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TSUN AMIS

This chapter of the module is designed to:

,enhance your knowledge of the causes and charatitariof tsunamis

., contribute to your understanding of the threat torfan lives and settlements

. expand your awareness of the predictability ofasuis and the importance of
warning systems

. provide options for reducing the impact of tsunaomdiumans, structures and
infrastructure.

Introduction

Tsunami is a Japanese word meaning “harbor wave”. Tsunamis are
popularly called tidal waves but they actually hae¢hing to do with the
tides. These waves, which often affect distanteaoriginate from
undersea or coastal seismic activity, landslided,\alcanic eruptions.
Whatever the cause, sea water is displaced witblant motion and swells
up, ultimately surging over land with great dedtiec power.
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Tsunamk Hazard Data Sheet

Casualties and damage for selected tsunamis
In 1992 and 1993 alone, tsunamis caused nearly US $1 billion in property damage.

Year Location Number of deaths Damage

1945 Pakistan 1 4,100

1960 Hawaii? 61 537 buildings destroyed
1960 Chile? 2,000

1976 Calebes Sea 7,000

1987 Papua New Guinea many 3,000 people homeless
1992 Nicaragua 170 1,500 houses destroyed
1992 Flares Island, indonesia 2,080 many villages destroved
1893 Okushiri Island, Japan 188 700 houses destroyed
1894 Java, Indonasia 222 1,226 houses destroyed

1 A non-Pacific tsunami
2 This tsunami originated in Chite
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Causes

The geological movements that cause tsunamis are produced
in three major ways. The most common of these is fault
movement on the sea floor, accompanied by an earthquake.
A fault is defined as a planar zone of weaknessipgs

through the earth’s crust. To say that an earthgjgakises a
tsunami is not completely correct. Rather, both eaidkes

and tsunamis result from fault movements.

Probably the second most common cause of tsunamis is a
landslide either occurring underwater or origingtabove
the sea and then plunging into the water. The Isighe
tsunamis ever reported were produced by a landslide
at Lituya Bay, Alaska in 1958. A massive rock slide piaatl
a wave that reached a high water mark of 535 metengeab
the shoreline!

The third major cause of tsunamis is volcanic activity.
The flank of a volcano, located near the shorenoleuwater,
may be uplifted or depressed similar to the actiba fault.
Or, the volcano may actually explode. In 1883, the violent
explosion of the famous volcano, Krakatoa in Inciize
produced tsunamis measuring 40 meters which crashed upon
Java and Sumatra. over 36,000 people lost theis las a

" result of tsunami waves from Krakatoa.

Although tsunamis caused by landslides and volcanic
activity may be very destructive near their sourcesstm
have relatively little energy, decreasing rapidiysize and
becoming almost unnoticeable at great distances. The giant

tsunamis that are capable of crossing oceans arb/raways created by

Figure 1.2.1 movement of the sea floor associated with earthquakehwlecur beneath

Genesis of tsunamis

water.

A.

the sea floor or near the ocean. The degree obmdgpends on how fast
the earthquake occurs and how efficiently enerdgsaissferred to the ocean

Q » What are the three main causes of tsunamis?
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General characteristics

Tsunamis differ from ordinary ocean waves, whiah gioduced by wind
blowing over water. Normal waves are rarely longpan 300 m from crest

to crest. Tsunamis, however, may measure 150 km between successive
crests. Tsunamis travel much faster than ordinary waweap@red to

normal wave speed of around 100 km per hour, tsunantiieideep water

of the @ean may travel the speed of a jet airplane — 80@émnhour! And

yet, in spite of their speed, tsunamis increase the \watght only 30—45 cm
and often pass unnoticed by ships at sea. In k04Bip’s captain on a vessel
lying offshore near Hilo claimed he could feel musual waves beneath

him although he saw them crashing on the shore.

vave

As waves approach shore,
Tsunami wave they slow down, the wave lengths
train formation shorten and become higher.
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Subrmarine fault
movement, landslide,

Possible bore
formation on

Contrary for to popular belief, the tsunami is adingle giant wave. It is
possible for a tsunami to consist of ten or morgesavhich is then termed
a “tsunami wave train”. The waves follow each othetween 5 and 90
minutes apart.

As the waves approach the shore, they travel pssiyely slower. The
final wave speed depends on the water depth. WavEs meters of water
travel about 50 kph. The shape of the nearshofeoseinfluences how
tsunamis will behave. Where the shore drops offlduiinto deep water,
the waves will be smaller. Areas with long shalllvelves, such as the major
Hawaiian islands, allow formation of very high wavén the bays and
estuaries, the water may slosh back and forth (theseplezra are called
seicheyand can amplify waves to some of the greateghiteever observed.

The initial onshore sign of a tsunami depends oatylart of the wave
first reaches land: a wave crest causes a rigeiwater level and a wave
trough will cause a recession. The rise may naidpeificant enough to be
noticed by the general public. Observers are mketylto notice the with-
drawal of water which may leave fish flounderingtbe seafloor. A tsunami
does not always appear as a vertical wall of watewn as dore,as
typically portrayed in drawings. More often the effect &t thf a incoming
tide that floods the land. Normal waves and swaby ride on top of the
tsunami or the tsunami may roll across relatively calm inland waters.

The flooding produced by a tsunami may vary greatly from place to pla
over a short distance due to a number of variablesse include subarine
topography, shape of the shoreline, reflected weaes modification of
waves by seiches and tides. Flooding may exteaaihby over 300 meters
and may affect one coastal community while others see no wave activity.

/or VOIC? activity shore
N\
41
Figure 1.2.2

Tsunami wave train
formation
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Tsunamis have occurred
in all oceans and in the
Mediterranean Sea, but
the great majority of
them occur in the Pacific
Ocean simply because
the rim of the Pacific
Ocean Basin is the most
geologically active
region in the world.

Figure 1.2.3

Tsunami origins and
vulnerable shorelines.

The Hilo tsunami of 1946, originating in the Alaritrench, produced 18
meter waves in one location and only half that hieggfew kilometers away.

The sequence of the largest wave in the tsunamewain also varies
and the destructiveness is not always predictdlie.first wave may not be
the largest in a series of waves. In 1960 in Hilany people returned to
their homes after two waves had passed only tavad@ved up in a giant
bore which, in this case, was the third wave.

Predictability

Tsunamis have occurred in all oceans and in theitstednean Sea, but the

great majority of them occur in the Pacific Ocean. The zones stretching from
New Zealand through East Asia, the Aleutians aeditBstern coasts of the
Americas all the way to the South Shetland Islaaréscharacterized by deep
ocean trenches, explosive volcanic islands and dynamic mountain ranges.
Between 1900 and 1996, tsunamis caused casualties and significant damage
on the Pacific coasts of Mexico, Guatemala, El &dv, Nicaragua,

Indonesia, Costa Rica, Panama, Colombia, Ecuador, Peru, Chile, The United
States, Japan, Papua New Guinea, Kamchatka, thgpittds and even along

the coasts of Pakistan and Puerto Rico.

Since scientists cannot predict when earthquaki®edur, they cannot
predict exactly when a tsunami will be generateolwelver, studies of past
historical tsunamis indicate where tsunamis are most likely to be generated,
their potential heights, and flooding limits at sifie coastal locations.
shortly after the 1946 Hilo Tsunami, the Pacific Tsunami Warning System
(PTWS) was developed with its operational center at tkhgi®asunami
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Warning Center (PTWC) near Honolulu, Hawaii. There are 26 member
countries in the Pacific Basin. The objective af BiTWS is to detect, locate
and determine the magnitude of potentially tsunami-producing earthquake
in the Pacific basin or its margins. Earthquake infaiomas provided by
internationally cooperating seismic observatories.

The PTWC is able to alert countries several hoafsrie the tsunami
strikes. A tsunami warning is issued when the locaand magnitude of an
earthquake meet the criteria for tsunami generafibe warning includes

predicted arrival times at selected coastal communities where the tsunani

could travel in a few hours. A tsunami watch isies$ with subsequent
arrival times to other geographic areas.

Figure 1.2.4
National Tsunami
Warning System
Communications
of Chile

ANSWER(from page 32)

The three main causes of
tsunamis are:

1. Fault movement on the
sea floor

2. Landslides, either above
or below water

3. Volcanic activity
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The Chilean Government in recent years has experimented with use of
satellite technology to provide nearly immediate Wwags of potentially
tsunamigenic earthquakes. Project THRUST (Tsunami Hazards Reduction
Utilizing Systems Technology) can provide lifesaving tsunami hazard
information in an average elapsed time of two minutes within its communi-
cation radius. In conjunction with this satellite comnmcations network,
historical data, model simulations and emergency operations plans are used
(more details are provided in the preparednes#oseat this chapter).

Factors contributing to vulnerability

The major factors contributing to vulnerability to tsunamis
are:

Growing world population, increasing urban concantr
tion, and larger investments in infrastructure tipar
larly on the coastal regions. Some of these setihtsn
and economic assets sit on low-lying coastal dikely
to be affected by tsunamis.

Lack of tsunami-resistant buildings and site plagni
Lack of a warning system or lack of sufficient edlticn

These broken utility pole and bent parking meters
were the result of tsunami waves which occurred
May 22, 1960 at Hilo, Hawaii.

U.S. Navy photo.

for the public to create awareness of the effetts o
tsunami and unpredictable intensity. For example,
having observed relatively moderate tsunamis in 1952
and 1957, citizens at Hilo in 1960 actually coneergn
the coast to watch the waves come in with catastrophic
results.

Typical adverse effects

Physical damage

Local tsunami events or those less than 30 minutes freradurce cause the
majority of damage. The force of water in a borstéep fronted wave which
moves inland at high speed) can raze everythiitg jpath with pressures of
up to 10,000 kg per square meter. It is the flogdiffect of a tsunami,
however, that most greatly effects human settlements by water damage to
homes and businesses, roads and infrastructure.

Withdrawal of tsunamis also causes significant dggnAs the waves
withdraw towards the ocean, bottom sediments ayersd out collapsing
piers and port facilities and sweeping out fourataiof buildings. Entire
beaches have disappeared and houses carriedsed.t@/ater levels and
currents may change unpredictably and boats of all sizes may be swamped,
sunk or battered. Damage to ports and airports magptéwiportation of
needed food and medical supplies.

Casualties and public health

Deaths occur principally from drowning as watemdates homes or
neighborhoods. Many people may be washed out to sea or digslizge
giant waves. There may be some injuries from battering by debris and
wounds may become contaminated. Some people ma&jopepneumonia
from aspirating polluted water. There is little eviderof tsunami flooding
directly causing large scale health problems.
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Water supply

Sewage pipes may be damaged causing major sewage disposal problem
Open wells and other groundwater may be contaminatealbyater and
debris or sewage. Normal water supplies may be inaccefsildays due to
broken water mains.

Crops and food supplies
Flooding and damage by tsunamis may result in the following:
, an entire harvest may be lost, depending on time of year
, land may be rendered infertile due to salt wateutision from the sea
, food stocks not moved to high ground will be damaged
, animals not moved to high ground may perish
, farm implements may be lost hindering tillage
, boats and fishing nets may be lost
, facilities to import food may be destroyed.

Possible risk reduction measures

Some systematic measures to protect coastlines against tsunamis include:
1) Site planning and land management for development of coastal areas.

2) Establishment of building codes or guidelineshsag construction of
houses on stilts to survive the waves, or useiofared concrete
structure. Buildings, such as the hotels in Hilg bee specially
constructed with first floor living area elevatdabae potential wave
height. Ground floor and basement will be inunda&tductural
columns resist the impact while other walls are expendable.

3) Building barriers or buffers such as special kwesters or seawalls.
Potential inundation areas may be designated askaop sports area.

Specific preparedness measures

Hazard mapping and evacuation routes and procedures

Historical incidence may be studied to determine the areas most vulneral
to tsunamis. A hazard map should be created desigraaag expected to
be damaged by flooding or waves. Evacuation routeddltonstructed if
necessary and mapped. Detailed plans should be maaletdiat evacuation
procedures.

Early warning systems

Tsunami watch, warning and information bulletins are issued by PTWC and

disseminated to local, state, national and intewnat users as well as the

v

leTsunami evacuation route sign.
Dudley and Lee, Tsunami!

media. These users then disseminate the information to the public generally

over the radio and television channels. Local aitibe and emergency
managers are responsible for formulating and eksgelvacuation plans for
areas under a tsunami warning. The public shoalltsined to the local
media for evacuation instructions should a warfiagssued. The public
should not return to low lying areas until the @nom threat has passed and
the “all clear” is announced by local authorities.
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One weakness in the warning system may be at the local level where
capacity to disseminate the information may be limited. In addition, some-
times tsunamis follow earthquakes in less than ttiutes. There exists
sufficient knowledge and technical expertise toalew early ‘real-time’
tsunami warning systems. A real-time seismic network permits accurate
and almost instantaneous determination of the source parameters of all
damaging earthquakes all over the world. Many diffies arise, however,
in transferring scientific results to operationedbgedures.

It has been of great concern to experts that tsimaccurring in areas of
the globe other than the Pacific have not beensiedwn. Some of these
tsunamis, such as those striking Greece and sulingiareas, were
disastrous and resulted in loss of lives. The PT&Eourages establishment
of similar organizations and warning systems in otheraisuiprone areas.

Community preparedness

In areas where modern communication networks do nst, ¢ke local
population must be educated to recognize the sigas approaching
tsunami and what action to take. However, even in areasawhodern
networks exist, people may not understand the wgsnor choose to ignore
them. The following information should be disseminated:

. Ground shaking signals the occurrence of an eaattejuMove away
from low lying coastal areas since a tsunami may accompany the
earthquake. Do not wait for a tsunami warning t@abeounced. A local
or regional tsunami could strike some areas in a few minutes.

. Stay away from rivers and streams that lead t@tean.

. Some tsunamis are preceded by a sudden drop in sea level

. The waves at one beach may be much larger than at adjacent beaches.

, A tsunami may have a dozen or more destructive waves. Stay away
from the area for at least two hours. Do not steyvatch the waves, or
you may not escape them.

. Advice for mariners: if you are at sea and a tsuneanning is issued
for your port, do not return to it. Move your béatdeep water and
return to the harbor when safe conditions are ieetif

. Have respect for tsunami warnings issued and fodovergency
evacuation plans and procedures.

Typical post disaster needs
The initial response by local authorities includes:

. Implement warning and evacuation procedures

. Perform search and rescue in the disaster area

. Provide medical assistance

, Conduct disaster assessment and epidemiological surveillance
. Provide short term food, water, shelter.

Secondary responses include:

. Repair and reconstruct buildings and harbor ambdirfacilities.
. Reestablish employment.
. Provide assistance for agricultural areas.



, CASESTUDY

Project THRUST

Earthquakes in Chile result from subduction of the Nazca plate beneath the South
American plate. The seismic potential in the Chilean trench is not completely known.
In the past, tsunamis generated by local seismic activity, have struck the coast of Chile
within 10 minutes. The National Tsunami Warning System in Chile could not be
activated in less than 30 minutes. This situation led to an experimental installation of
Project THRUST (Tsunami Hazards Reduction Utilizing Systems Technology) to
upgrade the warning and response capacity. The benefits resulted from a systems
approach to tsunami hazard mitigation and included:

1. Preparedness measures, including historical base studies, numerical model
simulations and emergency operations plan development.

2. Instant local hazard assessment by using seismic triggers which activate a
satellite to transmit signals to a ground station processor. (The average cost of
hardware for the most basic system configuration consisting of a seismic station
and a tsunami warning station was US$ 15,000.)

3. Rapid dissemination of information  to local officials. The professor alerts the
station manager and can also activate lights, alarms, telephone dialers and other
emergency responses, thus providing rapid dissemination of information to local
officials.

Using tsunami hazard maps of probable inundation areas combined with street maps

to identify security areas, hospitals and evacuation routes, a THRUST Project Tsunami
Emergency Operations Plan for Chile was devised. The plan listed measures to be
taken upon issuance of the tsunami warning and long term relief efforts to be taken after
the tsunami had receded, including responsibilities and functions of every disaster
agency involved in a tsunami emergency.

This plan was tested by means of an exercise scenario and a control team which
generated news or problems to the participants. A lack of coordination between several
agencies was revealed by this exercise and necessitated a detailed revision of the plan
which was later adopted. Emergency operations in Chile are organized on a regional,
provincial and community basis and each administrative level has an Emergency
Operating Center. It was found to be more advantageous to move the coordinating
responses from the regional to the community level. Other weaknesses in the plan,
such as lack of baseline inundation studies in some communities, were discovered.

What strong points this project, as described, have in preparing for tsunamis?

1. Improved technology was incorporated into an already existing system which
might have resulted in lower costs and more local acceptance than a completely
new system.

2. The plan touched on the entire emergency system, not just technological areas.

3. Representatives of every concerned government and non-government agency
were consulted about the plan and had an opportunity to test it in the simulation.

4. The simulation identified weaknesses in the emergency management system
which may eventually save lives.

What are the weak points?
1. The project lacked a research component to work on further defining the seismic
zones in Chile and conducting inundation studies on all of the villages.
2. The plan did not address issues of future planning and development in the
inundation zones, or methods to lower risks to buildings and infrastructure.
3. No means of educating the general public about the tsunami hazard and
emergency plan were mentioned.
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Calculated tsunami travel
times for an earthquake
occurring off the coast of
Chile. Each concentric
curve represents two
hours of tsunami travel
time.

After an illustration in

“Tsunami — The Great
Waves”, 1995.

Source: Bernard, Eddie N.,
“Assessment of Project
THRUST: Past, Present,
Future”, Natural Hazards,
4: 285-292, 1991.
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, RESOURCES

The International Tsunami Information Center sends materials around the

world to assist in tsunami preparedness education progkdaterials may
be obtained by writing to:

International Tsunami Information Center
737 Bishop Street, Suite 2200

Honolulu, Hawaii 96813-3213 USA
Phone: 808-532-6422 Fax: 808-532-5576
E-mail: itic@itic.noaa.gov

or

Intergovernmental Oceanographic Commission
UNESCO

1, rue Miollis

75015 Paris Cedex 15

France



