or from the combined f£ilm presentation on the develo-
corder. This system also provides coverage of local
earthguakes. ) o : S :

The Tsunaml Warning System and all Geophysical
Observatories of NOAA were placed under the direction
of the Environmental Research Iaboratories headquartered
in Boulder, Colorado, effective July 1971. Administra-
tive changes included the assignment of the dutlies of
Director, Natlonal Tsunami Warning Center to the Chief
of the Honolulu Observatory, a position which is not
subject to a scheduled rotation. This will increase
overall efficlency as all functions of this former
position were carried out from data collected at the

Observatory.
New Stations in the Pacific TWS

Since May 1970, the Pacific Tsunami Warning System:

. has continued to expand the number of participating

seismograph and tide stations as shown in the followling
listing: , '

Seismograph Station | . Date Joined-TWS.
fEééter‘Island S | June 1970
IWEIlington, N.Z. o March 1971
Nandi, Fiji ' Augusf 1971

Tide Station " Date Joined TWS
Marsden Port, N.Z. June 1970
Baltra'island, Galapagos Is. ~June 1970

Manzenillo, Mexico ' Jaunuary 1971
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Yap Isiand = - o January 1971
White Beach, Okinawa = March 1971

These additional stations have provided directional
control for earthquake eplcenter determinations and
the possibility of -earlier tsunaml dectectlon and

reporting., Communications for several of the stations
are not satisfactory; however, efforts are continuing
to reduce delays -in transmisslon times. Regular tests
of communication cirecults are conducted to identify
and eliminate sources of breakdown or message mlshand~
ling. Alternate circuits are also explored

'D. Hawaii warning_System LHAWAS)

HAWAS (Hawaii Warning System) 18 a new emergency
communication system linking key elements of State,
County and Federal Government for more rapld dis-
semination of attack warning and other emergency con-
ditions including the transmission of tsunami watches
and warnings, severe weather condlitions, and reports
on downed alrcraft. HAWAS operates in accordance
with the - "STATE OF HAWAII PIAN FOR EMERGENCY PRE -
PAREDNESS", : ' - o ' :

. The system is a full-period, four wire, private-
line, voice circuit, authorized and funded by the
Federal Government, and installed and maintained by
‘Hawallan Telephone Company. : _

" The following locations are interconnected to o
provide simultaneous - 'volce-loudspeaker-intercom' -
dissemination to all points critical to warning and
emergency relay of information to subordinate govern-
‘ment agencles, key officials and the public.

1. 362 Air Division, Oahu.

2. State Civlil Defense Emergency Operating Center,
Birkhimer Tunnel. -

State Civil Defense, Fort Ruger

4, State Warning Point Honolulu Police
Department
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Kauai Civil Deferise, Lihue, Kaual.

6. . Kauval County Warning Point, Kauai County

10,

Police Department

Maui County warnlng Point, Maui County Police

 Department Wailuku, Maui.

Hawali County Civil Defense, Hilo

Hawail County Warning Point, Hawall County
Police Department.

National Tsunami Warning Center, Honblulu

Observatory, Ewa Beach, Oahu.

The system was accepted as fully operational, 6
January 1972, HAWAS will be tested by a roll call
three times daily at an unscheduled time. _
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TIT. REGIONAIL WARNING SYSTEMS

A. Alaska Tsunami Warning System

. As the result of the gréat earthquake which
occurred in the Price  Willlam Sound area of Alaska
in March 1964, the Alaska Tsunaml Warning System

wag established and became operatlonal in September’
1967. . . . . _ :

The PalmeriSeismologic&l;Observatory, now under
the Earth Sciences Iaboratories of the Environmental
Regearch laboratories, ls headquarters for the Alaska
Tsunaml Warning System, - The National Qceanlc and

Atmospheric Adminiatration’is_the parent agency for
ERTL., ' : :

. The primary;fundtion.oﬁ,the warning system 1is to
detect and locate earthquakes 1n those areas of the
North Pacific where tsunaml generation would pose an
immediate threat to Alaska and the west coasbs of -
Ccanada and the U.S. Immedlate Warnings ave lssued to
coastal residents of Alaska and wetch measages are
disseminated to Canada, Washington, Oregon, and _
Callfornia. Vital immediate earthquake lnformation
ig furnished tec the National Earthguake Information -
Center in Rockville, the Trnternation Tsunami In-
formation Center in Honolulu, and the Japan Meteoro-~

logical Agency in Tokyo.

The basic gystems developed at the Palmer. Ob -
servatory have served well, but many additions and
modifications in instrumention, procedures, and

. communications have been made to increase the cap-
ability and efficlency of the Alaska Tsunami Warning
System. There has been a continuing process of im-
provements directed toward increased accuracy and a
lower response time,. At first the requlrement to
actually issue a warning within fifteen minutes of
occurrence of an Alaskan earthquake was dqulte a

" challenge for the staff., Now only very serilous
weather condlitions or ma jor equipment fallure con-
current with a severe earthguake could cause any
real delay beyond this time limit.

deveral satellite seismic stations and one tide
gage have been added since the system became opera-
tional.  The multi—component'seismograph systems at
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' Palmer, thirteen remote selsmic stations and eight
tide gage stations (Figure 1) provide 69 channels _
of real time tidal and seismic data at Palmer. The
_collection and dissemination of these data requires
over 4500 miles of telemetry circuits involving
14 voice circults, 4 teletype circuits and 2 radio
systems., The tidal and seismic information is con-
tlnuously recorded on 184 helicorders, 8 Bristol re-
corders, a twenty-channel Develocorder, and a magnetlc

- tape system with 2 eightnchannel dynograph recorder

play-back systems. - The number of racks contalning: -

- moat of the recording and electronic control equipment

" has ircreased from a console of elight racks to two.
consoles of seventeen racks, ' _

Telemetry line amplifiers to handle 1arge carrier
level changes; isolatlion units to eliminate DC com~.
"ponent and drift from incoming telemetry data; driver
amplifiers to offer extended gain ranges without chang-
ing fleld attenuators; and varlable fllters to select
deslrable pass bands for particular stations are a few
of several other important pleces of equipment which
have been added to improve the quality and reliabllity
of the data recorded at Palmer {(Figure 2}. The long :
and short period selsmograph systems at the observatory
have been converted from the standard phototube to -
solid state ampllifier systems. Besldes the small space
requirement for these rack mounted units compared to
the phototube amplifier systems there are many other -
advantages, The new systems have lower power consump-
tion; are leas expensive; requlire simpler instailation,
trouble-shooting, and meintenance; maintaln better '
magnification stability;. and produce a wider dynamic
" range. The new remote fleld stations also utilize the
- -new solld state package with an FM output. o

The dynamic range of the instrumentation is very
important at the Palmer QObservatory since 1t 1is :
necesgsary to operate & wlde range of magnificatlons

7_\ so that key phases will not be lost by "elipping" or

"whiting-out". This enables the staff to compute
magnitudes for 21l local or teleselsmic earthquakes.
All tsunaml warnings are based on the surface wave
magnitude., The multligain selld sfate long perlod
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horizontal.systems make it possible to work up surface
wave magnitudes on the closer events since they elimilnate

- the galvanometer motion.. o

" The sophisticated collection and analysis of data
at the Palmer Observatory has little value unless 1t

“can be disseminated. The addition of the Alaska Clvil

Defense Phone and ancther military Autovon drop to the

original communications system makes the observatory's
. telecommunication capabilities among the most extensive
. .in Alaska (Figure 3). . Palmer transmits simultaneously
- over both the National and State full perlod phones

reaching directly eighteen first and second order warn“.-
ing points. The Federal Aviation Agency telelype and
the Autovon circuits are the other two most lmportant

primary methods in dissemination of informatlon.

Primary dissemination points have increased from
six to FPifteen. Because of 1ts rapid epicenter deter- |
mination and direct communication capabilities, tThe
West Coast of the United States and Canada have been
added to Palmer's area of responsibility. General pro-
cedures have been establlshed for each situation and
location to provide the urgently needed timely infor-
mation to the affected or threatened area. _

During the early years of operation, tsunami warn-
ings were based on Ms magnitude 6.5 for Alaskan Coastal
earthquakes. The procedure is now to issue a watch for
Ms magnitude 6 3/4 to 7 and a warning for Ms 7 or larger..
The area of warning depends on the size of the earth-
quake. For Canada, Californla, Washington, and Oregon
coastal earthquakes, a watch is dissued for Ms 7 1/2 or

larger. The observatory staff disseminates an immedlate

tsunami watch for the Western Aleutians when an event

- of Ms 7 1/2 or greater occurs off the Coast of Kamchatka

or in the Komandorsky area. .

. Experimental Hawaii Regional Tsunami Warning System

Development of an experimental tsunami warning
system for locally generated tsunamis in Hawail began
several years ago. The design of the system included
several seismographs on the islands of Hawall and Maul
to provide data for rapid eplcenter determinations, a
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number of sea level sensors on the island of Hawalil
that would give early indications of tsunami genera —
- tlon and magnitude, and a telemetry system using VHE-
links that would transmit these data in real time to =~
‘the warning center at Honolulu Observatory (Figure 4y,
. More detailed information can be found in the U.S. . .
National Report proposal for the International Meeting
of the ICG/TWS, May 12-14, 1970, . LT
. A1l equipment has beern installed and a number of. -
- test transmissions have been made. However, variocus .
- problems with the communicatlons gear have prevented -
continuous data recording at the warning center. It
is anticipated that Purther effort will be made this -~
.year to make the system operational and thus provide -

-2 basis for évaluating_itS-potentia1 valge1f
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TV, 'TSUNAMI DATA REPORTING

HA‘

Recommended Procedures for Reporting Tsunami Data

In order to,avoid'confusion'at the Tsunami Warn-
ing Center when tide reports are interpreted, tide
stations have been instructed to report tsunaml data
in metric unilts. ~Tsunaml heights are to be reported
in centimeters in four digits. For example, a wave

iheight’qf 55 cenﬁimeters is %o be reported as 0055 cm.

. To further standardize_the'reporting'of tsunaml
data, the U.S. distributed the”publication‘"Wave;Re#
porting‘Procedures"for Tide Observers in the Tsunami
warning'$ystem“'to“all-participating tide stations:

A1l member countries‘of'the'TWS should provide full

instructions to their tide station personnel on
emergency reporting of tsunami data.
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V. 'TSUNAMI RESEARCH

‘Basie research in tsunamis 1s conducted 1ln many
universitles and by governmental agencles troughout
the Unlted States. Some of the principal universlties
conducting research related to long wave nydrodynamics _
are: Harvard; the Courant Institute; Texas A % M; Scripps
Institution of Oceanography; and of a more applied
nature, the Engineering Department cf the University of
California at Berkeley and the Ocean Engineerlng Depart-

‘ment of the University of Hawail. Basic and applied re- .
_gearch 1s carried out at the University of Hawall in the

Joint Tsunami Research Effort which is a University of
Hawaii/National Oceanic and Atmospheric Adminlstratlon
(NOAA) cooperative group. Work mainly concerned with
numerical solutions of hydrodynamic equations 18 con-
ducted at Stanford and at Los Alamos felentific Laboratory.

Geophyslcal and plate tectonics studles are conducted
at most universities which have geophysics departments,
These studles are meore or less directly related to tsunaml-

genesis,

Source Mechanlsm

: The NOAA Geophysics Research Group has nearly com-
pleted development of computer programs whilch will pro-
duce focal mechanism solutions and plot the confldence
1imits. These computer programs wlll be used o study
the relatlonship between tsunaml generation and earth-
quake focal mechanisms. The technlques were described
in the paper "Focal Mechanlsm Determinations Using P-

and S-Wave Data™ by S, T. Harding, W, H. Dillinger, and .
A. J. Pope which was presented at the April 1969 Annual
Meeting of the Seismologlcal Soclety of America. Im-
plementation of the data gatherlng system required for
real-time focal mechanism solutions 1s currently underway.
Tdentification of focal mechanisms and thelr relationship

to tsunaml generation provides one method for early ldentl-

fication of tsunami-generating earthquakes.

Propagatlion and Run-up

With the exceptlon of a very limited amount of re-
search beilng conducted on a statlstical and theoretical
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basis of forward scattering, propagation studies are.
recelving 1ittle attention. A notable exceptlion 1s
the development of a numerical approach based on the =
non-linear long wave equations which has been developed
by Hwang and Divoky (1970), This numerical time-step-
ing technique 1is sultable for any geometry of source
and bottom topography. It has been successfully applied
to the. 1964 Alaska earthquake, It should, to a large
‘extent,  replace ray tracing as a method for deriving
;relative energies remote from the generating area, An
article "Tsunamis" by Hwang and Divoky is included as
- an appendlx to this report ' c

~__Run-up studies continue to Peoelve a 1arge amount

- of. attpntion At Stanford, Dr. John Williams and Dr, . .
'Webster are utudying the 1nteraction of" long waves wlth

“cone-shaped, elliptical ‘islands.  HNew wave forms utilizing

. - the Carriler and Greenspan technique have had solutions

.. derived by Dr. Lester Spielvogel of JTRE, In these
“studiés, the non-linear:behavior of waves with the largest
run~-up. factors yet predicted has been examined _

g A continuing research program at Texas A& M Universityr-
- 1s concerned with a numerical approach to the hydrodynamics,‘
of gravity waves. Professors R. 0. Reid and A, C. Vastano:

- and various graduate students have conducted numerical

studles of the propagation of gravify waves in simplified
- “topography. Analytical solutions are computed as checks
" on the numerical results.,  The spectral. response of long
waves has been studied in order that near-shore record--
ings can be used to extrapolate ‘the frequency distribution
of tsunami energy 1n deep water, These studles may, in )
time, ‘lead to reasonably accurate numerical forecasts of
-fsunami run- up._r - o

: Some theoretical work is being done on the response
. of harbors to long period waves and some of this work
has been_correlated with actual observation., Dr. C. L.
‘Su of SUNY Buffalo has modified and extended the work |
of Professors Carrier and Shaw on the derivation of a-
solutlon for narrow mouthed harbors in which the
location of the node at the boundary is no longer assumed
known, Theé "narrow mouth" restriction for a cilrcular =
harbor is valid almost to a 60° opening. Dr. Rudolph
Preisendorfer of JTRE has applled transmission line
theory to waves In channels and canals of varying cross-
section and having arbiltrary interconnections.



Armex V (c) .——. page 19

various covernmental agencles are concerned with

the practical aspects of tsunami run-up., John Ritter
of the U.S8. Geologlcal Survey 1is working on the pre-
. diction of tsunami irundation in San Francisco- Bay.
The state of <“alifornla Division of Mines and Geology
©is attemptlng to delineate tsunami hazards in California.
- 0. Magoon and N. L. Arnoc of the U.S. Army Corps of
-Enginhers are undertaking studies with a view btoward
prediction of long term tsunami inunddtion and also to
the design of protective structures to reduce tsunami
- damage. Professor R. T. Wiegel under a contract with
- the Corps of Engineers,: is attempting to compute the
probabillity of the extreme water level produced by a
- combination of asironomlcal tide and a particular

tsunami ‘

. Model Studles'

The use of models in tsunami research has always =~
encountered the problem of wertical-to-horizontal scale.
Most model studies are conducted using distorted models
in which the vertical scale 1s enlarged by a factor of-
three or more. A model of Haleiwa Harbor has been con-=
ctructéed on an undistorted 1:75H scale at the University
of Hawaili., Dr. T. lLee is studying response as a function
- of excitation both in the model and in the prototype.

Dr, H. Loomis is ranning a numerical model of the physjcal
model, _

In another model study, Professor Williams of the
University of Hawall complefed the process of making a .
physical model with a straight sloping beach and a :
stationary wave form as an initial conditlon, The
particular wave forms used are those of James Butler
(Hawaii Institute of Geophysics Report No, 67-16); this
is a form for which the non-linear analytic solution. 15
known. In thils model work the wave height and the beach
" slope are relatively large, but the theory is valid for
‘smaller wave heights and any beach siope. The correspon-
‘dence between model and theory has been established; one :
can now go on making models for which. an analytic Solutlon'
is difficult or impossible. : .

There are, of course, many model studies that are
deslgned to study harbors. While these harbor surge
‘studles are not primarily conducted for the purpose of
harbor response to tsunamis, many are quite useful in
determining what the water moticon might be if there
were a tsunami,



Armex V (e) ~ page 20

D. Instrumentation

1t has long been recognized that one of the major
difficulties in conducting research either on run-up
‘or on source mechanisms is that to date there has not
been a measurement of a tsunaml in the open oceah. In
_other words, there 1S no input for run-up studies nor
.'is there. verification of any source mechanlism theory
“which might be developed.” o

Various groups in the United States have been
working on open ocean tsunami and tide gages. However,
there: have not been any tsunamis at the time that these
gages happened to have been recording. o

Dra. Vitousek and Miller of JTRE have developed 2
free~-fall tsunami recording system which 1is capable of
transmitting wave data to the surface acoustically in

real time. - Nine successful deployments of these in-
struments have been made in the southern Aleutian Islands.
in one case, a 3 cm amplitude 150 sec period wave train
appears to have been generated locally by a submarine
1andslide induced by 2 subterranean explosion.

A second subsystem of this instrumentation has
been built and tested but not yet installed. This
particular piece of equipment can be installed on the
ocean bottom under any ocean station ship or any per-
manent reporting buoy. It transmlts wave data to the
‘surface acoustically upon command from the surface.
A buoy system 1is being developed which would serve in
place of the surface ship if a sultable communication
system to the buoy were available. The GOES satellite
when in orbit should provide comnunications of 1low

- power requirement between these buoys and the shore

- statlon. - o P o :

geveral new tsunami gages have been installed re-

cently. Gages with a pressure resolution of less than
"1 mm of water level change have been installed atb .
Minamitorishima, Wake Tsland, and Ozhu (north and south

shore). Installation of a similar gage in the gulf of

Alaska is underway.

E. Tsunami Forecasting

Currently the Tsunami warning System does not make
a forecast of getual wave helght, rather the TWS indicates
that a potentially dangerous wave has been generated.
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Until such time as open ocean wave heighus ave avail-
able to the warning center in real time, it is doubtful
that an actual forecast of nearshore wave heights could
be made., However, when methods are developed for the
rapid determination of source mechanicsm of an earthquake,
it may be possible to estimate more accurately the prota-
bility of tsunami generation,. ' '

The problem of tsunami. forecasting will require con-
siderable study, and it is hoped that the International
Coordinating Group can stimulate thne needed research,
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VI, FUTURE PLANS

A,

Expansion of the Paclfic Tsunaml Warning System

. The number of participants in the Pacific Tsunami
Warning System has been increasing since the. System was
organized 24 years ago. At the present time, 23 sels-
mograph stations (and an additional 9 unmanned satelllte
stations in the Alaskan Reglonal System) and 47 tide

.-fstations are members of the Warning System, furnishing

. .data to the Warning Center at Honolulu. In order to

extend the coverage of the TWS and to provide earlier

warnings to the nations bordering the Paciflc, 1t has
been estimated that about 30 seismograph statlons and
about 110 tide stations will be required. A number of
the tide stations should be of the ocean bottom type.

A list of proposed new statlons has been distributed
" to the Member States of the ICG for study and recom-

mendation.

During the past two years, seismlc observatories
at Faster Island; Wellington, New Zealand; and Nandi,
Fiji, have jolned the TWS, Tide station coverage has .
also increased since 1970 with the additlon of Baltra
Island, Galapagos Islands; Marsden Point, New Zealand;
Manzanillo, Mexico; Yap Island; and Whlte Beach, Oklinawa,
to the System. _ :

Automation of the Pacific TWS

The proposed expansion in the number of seilsmic
and tide stations are the beginning of what we intend
to be a completely automated warning system. Data
telemetry has become feasible with the use of the
geostationary satellite as a communication relay station.

~.This type of satellite maintains a fixed position 22,300
miles above the equator on any selected meridian. '

The eventual volume of data and the need for rapld
analysis dictates the eventual need for compuber analysls
of incoming data. An on-line computer at the Warning '
Center will be programmed to identify the selsmic signals
by mathematical analysils, extract the arrival tlmes, com-

"pute the hypocenters, calculate origin times, and deter-

mine the estimated times of arrival of the tsunami, it
generated, at all points. Once ETA's have been obtalned,
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a watch wlll be issued and the computer will program
a serles of dueries to selected tide stations based
on the progress of the tsunami.

' fn early 1973 the Geostationary Operabional En-
vironmental Satellite“(GoES) will be placed in :
synchronous orbit-at 100°W. Tae GOES will be used by
NOAA to relay data from ground stations to central re-
cording facilities. = The initial area of coverage will
include most of tha western hemlsphere and Hawall.
Coverage will b>» extended in subsequent years by addi-
tional satellites. Some of the GOES data channels

will be allocated to the Tsunaml program, probably on

a pre-emptive rather than fulltime basis:- As_presently
planned, one of these channels will be used to relay .
tide data to the Tsunaml Warning Center in Honolulu and
the others will be used to relay seismic data.” Tide
stations equipped with the speclal radio sets needed to-
communicate with the satelllte, when interrogated, will
sample water height and transmit this information back

"~ to the Warning Center. A single communication channel
will be able to handle a large number of tide stations. -
Existing tide gages can be modified for use 1in thils
program but ultimately it 4is planned to use tsupaml
sensors now under development,

: Because of the limited number of channels and the
1imited bandwidth of each channel, it is planned to
transmit processed rather than raw seismic data.
Initially, satellite communication will be used to
shorten the time required for manned seismograph stations
to report phase arrivals to the Tsunami Warning Center.
Subsequently, these reporting obgervatories willl be aug-
mented by unmanned selsmographs. _ The unmanned seismic
sansors are being developed to detect and store P arrival
times and will transmit these arrival times to the wWarn-
ing Center when interrogated. - '
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Annex V (d)

_Intefgbvernméntél_OCeanoéraphic Commission -
1965 Paris. ' \ :

T0C/TTSU~IT11/3 -

:Firstheeting of the ihterhational Cdofdinating

G6roup on the Tsunami Warning System in the Pacific
1968 Honclulu, Hawaii. , :
_c)= Seqond Meeting of the I.C.G. 1970 Vancouver.
‘&) Meefing-éf the I,O.C;_1971 Paris. o
DESCRIPTION |

‘The recommendations and resolutions approved in the

Meetings mentioned in the above references, have been
implemented in Chile in the following way:

Recommendation No. 2 éf the First Meeting No. 1 and 8

of the Second Meeting.

To improve the detection of Tsunami generation the
Hydrographic Institute of the Navy completed a network
of sea level recording station in the following loca-
tions of the Chilean coast: -

-7

' Sea level recording Network

Arica - Latitud 18 28 S Lgngitud
' Antofagasfa Latitud 23 39 S Longitud
Caldera Latitud 27 0% S  Longitud
Isla dé Pascua "o 27 09 S Longitud
Valparaisc Latitud 33 02 S Longitud
Isla Juan ) :
Fernandez Latitud 33 37 S Longitud
Talcahuano Latitud 36 41 S Longitud
Puerto Montt Latitud 41 29 S Longitud
Bahia Covadonga o 63 i9.S Longitud

70 20 W

70 25 W

70 50 W

109-2? W

71 38 w

78 50 W

?3706 W
72 58 W
57 54 W

arma——————
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The Bahia Covadonga station was established with ther
purpose of studying tsunami effects in Antartic Region.

The stations in Ariga and Vaiparaiso were equipped with
Remote Recorders (Telemetry and direct interrogation
system) :

Antofagasta and Talcahuano Stations will be equipped
with Remote Recorders during the course of this year. -

The station in Puerto Montt probably will have Remote
Recorders during 1973, as a part of a more extensive
plan which includes a change in the location of the
station, the installation_of a Nitrogen Gas Bristol
Sea level recorder and other improvements. = -

Seismic Station Network

With the pufﬁose'dfiimprdﬁihg the detection of Tsunami
generation the Geophysical and Seismological Institute
of the University of Chile has seismographers installed
in the following locations: :
Antofagasta  Latitud 23 39 5 Longitud 70 25 W
Santiago - Latitud 33 30 S Longitud 70 20 W
The University of Chile informs directly of its progress

to the Nationa1u0ceanic and Atmospheric Administration
(U.S.A.)

Telecommunication Network

1) Internal

- Due to the lack of economic resources, for the
development of.internal telecommunications the

- National Alarm System has been using cld'equipment;
‘which, because it belohgs to other Telecommunication
Network, presents difficulties for easy and prompt
connection in'an‘emergehcy situation.

- The averagé:time'between a seismic phenomenon and
- the receipt of the warning was 30 minutes in the-
simulations made. C

- This points to the fact that the National Alarm
System is completely ineffective for us in those
cases where Tsunamis are generated by earthquakes
near the Chilean Coast.
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2} External -
In the internafional aspects, communications with
the Honolulu Station have worked normally, through
the use of the NASA Station in_Santiago. '

Recommendation No. 8 of the Second Meeting

Budgetary limitations have made it impossible to develop
scientific -investigation of the generations of Tsunami.

Recommendation No. 3 of the First Meeting

Chile has mot made use of the opportunity epened through

'-this recommendation due to the lack of information on the

availability of funds-and.the programs to be studied.

Recommendations No. 4 and 5 of the Flrst Meetlng and
No. 2 and . 3 of the Second Meetlng

.Are supported by Chlle.

Recommendatlons No. 6 and 7 of the Second Meeting

_Are.supported by Chile.

Recommendations No. 1 of the First Meeting and No. 5

of the Second Meeting

During the course of the present year authorization for
the use of specific frequencies will be given by the
corresponding Government Agency.

3. CONCLUSYONS

R

The interest that Chile has in participating in the
Tsunami Warning System is evidenced by the efforts and
advances made in this respect,; which make the Chilean
System useful:- to the rest of the member countries for
the detection of Tsunamis generated near our coasts.
Unfortunately, due to the lack of economic resources
.reflected in the inadequacy of the equipment being used,
the local system is inefficient for us in those cases
where Tsunamis are generated by earthgquakes near our
coast.

The equipment necessary for Telemetiry and Direct
Interrogations System via satelites, which make the
National System more suitable for Intermational coope-
ration in the detection of Tsunamis generated in front

of the Chilean coast, have been provided by member
countries of the Tsunami Warning System. The installa-
tion and the oPeratlon of the eguipment has been entrusted
to Chile.
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C.

- d.

Nevertheless, optimum benefits have not yet been
achieved due to the lack of economic resocurces necessary
for efficient installation and operation of the equip-
ment.

The same budgetary . limitations have made it iﬁpbssible
for Chile to engage in scientific research on the

Tsunami phenomenom.-

The absence of information has kept Chile out of particif

. pation in programs for studies . in other member countries.

RECOMMENDATIONS

a:a

With the purpose of fulfilling Recommendation Number 3 of
the First Meeting, we hereby request that the pertinent
information regarding financing: terms and programs '
aVallable be sent to Chlle.

'Wlth the purpose of fulfllllng Recommendatlon ‘Number 8 of
the Second Meetlng, we request that a recommendation that
technical and f1nanc1al assistance be given to Chile be
made._

With the purpose of improving the Communication System,
both on the local as well as the intermational scenes,

and to complete the installation of adequate seismogra-
phers, we request that a recommendation be extended to

UNESCO for it to give special attention to requests

for assistance made by underdeveloped countries. '

With the purpose of improving the sea level recording
station already existing in Chile, we hereby request
to the Chairman Director of the International Tsunami
Information Center to entertain the request made by
Chile in its letter to him dated October 21, 1970 re-
lating to the furnishing by Canada of Foxboro automatlc
sea level recorders. :

-With the purpose of improving the seismomeiric network,
we reqguest that the necessary equipment, which has been
selected by the Institute of Hydrography of the Navy
in accordance with recommendations made by the corres-
ponding center of the University of Chile,be furnished
to the Chilean Navy.

Once more, we wish to state categorically the interest
of Chile in cooperating with this International effort
directed at minimizing the disastrous effects of Tsunamnis,

~ which we have painfully experienced in the past.

At the same time, we are trying to point out the problems
that nations such as ours, with scarce resources, face

in the implementation of the necessary measures, and
which reduce the effectiveness of our efforts.
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Therefore, we would very much appreciate that a
realistic approach to the solution of these problems
be undertaken by all the member countries, especially.
those with a greater availability of resources, and
‘that integral programs for economical and technical
assistance be established which may consider every
aspect of the problems of obtaining, installing and
operating the equipment necessary for the existence

of the System.

.Fréncisco Garcia—Huidbbro Q.
Delegadoe de Chile

. Tokyo, 9 May 1972
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TEMA A TRATAR EN LA TERCERA REUNION DEL GRUPO INTERNACIO0-" -
NAL DE COORDINACION DEL SISTEMA DE ALERTA CONTRA LOS
TSUNAMIS EN'EL PACIFICO - MAYO 1972 - TOKIO - JAPON

ST

| NFORME DEL .PERU

.Seﬁor Presidente, sefiores delegados, sefiores ‘observadores

En respuesta a la Carta Circular de la COI del 1k de Setiembre
de 1970, el Perii oficializé su'pafticipacién.como miembro del Gru-
po Internacional de Coordinacidn del Sistema de Alerta Contra .los
" Tsunamis én'eeracichq, recayendo la representacidn a la Direccién
de Hidrogfaffé ¥ Faros dé{ Hinisteriq de Marina del Perii.. En nom -
bre de mi pafs y de ia'lﬁétifucién a la cual represento, hago lle -
gar a Ud. el saludo peruano y los votos para que en esta reUnfén,b
el entendimiento, la razdén y la buena voluntad de sus miembros,
orienten 1as_de¢}siones y recomendaciones en beneficio, no solo de

los pafses participantes sino también de la humanidad en general..

PROGRAMA DE ENVESTIGACION

El Centro Regional de Sismologia para América del Sur {CERESIS)
ha presentado un ante-proyecto para el Estudio de lé'SiéhiéfdéH dé
los Andes Septentrionales, con la asistencia del programe de-?as‘ﬂg.
ciones-Unfdas para el Desarrollo. Dicho programa de estudio, estd .
.programado para desarrollarse en el periodo 1974-78, en el cual, se
considera el estudio de los Tsunamis en cuanto a frecuencia y carac
teristicas de los mismos 9 la influencia de la topografia céstefa y
batimétrica en su comportamiento. o

Para el Peri y para los paises que entran a formar parte en este
estudio, serfa de gran provecho la aceptacion de este programa por
parte de la UNESCO, por lo que me permito pedir una recomendacidn de

apoyo al ante proyecto del CERESIS mencionado anteriormente.
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Equipo para el Sistema de Alerta contra los Tsunamis

- Con relacidn a la recomendacién No.-! de.!a Seguﬁda Reunidn, los
Estados Unfdos de Norte América enviaron al Perd, en calidad de
‘préstamo de duracién indefinida, un maredgrafo tele~registrador
para ser instalado en la Estacidn Mareografica de La Punta. Al
respecto informaré que dicho equipo llegd en el mes de Enero de
1971, y que al ser instalado sufrié una averfa, que segin e!
Técnico se debfa a la diferencia de ciclaje entre el disefic del
equipo y la corriente eléctrica alimentadora. Este equipo fué

. devuelto a los Estados Unfdos.

Posteriormente enviaron otro equipo; por el mes de Noviembre de
' 1971, este Gltimo equipo hasta 1a fecha no ha sido instalado vy
se encuentra en prueba'donde los representantes de la Bristol Co.
en el Perd. )
Serfa convenlente qﬁé la escala del registrador'visual de dicho
instrumento sea modlficada en el sentido de colocar el '"0" (Cero)
en la mitad de la escala, ya que este se encuentra en el extremo
.'derecho del mismo, con esta modificacidn las lecturas serfan équi-
valentas al nivel de referencia del maréégrafo automitico ya'fnstg_

‘tada.

Red de Estaciones Mareométricas:
Respecto- a la Carta del Centro Internacional de Informacién de Jos

Tsunamis, de fecha 1°de Abril 1972, sobre Ta ampliacién de 1a red

" de estaciones mareométricas en el Perid, comunlcaré To siguiente:

‘Actualmente, existen cinco estaciones mareograficas a lo largo del

litoral peruano, siendo estas:

LA PUNTA < desde 1941

MATARAN! - desde 1941
TALARA - desde 1942
CHIMBOTE - desde 1954
SAN AN - desde 1957



Annex V (e) - page 3

La propuesta de ampliacidn del Centro Internacional de iInformacidn
- de los Tsunamis, consndera el establecim;ento de nuevas estacaones

ma reomet ri CBS en H

- Pimentel :

- Paramonga
Pisco -
Chala

Al respecto recomendamas que la pfbpuésié'dé‘Péfamongatpasé épruéi
to de Supe y la de Pisco al puerto San Martin en Punta Pejerrey,
distante unas de otras 9 y 6.5 millas nduticas reSpectivamente. Es~_
ta sugerencna ohedece al me jor cuidade, mantenimlento y sistema de

comunicacidn existentes o por establecer en dichos puertos.

La propuesta de Pimentel quedarfa en el mismo puerto, sin embargo,
la de Chala, consideramos que se encuentra cercana al maredgrafo de

San Juan, por lo cual pensamos dejarla sin efecto.

Resumiendo las estaciones existentes y las propuestas con }os cam~
bios antedichos, la red mareogrdfica del Per( quedaria formada  de

ta siguiente manera:

Talara

Pimentel
Chimbote :

Supe .-

Lé Punta - Callao
Pto. San Martin
San Juan

Matarani

Para el equipamiento de estas nuevas estaciones mareogréficas,rhos
acogemos a la recomendacion No. 1 de la Segunda Reunidn del Grupo
de Coordinacion, esberando la buena voluntad de los miembros del
Grupo. Lla atencidén de los mismos quedaria a cargo de la Direccién

de Hidrografia y Faros del Ministerio de Marina del Peri.
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Comunicaciones de Datos sobre los Tsunamis:

Teniendo en cuenta que las alturas de las olas deben transmitir-
se en el sistema decimal, la Direccidn de Hidrograffa y Faros,

ha confeccionado reglas graduadas en centimetros para ser insta-
ladas en las cinco estaciones mareograficas que tiene a su carqo,
posiblemente para el mes de Junio queden instaladas. fisimismo,
se encuentra en preparacidn un manual de instrucciones para dis-

tribuirlos a los observadores de las mareas.

Telecomunecac&ones.

La recepcnon y envso de menSajes de Tsunamis con la Central de HO
se sigue mantenlendo a través de ia CORPAC, segin lo indicado en
el Plan de Comunicaciones del Sistema de Alerta Contra los Tsuna-

mis.

Sin embargo, nuestro sistema nacional de alerta no cuenta con'ser-
vicios adecuados, por lo gque solicitamos a la UNESCO y al Fondo de
1as Naciones Unfdas para el pesarrollo, se sirvan acoger nuestra
peticién sobre el establecimiento de un Servicio Nacional Peruano
'de comunicaciones de alerta, en atencién a la Resolucion 7.16 apro-
bada en la Jma. Reunidn =de la Comisidn Oceanografiea Interguberna-.
mental. '

En la misma Resolucidn de la col, se alude al material educativo
destinado a senalar la atencidn del piblico sobre los peligros y
médidas de proteccidn que se han de tomar cuando se reciba una a-
“jerta contra Tsunamis, este punto lo consideramos de gran importan-
cia por los benef;c:os que se obtienen en salvaguardar ia vida hu-.
mana.

Recientemente en e} Perd se ha creado el Sistema de Defensa Civil,
que contempla dentro de sus objetivos la prevencidn de dafos ocaso~
nados por prdcesos naturales. Siendo los Tsunamis un proceso natu-
ral de consecuencias funestas para 1a‘vida y bienes humanos, el adoc

trinamiento y la ensefianza son de vital importancia.
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En este sentido recurro a todos aguellos participantes del Grupo
que ctuenten con un Sistema de Movilizacion Nacional contra los

Tsunamis, para solicitarles su colaboracidn sobre la organizacion,

difusidn, etc. de este tipo de defensa.
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Kational Hencrt - Philippines

Blthough the FPailippines haz =z long coa
bl

st
Pacific, no research in Tzunami hao you been initiated as ai
present 2s we are still in the process of insirumeatizl develop—
- ment end data gathering. There is only one tide gauge ironting
hile

the Pacifi¢ Coast and that is in Legespi, &
in inland areas.

There are three agencies in the Fnilippines invelved in
Tsunami Warning. They are: :

1} The Failippines Coazst & Geodetic Survey —~ that takes
care or the reporting of iide geuge readings;

2} he lianila Observatory, omeratsd by Jesuit Fathers —
whose main responsibiliiy is the renovriing of major
earthguakes 1c the International Tsunani Yarning

» Conter in Honolulu, Hewaii; and

3) The Philippine Weather Burezu — thal iakes care of the
comwranications network, both for international and locel
purpeses. The Yeather Burcau is responsible for coliation
of sunani warnings and advisories for use in the local
warning systen. ' :

It night be vorth mentioning and we are thankful for i}, that
the ¥anila Observatory and the Philippine Coaszt and Ceodeiic Survey,
are now operaiing the seismograpr and tide gauze resveciivaly,
donated to the Fhilipoines a2s 2 resuli of the 2nd Sessicn of tha
Teungmi Werning System held in the Pacific in Vancouver, Conzda.

It is recommended, however, that more tide gauges be nede available

for instellesion in places fronting the Pacific Oceen.
D &

With regards to communications, the meinr artery, which ig ihe
network of the Civil Aeronzutics Adninistration end the Wezthsr
Burean, located at the ilanilz Internaticnal firport, was burned
recently. Temporary communication links have been installed at the
local airport, tut it is not so efficlent because nessages have to
be telephoned from the CiA to the W.B. communicztor. This often—
times is the czuse of delsy due to the volume of weather messages
being handled. Dirsect teletype connections, however, beiween the

W.B. and the CAA are in the process of installztion.

Lastly, there is 2lso the local prodlen of disgeminaling
tounami wernings and zdvisories to the coastal areas fast enough.
Present facilities are not very capable. Community preparedness
is a project that has to te zttented to as soon zs poszible and the
problem heres is the adamant attitude of the public and local autho-

‘ritlss due to the fact that the Pnilippines, at least during this

gensration, has not yet been hit by a devastating isunami.

It is hoped thet this Internztional Coordination Group may in
some way or ancther be zble to help improve tsunanmi observations and
7 g

dissemination. of warnings in the rhilippines.
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ANNEX VI
| INTERNATTONAL SYMPOSIUM ON TSUNAMI
 7- '(Moscow, 10-12 August)

by

S, L. Soloviev, Chairman, Tsunami Committee, TUGG

Aﬁ 1nternaticnal'sympOSium;on isunami problems Wés held in Moscow on :
10 August through 12 as part of the TUGG XV General Assembly proceedings. It
consisted of three seminars‘(convened by): S . o

1. tsunaml magnitude (K.. Iida, Japan),
2. short-period prediction of tsunami (G. Miller, U.S.A.),
5. long-period prediction of tsunami (S.S. Vogt, USSR).

The general guldance of the symposiun was performed by B. Zetler, U.5.A, and
S, L. Soloviev, USSR. 30 papers by sclentisis from seven Paciflc countries were

presented.

The first seminar dedicated to a comparatively narrow problem of tsunami
classification by magnitude discussed six commuatications, of_which three, made
by Japanese seismologlsts, treated the tsunami magnltude scale.

In particular, K. Ilda reviewed tsunami classification methods mentioning
the Zeiberg-Ambraseys descriptive scale, the tsunaml magnitude scale and its
various modifications made by K. Iida, S. L. Solovievis intensity scale ete.
Tn his second communication K. Iida suggested that by analogy with earthquake
magnitude tsunaml magnitude be understood as a logarithm of a wave amplitude -
at 100 km from the centre of a tsunaml source reckoned from some conventional
dlevel. . o . o - : T

Two modifications were proposed based on measurements of the amplitudes of
the first and the maximum level osclllatlons, respectively. Formal calibration
curves representing decrease in tsunami amplitudes with distance along the
Pacific coast were plotted for the practical determination of magnitudes. Transl-
tional lineary correlations have been established between the new scales and the
old Imamura-Iida scale. '

The commnication by T. Hatori had much in common with K. Tida's papers.
The author has found emplrical relationships of the attenuation of the maximum
wave height with distance along the Pacifie coast from the earthquake epicenter.
The author believes that by means of these relationships the tsunami magnitude
can be estimated from records of a single station within the accuracy of about
10.5.
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Using three small Black Sea tsunami as an exaniple, Z. K. Grigorash and
1. A. Korneva, USSR,developed convenient practical techniques to take account of
ray tube distortions in caleulations of tgunaml energy. Based on the eguation
of energy balance, L. N. Ikxonnikvs, USSH, estimated the energy loss of tsunaml
in their propagatlon from the source to the coast due o friotion of water par-
ticles against the botiom and wave deformation when the mumerical values of the
coefficients of friction and deformation are varlable.

A brief communication by C. Lomitz, Mexico, presented basic actual data on -
small tsunamis that were comnected with the disastrous earthquakes in Peru in
1968 and 1970. In particular, attention was drawn to the existence of high
veloeity waves that forerun the main tsunami waves and are to be explained.

No recommendations for internmational use of particular-tsunaml scales were-
adopted at the semlnar. The problem of the best tsunami classiflecation methods
is to be further considered, In particular, reliable practical methods of tsunaml
energy determination are to be developed.. _ : :

Out of the papers presented at the seminar on short-period tsvnami prediction,
in other words, on improving the methods and means of prompt tsunami warning ser-
vice it might be well to polnt out the communlcatlons by V.M. Jaque, USSR,

G. Miller, T. Sokolovsky, L. Spilfogel, and M. Vitousek, U.S.A., on results of @
application of open-gea mareographs for remote observation of tsunamil. A

The bottom instrument of the Sakhalin Complex Selentlifle Research Institute
installed on the shelf at 20 km from the Shikotan Island used vibrotron and =
piezoceramle sensors of the hydrostatle pressure, and temperature and horizontal
current veloeity sensors; telluric currents were recorded for a short time. '

About a hundred very small (1 to 10 em) tsunaml-type waves excited in most
cases by aftershocks of the 1969 Shikotanl earthquake were regorded during two
years of operation of the instrument. ' : :

A similar instrument with cable communieation with the shore was installed
at 30 km from Amchitka Island (an Amerlican underground mielear weapon test fleld)
by the University of Hawaii Joint Tsunami Research headed by G. Miller. Also
two bottom instruments equipped with vibrotrons and installed 5 ¥m offshore are
still in operation in the Hawail Islands. One of these provided good records of
a small tsunami from the earthquake in the Sclomon Tslands, while comnventlional
mareographs installed in the Central Pacifle missed this tsunami. -

Two bottom autonomous mareographs are under test. One of these 1s installed
on the Pacific Ocean bottom at approximately 100 km north of the Hawalli Islands:
in the stopping place of weather vessels. The information accumilated is trans-:
mitted to the surface by an acoustic chammel. Endurance of the instrument is three
years inecluding three months of continuous transmission of information by. the
acoustic channel. The other similar instrument 1s planned to be used together
with a radiobuoy, the information being transmitted to the shore via a commmica-
tion satellite; however, means to provide the necessary power for the signal have
not been found so far. '
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Finally, two deep-water piezoceramic sensors of level are. installed at tne
Torishima and Weke Islands. As to the seismic Instruments, there was information
to the effect that the accuracy of determination of the azimuth and the epicentral
distance of an earthquake has been essentlally Improved by means of a four-point
seismic aggregate installed at Oahu Island. Distance is determined by the angle
of the P wave egress. . : . . ‘ o

In his paper, J. larsen, the University of Hawali Joint Tsunam! Research
Effort, demonstrated the basle possibllity of separating the disturbances of
electromagnetic fields assoolated with propagatlon of long tsunami—type waves. -
in the ocean. . . -

Three Soviet papers recapitulated below presented emplrical data generation
results that make 1t possible to reflne the conditions of excitation of tsunami
waves by earthquakes and are of direct interest for tsunaml warning . services,

L. M. Ealgkina compared.foeal mechanisms of 24 tsunamigenic and 97 non- -
tsunamigenic earthquakes that veecurred in the North-Western Paeific. Tt was .
found that upthrust movements in a focus along steep planes that are orlentated. .
alongz island area and dip under the ocean are characteristic for tsunamigenie
earthquakes. Non-tsunemigenic earthquakes are characterized by elther gentle
dipping of nodal planes or large components of fault. displacements of the wings
or a great focal depth and a small magnitude. :

S. L. SBoloviev complled and generallzed all the actual data on earthqualies
and tsunamls in the Pacific Ocean, considered their recurrence in different
zones and plotted diasgrams of earthguake and tsunaml recurrence, The author
found that the probabllity of excltatlion of tsunami by an earthguake depends on
the pecullarities of the selsmic zone, being higher witiin shelf zones with
vertical motions of crustal blocks and lower within 1sland area zones. Threshold
values of magnitudes of sounding tsunami alarm from selsmlc data depending on the
location of the earthquake epicenters were calculated. o '

Several problems werse treated in the paper by A.I. Ivauhohenko
A.A. Poplavsky, and I.N. Tikhonov. Firstly, tsunamigeneity and focal depth were
compared for earthquakes in the North-Western Pacific. The conclusions obtained
on the threshold msgnitude values of tsunamigeneous earthquakes are in good agree-
‘ment with the results obtained by Balskina and Soloviev. Secondly, for the same.
part of the Pacific Qcean, a tendency of tsunamigenic earthquakes to be grouped:
in time was found, and a possibllity of new strong tsunami in 1975 was predicted.
Thirdly, it was shown that there is a possibllity of automatically determining
errival time of the S wave and hence eplcentral dlstance of an earthquake by
means of special treatment of records in a comnuter {the sharp change in the
' polarization of selsmic osclllations 1s used)

The communication by R, M Garipev, USSR, 301ned the above group of papers.

. This communication suggested seeking for and selecting indications of tsunamigen~
elty of earthquakes by means of the recognition theory using analytical solutions
to the problem of excitationt of tsuneml waves by earthquakes obtained for simpli-~
fied models of environment and processes.
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P. Mechler, France, spoke on a successful experiment on tsunami prediation
. ip Tahiti and other islands of French Polynesla by means of the T waves, The -
shapes of the submerged basements of some of the 1slands where short-perlod
(10.2 sec.) seismographs with a very large (-~ 100,000) amplification are instal-
led are favourable for conversion of hydroasocustic energy into selsmic energy.
According to the accumulated experience, all the reecent Paelflec tsunamigenic
‘earthquakes produced intensive waves in the records observed at these stations.

H. Watanabe, Japen, generalized empirical data on times of maximum level
oscillations for four disastrous tsunamic of 2952, 1957, 1960, and 1964, ‘Three”
types of the form of level oscillatlons near the shore, A,B,C, were distinguished.
A are individual-type waves;:. these are tsunaml waves comlng direetly from the
source and are best observed at Central Pacific Islands. B are edge waves; i.e,
dlspersive oscillations of the: interference nature thalt propagalte along the shelf
and are often observed by statlons on the continenis and’ marginal island ares.
C is a eombination of the A and B types. Different types of oscillatliong axre
comparatively regulerly observed at different stations dependlng on the loca-
tion of & tsunami source. This circumstance can be used in the tsunaml warnlng
service for estimating the expected time of the maximum water elevation. REES

"'As a whole, the seminar on short-period tsunami prediction showedtthatta'*“”
consliderable progress has been made in improving the tsunaml warning methods
even for the last two years since the Honolulu Tsunaml Sywmposium in October 1969,

A number of papers presented at the seminar on long period tsunaml pre-
dlotlion dealt with the development of the general theory of tsunami generatlon
and propagation. A very detalled review of theoretieal studles oh tsunaml waves
carried out for about the last 10 years was made by R. Prelgenderfer, U.S.A.
Mathematlcal methods of solving such problems as generation of tsunami, propaga- -
tion of waves in the open ocean, diffraction of waves and in particular their
propagation round isolated islands, shealing, the affect of the shore, resonance

phenomena in bays and on the shelves, propagation of tsunami over dry beaches
were considered by the author. Especially detailed conslderation was given to
" gtudies made 1n the Western Unlted States the most interesting unsolved problems

“according to the author's belief were enumerated.

R. Braddock, Australia, showed that, unlike the case of homogeneous disw-
tortion of the bottom, the amplitude of the head wave is smaller than these of -
the Tollowing dlspersive train of oseillations when the impulse distortion of
the bottom is in homogeneous in area. : :

5, 8. Voit and B.Y. Sabekin, USSR, obtained a curtalilment-type expression
for tsunaml waves from sources of different types located on the bottom of the-
- ocean, 1ts free surface and within the water thickness. Reflectlon of tsunami
" from rectilinear coast and a depth jump were studled and 1t was found that Kelvin
type long~period waves propagate along these boundaries in a rotating basin.

K. Kajiura, Japan, derived the ratio between the energy of the first tsun~’
aml wave and that of the edge wave that runs along the shelf and 1s formed in '
the case when the tsunaml source is on the shelf or near it. It was found that
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the portion of the energy entrapped by the shelf increases as the 1ongltud1na1
axis of the source (orlented along the. coastline) decreases and the source
approaches the eocast. A train of oscillations with a gradually decreasinr ampli-
tude runs into deep water._‘ . _ .

The paper by K. Knowles and R. Reid, U.S.A., described mimerical methods of
~ ealeulating the shape of a plane tsunami wave in the open ocean from a mareogram

obtained at an isolated island. Transmissive functions of islands of a complican
ted profile were obtained from numerical models. - . .

The paper by L.'V. Cherkeﬂov, V’V Knish I P Iuklng,'v.u. Fedosenko, KRSS
dealt with the study of the change in the tsunami profile as the wave approaches
the coast, and on continuous change in -water depth due to such effects as non-
linearity of the processes, near-bobtom friction, strgtification of water etec. .
The effeet of the underwater relief on internal waves which can be produced in
the process of tsunami generation and propagation was also analysed.

- The paper by A.V. Nekrasov, V.A. Makarov,rRJV. Pleskovsky and V.G. Bukhteev,
USSR, was directed to numerical solutlon of the tsunami propagation equations by
means of finite-difference and electroanalogic methods. The numerical methods -
were developed for cases of one~dimentional and two-dimentlonal propagations of
the wave. Scattered and concentrated reflexion of a tsunami from the shelf and
its boundaries was studied in detail.. The shape of the initial distortion in the
196h Nilgata tsunami source was recreated and ilts enersmy was estimated. :

Two papers by T. Murty and R. Henry, Canada, described numerical analysis of
travelling tsunami waves along the Canadian Pacifiec shelfl and their entrance Iinto
the milti-branched inlet system characteristie of that coast. Edge waves that
are formed on the shelf were congidered. DPossibillties of calculating free and -
induced oscillations of water in multi-~branch and complex inlets were compared
by means of different methods (successive approximations, numerical intepration,
ete.) The so-called impulse-response method is given preference

In thelir paper L.A. Ostrovsky and En. N. Pelinovsky, USSR, considered the
following problems; the effect of non-linearity, depression and heterogeneity
of the enviromment on propation of cnoldal waves in a near-coastal zone; travel-
ling of an individual wave for cases of uneven and gentle varlation of water -
depth; dependence of the wave breaking point on the dipping of the bottom; dise
sipation of waves described by nonlinear equations. .

G. Loomls, U.S.A., presented results of numerical calculation of the
behaviour of tsunaml waves 1n Hilo Bay, Hawaii, for different angles of arrival
and parameters of the wave in the open ocean and for different locations of the
breakwster that 1s designed to be constructed for the protection of Hilo against
tsunamis. Calculations were made by linearized equations with a quadratic mem-
ber that takes account of frietion on a grid of 82 x 5k grid points. For some
conditions water elevation between the breakwater and the shore was maximum over
the aquatorium; in other cases there was a great level differenece near the break-
water, which would be in danger of collapse. : ' :
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The paper by Vasillov and V.G. Sudoblcher, USSR, presented a review of
possible methods for calculating tsunami run-up. ‘The authors used the difference
scheme based on a movable grid with isclation of the breaking place. Examples.
of such problems as rolling of an individual wave onto a sloping beach and
entrance of a tsunami into a river mouth were given.

‘Results of hydraulic similation of tsunami run-up on a steep coast were given
"in the paper by G.E. Xononkova and A.E. Reichrudel, USSR. The inclination angle
of the slope, wave height, roughness of the bottom, water depth near the wave.
producer were varied. Dependence of rolling length and velocity on these para—
meters was obtalned e R - o ;

The paper by S. Nakamura, Japan, presented results of hydraulic simulation
of entrance of tsunsmi into estuaries-and formation of a bore. In the case of’
tsunami the bore must have an oscillating profile. The results of the experi-
ment are in satisfactory agreement ‘with both observations and theory. -~ . =

0. T. Nagoon and N.IL. Arno, U.S.A. sald that an aggregate of methods was
ugsed for long-period estimation of tsunaml Immdation risk in Crescent City,
California. Historical data on tsunami were compilled, near-coastal underwater
relief was studied in detail ,refraction of the remote pacific tsunamls approach~
ing the city was calculated, tsunami run-up was simulated in a chute. A conclu-
slon was made that a small coastal rampart would be useful. ' :

A practical scheme of calculating the proban*lity of inundation of different
elevations in a glven point on the coast was proposed in the paper by Ch.N.G.,
V.A. Barnsteln and A.A. Poplaveky, USSR It was noted that an artificlal -
inerease in roughness and mobility of the bottom near the water edge (by means of
quarry-stone, for’ instance) decreases water elevation on the shore.

The seminar demonstrated, in particular, rapld progress in development and -
application of numerical methods for studying tsunaml. OSome speakers emphaslzed
that the numerical simulation of tsunami is cheaper than the hydraulle one, the
results being eomparable,

"A film on the Soviet tsunami warning service operation produced by the
TSENTRNAUCHFTIM studio was shcwn at the symposium

Two meetings of the TUGG Tsunaml Committee were held.  New offlcers were
elected., Chairman: S.L. Soloviev, USSR, Vice-Chalrman; K. Iida, Japan; Secretary,
L. Murphy, U.S.A. Members of -the Committee ave: W.M. Adams, U.S.A.; .

N.N. Ambraseys, U.K. "R.D. Braddock, Australia; J.W. Brodle, New Zealand;

K. KaJiira, Japan; C. Lownitz, Mexico, G.D. Miller, U.S.A.; V.S5. Merelza,
Portugal; T.S. Murty, Canada; G.L. Pliekard, Canada; R.O. Reld, U.S.A., JAPSO
representative; E.E. Savurensky, USSR, LASPEI representative; E. Silgado, Peru;
5.S8. Volt, USSR; B.D. Zettler, U. S A.

The Commitiee proposed amendments to seetion XII b TSUNAMIS of the guide to
International Data Exchange through the World Data Centers, formulated proposals
to the Unesco-I0C International Co-ordinatlon Group for the Tsunaml Warning Sys-
tem in the Paecifie regarding practical measures and research work that improve
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the service; recommended that greater emphasls be placed on tsunaml research
espeelally in developing countries of the Paciflce Ocean and on itraining of seclen-
tists at various international centres such as the Internaticnal Imstitute of
Seismology and Earthquake Engineering in Tolgyo and The International Tsunaml
Information Center in Honolulu; emphasized the necessity of compilation of an
Atlas of tsunamis in the Paclifie Ocean. According to the recommendation of the
New Zealand representative, 1t was decided to convene the next international
symposium on tsunami 1in Wellington in February, 197k.
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1.2

1.3

1.4

IOC/TTsU-TI1/3
B Annex VITI
ANNEX VIIX
- Provisional Agenda 6. Problem and improvement
in communication '

(Proposed by Japan)

. Introductxon

This item was dxscussed at the second meetmg in Vacouver, '

:_‘-Canada on 12 - 14 May 1970.,_

The result of dlscussmn appears in the fma,l report of 1ts

secor’d session, Annex VI - Improved telecommunication
¥

means for the exchange of tsunami messages (tsunami warning

and'ir.lformation tsunami and seismic.data)_ between Japan,

the United States of America and USSR. . . '

In accordance with the plans of. WWW/GTS and regmnal
telecommunication network in RA-II, the Tokyo-Khabarovsk
circuit. for simultaneous 50 bps data and facsimile transmission

were started on 2 March 1972. This is of the first phase of the

' plan agreed upon between Japan and USSR. The circuit for

the time shaJ.:'e.d 1200 bps data and facsimile transmission, and .
50"b;$s chaﬁnel s.olely for the urgent tsunami information will

be set up by March 1974 as the second phase.’ _
Tokyo ~ Honolulu AFTN/MET channel is in operation at 75 bps
by HF /ISB. Since HF band is often disturbed by the air
condition, it will be replaced, in cooperation with US'A; by the
satellite communication channel on 10 May this year. '
The circumstances between Japan and Thailand, which recently
became; a member of JGC, are as‘follows: '

Tokyo - Bangkok met. circuit was established on June 1970

_ 'by-means of cable via Hon@&ong in accordance with the plans

WWW/GTS and RA-II, and reliable and steady transmission is

now achieved.

-
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1.5

1.6

2.1

2-2

Al-l available circuits are accommodated into the ADESS
{Automatic Data Editing and Switching System), by which
automatical relay and switching of messages are made.

The met. telecommunication system has thus been highly improved
since the time of the second meeting at Vancouver. -

In order to facilitate the shortening of relay time through ADESS .
the standardization of telecommunication procedures and formats
of message is necessary. The' proposal for such procedures

and formats is descnbed in para 3.

Coe :,' :

" Present configuration of the international circuits around the

RTH Tokyo (R egibna.l Telecommunication Hub).
The function of the RTH Tokyo in accordance with WWW/GTS
was completed in March 1972, '

Some of these circiuts will necessary be graded up to speed up

- the transmission in future.

Present circuit situations are given in Fig, 1.

All of these circuits (cable and satellite circuits) are very
stable. Neverthless, the provision of back-up routing is

considered necessary for each circuit, o .

L33
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- Japanese proposals for ‘telecommupicat’ion procedures and .
formats. e | - - - .
| In order to minimize the tlme—delay in the data transmlssmn,
it is necessary to strictly define the @elecomr{lun_lcgt_mx} :
procedures. L R - -
The following mandatory clauses w111 be ta,ken mto our
consideration: R
(1) An urgent priority should be _giv;en.‘-to f_:he_ltrfa;n.smissidn of
Tsunami messages, _ | | | S
(2) Procedures and format should in pr1nc1ple f ollow the WMO
standard (Chapter 1 Volume C No. 9 TP 4 WMO Pubhcatmn)
Each circuit, however, has vanous kinds of character istics
- of itself, and an interim proc.edur_e sho-u_r_lc.i' be decided in
this session as a temporaﬁr stepﬂr The final procedure
will desirably be examined by CBS/WG of WMO, which is
resposible for the operation procedure on;the GTS.
(3) Exchange and relay of Tsunami messages will be made by
| the Automatic Message Switching System, therefore-, the .
necessa;ry message identification for it should be agreed upon
in this sessmn. ' . - .
{4) Used code should follow Internatmnal Telegra.ph Aipha.bet
No. 2 (CCITT No. 2 Code).
. Message format
Message format comprises the following fouxr phases:
A starting line .. o R |
An abbreviate headmg ;

Tsunami message
A text P A

End of message or transmission ——d -



TOC/ TTSU-ITT/3
Annex VIII - page L

3.2.1

Format of starting line (Interim Procedures) )
&« = yZ2CZC~*SSRR (or SRN)’!‘ nnn—?JJJJJ SSSSS
nnn = transmission sequence number '
SSRR ='Indent1flcat1cm of circuit = -
Tokyo - Kha.barofsk : TKHA
“Khabarevsk = Tokyo : HATK
Tokyo — Bangkok : TKHB _
" ‘Bangkok - Tokyos HBTK*~ =
5SS Sendmg station B

"RR: Recewmg statmn o

SRN = Idenuhcatmn of c1rcu1t

Honolulu - TOkyo : HTB SR
" Tokyo - Honolulu : THB

S’: Transmitting terminal letter =~ -

'R : Receiving terminal letter

3-2.2

N : Channel identification letter
JJJJI SSSSS ='Bell sinal

‘Format of abbreviated heading

&={ TSUNAMI  CCCC YYGG
TSUNAMI : Identification of urgent priority

" CCCC § Location indicator of the station originating -

3.2-3

324

¢

YYGG gg’ Date and Time group

Text _ . .
TSUNAMI WAVE BEGAN AT 0920Z AND ..... (Ret. Vancouver
Meeting Report Annex IH "TSUNAMI Da.ta, Reportmg‘) e

End of Message ' ’ ' .

ZSESz==Z NNNY HNL " Hlu
8- TN

-
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4. Distribution of TSUNAMI messages (Interirh Pfocedures)

The most effective method to ensure a rapid, reliable and

automatic transmission of TSUNAMI messages is to indicate

the addressee.

In order to facilitate this, the following table should be '

- prepared beforehand.

- ’ _
ADDR%S’EE HONOLULU| TOKYO | KHABAROVSK| BANGKOK| HONG KONG
ORIGINATING - : |
HONOLULU : X - X ' X

L TOKYO X X X X
| KHABAROVSK X X y
» BANGKOK X X X X
HONG KONG X X X X
5. . Requirements for stand-by circuit ’

Regular route is as shown in Fig. 1.
in order to ensure the at most reliability, it is necessary to
make preliminary cirecuit for back-up purposes.
5.1 Tokyo -~ Honolulu portion
- AFTN (Aeronocutical Fixed Telecommunication Network) circuit
will be serviceable. ' |
5.2 . Tokyo — Khabarovsk portion
' Exsisting aeronoutical telecommunication circuit or the means
by some appropriate meteorological radio broadecasting se'rvice.s-; '
will be considered. _ | 7
As for the'details, fufther study should be made on it between . |

the countiries concexned.

6. Telecommunication test _
It is necessary to carry out these telecommunication fests on

the GTS {ref. Fig. 1) as soon as possible,

-

“5-
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 AMELBOURNE —> -

WASHINGTON,

e A NGO

7

RC?E% 1;  The transmission speed of Tokyo - Melbourne portion
“of Mte {Main Trunk Circuit) will be graded up to

RC
. 2400 hps in future,
&
of MRC (Main Regional Cireuit) will be graded up to

sz (/ ' .
1200 bps and 50 bps on March 1974,

.. 3. IRC: . Inter-Regional Cireuit

2. The transmission speed of Tokyo - Khabarevsk portion

. i ’ : RC: Regional Cireuit
Fig. 1 Present configuration of the international eircuits around s -
(=] ) ; . } )

the RTH Tokyo
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ANNEX TX

'Resolution VII-28 - TSUNAMI WARNING SYSTEM

The Intergovernmental Oceanographic Commission,

Taking into account Recommendations 1, 2 and 5 of the Second Session of the
Tnternational Co-ordination Group for the Tsunami Warning System in the Pacific
(doc. SC/IOC-VII/26), _ '

Requests Unesco end the UNDP to give favourable consideration to requests by

Member States of the Group, particularly developlng countries with long coast-
lines or subject to danger from tsunamis, for the establishment of adequate

* communications facilities for international alert stations, when necessary, and

national warning systems, : :

Ingstructs the Secretary to investigate the availability of educational material
designed to provide public awareness of the dangers and protective actions that
should be teken upon receipt of a tsunaml warning, and to report concerming his
findings to the next meeting of the International Co-ordination Group on Tsunamis
for its further consideration, _ S :

Further instructs the Secretary to reissue invitations to Member States to Join
the Group, and to invite other countrles of the area which are members of any
organization of the United Nations System and interested regional international
organizations to be represented by observers at future meetings of the Interna-
“tional Co~ordination Group, :

Requests the Secretary to take appropriate steps to resolve with the Chalrman
of the TCG and the Chairman of the Jolnt IOC/WMO Group of Experts on Telecom-
munlcation, the questions concerning requirements for use of the HF radio fre~ -
quency bands allocated by WARC, 1967, ' : ' :

Approves the summary report of the second sesslon of the International Co-
ordination Group for the Tsunaml Warning System in the Pacific.



