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EXECUTIVE SUMMARY

Tsunamis are among the world’s most destructive coastal bazards. They occur in all the
world’s oceans. inland seas, and wany other large bodies of waters. Scientists have provided 2 record
of past 1sunamis that clearly indicates the potential for liture sumami damage within the Intm-
Americas Sea and they bave warned governnents to take urgent action, The sharp merease 1n coastal
population depsity, the intense development of harbours and urban infrastructure, and the exploitation
of mineral resources in coastal areas, all sel up a potential disast=r of catasirophic proportions.

This proposal s for 2 3-year programme to develop a isunami waming system for the Tutra-
Amencas Sea with the vltimate goal to save lives and property 1t is hased on an end-to-end principle
— from duis collection to the provision of services and issuing warnings. I includes efforts m
developing data collection shes, communicslion wrangements, developinent of tsubnami waming
centees {national as well az regional), distribution of information, asd raising the level of lsunami
education and awareness. The proposal considers the ways uf contrituting to earthquake and 1sunarm
research, and o capacity building and humen resowrces developiment through creating educational
progranimes and crganizing workshops and conferences.

The proposal is based on the expenence gained by the TOC Member States of the Pacific n
operating the Tsunami Warning Systern i the Pacific and the collective wisdom of scientists.
engineers, managers and citizens. i is focussed on preventive measures that is Fully in line with the
conclusions of the IDNDR and is a part of the Internaiional Strategy on Disaster Reduction.
Procedures for ctrengtheming the binks among the national geophysical sorvices, rmeteorolomcal
services, matine apgencies, and counter-disaster and environmental orzanizations are proposed, as well
as ways of establishing eo-operation with regonal and intemational organizations dealing with
chisaster reduction

INTROBUCTION

Tsupamis are among ths most destructive and complex natnral disasiers. They have been
1espansible for great loss of life and extensive destruction of property throughot the world. The
significance of this harard has greatly increased in the last 20 years due to the rapid growth and
developmeant of coastal areas in the developing and developed nations of the world. This is the result
of a population explosion and of rechnological and economic developmenis mn the coastal zobes,
Thus, mitigating of the effects of tupamis 15 of constderable and increasing mmporiance to the socio-
economic development of Member States.

Tsunami cvents have been recorded in the Intra-Americas Sea (IAS) since the 16" Century
(Lander er al., 1999). Evidence far significant puleotsunams is also found in the seduvents of the
Netherlamds Antilles at 400-500 ybp, 1500 ybp and 3500 ybp (Scheffers and Kaletat 2001 ). Tsunami
events are both local in origin and from distant sources bt occur at the rate of one or more severe
oCCuITences per cenfury (&g . Venezuela, 1530; Jamaica, 1692; Mantinique, 1753; 5t Thomas, 1867,
Puerlo Rico, 1918; Dominican Republic. 1946; ete.). The great Lisbon earthquake of 1755 crenated a
tele-tsunatm with 6 and 7 metor-hiph waves o the Lesser Antilles; its effect on ihe less populated
areas such as the ¢asiern Bahamas, Florida and Bermuda is onknown. So coumter fo the commmon
perception (Gonzalez, 1999}, the Atlantic Ocesn, as well as the Pacific Ocean, is subject to these
destructive sea waves {Aonex I).

Although there have been deadly tsunamis in the Intra-Amenicas Sea this last century (1918,
42 persons; 1946: 1,790 persons by some recent reports; Lander e ., 1999, it is the event of 1867 in
the US Virgin Islands {Watlingion and Limcoln, 1997) that is very reminiscent of the 1998 wsunami
chsasier m Papua New Guinea: juxtaposed carthquake epicentre; large nearly mstantaneous tsupami;
travel time ip minules; dense coastal popalation centres; uninformed populace.



Programme has assisizd in saving thousands of lives and bilkions of dollars in the Pacific and
contributed sllectively 10 the objectives of the International Decade for Natural Disaster Reduction
{1DNDR}.

Albough the [OC Tsunami Programme has been cestered in the Pacific for many years, there
is no special regional significance to thi beyond the proneness of the region to karge earthyuakes and
hence 1o tsupamms. Recently, the Member States of the TAS, Indian Ocean and Mediterranzan have
been requesting more aticntion 1o fsunami warning in their respective ateas.

In 1993, 10C with the assistence of the United Nations Fnvitonment Programme, proposed
and conducted » Workshup on Small Isknds Oceanography in selation to Sustamable Econormic
Development and Coastal Area Management m direct response to the needs of Small Island
Devaloping States. The meeting was hosted by the Govermment of Franoe in Murtinique. Ope of the
nutnerous issues discussed in Martinigue was that of tsunami hazards. Many Small Island Developing
States are located in the wropical waters ol the Pacific and indian Ocean, and are actably vainerable to
tsunami. Tt was noted too that the JAS and the Caribbean Sea in particular is a seismically active
region and has a history of tsunami-cagsed by earthquakes snd volcanoes.

Af BCIOCARIBE-VY, the Fifih Session of the IOC Sub-Commission for the Cantbbean and
Adjacent Regions, the Recommendaiion of the FOCARIBER Group of Expents on Ocean Processas and
Cliznate 1o hold o Catiobean Tsunaral Workshop was adopted. The Hasters (aribbesn Centre of the
University of the Yirgin Islands hosted the 2-day workshep m 1996 e St Joha, at the request of
IOCARIBL, which was atiended by some 17 sefentists, The attendees made it very clear (10C, 1996)
that the TAS has a record of significant tsunarni-caused deaths and is al substantial risk for others
{ 5mith and Shepherd, 1994),

The St Jobn scientilic meeling led 1o she 1997 workshop at the University of Puerto Rico
(Mercado, 1997). At Mayaguer, there were in attendance approximarely 150 concernad citizens of the
region, civil defence and government officials, scientists and tsunami warning experts, hath local and
from abroad. The Mayaguez meeting emphasized broader issues including education, warming,
management, as well as research (Mereado and McCann, 1998; McCann, 1998; FOC Circular letter
No, 1579, 1098, Gusiakov, 1499, Maoljeld ef of , 1999 Maul, 1999, Lander ef al., [999).

All attendees at the June 1997 meeting in Puerto Rico were requasted 0 contact their head-of-
siate with a statement of concern, ln Julv 1997, USA President Clinlon was (ormally informed of the
recommendations made at the Mayaguez workshop. It focossed on 4 mirigation measures; education,
waming, manageinent and rescarch.

in 1999, the proposal to establish ag TAS Tsunasn Waming System was encouraged by the
offivers of the International Co-ortination Group for the Tsuparmi Wamning System in the Pacific
(ICG/TTSU) during their inlersessional meeting in Hawaii (JOC, 1999). Later, in April 1999, in
conjunction with SC-10CARIBE-VI, the IOCARIBE Tsunarmi Steering Group of Experts gathered in
San Jose, Costa Rica to drafl this proposal. The Chainnan of the Group wrote the final proposal
details with input from inierested parties including the 10C secrstadat, the Pacific Tsunarni Warning
Centre and the International Tsunami Information Centrs,

In 2000, the Thirty-third Szssion of the T0C Executive Council recommended o bring the
expenience and keowledge of the Pacific and Caribbean cxperts in Tsupami research and mitigation
iogethet 10 order to finalize the Tsunami Warning System (TW3} project proposal for the IAS region,
The Mayamiez meeting was organized in December 2000 in compliance with the recommendation,
and the draft project proposal was formulated.

In Octobur 2041, the Eighteenth Session of 1CG/IT3U was invited to comment on the text of
the project proposal and propose modifications for submission of a final version to the FOCARTBR
Sub-Commission’s next session. After discussivns, the ICG/ITSU accepted the proposal in principal



and formed z working proup {o address the remaining outstanding issues. taks imto account the
commenls that had been offered. and put the proposal inte a final fonm (1I0C, 2001), That work was
completed and is the proposal presentad here.

JUSTIFICATION

It is clear from the ahove that the tsunatm threat in the TAS region #s real and may cause
tremendous damage to life. property, and infrastructure in all countries bordznng the FAS, Everything
possible must be done to minimize thess disastrous effects.

Ths design of the IAS Tsunami Warning System will be implemented based largely on
exisiing infrastructure and resources, e.g., sea-level measuring systems such as GLOSS, RONMAC
sand CPACC, co-operation with the WMO and OQAS 15 envisaged; the sefsmic stations operated by
Member States of the region and communication systems bike those of WMOMGTS) and EMWIN will
be invalved, In serting up the TWS, the current institunonal structures will be taken into zccount. The
sysiein will mvelve many organizaiions with varying expertise and emphasis i different system
components. The Member States of 1AS bordenng both the Pacific aud IAS regions have aiready
gatned mvaluable experience in operating and contrtheting to the Tsunarmi Waming System in the
Paciffc This experience should be exploited to the larmesr degree possible. The challenge is to
develop an integrated network based on available experience, which will accommaodare development
of new requirernents and capabilities

Though there is some success m the region with respect to the collection of sza lesvel and
seistnic data and 1 communicebng them operationally to users, and sume experience I lsunam:
wdEmg syslems operations, there are big gaps in data coltectivn and communicuilon systems and 1n
tsunawry mutigation in the region. There is 4 need for considerable improvement so as to bring about a
better response and minmuze loss of hife and property. The gaps include:

o Need for reliable coastal and deep ocear: monitoring stations;

e Nezed to verify and update existing see-level and seispuc stations to acceptable imernation:|
stapdards;
Need tor additional TREMORS svsiets;
Need for communication and data exchange systems that meet the roquirements of the TWS;
Need for pumerical medelling o estimate the harard, arrival ome of sunami and the
mundatior zones of the worst cases:
Need for a special tsunami aw arenass prograime and sppropriate wraining;
Need for a nationally and regionaily co-unimated approach #o the establishment of the TWS;
Need for Hoks with existing relevant organizations, progracomes and projects in the region

This is not an all-embracing list; it is only 2 first approximation. It may be extended and
adapted t0 new demands and challenges, when the project is being implemented.

As the TWS in IAS wall be developed az a system to support sustainable social and economic
development, welfare, and safety. the capacity building and awareness are essential as well as betier
scientific understanding of the tsunami phenomenon.

The project will develop and apply statz-of-the-art tsunami models for inundation map
development, tsunamm risk assessment and evacuation plan formation. The project will place a strong
cmphasis on education for appropriale pubhe response The timely response 10 (sunami warnings at’
the public and of the disaster prevenntion smd preparedness organizations is extremely imporant to
midtiemze the loss of life and property.

SYSTEM COMPONENTS



T mitigate the tsunami hazard, it is cnfical to accurataly assess the nature of the threat posed
by the hurard, to design and implement 2 warning techrfgue and te prepare st-risk areas for
appropriate actions to reduce the impact of the hazard. That is why the Tsunami Warnmg System
structure in the IAS region will be based op the following 3 pllars: bazard assessment, warning and

preparedness.

Hazard Assessment

To find out what type of warning system is required, a background approach is used. As the
first step, an assessment of the tsunami hazard for each coastal community wll be made to identify
populations and assets al dsk and the level of that sk, To assix in this efforr 2 historical tsynami
datshase tor the Canbbean (Lander et al | 1999) will be mrproved smid made svailable in a form more
easily and rapidly accessible to users. A graphical interface for these data has already been developed
by the Tsunami Laboratory of the Siberian Division of the Russian Acadery of Sciences (example
outpui is shown on their web site at http://omzg ssce.rw/tsulabicarib_hitml ). For communities with very
limited ot oo past daa, aurserical models of tsumami fnandation can provide sstimates of areas that
wall be flonded in the event of a local or distant tsunamigenic earthquake. This information can later
ke used for creatng tsunami evacuations maps and procedures,

The experience of the I0C ICG/TITSU in ifs implementation of the Historical Tsunamm
Database (HTDB) and Tsunami nundstion and Modeling Eachange {[1ME) projects [or the Pacific
region will be very useful

Warning

To alen coastal communities, that danger from a {sunami i¢ imminent. 7o appropriate warning
system is required. Tsunami waming systems rely on seismic data and earthquake analysis for the
rapid initial waming, and on sea level data for confirming and evaluating the tsunami and for
coutinuing, upgrading, or canceling the warnmg. Waming systems also sely upon a variety of
communication methods to receive seismic and sea level data and to issue messages to appropriate
Authorities,

Seismtic Suhrvstemn

The LAS has several seismic reporting systems in place, The Seismiz Rescarch Unit at the
Usitversity of the West Indies has been in operation since 1952 and the Puarto Rico Seisnuc Network
has operated the data centre for the Middie-America Seismograph Consortium (MIDAS) since 1998.
A protocel has been established for participating seismic networks of the Caribbean, North America,
Central America and South America to submit data on significant events in the region in near real
timg, Thus 1ssue bas already been widely discussed at the twa Ceribbean Tsunanti workshops ateeady
Leld, St John, TSVI Q0C, 1996) and the Mayaguez UPR Workshop in 1997 (Mercade, 1997; Maul.
E999), and at the Peru 1997 meeting of the ICG/ITSU-XVI and the Hawsaii 1999 meeting of the
Officers of the ICG/ATSU (I0OC, 1999). At several MIDAS meetings, the desirability of having
setstmic data exchanged in real-time has been discussed for tsunami waming applications

Other seismic systems operated by the French in Martinique and Guadeloupe and by the
Sersmic Research Unit of the University of the West Indies from Saba to Trinidad have expenence in
detecting potential tsunamigenic events. The Eastern Caribbean has a very high density of
seismographic stations - each major island has at least ome 3-component digital broadband
sgismograph

The Caribbean Development Bank has fimded the Seismic Research Unit to instrument Kick
‘em Jenny volcano and several sites in nearby islands for detection of volcamo-generated tsunamis.
The Intra-Americas Seas Tsunami Warning Systemn will capitalize on this parallel effort through co-
nperation and commumcation



TREMORS (Tsunami Risk Evaluation through seismic MOment ffom 2 Real-time System) is
considered the most effective stand-alone waming system for tsuonmis generated by sanbquakes. [tis
bazed on a single 3-component broadband seismorseter ¢ooncoicd to a personal computer where
special sofiware is continuously running. It automatically detects the amrival of seismic waves from
any large earthquake, focates the epicentre, and computes the seismic moment, Depending on the
results, the system is capable of sending a short mesezpe melwhng all the results, through
TNMARSAT. It can also send 2 warning to 2 telephone and s=t off an alanm tone on e personul
computer. TREMORS is capable of deiecting and analvzing potentially tsunamigenic earthquakes at
regional distances within the IAS and far distances such as acrogs the Ailantic.

In order to organize effective warnings there should b2 & minimum of at least 6 TREMORS
stalivns as the Caribbean region is vast and the futurs warmng system should monrtor 2 distont
regions (the first the eastern and northern part of the Canbhean frerm Cuba to Trimdad, and the
second: the western part where the Cocos plate subduct: umder the Caribbean plate). Three stattons
will be installed in each of the regions running at the same tme. However, talang mto account
possible downtime at any of the stations, il 3 rvommended to have § siations for an optimum
configuration It is proposed lo have sites mn the following states: Colombia, Costa Rica. Cuba,
Ciuadeloups, Masice, Puerto Rico. 8t Vmcent and Venewuela Rdeally, 1t is desirable to have
additional TREMORS (in addition to the proposed 8} in the Central Amencan Zone, in the northern
part of the Caribbean and the West Indies islands. In the proposed focations there already exist or are
plans to install broadband seismic stations. The characteristics of the existing stations are 10 Annex 1.
The inslitutions tesponsible for these stations must he consulied to s whether TREMORS can he
added on. The only additional cost for exasting broadband stations will be the INMARSAT transcerver
and the TREMORS software.

Wilh the proposed set of broadbund stations and TREMORS sysiems, large magnitude events
can be quickly recorded without the signal going off scale and the seismic parameters can
subsequently be determined. The goul is for this network to be capable of notification of a major
earthquake in the [AS within 2 minutes of the initial rupture. This notification will be followed within
3 minutes by detailed seismic parameters that provide an undzrstanding of the likelihood of a tsupami
The TREMORS petwork will also be capable of nonfication of a major ttans-Atlantic carthquake
within about 10 minuies of its occurrence with detailed seismic paramziers within about 45 minutes.

The seismic warning sysiem must be complimemted by first order estimates of travel times
and wave heights for all the most likely sources hased os Burerice! simaloions,

Sea-l.evel Subsvstem

Water level gauges are an essential element of TWS. When steategically located they are used
 quickly confirm the 2sisience or non-existepce of sunami waves foliowing an earthquake, 10
momtor the tsunami’s progress, to help estimate the severity of the hazard and to provide a basis for
declaring the hazard over Water level gauges may also be the only way to detect tsunams in cases
where there is 1o seismic data or when the tsunami is not sarthquake-generatad,

The TWS in the IAS region needs 2 reliable nerwork of operational coastal and deep ocean
monptoring stations, The invemtory of existing coastal stations is in Anpex 1.

This list shows there are probably a sufficiest number of coastal stations, although
verification of some of them needs be made. Several existing stations need upgrading to international
standards for tsunamis as defined by LCGATSU, Many of the sea-level gauges are mechanical
wstruments without telemetry capability. The programmss of 0AS, such as CPACC (Caribbean-
Planning for Adaptation to Climate Change) and RONMAC {Water Level Observation Network for
Central America) offer the best oppartupity for estahlishing = regional sea-l=v el network because each



instrument iremsmits its data via GOTS and are GPS-tocated. The position of the CPACC and
RONMAC stations and their techmical specifications are m Annex IV,

There may be a need [ soms new stations on centam islands (for enample, [sta de Aves, San
Andres, Swan [sfand, St Mariin, La Blanguilla}. Some existing sea-level stations require nstallation
of addittonal hardware in the Data Collzction Plattorm (DCP) and the acoustic controller to be used
fur tsunami monrtoring. Key critenia for selection of sea-level stations should be spatial localum.

Wearaing Centre(s)

Two appruaches can be considered: 1) a TWS with one or more central warning centres 10
receive and intrerpret the TREMORS and sea fevol data and generate regional or widespread
warnings, and 23 2 TWS where dma are sent directly to each Member Statz of the TAS for ther own
local interpretation and waming. Either approach or a combination of hotl can be implemented.
There are trude-offs in cost znd capabilities regarding these options. A central cenire must have at
least 5 full-time professiopal persongel to enahle one-parson 24-hour operalwns, but it can provide
expertise in the interpretation vl the sewsmic and sea level data (o help reduce false wamings and it

Figure I The proposed flow of sefvmic dala ead tmami bulleting. Multiple TREMORS systoms report the
detection of kwge earthquakes and fken the arthuniske parameters to the warning centre(s) via INMARSAT The
centrefs) suliegquently trangmits appropriate tsunami hwlleiing to fhe San Jugn Pusito Rice Weather Forecast
Office for relay into the Emergency Managers Weather Infovmation Network (EMWIN). Member Stales receive
the fulleting via EMWIN from the (GOES satellite using an incxpensive receiver and software that can be

programmed fn trigger an audible alarm, commercial page, or lephone call if a tsunami warnmng is 1eceived,

may ultimately be able w0 provide wave height forevasis based on menerical simulattons The
warning, however, may be somewhat slower due to this layer of interpretation. By receiviag the field
data directly, each Member Sizie has the possimlity to tespond immediately to TREMORS
transmissions and later sea level data. However, this also requires 2 24-hour response capability and
expertise in interpreting the data. The decision regarding the most suitable way to configure the
system is left to the Member States of the IAS. Ilowever, for this proposal ouly a system with a
central warning centre(s) will be further discussed.

Tsunami Warning Systems have unique and extensive communication requiremenls. Soismic
and water level signals must be sent from remote sites, often withowt power or telephone lines, and
warning messages must be trmsmitted quickly 2nd reliably 10 users having different means of access.

In the [AS region the distances to be coversd rangs from less than a kitometre 19 hundrads of
kilometres

The communication system should be as independent of the nommal communication circuits
a3 possible. This will enable users to get data in and information out regardless of what happens to the
local communication infrastructure.

Data from mdividual TREMORS systemns will be transmitied vig INMARSAT C to the
warnipg centre(s) andior Member States using equipment purchased as a pari of the seismic
componcnl. Affer the data are evalusicd Wy 2 waming ceptre. the appropriate tsunami bulletin
(informational, advisory, watch, or waming) is fransmiued to the Sap Juan Weather Forecast Office
(WFQO) via INMARSAT C. It is iben forwarded into the Emerpency Managers Weather Tnfonnancn
Nerwork (EMWIN) for transmission to individual Member States. This will require an INMARSAT
ground stalinm at the San Juan WFO and EMWIN receivers and sofiware at each of the 33 Member
States of the LAS. Sea level data that are transmntied via the GOES satellite will be relayed from the
downlink at Wallops Command and Data Acquisition facility 1o the NWS central communications
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gateway where it will be sent 1o the San Juan WFO or eniered into EMWIN for distribution. Methods
to acquire sea level data [rom across the Ailapiic, possibly vis METROSAT, {or the cvalustion of
teletsunamis will be explored.

The public Internet, which bas greatly improved and expanded in the [AS region, should be
considered as an zlternate or supplemental method for communication nesds in the TWS.

Dissemination of lsumami watch or tsunami waming messages 0 the public will be
accomplished using the existing metecrological communication network and sysiems tke GTS or the
Aeronautical Fixed Telecommunicaiions Network (AFTN}. Messages can also be transmitted widely
through commercial circuits, sach as felex and the Internet. Op local or national levels, tsunami
messages can also ba sent over text or voice circuits designed for national defense or other
emergencies, Messages can alse be sent by telephone or fax. Within cach country consideration will
be given to strengthening existing communication netwarks and implementing new ones.

Preparedness

Activities in this categary take place in order to achieve an appropmiate level of preparedness
for a waming of tmpending danger from the tsunami. They will include creating and disseminating
knowledge about potential tsupsmi inundation, abour the waming sysiem, about evacuation
preparation and procedures, and regarding land use planning. A commumity-wide effort of tsunami
hazard awareness is essential to educate the residents zs to the appropriate action tn take in the event
of a tsunami, A public informatiom campaign will be mowumted to make sure that the information geis
through to the general public.

The response of the public and disaster prevention and prepareduess organizations to tsunami
warnings is most mmportant to minimize loss of life and property. The current reaction by the
emelgency management commmunily in the arca is slow. The lack of a cwrent guick response
capability (0 a warning i snother argunnent in favour of the establishment of 2 warning system.

Oue of the major efforts in operation of the warning system will be one of education not only
of the public but of thase agescies and people who have to respomlimeact to natueal disasiers. A
concerted effort using sealevel and seismic stations and communication [acilities will require
additional training through the erganization of workshops and trziging courses.

Regional worksheps wilt be held to develop an appropriatz set of pilot projects, e.g.,
modelling and analysis; datz and information management; methods of risk assessment and tsunami



warning system operations. It is recommended to use the expertise of the TEMA programme of 10C
god the equivalent programmes of WMOQ, UMEF and other intzimational orgenizations
implementing these activities.

Awareness education will imclude the implementation of an education programme for schools
o prepare students at all age levels, the co-ordination of periodic public drills to maintain the
preparedness level, the development ot a search and rexcue plan. and the involvement of community
erganizations to educate zll sectors of the population at risk. Conupunities must be committed to a
continuous long-tenm institutionalized education programme as fsunamis are infrequent events and
succeeding generations may forget tsumami safety lessons.

The need lor 3 aress of training is idemtilied: suivmic stalion operation (cquipment snd slation
maintenance, seismology, TREMORS software, ete.); tsunamis generated by submarine landslides
and volcano eruptions (nature, evaluation of tsunamd risk, organization of underwater and post-
disasier surveys, etc.); and numerical modeling (travzl tirse charts, historical tsunamis, TIME, etc.).

The 10C hay long expericnze in assisting countries in implementing tsunami awareness and
education programmes. Wnitten educatiopal material m English, Spanish, French and Russian,
edvcational curriculums, videos and reports from communities with comprehensive awareness
programmes are avatlable through ITIC and the 10C Secremniat. New flyers and brochures must be
developed using the ICG/ITSU experience to reflect betier regional peculiarities and culture. English,
French, aud Spanish versions will be widely distributed thmuh the FOC Regional Office and other
appropriate channels to schools, civic organizations and religious mstilvions. More peneric natural
hazard brochures should be identified and updated to includs tsunami information. Finally, a
professiomally produced multi-lingual video should be taped and made available for broadcast and
duplicatiom {this should be encoumged by a special copyright freedom).

It s anticipated that 2 general reluctance by certain business, insurance, and political groups
will be encountered. Recruiting these persons and orgenizations in the context of thoughtful, non-
hysterical, planned contact will be challenging and rewarding. H is essential not to overstate the
hazard, vet to be firm and apolitical in such dealings. In this regard, the cultural context of the
commumity roust be appreciated and respected. Regular and persistent communication by mail and in
person will be required to convince reluctant sectors of the commmugily o refocus their perspectives.

NON-EARTHQUAKE GENERATED TSUNAMIS

Tsunamis generated by submarine landslides znd volcamie eruptions cannot be detected
sulnmnahically ot the presemt tme. The time an eniption o lasdslide will ocour in a specific zone
generally cannot be predicted with emough accuracy and further research must be carried out.
Nevertheless, it is possible to survey coastal and submarine slopes and evaluate the potential tsunami
hazard from voleanoes or landstides for harbours and coastal villages situated close to the zone of
febculariliion B

Volcanoes do wol genorate tsunamis without a preliminary period of activity. The volcanoes
themselves should be monitored in order to recognize when they might be about to generate a
tsunarni. The Kick ‘em Jenny monitoring project funded by the Caribbean Development Bank is an
example ol how such monitoring should be anmunized and implamented.

For on-land volcanoes there will be a need to know more abeut past tsunamigenic events such
as major collapses from the volcanoes of the central Lesssr Antilles. Natural collaborators in

tmplementing this study will be from Caribbean proper, primarily from Venezuela whose coasts and
islands are exposed to tsunamis from the Lesser Anrilles.

SUMMARY OF BENEFITS AND BENEFECIARIES



Member States of the IAS region are the first countres to benefll fom the project by the
development of institutional, pational and regional infrastructurss for the fsunami warming system. In
addition, European and African countries will benefit from the 1AS TWS in case fransatlantic
ISUNARIES Ooour

The target beneficiaries of the project will be all coastal commumities of the countries
concemned. The users of the tsunami information are likely to be governmental agencies, including
safety, search and rescue and environmental departments, planmers for coastal fand use, individual
enferprises, insurance companies. scientists and the public.

The benefits of the project cen be summarized as: reduction in the loss of life and propeny;
reductton in damage to infrastructure and land; increased stability of local economy and more
dependable investment; improved cost-effective coastal engineering including design of local coastal
defenses; increased knowledge in seismology and tsunansds; increased scientific and technical
capacity and fimally, strengthening of existing pationa! and regional instiations, facilities and
programmes, as wel as of co-vpemlion between Mamber States and govermmental and non-
sovemmental organizations with tsunami-refated interests in the region.

To give a quantitative estimate of the potential benefits of the prejected TWS it terms of
dollars is difficalt, as potential products and beneficianes are diverse and the cost details are not casily
avaifable. In documented cases, cost/benefit matios of weather warping services have been put 1 the
range of 1:35 to0 1,217 For the development of a regional SeaW ATCH swvstemn, il is ip the range of
1:20 to 1:50. We may expect that benefits provided by the products and services of TWS to different
users wiH also be in this range. Whaile the system, when established, wiil vot avoid alt damage and
wrill depend on the capacity of decivion makers Lo respond eftectively m sdvance 1o the threat and then
o the warning, it will have the potential o save many millions of dollzrs at a cost of a few mullion
dobars.

MANAGEWMENT AND ADMINISTRATION

If the proposal is adopied by the HOCARIBE Regional Sub-Cominission it will then be sent to
the I0C Executive Council session of 2002 for approval. At the same fime, it should also be
distributed to interested regional and mnternational n organizations for information and support. It will
be accompanied by an Action Plan based on the proposal developed by the DO ARIBE Tsunami
Steering Group ol Experts with the ausistance of a eonsultsntis}. The mroposal iF approved, will be
presented to potential donors for funding. The OAS will co-gpemte with 10C in looking for funds,
especially within the region There will be a need to bring together afl the stakeholders so as io
achieve an integrated approach in desigring and implementing the TWS.

Indrvidus] nations should pot their faith and reseurces in a collective thumami warming system.
At the national level, responsibilities must be assigned 1o imdividuals 1o enzure thal someone is
looking afier a particular element of the system. Each countiy will create a national co-ordination
commuites to regularly evaluate the progress of the project and recommend approprate actions for the
better development of its national system (o the governmental auihoritizs converned. The ICG/ITSU
will help the countries of the region by developing guidelines for natiosal participation in the TWS.

The implementation of the project will be the responsibility of the national authorities as far
as possibie within the existing institutions along the nationsl action plans, with clear objectives and
nrilestones for the development of each etement of the system.

There is a recognition that Small Island pations in the region may find it ditficult to
participate in, contribute to the TWS and make long-term commitmems 1 the system’s operations
External resowrces from regionaVinternational funding agencies will be essential and sought.



The management of the project will b eamied our in accordance with the asmeements among
participating governments and funding institutions. The implementation will be undertaken under the
general direction of the participating member countriss with the technical assistance of international
agencics and appointed experis/consultants

The project will have a Chief Technical Adviseris) from tnside or ouiside the region whose
main function will be to advise nattonal awborities coscerned on techoical and scientific matters
related 1o the project, as well as on plans for the mivigation of tsunami hazards; and fo provide overall
supervision of the project to ensure sattsfoctory implerentation of Hs various compongnis,

If the region decides to take a centralized warmning approach. then 2 Regional Tsunami
Warning Centre for the 1AS might be established, for example, at the Mayaguez Campus of the
University of Puerlo Rico, which hag the tecessary expericnce in tsunami rescarch and mitigation and
the required facilities. Tt 3 recommendad to alsn creatz 2 Regional Tsunami Information Centre 1o the
same place under the dwect supervision of the Chiel Techmical Adviser. There will also be
arrangements for regular monitoring and resiews of progress in achieving specific objectives of the
project.

It is recomms=nded that an IAS TWS3 Project Steering Group (P5G) be formed with the
Chairman of the existing IOCARIBE Tsumsmi Stezring Group of Experts, the Chief Technical
Adviser and representafives of project funding agencies and system members Among the
responsibalities of the PSG, will be 10 revizw (he Plan of Opemtions und Implementation schedule
prepared by the Fxecuting Agency and advize on pattaes relacsd 1o the implementation phase

The IOCARIBE Tsunami Sieertag Group of Experts, coosisting of scientific leaders
appointed by couniries with the assistance of the ICGTTSL and TUGG Tsunami Commission, will
provide scientific backing to the project und will help bulld bridges between the scisntific comemumily
and policy makers.

Taking mto account the existing successful practice of implementation of many international
projects and programmes, Working Groups may be esteblished to deal with specific problems of the
region related fo the T'WS project and their causes.

Once funding is obtained, the OAS or ancther regional organization will be contracted as the
Executing Agency (EA) with the responsibility for the detailed design and tmplementation of the
programme. The Project Co-ordinator will bz sominated in consultztion with the T0C, and with
naljonal and international agencies spongoring the preect.

The EA will be responsible for the techmical suparyision and admintstrative co-ordination of
its implementation Tt will zizo design gad implement a public awateness compaign on the tsunmmi
hazard and (he need for tsunami preparedniess. This campaign will make extensive use of already
available material and will engage the national and regional disaster management offices in its
implementation,

It will establish, as required. co-operative agreements or memoranda of understanding with
the regional institwtions and national governmants or their spevialized agencies. Tt will be accountable
10 the agency(ies) providing the funding for the implementation of the system and will be responsible
for the timely production of the necessary 1echnical and financial reports.

The following are among the priocips] respensibilitics of the HA;

¢ Develop a detailed Plan of Operations for the insiallation of 2 fully operational TAS Tsunami
Warning System (FAS-TWS);

= Contract a full-time Project Co-aondiimior =md proyide the Co-ordinator wiih the necessary
technical and administrative suppont for the duration of the project;



¢ Eswblish and maintain regular and effective commmmications with the IAS-TWS Steering
Group, participating countries, and regional/sub-regional mskifutions:

« Develop and implement a public education and awareness campaiga aimed at increasing the
awareness of the tsunami hazard and generating the necessary support and participetion in the
TAS-TWS among vulnerable communities and key msidutions;

a Develop and implament the pecessary instititional arrangements and co-operation agreements
with participating institutions and govermnsnes;

¢ Contract the nscessary short-term techmical expertise for the detailed design of the IAS-TWS
system components and for their instataton 1n the fizld:

e Procure all equipment and technical services necessary for ihe establishment and full
operation of the IAS-TWS;

»  Tevelop techoical and administrative management procedures for the functioning of the 1A5-
TWS following its establistunent;

e Produce timely progress and financial reports 1o the PSG and for the agency(ies) funding the
implementation phase,

» Parlicipate in negotizhons with dunors for funding of the confinued operation of the IAS-
TWS;

Ensure the neeessary co-ordinatton with other related program es and projects,
Launch the system.

The outeome 1o be deliversd by the EA will be a fully operational IAS Tsunami Waming
Yystem co-ordinated by a Technical Office located h une ol the paricipating countmes/ormitories and
with full participation of specialized regional/sub-regiona) mstiturions amd natonal agencies (the
system members).

T™PIL.EMENTATION

Full implementation will require 3 years. The 3-yoar (fumbad) implementation phase is as
follows: Year 1 is dedicated to namipg an interim [hrector, establishing an office and expanding the
educational effort beyond that. Included in this first year will be an educational video and establishing
regular annual mestings of government and non-grvemmant activists. The olfice location will be a
political decision but one based on the 4 technival requirements {2lemsaais) of the Tsunami Caribbean
Workshop: 1. Education. 2. Warping. 3. Management, and 4. Research. By the end of Year 2, an
operational staff and office will be established. Much of the secomd year’s efforts will have been fo
install the additional field mstrumentation and communicstions Heks nscessary for broadcast
warmngs. The research compuonent will have been dz[in=d al this time apnd the management etfort in
place. Year 3 is the first full operstional period and witl bave activivkes in gl 4 elemems. As wrth the
other start-up years, the governmental parties will review the effort and instruct the TWS Project Co-
ordnator as appropriate

The Project Co-ordinator of the 1AS-TWS will make quartstly reparts 1o the PSG. The anmual
meeting of the Member States will be the normal means of communication to government and non-
governmentzl organizations. These meetings shall be highlighted with press releases and other
activities to promote public awareness.

BUDGET

é‘: three-year implementation and budget is proposed basad on the recurring theme from the
1997 Caribbean Tsunami Workshop: education, wamung, managemend. and research.

The progect will organize a treiming program en the concepts anul techniques of harard
assessment and mapping. vulnerability analysis. and the assessment and mitigation for key planning
and sectoral agencies, including the national disaster offices. The core slements of this program will
be offered at the regional level, accompamed by specific fllow-up activities at the national level,



ncluding the formulation of mitigation strategiss and meoasures, and the linkage of these measures to
existing national and sectoral development plans. Training. Education, and Mutual Assistance
(TEMA) Programmes witl focus on the CPACC methodology of in-country training of the observers
and lechnicians. An apnual TEMA within-region techunical meetng for nvolved personnel and
supervisors is required. Education, capacity-bwlding, awareness, and TEMA e estimated at
$192.000, $75.000 of which is directed fo broad puklic cawesch signage. im-service teacher traming,
and teaching ipatenials.

There is a requirement for reliably operating coastul real-time reporting tide gages. a3 well as
monitoring stations using isolated small islands. From the inventory of existing coastal stations
(Annex 111), there seem to be sufficient coasial stations, but many are not real-time reporting systems.
Several of the existing stations nged upgrading to the ITSTI sumdard for tsunamis, New island staticns
peeded as a minimum include Isla de Aves, San Andres, Swan Island, St. Martin, and Ea Blanquiila.
Summary of costs using a judicious mix of ITSU and CPACC standards is $340.000 (Annex 1V)
Upgrading existing CPACC-type stations with tsimami monitoring capability requires instaltation of
additionul hardware in the DCP equipment and the acoustic comiroller. The DM for tsunami
monitoring  parposes requires that all sea level stations use GOES satellite links to transmit
information. A backup GOES ground station is recommendad, ot an additional cost of $35,000, Not
all existing tide stations are needed for tsunami warning, but they will greatly cuhance the research
compenent {where spatial Jocation is a key selection crfierion), and add to the other benefits stemming
from modernization.

To provide emergency managers with tmely carthquake magnitude, location, and tsupami
probability informarion, TREMORS systems are recommended for the seismic analvsis This seismic
component recomrmendation includes upgrading three existing ultra-hmadband seismuc stations, and
the installation and stari-up of five new TREMORS stations, tur a total cost of $265,000. Included m
this budget are the software instatlation, and the training necessary for competent operation. New
TREMORS stations will be located af existing seismic ceptres [Amex IT) and will include training on-
site plus one in-region workshop for all paricipapis. This seismic educational component is in
addition io 1he activities described in the second paragraph of this section of the proposal. As with the
sea-level component and the communications network, the seismic budget iocludes broader goals [or
capacity building and techoology wensfer.

Warning cenire operations reguire ¢ rmimimum of 5 full-time employees to have oae person on
duty continuousky. The Pusrio Rico Seismic Network, for example, would require two-person shifis
for ihis work, with ene professional analyst and one electronic techmician on duty each shilt. They
cstimate the addittons! cost to their current operations at $275,000 per vear, with up to 10% per year
additional for salary adjustments. Centre operations are not apticipated untif the second and third year
of the project. Thus, the total cost for warning cenite operaticns in this proposal is estimated at
F625.000

The Unit for Sustainable Development and Fovironment of the Organization of American
States (OAS/USDE) has expressed interest ic acting s Executing Agency (EA) for the TAS Tsunam
Warning System. In that capacity, the GASTSDE would be responsible for the detailed design and
implementation of the Program. expanding om therr experience and success with CPALC. The
outcome to be delivered by the EA is a fully operational IAS Teunami Warning System, meluding
components in ecdursiiom, waming, mapagement, and research. The implementation will be
coordinated Ty 2 technical office lovaled n one of the partictpaling countries, and with [ull
participalion of specialized regional/subregional institutions and national agencies (the program
members). A three-vear effort is required including procuring funding. equipment purchase and
mstallation, traming. operations start-up, and turmover of a fully operational system. The OAS/USDE
estimate for the three-year EA activiiy is $469.000.

Research needs include improved bottom topography data; tsunami wave arrival amplitude
estimation; potential fur tsunammigenic voleanic sruptions; potential for landslides and submarme



siumping; detailed fault structure; immdation mapping: paleo-tsupami dating and description; and
improvements to the sunam amd eanbquaks historkal dambases, amongst others. Research s
fundamental to the graduate education of the next gensratton of oceanographers, coastal engineers,
seismologists, volcanologists. coastal zons managers. geochemmsts, psychologists. emergency
managers, environmental economists, sociologsts, infrastructure planners. and so forth in the regron.
Accordingly, a substantial research element is included, and is budgeted at $250.000.

Budgat Sumimary:

Education, Capacity Building, and Awareness 1i55152,000
Sea-level Infrustructure Modemization LS5$375,000
Seismic Infrastructure Modernization JSE265.000
Warning Centre COperations LIS5625.000
Communications Infrastructure Modernization 1I85250,000
Executing Agency 1S$469.000
Tsunami Research USE250.000

T 4L LISF2 426,000
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Annex L. Preliminary List of Historical Caribbean Tsunamis

Date Area | Locatien of Effects Rusep{m) | Comments
ES1 fa0l Wimareety |~ Baria 73 Ground opened cmitting binck sal walsr ond arphalt. Momtun
¢ Cumana ot the side of the Golf of Catace aag ol = ferthguakes) A (o
¢ Cupaqua and many bouses destroyed, bat nek c|ear whether due 1o the
wave, the earthguake, or botiL
[ =L Veneroela Yengzucla Waves noted  City of Cumana desmayed by sarthqoaks?
E633 0201 Jamaica Port Roval. lamaica Shocks {oit hreoegboet the whand and wavss damapsd ships
: Port Boyal A ship 2t vem was darmagel by @ berricme
EEO0 04 16§ booward [s. ¢ Charlotte Amalic, virgie Is || The sea withdrow from Charfotte Amalis, St Thomns, {16 5 o
i rharteston, Mevis 1R.5m) Hirthgnake of intensity 10 ool Lactalides on
volcame Newvis Peak which ¢aused the sea to wdbdmw Z11lm
from Charleston before retuming Zn 2 ounsles.

FG92 06 0T | lamaica i Port Royal, Jarpaica Earthguake and subsidence dastrovad the city  Shups everfurmed.

friuste washed over tops of buildmngs  Alomg e coast of

: Liparce (possibly Lizvanes Plein) the sra stibrirew 15,3 o1
T1dan caposmy the bottow, upos 1stonuuy: e wtec reesrflored
the greater part of the shore At Y& house (possibly Yallahs) the
sea is sard te have rotired about 1 Bk, Ar Saint 4nns Hay a
large wave was repott. 2000 people keled by the earthquake act
tSURarm.

BvAs 110 Laklw, Suba TU AL SU Marti, 2 shuop anchored 17 408 10, water was Ioll g

Portegal St Markic a5 hroadade on the dry bottom. At RBorbadios. tha wuve had 3
Antiga & Nominca 14 perind of § minmes apd the woter wis 2dagk as mk This crald
Barbados 1.5-4.8 bz a local landslide tsunam’ or seicha iniggecad b the Lsbon
Marimique wave. At Martnmue, at some places the waver was repariad o
Santiago de Cuba have withdrawn for | 6km and 2 ether places it flewad mta the
upgper level rooms of the houses. The lowiands an most of the
ollrer Fresich falands were inombaied There b o nepirt oF
Santimpo de Cuba b nearly wuncmed ia L7455, b the mowth
aed day weare net given. This is poozahiy Tom dbe Lasbor
{supam_
a1 03 3E Lisbor, Barbados An earthquake near | ishon, Portipal cansad ar extraordieary
Poatupeal fux and refiux of the sea at Barbados.

§TEeE 08 LL Cuia Jamaica Am earthquake lasting 1-172 to 7 mimastss bet Cuba Shups adsea
7.2km froum the coast of lamaica mllzd 20 moch then ther
sunwales were mnmersed o the ada Sliyps w deop watar
would mk eapenence a tunam Exdhes e shzpy ware sar Lhe
coast or in shoaling water or the werve was a SioTee wvave but oo
Sioren was reported.

el 0821 Venzmiela Curmana, Venszvcla Very violent shocks rased Cumans ard cavsed the 1sland of
Crtiocy o sivk sl disappuar  In reany plaecsd e walsr sorlsog

. . _ |, wars distuthed. This i 2 possible tsueam: ceport

1767 (s 314 iarhaicue Martimique The sea was much agitated snd ebbed and fiowed 0 m uncsuei

i Barbadas way
Barbairs

E770 0605 Haik: Golfe de la Gonave, Haui La Saline Mountain foot partly submerged  Tha sea imvndared
72km mland

A Hispan:ola Huspamala Three earthguakes reported and was o5 fus exfensive damaye

1.3 Cuba
Cuhs

E78G 3002 | Jamazca Savanns Iz Mar Jammaica k37 An eorthguake ocommed dunng 5 Beavicace The sea e ioa
height of 3m at O 8km from the boack amd swepr arnay a oumber
of honses Ten people weare lalled by the wave and at least 4i
s by s dtomrn, Al vessels o the bay weTs deshen toopLeces
of drerve opshore.

1781 0901 Jamagca : Jamaica In 1781 a series of waves and disastrous earthquakes mearly

: ruined the island

TTET W027 | lamaica Montego Bay, Jamaica A small local shock was foit st Montepo Bay and the vessels o
the harbor wore agitgted.  Mallet repoas zarthquakss m Jamasca
on Ot 1 and 21 at Kingston agd Ponl Roval  Thes wouid be a

: low validity report ax ne weave was opteal ans the AyTERAECDL many
B H have besw a report of 2 seaquake o
1EU: #1179 | Eeemardls | Autiua Earthquakes wers roportal m Fatneary amed March with the
'I 5t Chmstopher largest om this date 11 was accommpamied by great apitation of the
1

sea lmiemsity 1V,
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1802 05405 Venzazcla Omnceo favar, Varezncl: Earthquakcs at Cumana cacsetl the wawm ol dhie Unnoco Raver o
rise 50 hugh as to leave part o7 the bed dry  This could desenbe
wave achon pear the momh of the nver, or 3ofe acton

1812 1111 Tagpaica Tanraica The sea was much agitatad followsg an exrthquake This conld

or £2 describe wave actien of seaqaaks actign.

1823 1134 | Marhoioee Saint-Fieere Harbor At 2:10pm, a strong ondaiation (earthguake] was followed by a

Felurtinaue feia) wave wirich cauzed sozor damays m Sain-Prerre Hathor

1824 0911 Guaweivneme § Pswerdh, ouiesriat Harthguokes wene Mellal [asse e om e 9% and oo e 137
there was remarkable vz mif fall of the tde at Plymouth,
Mostserrat. There had been a terezblz store and heavy ram on
September 7-9.

18325 09 2¢ British Bemerara County, British Local earthquake ang esc.listions of the s2a were noted  An

Chnzana CGuiana carthguake was also potet at Troidad, Tobago, St Vincent, and
Barbadu,
IRIL 1243 | Tooidal sl | Ieended An warthmigke poopoes, Theeza pas o a ctale of viglay
St 56 Christephber agittion. Mote the iarye distance between reporting arcas Ao
Christaphzr earthruake was alse reported i Grenada, St Ymcent, Brtish
Guiana,

1837 0726 | Martinigne tdartnique Several shocks accompaued b a Large nave occurmag during a
hurmcane  Source of wave uncomiam.

1842 0567 Guadeitpe | Guadsioupe Basse Terre oo A strong earthquake produced waves wich heyehts reported: a

Dioslaios. £ Saunte Ross B3 wave corried away al' Jitshze phjecks b [ashaies sml Bainte

Basure [y 14 Rase: at Gomvove, Grarnde (Ckariobte Town ), there was some

St |ohas, Y irgin Is. LE damuage; at Harty, a destructive tsunesni strock the north coast; at

Charlotte Town, Grenada Moie Samt-Nicholas, Ca-pHaitien, there was extepsive

Hat: Cap Hetien, Porr-de- destruction cansed by the sarthamake and sanam. at Port-de-

Pax, Fmt Liberte, Mole St Pax the sea receded 611 and the ratumizg wave covered the city

Micolas, & Santiage de los with 3m of waler. Abomg 204 of the city™s 3 800 inhabitants were

ubulime, kifled by the combouad e s taeeaei B Wi obsarved al Fort
Libraks, Mule Selatebiusdeloe, anl 5amiogn e los Cahallems At
Hispaniola, there was desunction oc bordl: coast Note the large
area of this event whck suggasts 4 tsletsucanu, but the
earthuske was felt # Hati, Jamaca, Puerto Rico, and other
islands Mot also the mivagg lecations such as Puerto Raco for
which no tsanami report is avaisblic atthongh thore are reperts
from Hatti and the Vironn Fsiands.

TR4T N2 O# Antipua An sarthquake was £t o Podut-u-Pise Guadcloupe, $U Luca,
St Kitts, Montsarat. Martinigus, ard other 1slands  The sea rose
1 2m but sank again anmedizely.

1853 07 15 Venernela {urmana, Yepzzueln A viclent earthguake fc Cemans followed by a tsupam.,

1860 03 08 | Hispacla Huspomeola. Golfe de ia Am earthquake was reporied froer Pos-ae-Prince and Anse-a-

(onaves, Cayss, Acquin, &
Arez-p-yigen

Vezu. Waves were reponfed from Gelle de 1a Gonaves, Cayes,
ol Acquin At Apck-e-V s, the soa withdeew and broko witl 2
crash on the showe,




Annex I, Preliminary List of Historical Caribbean Tsunamis (continued)

Dt Aren Location of Effects Ruonuptm) | Cwiniwedls
16T 1118 51 lnaEas, 5t Thomas, Charlotie Al Charlome Amaliz ths heighe was ”4m aboso the sca lovel at
irgio [y Amalie & iK1 the wharf, and #he ivwer past of the iy was flooded. The water
Altona receced pearly 192 and refromed & 2w ave 4.5 to 6m bigh,
5t Crex, Frednicksted, T6 swamping smali toats o the harber  The wave penetrated 76m
{Chnstensted & Oallvws Hay ipland Th= US55 Ltz Soin wers domagel 11-12 people wers
PMuesriey Wicu, San fouan, 1.5 kiltel. AL ALl Lo wers srached far mlondt and thete was
Fajardo, Yabucoz & some dannge ot Hassel Is &t Chnstenslzd, St. Croo, waves
Vieques swept inland %1m apd & Calows Bay, £ houses were damaged
Bntish Vorgi [s. At Fredericksted. e sea withdrew apd returned as a wall of
Tortola, Road Tows, i3 water 7 #m hizh leaving the USS Manonyuabela stranded  Frve
Peter 1s, Baba, BL were klled, 3-d 1mprer, vl FH) fuusss wao danaped. At Puerto
Christopher. St Martim & St RKico. at Sax Juam, the mvar mater rosz £.4-1.5m and at Viegues,
Banhetemy hush waves prers chomsd, A Fajanbe, o ey anall wave was
5 Johus, Antipua R reported, aee ar ¥ abueora e 503 roremtsd and tmmidated §77m
Cmadeloupe Basse-Terre, ig on is retGee in the Bronsh Viewge 1dands, at Poter [s |, a wave
Deshaies, Isles des Saintes, was noted azd pecple flad to Tortela e Readtown, Tortola, a
Ford du Cure, Poipte-a-Prtve t Sm wave swept some houses away. Ad Saba, there was some
& Safnte-Rose 00 damagc A1 5t Christopbsr, th2 wava was also observed. At St
Martibigue Martin anel 5 Harthel-my, bre wies 2insc damape At St
St Vincemt Johns. Apnmoa, the wave bad o height of 53¢ At Basse-Terre,
Grenada, Charlotte Town 39 Guadelovpe. the Letdit was 1.5m wilk fhe s2a retreated far from
coast At Deshaie, bouses In vilzgs were destroyed. Al bies
des Saintes, there was a siyht swell, end at Fond du Cure, houses
anundatsd koo apSel Tre AL Poeee-s-Fote, thers wos a shght
swell, ol @t haimisafane, & 10w The sca withdrew 100m
and floodes 3ad Samaged honses snrearrn Fowas observed at
Martmique and St Veoeend had vopsmaily high water. At
Grenada, Gonyars {Charfotie Town) the height was Jin and at St
Geowpe, ESm
1568 0217 | Puerto Pace | St Thomas, Chariots 0.6 Ag earthguate and Ganam were coseved 2t Aoyo and
Amalie Naggabe. At St Thamas, Chadate Amalie. there was a small
recazinaou dad Fuofiees

187 3 41 basear Dominica A snbmanac shock Le Lbe sootheast vb 5L Thowms shook e

Anhlles Thomas, Vi 1s. 1sland and skaps iz the barboe  Simiclancously, the water in the
bay, then perfectiv s1ll, sppeared tortnd as though clouded by
sand and mud. A bels later srong npples from the south
autated Bre walir surfsa Lo wnu twee This probably was
the wvunmm ot e sarlies el om dee soiswic waves
aptating fhe botore: Ak Demamica, the stcamer Corsica reported
a series of heavy rellers 18 the barhor Lasting half an hour and
rendering commrEmeation wiih the shors impossible  They did
not foel ths carthquate  Tkz reduced effects at Charlotte Amalic
iy ianlisale 3 ot oo the cosbecn suke of the siand.

1451 N3 172 Tarntc Kmpstou, lamaica 0 &n Ax enrthaqarake was F=FE 4w bhe 1o anel o wave way rLrpur‘:ml
from the north coest. At Kirpston Harkar, the water rose about
46cm Beraipekanszn feit than iHs wave was not caused by the
carthquake, et does nel gowe awy szasor: for his conclusion

1RR2 09 Facama Morthesstern Pasama, Mine reports an zarthquake for ths date observed i Colombna,

T San Bias Archipelage Papamz, Wicaragns, and Bonador but dess not meamcn a
twunaui  Camsachs raprorted dee errm bat did oot give dotails
or o tate

THES Q827 Indonesiz St Thomas, Virgin 1s A tidal wave soowrred oo Anigust 27, The water receded from the

shore three times A shacp shock of an: earthquake was felt on the
following evemng This would have been an effect of Krakatoa
Volcano aupiion whech created aur waves widely recorded 1n
Hawail, Alaka Sertk Senedwich {uband:, Great Britain, aud
sliewhere, The lucatum ol the 4 arifhhem: ot ower anlipudal
distemzces may have resnited m larger =Hects and these effects
should bave been observabie throegh the slands  While these
effects hawe been coasidered t3 pot be tme tsunamis elsewhere,
this descrpmican soamis like a tis e was generated




Annex L Preliminary List of Historical Caribbean Tsunamis (coniinued)

Prbe ATen Lowation of Effeets Rupopim} | Cuomunests
1447 Ll Haitr Moles St Micholis, Tha apizortar mas apparent!y aeus Mo Harlstt Trough & short
Anse~1"Hamaelt, & Pointe distapce scuthwast Trom Maie Saint hicholas At Jeremie the sea
Tretros withdrew 20z aad rafemmed with prush. Waves were noted at
Mole Sainr Mickolas, Anse-d Hamaily, Pointe Tiburon, and other
purls  Heck mustahenty iCmtifiod the s as i the Phelippines
Milne repart the arthaeske el al Por-dz-Peix, Hinh and
Inzgus Istand, Bahama [slaeds,
1807 £1 B¢ [ Jamawsa Jamaica- Earthgrake darmage o Kizgsior and susounding territory  Buff
Annotto Bav 71 Bay was desiroyzd  Weaves moded o Hepe Bay, Orange Bay.
Hope Bay, Sheerness Bas, aod Szims Anns Bay. Al Asnotto Bay, an
Orange Bay, Sheerness Bay, ohaerver reporcted the sea rzreded 73 10 93m, droppuig 3 to 3 7m
Sarrt Anns Bay. Buff Bay below pormal sea lzvel Tke ranuming wave rased the water
Oclr Rese & Port Amtopis feval 1K 112 Lo e noewal . 5. gL E ko the Jower purts af
towe destmyice Douse G hipher lowd ilcmncup T 0t 0 Im
At Buff Bay the s=a rocedsd some distance from the land. At
Port Mana ths s=a wathdrea 25.6m A# Ocho Ries near St Anea
Bay the sea witkerew 6%m. Ar Port artenia the wave moved a
sl builéing tear die Beach  Waves =vae also reported from
the snrth vt of daman aed quedes moare setup o Kingstion
Harbor

%11 11102 Tnmidad Immdad Seme extiwad:pary wares were nodced on the coast followmg
an axplosim of & mud wobzano 1stap®  This 15 a volcanicrelated
tsunam.

lelé 04 25 | Panamn Bocas del Tom, Pamama An wrthqrabe wis ruparbd frem Boeas foi Toro ond Alrante,
e waves 3 Boss e Ture w2kt dotas aed crnnes P94m
ilmeb

taLsE il Pucrtc Buca | Pucrta Rico A magnitnde 7.5 parinouat e caesed o w2 of 7.4-3 3m above

Aguadila 2433 sea level ar Aguadila whizh destroyed 300 huts and drowned 34
Lsabela 18 people. At Cave Caplona watst rass T5cm on the west side of
Cayo Cardona 07s the sland. At El Bogeargs the wave dropped [.5m and rose
Fl Bonqueron: 24 Sfjca sbove meng sea level Ahmst 5¥m sontheast near the
Punts Bormanen 4.5 emtmes L the Sur e wiba me oely 450m. At Funta
tsla Caja de uertos is Ecrnquer Lightkouss tbe wave mas 4 S sbove rea lend Ins
Gannica 06 low area juse somebwast of the iebkthoass the wave penetrated
tsla Mona 36 91m mland Sobmarme catles wese cul 10 several places At
bayaguez I3 Gaunica, £3am waves osgerved At Islz Caja de Muertos water
Puerta Aregido 06 ms= T Sm revetng F3monbthe beach At Fals Mowa e coecding
Punts Ayupoiawda 3] watz baced the raeZacd de remmeca, soee was 1 fim above sea
Punta Hipuere 3% level washing a pier mwary antt floodmg a cistem. At Mayaguez,
Ko Calobrinas 37 a wave entared the Trat flsors o 5oildicgs near the waterfront
St. Thomas® and destroyed & few natve kuks ant & bnek wall was overturned.
Charlotte Amahe & G453 Water levels reached 40 to 150cm above s2a level At Playa
Krum Bay 12 Ponce sheht waker movements were ghszrved, Al Puerto
Sante Domingo, Hisponicls Gé Arecido, waves € to fle hogh wers chserved and a bore about
Tornta §00 wemel wp the s Cmwele AE Penbs dypojoreada, waves
estimated 3t 5 5 to b vprookst zeveral hemdeed palm trees and
destroyed several amail howses  Eaghipecple drowned. At Punta
Higuere [ yrnkiouss waves apeocted cocoout palins and crossed
railroad tracks 4.9 above saa devel while 300m southeast of the
lighthouse the water ez 2.6 to 2 Tm. AL Rie Culbrinas, 1000kg
higcks of mesmne aer= mousd 4 1 Tom shighily downbill,
Warves were ot l=ast 3.7 high A0 Bao Thrnde de Bioza, water
receded and rose ahoms Flem. At St Thomas, Virgin Islands,
Charlotte Amal:e the water msz 450w apd at Krum Bay, 1 2m
At Santo Dovmicen, Hispasiioda warer of ke Rio Ozama fell and
ruse Gome with 3 el o 30 manebes Waves were noied at
Tonoln

1815 25 | Bueto Buco | Peode Kaoe, Moo B assaps Srrbrrarm s rarlz wers et =gam and a steonee tollod beavily
Waves were recorrld o thee Hele gane al Chabvesion, Texas,

1932 302 [ Puerto Rico A wave wes recorded oo the Galveston gage which has been
associated woik a small earthquaks 10 Wiegees, but the small
carfhigquake Gres net see likely 1o hawe produced a recerdable
wrRaret.

1950 Bk A7 | Vienesmebs Cimana, Vemegmezia City was destrorat Sy 1o carfhquake and a scoamer off shore was
smulangparel by a2 hue wave, Tl dilal wave following e
earthguake cersed moch damage. Many sailboats were wrecked

Annex . Preliminary List of Historical Caribbean Tsunamis (continved)
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1932 0203 | Cuhe Tsannago de Unha Smal! waves wese reportad A the tume of m earthquaks at
Lurtispe 2 Coba.
40 0% 04 Dominican Pominzcan Bepubhc The rown was severely damaged and 100 people killal altheush
Repablic MMantanyas 24 the wave probably was only 2 4im. As Villa Julia Mplua e
Jelip Molng & Smcana wave was estamatedt 1o be 3 6 to 4 6m lugh but cauwd Litle
$an Juean, Pusrts Bien damags Af Cube Su0aus several ebhs and {lew - wore coserved
Berreada It was rarrdid af San Fuga, Peerto Rico, 36 moutes after the
Erywea Rexch, Flonda earthguake. Lt was alse recrmi=s st Heruads a2 07 after the
Alantic i, Mow Jersey wthquake and at Daytons Beack, 3 5% and Axlantic City, 449
194z 9 i izrio Rico | Puerto Rigo: Aquadilla vl vea retemes 2oz and retumed. AL Mayagues the sea
Muoyaguez & Sau fuan resrezied Thm nnd petomned. At Sao Juan d wan recorded on tide
warge 35 mEatss 2507 the earthguake. 1t was an aRershock of
the Argust 4 ovent  The wave was alaw rotorded math travel
tmes 0" Fermuda-Z €2, Dayvtona Benchad 02, and Atlantic Ciky-
4-42
1953 05 31 Dominivun Puerto Plata, Dosmrican ab Recrmied un the Puerto Plata bde gage at 6ot heighi
Repuslic Razpubhr
E955 01 18 | Venerusfa Yeoeruia, La Vela A wave was reported aad four ships were sTscked and four
waterront bailduwy deraged Mo zartbquake is listed for this
e
16l B9 30 | Venezuela Srepoct of 8 tiwrin” has not beso verdfied
156% 1223 Leeward ln. Barbados 14 , Bsoman: a1 Barbados, Antigua, and Touannics witk o iaxmum
Antigua A amplrtnde ol 1dem a: Barbades
Dgmmica
1985 03 I I meward s Basse-Tarre, Grmdeioeps A magnitede §.3 carthgrabe at 14 34 GMT, caused damags and
pmuries 1o 0 people at Guadeloupe and miner dewas Bt
Montserrat. 1t was alse fulf at Antigua, St Katts, and Poerla
Rico, A severul o Liugon was recorded a8 Basses Tomie,
Guadcloune.
1989 £ 0t Puaite Bles ;. Cobo Rigja, Prerto Rice A small merruoni was repored.
1991 0422 | Cosia Bica Bocas del Tora, Pagama Ai Bocos del Tom, Panama, people noported that Las Dehcias

| zapd baek mermally covered by 60 to $8cm of water emergel ax
: the see reiaded less than ton mmutes aller thy carthquake and
oaksnd ebove waler for five w seven mnutes  Aflerwards
several waves enwered the bay with great force Qeeshing 56 1o
10053 in the flat porthern part of the town At Carcnrers [sland
viclaat waves destroyed deelbngs. AL San Cnsiobal Lsland the
sea racedl several meters for about 43 mmules. Peopfe went oo
the bench to cateh trapped Esb. M was alep observed at
Bastuwstite, Cristobal-1 (g, Puerctala, % Pacama-60cm. and
ritorded at Colon.




ANNEX II. List of Seismic Stations in the Countries of the LAS Region®

CODE NAME COUNTRY| LAT LONG ELEY ENSTRUMENT ¢ ! MSTITUTLION !
- fni TELEMETRY | ‘
OTAY | travale nebatburs, | 0238 M THAS) W a2 LI5L15/145/Esencia Polecnica
Ecuadar Macional
PAYC Puerte Ayora | Gatapagos, | $.67418 S2853 W itG . Geosech ELS-32000, LSGS/ARIS/FEscuela Politecmica
Fruador TUMG-T, FBA alia | Kacional
: borehols
PAYY Vemezuela 55285 N 675468 W [ L TAIEEE0T, Sateliite FUNVISIS
__ idonomertcs)
BAUVY Veneroela | 89433 N B0 T W B4l CRMAUL, Satuliabe FUNVERIS
[ Mo et e
GUNV Venezucla 10 617N | 629427 W all ChAG-427, Barailiee FLNVISES
[(Mancmedncs;
CRUV Vemezuela 106167 N 63,1833 % AlS CRG-AGT, Saueflee FURVISES
) {apemeitics - R
TEST Venezuela | I0I700N | 663100 W | 873 CPGAAT, Satellive FLNVISLES
{Ixacometaics: !
GUIV Venszuela 10647 N 62273 W 5% LHCANT, Sarelai= FEINVISIS L
£ A meatrics)
BIRV Venezuela 104757 N 66 2603 W el 4 CHETFAET, Sakuiine FEINVISIS
{Menom=tes)
PIGA Pitinga Branl DTN 36997 W 137 ; ERIS,USGS Universidad de Brasilia
HOC? | Heredin? | Crsea Biea | 100737 N | 84 LeT W | 1220 gT1 s Uhservatorio Vulestelogleo y !
" Smmalngico de Cost Rici. |
¢ Universidad Macional, Camphs
Cimar Denge, Heredia Costa Rica
ITS Juntas de Costa Rica | 102908 N 84 Q325 W ] IRIS-IDA, Obscrvatorio
Abauparcs Vulcanalogico y Sismalogico de
Custs Ruca, Universided Nagonal, |
C'ampus Omar Depgoe, Heredia, |
Costa Rica
{ UNAH Honauras [4.6750 N BT E750 W K20 i Lerversmdad Nacionat Autonoma de
{ Honduras
| FDFZ Martmgue | 147353 N | BLISG W R0 ¥ysers atore de La Montagne
) Pelee, Instmt de Physique du Ciobe
CUIG Crutad Mexico 19329 M G 1T W Rl Trstrietor de Creoplsice, Uteveraldad
Universitany Masinnal Autonoma de Mexico
TEIG Tepich Yucatan, 202763 M BEZ74 W By [estmto de Geophsica, Universidad
Mexico Macional Antonoma de Mexice
UPA Unrversidad Panama 298I0N 795338 W 4t | Imstitato de Geooencias,
de Manama ! L'niversidad de Penama .
[$19¢ X Cronlfrey Craomyia, ERICAR B3 d0ba W (] + Matona! Earthquake Informatino
USA {emter
OXF Cxford Mississipgr, | 343118 N 894092 W : Q0T Matoral Earthquake Information
USA E Comter
TUC Tucson Arizona, 323097 N 110 7842 I “ational Earthquake infonmaton
USA W Tt !
ANMO Aibuguerque New Mexicd 34 946 N H6 457 W 17=0 USGS/ARIS s
LRA
DWEF Crsney Florida. M IlIeN RIP433 W -f42 [e=op Bocshot= T USGEARIS
Preserve USA :
HKT Hockliey Texas, 25 Q50 W GIEII W -§22 Sajt Dems USGS/University of Texas at
HSA Austin
T Junction Toxas, 30474 N O ROZ W 335 USG5/ Texas Tech Unuvermty
HEA
LRAL Lakeview Alabama, 3Z8N I W 505, Alabarma Geological Survey
Retreat USA
LTX Lajitas Texas, 25334 N 1053667 W | il UBGS
USA
MIAR Mt. Lia Arksnsas, | 34540 N Q3573 W 20T L8GS
USA
NHSC | Mew Hepe South TN | 80 E w tx bR T
(arplma,
USA
PLAL Pickwick Alabama 34082 N 8076 W HiL L'8GS/St Loul Umyersity
Lake USA
WMOK | Wichi Okishoma { 34.73¢ N [ERETRY ARE [R5
I !
SDV C Samte Veneruela | 88861 N | 706333 W | 1580 CAR (FUNVISIS} IRIS-USGS
Domnmgo




to Cepreal

10 isla Mona isla Moga, 18 11EN STONEY 5D CMO40T, UHFE and Puerir Fion Saismic Metw orh,
Puerto Micw : DDS comm to Umiv nf Pyepte Bicn af Mayaguez
=l )
AGP Aguadilla Puesto Bwe | 154175 N | 67141 W 220 CMG-3E2P, FBa,  © Puerto Ruco Sewsmic Melwork,
UHF and DS comm § Lieiy of Puerto Buco at Mayaguez
. , to Centrai
CORN | Cinrellia Hell | CabeBeje. | 12 3 N ETITRW | 100 CMO-A47, THA, con § Fuerto Rico Sersmic Netwurk,
! Pemria Rico i sike recerding 1Iniv. of Fuerto Ruce at Mayagues
MGE Mikuiuks ! Lajas, Puertd 1R 007N IR W £l TG F ad | Puerto Rico Seismic Netwiorl:,
Race GBS comm tn Univ of Puerto Ruco at bluvagniz
| Ceptral
cpr Cerro de lavuya. 18175 N 65 591 W 1U¥ . CMGADT,FBA. Puerio Rico Seismmc Metwark,
Punta Bauerto Rien Micmowave and DDS Unin of Puentn Ricn ol Mayaguez
; ? anesh io Central
- B3 i Cayey Pucrio Rico | IS 117 M | af 150l W | 457 STE-VBB IRLS-13GS
iCMEB Isla Cga De | Puerto Rico N CMGA, UNTE md | Pueriz Keoq Sersmie Metwork,
Ausrios BHS comm to Unir. ol Puerte Faco at Mayeguer
. Central __
CPD Cerro Yaboooa, 18 037 B E3QMTW | 370 CMGA0T UHF mf 1 Faerio Rico Sersome Network,
Pandura Puerta FLux: LS coymm B Univ of Pucriv Frco st Mavaguez
{Centrmd
RYP Cubuy Cooovapas, | TRITE N 635 8605 ¥ 140 CMO-40T, FBA, Puarto Beeo Seistmic Network,
Paerto Rico ; UHF aud DDS comm | Univ of Puerto Rico af Mayaguez
1 W Czofral
MTP Monte Piradda | Visquas, 18.0847 N AI.55EN W X 3 CM=E0T, HHE and Poerly Rico Seismic Network,
i Puerio Rico | DEYS comm 10 Umv of Puerto Rico at Mayagesr
I Coomal
P CLLE MMonie RBesaca | Culebra, CMGANT, FBA, Puerte Rzeo Sesmic Metwerk,
. i Puerw Fico LHF ang DS comm | univ. of Puerie e a1 Mayagooz

* Oniy 3 stations, S0, HIXC2, and PAY G, have a frequeniy response compatible wilh TREMOES. I addrtion, the
TREMORS softwarc reguires the data tehe m mini-SEL1Y or GSE2 1 format.




Annex I1I. IOCARIBE Reginnal GLOSS: Sea-lLevel/ Weather Coastal Statiens

Cenitry ! S T Latede Longtuds Sporses {auge Trans- GPS | Ancillary
{nonth} I red] » Type minvon Sensers
Antigua & Barbuda Parham 17906 3= | &T< 4T 207 GEF/QAS Acoustic | OOLES Yes Pat 337
Aruba- Sint Nicolas 127 2% 57 5 LOC/UNEF Presswic | Nome No Mo z*
Bakantas: Eew Suxking Istand 23046 I TET 06 IO GLFEDIAS Acgogtir | GOES Yes nul, 35T
Creat Inagna 0% Q7 7393 47 GEFOAS Accustic | GOES er Met., 55T
Massan TET QS L0 TIC 17 et GEF/OAS Aureassis GOES ¥a Mot BST
Setttement Pownt 25" 39 T8 4y HOAA Acovcsae | GOES Yen Met , 85T
Barkuil Bridgetows 13° 06" 6" 59237 42" GEFA3AS Lrousiic GOES Yes Met , S8T
l3dize: Bel:ze City 17°28' 5" § B¥7 1208 GEFTAS Arcustie | GOES Ve Met, 85T
Beroda 5t Georues 3223 4" 41" VK FPressure Meme Ne Neone
Cayman [slonds, Genraetown 718 BE9 28" K Flopt None Na [
Colombia Cartagena "1 TE% 55 NOAL Flos None No i
Costa Rica, Puerto Limon 19° &8 457 AL Finland Fressure GGES ¥ om et , 357
Cnbs Cabo San Antenio 21° 52 Ad7 37 MNationy! Flost Nonz Na Houe
Gibara 2§70 ThHT QT Natronsal Float [ DG Hao Mone
Guantamine Bay IRLT A TIORY KX /U/NEP Accuste | GOES Tes Nonpe*
Siboney 217 a2° Natiopal Floa Moee Ka e
Fromiencs Fasean 15° (B 2~ 61" 23 42" GEF AR Acousnic GOES Yes Met., 58T
Doniicac Repoblic Puerio Plata {ae 4o T0° 41" Hatioma Huhbler None Ne Mone
Barahona 18° 11 7107 Hatioaa: Rubbler Ione Na None
France. Cayome 47 56" : 5279 HNauonal Float None Mo MNore
Kourou 5217 b ooz sy Ieational Pressre | Mome Ne | Mome
Fort-de-France 149 36 . RitOE Natienat Float Naoaz No Mooz
Basze I'eme 6= on' 1% g Matwona! Flox Noze No Mone
Grenada: Prickly Bay 127 I L 417 450 567 GEF/OAS Acveqdus | COES Yes | Met,S5ST
Guaiuinala Santo Tomas de Casqitls 152417 B8O 37 Y BONMAC Acocshe | GOER Tus Met., 88T
Guyaus' Goorgetown 47 485 58° 105 LOCAINEP Avepshe | GOES o, HNene
Rosignol 4° 18" 157 57° 2 45" GEFCAL Acorstc OOFs Yes Met., 85T
Farika 6° 507 487 58 23 06" GEE:Cra S Acoustie | GOES Yes Met., 85T
Hoedurss Cochioe Peguefio 157 577 oy” 867 29" 56" Sontheaniac St | GOES Yes Wik, 55T
Preru {ores 1750 ki B MLALC Acoustic | CGOFES Yes Met . 55T
Jamasca Discovory Bay 189 2 T A5 L GEF/OAR Acarsi GOES Yes et . 25T
Kingston 177 5¢" 54 < 56 a2 GEF/OAS Acvusli GOES Yes Bdel , 5T
Mexico Mrogresso ) A il Eogge g National Float Nene Mo e
Puerto Moreing e 50 5" 37 NOAA Floas Ioae B None
Tampico el ALraliy N National Floae Wane MNu None
Veratruz ot GHe @ Nationat Float Mors No Mooe
Iesthertands Antils Cumgo Hrkl i r 689 56 | RTLATEE | Flomt None No Muoug
Nroarsgeun Pucpio Cabezas 14° 91 2 %329 RO Al Agpustic GOES Yo MetL, 85T
Panamn; {ipon Selo (Lomen Bay) ge 22 F5C 544 Capat Fons Frussure None Ho Maone
51, Kims & Nevwis. Basse Teme 70 17 74" a1 CEFCS Accustic (HIES Yes Met., 55T
5t Lucia- Castries 14° O 200 A =l GEF/OAS Acoustic ]| (HIES Yes Met, 52T
St Vinceat: Kunmpslown Py st Bt 14" 53" GEF/QAS Acoustic GOFER Yes M=l 88T
Trmdad & Tobago: Charloluvilie Fpe 5gr 25n BIF' 52 53" GEF/IOAS Acoustic GOES Yes bat, 5571
{raayagaaye 107 ' 200 | 817 (0 5" ORFMNAS Acupashe | GOES Y5 Mat, ST
Pret-ef-Spain 10% 3% 567 | 61° 3¢ 51" GEF/OAS Acamslic | GOES Y25 Met., 88T
Torkn& Cicoy: Sonth Caiees 21° 3 71° 31 EOC/UNER Awmpstic | GEOIES Mo Met , 58T*
USA Femaiding Beach 30° 40 gLo Mzhonz Awushe | GOES Yeos Met . 88T
I iami { Virwmia Keoy) 25° 47 Ay Natoeal Aooustic GFOES Yes Met , 85T
Koy West 24° 7y 81° 49 Hariznal Aconstic | GOES Yes | Met, S5T
Haplss Z8° HY 31° 4% [ 3 enal ACGEORIT GOES Yes Afut, 35T
Clcarwater Beach 277 &7 B OEITam FHalnmal Acoustic GOES Yes e, 55T
Cedar Key 797 08" A Naticnal Acoustic | GOES Yo Med, 55T
Pensacala e 24 § R Nationat Acoastic | {7QES Yeas Afer | 85T
Grand lsle I9s 5 By 590 National Accusiic § GOLE | Yes | Met,$51
Galvestm Prer 21 Lol L 947 47 Nationni Acvoystic | COFS Yas | Met, 88T
Port lsabe! o N7 Mationat Accustc | GOG3 Tes Met , 857
San fnar MR 18T 2N B8E° GT Manomial Acoustie | OES Yes Mut., 88T
La Parguers FR Lt sy §7° 03 Marrral Achustre | GOES Yes Mot , 58T
Laee Tres= Bay USV? 17040 64° 45" Matora! Materiy Acoustie | (OES Vs Met, 58T
Cllorlahe Amale LSV 18° 21 £4° 54 Pational #ahaoa! Accustic GOES Yos Met, 58T
Venezuela: Cumana 16225 fulT § Floa Mons No Moce
La Guaira 14° 37 LET 36 Float | Mane No Moz

*Out of Order



Annex IV, Recommended IAS TWS Sea Ecvel Stations

Cruntry / Stie Latifude Longituda | Sponsor Gauge ' Tsunami

{Northy (West} Type ! LIporade
Bahamas: Lee Swocking Island 237 46' 247 | TR 08" 20" [ GEF/OAS | Acoustic 55006
Settlernent Pont 26° 30 TR 46T NOAA Acoustic S3(HH)
Barbadwz. Bridgetown 13706' 06" | 55° 37742" | GEF/OAS | Acouslic S5000
Belize: Belize City 17°28 51" | 887 12'08" | GEF{OAS | Acnustic $5000
Bermuda: St. Georges 32023 64° 41" [1):4 Pressure $5000
Cayman Islinds: Georgetown 197 1% 817 26 UK Float $8000
Colombia: Cartagena i1 75735 Acoustic | 335000
Isla de San Andres 2.8° 81.8° Preszure | $8000
Custa Rica: Puerto Limon T0° ey 83° 0T Finland Pressone $5000
Cuba: Caba San Antonio 2152 4= 5T Acoustic 35000
Guantanamga Bay 19° 54.4 TP ORY Acoustic 35000
Dominican Republic' Barahona 187 171" Tear Mational Bubbler FROG0
France: Fori-de-Franece 14° 36° 63" 05" Mational Float 8000
Honduras: Puerto Cortes 13.9° 38.0¢ RONMAC | Acoustic $0
Swan Tsland 17.4° 83.8° Pressure $5000
Jamaica: Kingston 179 557 54" | 767 50 42" | GEFAS | Acoustic 55000
Mexico: Puerto Morelos e s A6 52 Acoustis $35000
Veracruz 192 1 96° 0n' National Flazt $3000
Netherlands Antilles: Curagae 12007 63 56" Naptomal Float FRO00
5t. Martin 18.1¢ 63 2° Acoustic 35000
Nicaragua; Pusnoe Cabezas 14.1¢ 23.06° RONMAC | Acoustic %0
Panama: Coco Sulo 9° 27 Tae 34 3 Acoustic $3 5000
Trnidad & Tobago Charloreviile [ 11° 197 25" | 60" 327357 | GEF/OAS | Aconstic $35000
USA: Key West 24733 8i° 4 Mational Avoustic $3000
Clearwator Beach 37257 g2° 48 MWationzl Acoustic F3000
Grand Isle iy L 89° ¢ National ArCDusic $3000
Galveston Pier 21 290 1y 04" 47 National Acoushc $3000
Port Isabel 267 0% 977 14" National Acoustic $3000
San Juan PR 18° 28 66 0T National Atoustc 3000
Venezuela: Isla de Aves 15.7° 6367 Pressure FROGO
La Blanquilia 11.8° 4.7° Pressure FECH0




