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CHARACTERISTICS OF THE
TSUNAMI PHENOMENA

Atsunami travels outward from the source region
as a series of waves. Its speed depends upon the
depth of the water, and consequently the waves
undergo accelerations or decelerations in
passing respectively over an ocean botfom of
increasing or decreasing depth. By this process
the direction of wave propagalion alsc changes,
and the wave energy can become focused or
defocused. In the deep ocean, tsunami waves
can travel at speeds of 500 to 1,000 kilometres
(km) per hour. Near the shore, however, a
tsunami slows down fo just a few fens of
kilometres per hour. The height of a isunami also
depends upon the wafer depth. A tsunami that is
just a metre in height in the deep ocean can grow
to tens of melres at the shoreline. Unlike familiar
wind-driven ocean waves thal are only a
disturbance of the sea surface, the tsunami wave
energy exfends to the ocean botfom. Near the
shore, this energy is concenirated in the vertical
direction by the reduction in water depth, and in
the horizontal direction by a shortening of the
wavelength due to the wave slowing down.

Tsunamis have periods (the time for a single
wave cycle) that may range from just a few
minutes to as much as an hour or exceptionally
more. At the shore, a tsunami can have a wide
variety of expressions depending on the size and
period of the waves, the near-shore bathymetry
and shape of the coastline, the state of the fide,
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caused by the .22 May 1960 Chilean tsunarmi.
urtesy of liustre Municipalidad de Mauflin, USGS

*METEOROLOGICAL TSUNAMI
EfeoTsunamI)

ical or atmospheric disturbances.
: $ can be produced by atmospheric
: ly waves, pressure jumps, frontal passages,

alls~ gales, typhoons, hurricanes and other
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atmospheric sources. Meteotsunamis have the
same temporal and spatial scales as fsunami
waves and can similarly devastate coastal areas,
especially in bays and inlets with strong
amplification and well-defined resonant
properties (€.0. Ciutadelia Inlet, Baleric Islands;
Nagasaki Bay, Japan, Longkou Harbour, China;
Vela Luka, Stari Grad and Mali Ston Bays,
Croatia). Sometimes referred to as rissaga.

MICROTSUNAMI

A tsunami of such small amplitude that it must
be observed instrumentally and is not easily
detected visually.

OCEAN-WIDE TSUNAMI

Atsunami capable of widespread destruction, not
only in the immediate region of its generation but
across an entire ocean. All ocean-wide tsunamis
have been generated by major earthquakes.
Synonym for teletsunami or distant tsunami.

PALEOTSUNAMI

Tsunami accurring prior to the historical record or
for which there are no written observations.
Paleotsunami research is based primarily on the
identification, mapping, and dating of tsunami
deposits found in coastal areas, and their
correlation with similar sediments found
elsewhere locally, regionally, or across ocean
basins. Inone instance, the research has ledtoa
new concern for the possible future occurrence of
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Numerical modelling snapshots of the water surface 10
minutes after a pyroclastic flow on the southeastern part of
Monserrat Istand led fo a submarine landslide and the

TN generation of atsunami. Courtesy of LDG-France.




Regional and Local Tsunamis causing
2,000 or more deaths

Estimated
Dead or
Source Location Missing

Crete, Greece 5,700
Niigata, Japan 2,000
Aomori Prefecture, Japan 2.600
Enshunada Sea, Japan 31,000
Central Chile 2,000
ise Bay. Japan 8,000
Nankaido, Japan 5,000
Sanriku, Japan 5,000
Banda Sea, Indonesia 2,243
Scouthern Peru *5,000
Port Royal, Jamaica 2,000
Boso Peninsula, Japan *5,233
Enshunada Sea, Japan 2,000
Nankaido, Japan 30,000
Central Peru 4,800
Northwest Honshu, Japan 2,100
Lishorn. Portugal 60,000
Ryukyu Islands, Japan 13,486
5 Strait of Messina, Haly *30,000
21 Kyushu Island, Japan®™ 4,300
24  Nankaidao, Japan *3,000
27 Krakatau, Indonesia™ 36,000
15 Sanriku, Japan 27,122
29 Banda Sea, Indonesia *2.460
Sagami Bay, Japan 2,144
2 Sanriku, Japan 3,022
26 Andaman Sea, India 5,000
16  Moro Gulf, Philippines 4,456
12 Flores Sea, Indonesia *2500
17  Papua New Guinea 2,183
26 Banda Aceh, Indonesia  "227.898
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* May include eartiquake casualties
** Tsunami generated by volcanic eruption

northwest coast of North Am
The four images above show tsunami source locations in i B
the Pacific Ocean, Indian Ocean, Mediterranean Sea, and instance, the re.cord. of tsu S
Caribbean Sea. The symbols indicale cause of the Kamchatka region is bem.g exipng
tsunami: B js a fandsfide,dk s a voicanic eruption, T is an further back in time. As work iri this fiel
unknown cause, and O is an earthquake and the size of it may provide a significant amoun
the circle is graduated fo Indicate the earthquake o .
magnitude. Source: National Geophysical Data Center /
World Data Center. ’




Regional and Local Tsunamis causing
deaths since 1975

Estimated
Dead or

Source Location Missing

Philippine Trench

Hawaii, USA

Moro Bay, Philippines
Sumbawa, Indonesia

| ebata Istand, Indonesia™

irian Jaya, Indonesia

French Riveria®*
Narino, Colombia
Samoa lslands
Noshiro, Japan

Solomon Islands
Limon, Costa Rica
Off coast Nicaragua
Flaores Sea, indonesia
Sea of Japan
Sumatra, Indonesia
Java, Indonesia
Halmahera, Indonesia
Skagway Alaska, USA™
Phitippine Istands
Timor, Indonesia
Manzanillo, Mexico
Sulawesi, iIndonesia
Iyian Jaya, Indonesia
Northern Peru

1998 Papua New Guinea
1999

1899

2001

2005 28
2006 14
20086 17
2007 1

2007 21

lzmit Bay, Turkey
vanuatu islands
Southern Peru
Sumatra, Indonesia
Seram Istand, Indonesia
Java, Indonesia
Solomon Islands
Soeuthern Chile

* May include eartiquake casuallios
« Tsunami generated by latidslide

ALTSUNAMI
ni capable of destruction in a particular
( shic region, generally within 1,000 km or
3.Hpurs tsunami travel time from its source.

a_l'“:tsuhami's also occasionally have very
and |ocalized effects outside the region.

deétgqot_ivq,jsunami can be classified as

oy

More than 80% of the world's tsunamis were caused by
earthquakes and over 60% of these were observed in the
Pacific where large earthquakes Occur as tectonic plates
are subducted afong the Pacific Ring of Fire. Top:
Epicentre of all tsunamigenic earthquakes. Tsunamis have
caused damage locally in al ocean basins. Middle:
Locations of earthquakes, volcanic eruptions, and
jandslides generating tsunamis that caused damage of
casualties locallfy. Although the majority of tsunamis that
were observed more than 1,000 km away (teletsunamis)
were generated by earthquakes in the Pacific,
teletsunamis have also caused damage and casualties in
the Indian and Atlantic oceans. Bottom: Source locations of
tefetsunamis causing damage of casualties. These data
are based on historical records. Source: National
Geophysical Data Center/ World Data Center.

local or regional. It follows many tsunami related
casualties and considerable property damage
also comes from these tsunamis. Between 1975
and 2007 there were 34 local or regional tsunamis
that resulted in deaths and property damage; 23
of these were in the Pacificand adjacentseas.

For example, a regional tsunami in 1983 in the
Sea of Japan or East Sea, severely damaged




coastal areas of Japan, Korea, and Russia,
causing more than $800 million in damage, and
more than 100 deaths. Then, after nine years with
only one event causing one fatality, 11 locally
destructive tsunamis occurred in just a seven-
year period from 1992 to 1998, resuiting in over
5,300 deaths and hundreds of millions of dollars
in property damage. In most of these cases,
tsunami mitigation efforts in place at the time were
unable to prevent significant damage and loss of
life. However, losses from future local or regional
tsunamis can be reduced if a denser network of
warning centres, seismic and water-level
reporting stations, and better communications
are established to provide a timely warning, and if
better programs of tsunami preparedness and
education can be putin place.

TELETSUNAMI OR DISTANT TSUNAMI

A tsunami originating from a far away source,
generally more than 1,000 km or more than 3
hours tsunami travel time from its source.

Less frequent, but more hazardous than regional
tsunamis, are ocean-wide or distant tsunamis.
Usually starting as a local tsunami that causes
extensive destruction near the source, these
waves continue to travel across an entire ocean
basin with sufficient energy to cause additional
casualties and destruction on shores. In the last
200 years, there have been at least 26
destructive ocean-wide tsunamis and 9 caused
fatalities more than 1,000 kilometres from the

Tsunamis Causing Deaths greater than 1,000 ki from the source location
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nami hazards globally, and new systems
: in the Caribbean, the

da ‘Aceh leaving only a few structures standing.
riesy of Yuichi Nishimura, Hokkaido University.

term meaning wave (“‘nami”) in a
su”). . A series of traveling waves of
long length and period, usually
'b‘y disturbances associated with

jwave) Volcanic eruptlons
"g jides, and coastal rockfalls can
'tsfmamls as can a large meteorite

er,j_indn'd_ating low-lying areas, and
1 su‘bmaririe topography causes the

along the waterfront of Hilo, Hawaii from the
tsunami-generated off the coast of Unimak

utian Isfand, USA on 1 April 1946. e

Tsunami generated by 26 May 1983, Japan Sea
earthquake approaching Okushiri Island, Japan. Photo
courtesy of Tokai University.

TSUNAMI EARTHQUAKE

An earthquake that produces an unusuaily large
tsunami relative to the earthquake magnitude
(Kanamori,1972). Typical characteristics of
tsunami earthquakes include long rupture
durations for the magnitude of the earthquake,
rupture on the very shallow part of the plate
interface (inferred from a location near the trench
and a low-angle thrust mechanism), and high
energy release atlow frequencies. They are also
slow earthquakes, with slippage along their faults
occurring more slowly than would occur in normal
earthquakes. The last events of this type were in
1992 (Nicaragua), 1994 (Java), 1996 (Chimbote,
Peru) and 2006 (Java).

TSUNAMI SEDIMENTS

Sediments deposited by a tsunami. The finding
of tsunami sediment deposits within the
stratigraphic soil layers provides information on
the occurrence of historical and paleotsunamis.
The discovery of similarly-dated deposits at
different locations, sometimes across ocean
basins and far from the tsunami source, can be
used to map and infer the distribution of tsunami
inundation and impact.

’ Tsuna;nﬂdeposilegif
sediments s

Sediment fayers deposited from successive waves of 26
December 2004 Indian Ocean tsunami, as observed in
Banda Aceh, Indonesia. Photo courtesy of Yuichi
Nishimura, Hokkaido University.



Y, GENERAL TSUNAMI

TERMS

This section contains general terms used in
tsunami mitigation and in tsunami generation and
modelling.

A sea-surface wave that has become so steep
(wave steepness of 1/7) that the crest outraces
the body of the wave and it collapses into a
turbulent mass on shore or over a reef. Breaking
usually occurs when the water depth is less than
1.28 times the wave height. Roughly, three kinds
of breakers can be distinguished, depending
primarily on the gradient of the bottom: a) spilling
breakers (over nearly flat bottoms) which form a
foamy patch at the crest and break gradually over
a considerable distance; b} plunging breakers
(over fairly steep bottom gradients) which peak
up, curl over with a tremendous overhanging
mass and then break with a crash; c) surging
breakers (over very steep bottom gradients)
which do not spill or plunge but surge up the
beach face. Waves also break in deep water if
they build too high while being generated by the
wind, but these are usually short-crested and are
termed whitecaps.

BREAKWATER

An offshore or onshore structure, such as a wall,
water gate, or other in-water wave-dissipating
object that is used to protect a harbour or beach
from the force of waves.

Sea wall with stairway evacuation route used to protect a
coastal town against tsunami inundation in Japan. Photo
courtesy of River Bureau, Ministry of Land, Infrastructure
and Transpori, Japan.

N

Water gate used fo protect agai
Okushiri Island, Japan. The gate
close within seconds after earthiuake.
seismic sensors. Photo couﬂe§yo ]
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Eddies generated by the interactions of lsuna
they hit the coast of Sri Lanka, 26 éecember 200
courtesy of Digital Glabe. o
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of tsunami. arrival at some fixed location, as
d from modelling the speed and refraction
sunami_waves as they travel from the
ETA/s estimated with very good precision
thymetry and:source are well known (less
a1 §-couple of minutes). The first wave is not
ecegsarily the largest, but it is usually one of the

tfiye waves. :
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vacuated to avoid harm from
s.. Evacuation routes are

imes designated to ensure the efficient
nent of people out of the evacuation zone

KEY
2722 mukoimcti e
=3 evacusnen Routes

RERIGE ZNES

Emergency shelter building that also acts as community
centre and Museum for Disaster Prevention. Kisei, Mie
Prefecture, Japan. The building is 22-m high, has five floors
covering 320 nv’, and holds 500 persons. Info courtesy of
http:/Awww. webmie.or.jp.

HISTORICAL TSUNAMI DATA

Historical data are available in many forms and at
many locations. These forms include published
and unpublished catalogs of tsunami
occurrences, personal narratives, marigraphs,
tsunami amplitude, runup and inundation zone
measurements, field investigation reports,
newspaper accounts, film, or video records.

A seiche may be initiated by a standing wave
oscillating in a partially or fully enclosed body of
water. It may be initiated by long period seismic
waves (an earthquake), wind and water waves, or
atsunami.

SEISMIC SEA WAVE

Tsunamis are sometimes referred to as seismic
sea waves because they are most often
generated by earthquakes.

TRAVEL TIME

Time required for the first tsunami wave to
propagate from its source to a given point on a
coastline.

TRAVEL TIME MAP

Map showing isochrons or lines of equal tsunami
travel time calculated from the source outwards
toward terminal points on distant coastlines.



Travel times fin hours} for the 22 May 1960 Chile tsunami

crossing the Pacific basin. This tsunami was exiremely
desiructive along the nearby coast of Chile, and the
tsunami also caused significant destruction and casualfies
as far away as Hawaii and Japan. The awareness and
concern raised by this Pacific-wide tsunami ulfimately led to
the formation of the PTWS.

TSUNAMI BORE

A steep, turbulent, rapidly moving tsunami wave
front, typically occurring in a river mouth or
estuary.

Tsunami bore entering Wailua River, Hawaii during the
1846 Aleutian Island tsunami. Photo courtesy of Pacific
Tsunami Museum.

TSUNAMI DAMAGE

Loss or harm caused by a desfructive tsunami.
More specifically, the damage caused directly
by tsunamis can be summarized into the
following: 1) deaths and injuries; 2) houses
destroyed, partially destroyed, inundated,
flooded, or burned; 3) other property damage and
loss; 4) boats washed away, damaged or
destroyed; 5) lumber washed away; 6) marine
installations destroyed, and; 7) damage to public

Island, Japan caused by the fQ i na
1993. Photo courtesy of Dr. Edaig,

December 2004 completeiy ra
villages, leaving behind only sand,




MOST TSUNAMI
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SPREADING TR?;AUETO RM GENERATED HERE
Redis nbutlon of tsunaml energy, particularly as a RIDGE TRENCH

.I!aRERUNNER Most tsunamis are generated by large, shaffow, thrust
3,

earthquakes that occur as a tectonic plate is subducted.
OS illatlons of the water level Shallow earthquakes also occur along spreading ridges,

but these are not large enough to cause tsunamis. Large,
shallow earthquakes also oceur along transform faults, but
there is only minor vertical motion during the faulting so no
Isunamis are generated.

or other impacts upon the ocean
sunamis are generated primarily by
|slocat|ons under the sea which

he sea Ieyel over the affected region.
|mparted mto the water mass results

SEA SURFACE

SEA SURFACE -

Tsunamis are most often generated by shallow
earthquakes.

is'can be generated by submarine landstides, or by
faf Iandshdes that enterthe water. Courtesy ofLDG-




Tsunamis can be generated by pyroclastic flows
assoclated with volcanic eruptions. Courtesy of LDG-
France.

TSUNAMI GENERATION THEORY

The theoretical problem of generation of the
gravity wave (tsunami}in the layer of elastic liquid
(an ocean) occurring on the surface of elastic
solid half-space (the crust) in the gravity field can
be studied with methods developed in the
dynamic theory of elasticity.

The source representing an earthquake focusis a
discontinuity in the tangent component of the
displacement on some element of area within the
crust. For conditions representative of the Earth's
oceans, the solution of the problem differs very
little from the joint solution of two more simple
problems: the prablem of generation of the
displacement field by the given source in the solid
elastic half-space with the free boundary (the
bottom) considered quasi-static and the problem
of the propagation of gravity wave in the layer of
heavy incompressible liguid generated by the
known (from the solution of the previous problem)
mofion of the solid bottom. There is the
theoretical dependence of the gravity wave
parameters on the source parameters (depth and
orientation). One can roughly estimate the
quantity of energy transferred to the gravity wave
by the source. In general, it corresponds to the
estimates obtained with empirical data. Also,
tsunamis can be generated by other different
mechanisms such as volcanic or nuclear
explosions, landslides, rock falls, and submarine
slumps.

TSUNAMI HAZARD

The probability that a tsunami of a particular size
will strike a particular section of coast. "
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Tsunam] Sources:

L7 Wedl-known by pical subduction zone TR Magnitude greaterthan .6

I Recantly suggested slow
subducticn or colllsion zonas

M Sumatra-Andaman pone

Global tsunami source zones. Tsui

oceans and basins, but occurmos%? e
Ocean. Tsunamis can occur anyWhere an
becaise earthquakes cannot bé accurately
Courtesy of LDG-France. ,__ﬂ.
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no past data exist. For these co
models of tsunami mundatlon

of a local or distant tsunamigeni
focal landslide. :

TSUNAMI IMPACY

Although infrequent, tsunamls ard amdﬂ"l .
most terrifying and complex physu_; oh n%




coastal populattons There is also a history
",ere tsunami destruction in Alaska, the
_' ian Islands, and South America, although

s s for these areas are not as extensive. The
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M r{nundatlon at lquique, Chile, based on
fresu!ts 1Coun‘esyofSHOA Chile.

; i is to use numerlca! modeiling, since data
ast tsunamis is usually insufficient. Models
' |n|_t|_e_\l|_zed with potential worst case

tsunami evacuation maps and procedures. At
present, such modelling has only been carried
out for a small fraction of the coastal areas at risk.
Sufficiently accurate modelling techniques have
only been available in recent years, and these
models require training to understand and use
correctly, as well as input of detailed bathymetric
and topographic data in the area being modeled.

Numerical models have been used in recent
years to simulate tsunami propagation and
interaction with land masses. Such models
usually solve similar equations but often employ
different numerical techniques and are applied to
different segments of the total problem of tsunami
propagation from generation regions to distant
areas of runup. For example, several numerical
modeis have been used to simulate the
interaction of tsunamis with islands. These
modeis have used finite difference, finite
element, and boundary integral methods to solve
the linear long wave equations. These models
solve these relatively simple equations and
provide reasonable simulations of tsunamis for
engineering purposes.

Historical data are often very limited for most
coastlines. Consequently, numerical modelling
may be the only way to estimate potential risk.
Techniques now exist to carry out this
assessment. Computer software and the training
necessary to conduct this modelling are available
through programmes such as the 10C Tsunami
Inundation Modelling Exchange (TIME)
Programme.

| Maximum
watse haight. m

50

100 120 140 150 180 200 &0 240 280 280 300

Calculated maximum tsunami wave heights for a M3.0
Cascadia subduction zone earthquake. The model was
calculated after tsunami deposits found in Japan and
elsewhere suggested that a repeat of the 1700 Cascadia
great earthquake would generate a destructive
teletsunami. Courtesy of Kenji Satake, Geological Survey
of Japan.




Complex numerical model calcufated to match the 1958
Lituya Bay, Alaska landslide-generated local tsunami
which caused the largest runup ever recorded (525 m).
The complex model matches very closely the detail of the
second order eddies and splash effects that laboratory
experiments showed. Courtesy of Galen Gisler, Los
Alamos National Laboratory.

fluctuatlon at a particular poi ‘t Tﬁ'tf?ﬁe “ﬂ%ﬁs
the incidence of a tsunami ona’ F’é‘"ci pé

1946 Alsutian Islands tsunaml ﬂ;sh:
Hawaii. Photo coudesyofPacrﬂc_Tsu 3m'Muse
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nami-evacuation area signs, Hawaii, USA.
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TSUNAMI HAZARD ZONE

IN CASE OF EARTHQUAKE, GO
TO HIGH GROUND OR INLAND

ihazard zorie sign, Washington, USA.
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TSUNAMI PROPAGATION

Tsunamis travel outward in all directions from the
generating area, with the direction of the main
energy propagation generally being orthogonal
to the direction of the earthquake fracture zone.
Their speed depends on the depth of water, so
that the waves undergo accelerations and
decelerations in passing over an ocean bottom of
varying depth. In the deep and open ocean, they
travel at speeds of 500 to 1,000 km per hour (300
to 600 miles per hour). The distance between
successive crests can be as much as 500 to 650
km (300 to 400 miles). However, in the open
ocean, the height of the waves is generally less
than a metre (three feet) even for the most
destructive teletsunamis, and the waves pass
unnoticed. Variations in tsunami propagation
result when the propagation impulse is stronger
in one direction than in others because of the
orientation or dimensions of the generating area
and where regional bathymetric and topographic
features modify both the waveform and rate of
advance. Specifically, tsunami waves undergo a
process of wave refraction and reflection
throughout their travel. Tsunamis are unigue in
that the energy extends through the entire water
column from sea surface to the ocean bottom. It
is this characteristic that accounts for the great
amount of energy propagated by a tsunami.

Galapagos Is.

Tahiti

- Epicentre
f ' Easter js.
H

Juan Fernandez Is.,
L !
S

Model of tsunami propagation in the southeast Pacific, nine
hours after generation. Source: Antofagasta, Chile (30 July
1995). Courtesy of LDG-France.




TSUNAMI RESONANCE

The continued reflection and interference of
tsunami waves from the edge of a harbour or
narrow bay which can cause amplification of the
wave heights, and extend the duration of wave
activity from a tsunami.

TSUNAMI RISK

The probability of a particular coastline being
struck by a tsunami multiplied by the likely
destructive effects of the tsunami and by the
number of potential victims. In general terms, risk
is the hazard multiplied by the exposure.

TSUNAMI SIMULATION

Numerical model of tsunami generation,
propagation, and inundation.

TSUNAMI SOURCE

Point or area of tsunami origin, usually the site of
an earthquake, volcanic eruption, or landslide
that caused large-scale rapid displacement of the
water toinitiate the tsunami waves.

Depth Velocily Wave length

(meters) (kmiky {km)
7000 943 282
4000 713 213
2000 504 51
200 159 48

50 79
10

Wave height and water depth. In the open ocean, a
tsunamiis often only a tens of cenlimeters high, butits wave
height grows rapidly in shallow water. Tsunami wave
energy extends from the surface to the botiom in the
deepest waters. As the tsunami attacks the coastline, the
wave energy is compressed into a much shorter distance
creating destructive, life threatening waves.

TSUNAMI VELOCITY OR
SHALLOW WATER VELOCITY

The velocity of an ocean wave whose length is
sufficiently large compared to the water depth

"Eé;n.!tl-'
ex i:é SI-

e

Where:
¢. is the wave velocity :
g: the acceleration of gravity "-::. ¥
h: the water depth.

Thus, the velocity of shallu
independent of wave Iength L.

more precise expression:

T

c= V( (gL/2fc)[tanh(2 3 _,\_/r

TSUNAMI ZONATION
(TSUNAMI ZONING) i &

areas with varying degrees
vulnerability for the purp
preparedness, planning, co

public evacuation.

Tsuumm
or descriptive of a tsunami.
'I'suummlimc

tsunamigenic earthquake, !
landslide.
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SURVEYS AND
MEASUREMENTS

(5

his ébﬁon contains terms used to measure and INUNDATION OR
be tsunami waves on mareographs and in INUNDATION-DISTANCE
f/d during a survey, and terms used to

HEthe size of the tsunami. The horizontal distance inland that a tsunami

i penetrates, generally measured perpendicularly
D to the shoreline.

N ‘_'1‘
ximum of the isunami waves.

hg h of a wave along its crest. Sometimes
] q’eétWidth.

dlimatic effect.
s ',.';i‘ri o

gbety é‘éehh the r-_:rfia)_(imum level arrival time
eartivaltime of the first wave.

Tsunami inundation generated by the earthquake of
26 May 1983, at Oga aquarium in Japan. Pholo courtesy
of Takaaki Uda, Public Works Research Institute, Japan.

fnundation
. line or
limit i

INUNDATION (MAXIMUM )

Maximum horizontal penetration of the tsunami
from the shoreline. A maximum inundation is
measured for each different coast or harbour
affected by the tsunami.

REEN IS I RN

INUNDATION AREA

- Area flooded with water by the tsunami.




Dark area shows inundation area from the 1964 Alaska
tsunami. Photo courtesy of NGDC.

INUNDATION LINE

Inland limit of wetting, measured horizontally
from the mean sea level (MSL) line. The line
between living and dead vegetation is sometimes
used as a reference. In tsunami science, the
landward limit of tsunami runup.

LEADING WAVE

- First arriving wave of a tsunami. In some cases,
the leading wave produces an initial depression
or drop in sea level, and in other cases, an
elevation or rise in sea level. When a drop in sea
level occurs, sea levet recession is observed.

MAGNITUDE

A number assigned to the properties of an event
such that the event can be compared to other
events of the same class.

MEAN HEIGHT

Average height of a tsunami measured from the
trough to the crest after removing the tidal
variation.

OVERFLOW
Aflowing over; inundation.

POST-TSUNAMI SURVEY

Tsunamis are relatively rare events and most of
their evidence is perishable. Therefore, it is very
important that reconnaissance surveys be
organized and carried out quickly and thoroughly
after each tsunami occurs, to collect detailed data
valuable for hazard assessment,

model__.

Y8 india.
(17 S

validation,

and other
mitigation. B

After a major tsunami, physical ocea
scientists, and engineers condtict pp 7‘1;
colfect information. These dafa, ﬁr

fnundation, deformation, scour, bufldmg -8
impact, wave arrival descnptfons,;
important for designing better mmg
:mpacts of tsunami on life and prop

m»

tsunami, a post—tsunaml re
has been organized to make mé
runups and inundation Ii

Post-tsunami survey meaéuring (
infand from the coast. Courtesy ol




wammg S|gn that a tsunami is

"

at the time of the tsunami.

e

sdalong a coastlme

it'i‘on. Where the elevation is not measured
heg rﬁaximum of hOrizontaI inundation this is

tsunamr runup values measured or

Tsunami stripped forested hills of vegetation leaving clear
marker of tsunami runup, Banda Aceh, 26 December 2004
Sumutra tsunami. Phofo courtesy of Yuichi Nishimura,
Hokkaido University.

Runup can often be inferred from the vertical extent of dead
vegetation, from debris normally found af ground level that
are observed stuck on electric wires, in trees, or af other
heights, and from water line marks left on building walls. In
extreme cases, cars, boats, and other heavy objects have
been lifted and deposited atop buildings. Banda Aceh,
Indonesia, 26 December 2004. Photo courtesy of C.
Courtney, Tetra Tech EMI.

SIEBERG TSUNAMI INTENSITY SCALE

A descriptive tsunami intensity scale, which was
later modified into the Sieberg-Ambraseys
fsunami intensity scale described below
(Ambraseys 1962).

i penetration {(inundation line) and the sea
In practical
runup-is only measured where there is a
idence.,of the inundation limit on the

MODIFIED SIEBERG SEA-WAVE
INTENSITY SCALE

1) Very light. Wave so weak as to be perceptible
only on tide-gauge records.

2) Light. Wave noticed by those living along the
shore and familiar with the sea. On very flat
shores generally noticed.

3) Rather strong. Generally noticed. Flooding of
gently sloping coasts. Light sailing vessels or
small boats carried away on shore. Slight
damage to light structures situated near the
coast. In estuaries reversal of the river flow some
distance upstream.

4) Strong. Floading of the shore to some depth.
Light scouring on man-made ground.




Embankments and dikes damaged. Light
structures near the coasts damaged. Solid
structures on the coast injured. Big sailing
vessels and small ships carried inland or ouf to
sea. Coasts littered with floating debris.

5) Very strong. General flooding of the shore to
some depth. Breakwater walls and solid
structures near the sea damaged. Light
structures destroyed. Severe scouring of
cultivated land and littering of the coast with
floating items and sea animais. With the
exception of big ships, all other type of vessels
carried inland or out to sea. Big bores in estuary
rivers. Harbour works damaged. People
drowned. Wave accompanied by strong roar.

6) Disastrous. Partial or complete destruction of
man-made structures for some distance from the
shore. Flooding of coasts to great depths. Big
ships severely damaged. Trees uprooted or
broken. Many casuaities.

SIGNIFICANT WAVE HEIGHT

The average height of the one-third highest
waves of a given wave group. Note that the
composition of the highest waves depends upon
the extent to which the lower waves are
considered. In wave record analysis, the average
height of the highest one-third of a selected
number of waves, this number being determined
by dividing the time of record by the significant
period. Also called characteristic wave height.

When referring to tsunami waves, it is the
spreading of the wave energy over a wider
geographical area as the waves propagate away
from the source region. The reason for this
geographical spreading and reduction of wave
energy with distance traveled, is the sphericity of
the earth. The tsunami energy will begin
converging again at a distance of 90 degrees
from the source. Tsunami waves propagating
across a large ocean undergo other changes in
configuration primarily due to refraction, but
geographical spreading is also very important
depending upon the orientation, dimensions, and
geometry of the tsunami source.

g

19

SUBSIDENCE (un;’m‘,‘
The permanent moVe

peak and trough. It is inte
true amplitude of the tsunam
in the ocean. However, it is joft
modified in some way by

response.

Teunami wave
peiiods typicaly
from
4 - 60 minulas.

To corect the maximum
doubla Isunami ampitude
the effect of the tide signal
must ba remaved.

In itis case the leading wave m:mdum:
of the isunami s a deprassion e Fran tspnami arptaGe,
O 8 Grop in waler fevel however, :
4o leading wave can also ba

o Blevation of [5e in water leved. Combined Tsunami and bde signal
«x -w==  Tide signal

Mareogram (sea level) record dr_f.-a'=ts'd.1r.r'n5n'i;n=




INAMIINTENSITY
ze §zf a tsunami based on the macroscopic

se ation of a tsunami's effect on humans,
) Jeo S lncludmg various sizes of marine vessels,

w,f 12 grade mtens:ty scale which is
dent 6f'the néed to measure physical
e%“l‘ke wave amplitude, sensitive to the
| ices in tsunami effects, and detailed
'; far"eacﬁ grade to cover the many
b, by

at'L]'raI env:ronment The scale has 12
|es "similar to the Modified Mercallf

“’"i’-iﬂl_’AGNl'mbz
uhami baéed on the measurement of

fa:
,ti, _ents |

_ é o%[iglnflly descriptive and more similar
"',q{l_terfSI ty#gtiantifies the size by using
rements_of_waye height or tsunami runup.
al. (1972) described the magnitude (m) as
ntin ngarathmlc base 2 on the maximum
; ‘19{}1}" measured in the field, and

[og 21 Ymax

: (1979) subsequently extended this so-
eg Imamura-lida scale for far-field tsunamis
cludlkn:g__, dlstance in the formuiation.

i "el'ght may be another good indicator of
i size, and the maximum |nten3|ty would

earthquake magnitudes. These include the
original formula proposed by Abe (1979) for
tsunami magnitude, M,

=logH + B
where H is the maximum single crest or trough
amplitude of the tsunami waves (in meteres) and
B is a constant, and the far-field application
proposed by Hatori (1986) which adds a distance
factor into the calculation.

TSUNAMI PERIOD

Amount of time that a tsunami wave takes to
complete a cycle. Tsunami periods typically
range from five minutes to two hours.

TSUNAMI PERIOD (DOMINANT)

Difference between the arrival time of the highest
peak and the next one measured on a water level
record.

TSUNAMI WAVE LENGTH

The horizontal distance between similar points
on two successive waves measured
perpendicular to the crest. The wave length and
the tsunami period give information on the
tsunami source. For tsunamis generated by
earthquakes, the typical wave length ranges
from 20 to 300 km. For tsunamis generated by
landslides, the wave length is much shorter,
ranging from hundreds of metres to fens of
kilometres.

WATER LEVEL (MAXIMUM)

Difference between the elevation of the highest
local water mark and the elevation of the sea
level at the time of the tsunami. This is different
from maximum runup because the water mark is
often not observed at the inundation line, but
maybe halfway up the side of a building or on a
tfree trunk.

WAVE CREST
1) The highest part of awave.
2) That part of the wave above still water level.

WAVE TROUGH

Ue lowest part of a wave.

NS
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This section contains terms to describe sea level
and the instruments used to measure tsunamis.

CABLE OCEAN-BOTTOM INSTRUMENT

An instrument at the ocean bottom connected to
the land by a cable that provides power for the
measurement and transmission of data from the
seafioor to the coast. Cables can extend for tens
of kilometers offshore and across oceans. They
enable real-time, multi-sensor seafloor
observatories to be deployed for long-term
monitoring. Examples of sensors on cabled
systems are seismometers to measure
earthquakes, sensitive pressure gauges to
measure tsunamis, geodetic sensors to measure
seafloor deformation, and cameras. Japan
operates several cable systems.

Soa earth

Data Coltectlion Center
Optical Cable
SRS SORLEEEC R - {enast line) -

s.lsmomutar-ﬁ )
et ‘.‘.I et
{Signal Enhancer) '
¥ YO s

Sea earth

Teunamimeter-3

Selsmometer-

1 Baiton r-4

Teur

Schematic diagram of cabled ocean system for monitoring
earthquakes and isunamis. Courtesy of JMA.

CotipaL

Indicating equality with the tides or a coincidence
with the time of high or low tide.

DEEP-OCEAN ASSESSMENT AND
REPORTING OF TSUNAMIS (DART®}

An instrument for the early detection,
measurement, and real-time reporting of tsunamis
in the open ocean. Developed by the US NOAA
Pacific Marine Environmental Laboratory, the

e
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seafloor to the surface buoy. Th d
relayed via a satellite Iank to grou

dissemination to the NOAA‘ tsun
centres. The DART® data, afohg ;
art numerical modeling technology‘are
tsunami forecasting system-up‘ac age
provide site-specific predlctlons o
onthe coast. -

Low WATER

The lowest water fevel reached ."unn'
cycle. The accepted popularterm sdbwk 2

MAREOGRAM OR MAmG RAI
1) Record made by a mareogl‘aph
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[ En
ams’ df tsunamr signals measured by an
aude located 50 km outside the entrance to

auge _Iocated at the shore (lower trace) The
detected on the oulside gauge about 40 minutes
reaches shore (arrows). The offshore gauge was
ed by Japan's Port and Harbours Research

: 1 '
"‘helght of the sea surface, based
o,bservatlon of tide height on the

‘hydran geoseismic and other
geo y3|cal factors that is considered reasonably
n.the.region involved, with each of these
considered as affecting the locality in a
pum _manner. This level represents the

physical response of a body of water to maximum
applied phenomena such as hurricanes, moving
squall lines, other cyclonic meteorological
events, tsunamis, and astronomical tide
combined with maximum probable ambient
hydrological conditions such as wave level with
virtually no risk of being exceeded.

REFERENCE SEA LEVEL

The obhserved elevation differences bhetween
geodetic benchmarks are processed through
least-squares adjustments to determine
orthometric heights referred to a common vertical
reference surface, which is the reference sea
level. In this way, height values of all benchmarks
in the vertical control portion of a surveying
agency are made consistent and can be
compared directly to determine differences of
elevation between benchmarks in a geodetic
reference system that may not be directly
connected by lines of geodetic leveling. The
vertical reference surface in use in the United
States, as in most parts of the worid,
approximates the geoid. The geoid was assumed
fo be coincident with local mean sea level at 26
tidal stations to obtain the Sea Level Datum of
1929 (SLD 290). National Geodetic Vertical
Datum of 1929 (NGVD 29) became a name .
change only; the same vertical reference system
has been in use in the United States since 1929.
This important vertical geodetic control system is
made possible by a universally accepted,
reference sealevel.

REFRACTION DIAGRAMS

Models using water depths, direction of wave,
separation angle, and ray separation between
two adjacent rays as input, produce the path of
wave orthogonais, refraction coefficients, wave
heights, and travel times.

SEA LEVEL
The height of the sea at a given time measured
relative to some datum, such as mean sea level.

SEA LEVEL STATION

A system consisting of a device such as a tide
gauge for measuring the height of sea level, a
data collection platform (DCP) for acquiring,




digitizing, and archiving the sea level information
digitally, and often a transmission system for
delivering the data from the field station fo a
central data collection centre. The specific
requirements of data sampling and data
transmission are dependent on the application.
The GLOSS programme maintains a core
network of sea level stations. For local tsunami
monitoring, one-second sampled data streams
available in real time are required. For distant
tsunamis, warning centres may be able to
provide adequate warnings using data acquired
in near-real time (one-minute sampled data
transmitted every 15 minutes). Sealevel stations
are also used for sea level rise and climate
change studies, where an important requirement
is for the very accurate location of the station as
acquired through surveying techniques.

Rarotonga sea level station, Avarua Harbor, Cook Islands.
The fiberglass electronics package (a), antenna (b), sofar
panel (¢) were instalfed on a pier. Conduit (d) containing
cables connecting the sensor, located at a depth of five feet
below low-tide water level, fo the data collection platform
containing the electronics above, was externally attached
to the tube containing the sensor (g).

TIDAL WAVE
1) The wave motion of the tides.

2) Often incorrectly used to describe a tsunami,
storm surge, or other unusually high and
therefore destructive water leveis along a shore
that are unrelated to the tides.

Tioe L

estuaries and gulfs, occurring fw e &
most of the Earth and rest _
gravitational attraction ofthe mdon (and;i
degrees, of the sun) acting unequallyo (
parts ofthe rotating Earth. Ty

TIDE AMPLITUDE

One-half of the dlfference |n
consecutive high water and:
halfofthetidalrange. i

TIDE GAUGE

TSUNAMETER

An instrument for the égrl '
measurement, and real- tlm repor
tsunamis in the open ocean;
tsunamimeter. The DART® sys
deep-ocean pressure sensoraret i)

to measure sea level, mciudrng gi'own-
measure sea fevel. Poﬂ Louis, Méurm




_,_,_rgéi,z‘attons and utmze specific acronyms to
be system: governance, and the different
£ {qgnatlon pi'oducts

“gea-level Observing System. A
t of the Global Ocean Observing
OS) The UNESCO!OCestainshed

dvel dat@ as input to studies of long-term sea
g‘n e.-{L. conSIsts of a core network of
[;ﬂalaly ‘300 ‘stations distributed along
ental coastlmes and throughout each of the
'slﬁhd groups ~The GLOSS network also

g;"}\'rgqu*th memmum operational standards of
"?vé'ﬁa‘ta transimissions of one-minute

‘_-I Ocegn Observmg System. GOOS is a
_ peﬁ‘t global system for observations,
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GTS

Global Telecommunications System of the Worid
Meteorological Organization (WMO) that directly
connects national meteorological and
hydrological services woridwide. The GTS is
widely used for the near real-time transmission of
sea level data for tsunami monitoring. The GTS
and other robust communications methods are
used for the transmission of tsunamiwarnings.

1CG

Intergovernmental Coordination Group. As
subsidiary bodies of the UNESCO 10C, the ICG
meets to promote, organize, and coordinate
regional tsunami mitigation activities, including
the issuance of timely tsunami warnings. To
achieve this objective requires the participation,
cooperation and contribution of many national
and international seismic, sea level,
communication, and dissemination facilities
throughout the region. The ICG is comprised of
Member States in the region. Currently, these
are ICGs for tsunami warning and mitigation
systems in the Pacific, Indian Ocean, Caribbean
and adjacent regions, and the north-eastern
Atlantic, the Mediterranean and connected seas.

1ICG/CARIBE-EWS

Intergovernmental Coordination Group for
Tsunami and other Coastal Hazards Warning
System for the Caribbean and Adjacent Regions
established by Resolution XXIII-14 of the 23rd
Session of the 10C General Assembly in 2005.
The ICG is comprised principally of IOC Member
States and regional organizations from the Wider
Caribbean Region. Through the coordinating
efforts of the |IOCARIBE Sub-commission
starting in 1993, a Group of Experts formulated a
proposal for the building of the Infra-Americas
Tsunami Warning System that was endorsed by
the IOC General Assemblyin 2002.
(http:/fioc3.unesco.org/cartws)

G
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ICG/1I0TWS

Intergovernmental Coordination Group for the
Indian Ocean Tsunami Warning and Mitigation
System established by Resolution XXIl1-12 of the
23rd Session of the IOC General Assembly in
2005. The I0OC Regional Programme Office in
Perth, Australia, serves as the IOTWS
Secretariat. Presently, there are 27 Member
States. (http:/ioc.unesco.org/indotsunami)

1CG/ITSU

International Coordination Group for the
International Tsunami Warning System in the
Pacific established by Resolution IV-6 of the 4th
Session of the |IOC General Assembly in 1965.
The ICG/ITSU was renamed to the ICG/PTWS in
2005.

ICG/NEAMTWS

Intergovernmental Coordination Group for the
Tsunami Early Warning and Mitigation System in
the North-eastern Atlantic, the Mediterranean and
Connected Seas established by Resolution XXIH-
13 of the 23rd Session of the IQC General
Assembly in 2005. The ICG is comprised
principally of IOC Member States bordering the
north-eastern Atflantic and those bordering or
within the Mediterranean or connected seas.
(http:/ioc3.unesco.org/neamtws)

1ICG/PTWS

Intergovernmental Coordination Group for the
Pacific Tsunami Warning and Mitigation System,
renamed by Resolution ITSU-XX.1 of the 20th
Session of the ICG/ITSU in 2005. Presently, there
are 32 Member States. The ICG/PTWS was
formerly the ICG/ITSU.
(http:/fioc3.unesco.org/ptws)

[ICcG TSUNAMI NATIONAL CONTACT
(TNC)

The person designated by an ICG Member State
government to represent his/her country in the
coordination of international tsunami warning and
mitigation activities. The person is part of the main
stakeholders of the national tsunami warning and
mitigation system programme. The person ma

e
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be the Tsunami Warnmg Foga b ing,
national disaster managementorg
atechnical or scientific mstitutson,‘or fro
agency with tsunami warmng a,na
responsibilities. Tl

1€G TSUNAMI WARNING, rpcAL L
POINT {TWFP) " K

contact or address, for rapldly t;gcel
issuing tsunami event informagion {:
warnings). The Tsunami Warmng Foc
either is the emergency author;ty (c|V|I de
other designated agency. respon5|b
safety), or has the responsibility of iof
emergency authority of the eVent chara
(earthquake and/or tsunami};: irkaccor
national standard operating pr‘ace
Tsunami Warning Focal‘ Point"
international tsunami warmngs from;t
WC/ATWC, the SMA NWPTAC ordglé
warning centres. : -AL‘.‘{ Bl

hoa

10C T
intergovernmental Oceanogr@phic T
of UNESCO. The lOC prowdes Membe
the United Nations with an essgznhal m
for global cooperation in the. std y of th
The 10C assists governments %\
individual and collective -oceant~gr
prob!ems through the sharlng of - ', .

coordlnatlon of naticnal programmes t
(http.//ioc-unesco.org/)

I'I'IC

was established in November 1965 Y th@e
UNESCO to support the ICG/ITSUJ the Ra

The ITIC also provides technlcal g o
building assistance to Member tate“’
global establishment of tsunam 'w rmn
mitigation systems in the Indlan -afy
Oceans, the Caribbean and Medlterranea
and other oceans and marglnal seas.
Pacific, the ITIC specifically monltors
recommends |mprovements to th
coordinates tsunami technolegy transfeﬁ,
Member States mterested |n Q' Stabitel




S a clearlnghouse for risk assessment and
: tlon activities, and serves as a resource for

The lUGG is a non-govemmental, scientific
ar zat['on estabilsped in 1919, dedicated to
9tihg.and coordinating studies of the Earth
w pmentmspace The UGG Tsunami
NiSsic ,,,éétabhshed in 1960, is an
tlonal group of scientists concerned with
ouS - ‘aspects of tsunamis, including an
",_'ed understanding of the dynamics of
ation, propagation, and coastal runup of
is, as well as their consequences to
7 (hitp:/fiugg.org)
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OCEAN-WIDE TSUNAMI WARNING

A warning issued to all participants after there is
confirmation of tsunami waves capable of
causing destruction beyond the local area.
Ocean-Wide Tsunami Warnings contain
estimated tsunami arrival times (ETAs) at all
Forecast Points. Ocean-Wide Tsunami Warning
Bulletins also normally carry information on
selected wave heights and other wave reports.
The Warning will be cancelled when it is
determined that the tsunami threat is over. As
local conditions can cause wide variations in
tsunami wave action, the alil-clear determination
should be made by the local action agencies and
not the TWC. In general, after receipt of a
Tsunami Warning, action agencies can assume
all-clear status when their area is free from
damaging waves for at least two hours, unless
additional ETAs have been announced by the
TWC (for example for a significant aftershock) or
iocal conditions, that may include continued
seiching or particularly strong currents in
channels and harbours, warrant the continuation
of the Tsunami Warning status.

SAMPLE: Pacific-Wide TsunamiWarning (initial)

TSUNAMI BULLETIN NUMBER 004 .
PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS
ISSUED AT 1050Z 10 JUL 2008

THIS BULLETIN APPLIES TO AREAS WITHIN AND
BORDERING THE PACIFIC OCEAN AND ADJACENT
SEAS..EXCEPT ALASKA...BRITISH COLUMBIA...
WASHINGTON...OREGON AND CALIFORNIA,

.. AWIDESPREAD TSUNAMI WARNING IS IN EFFECT ...
A TSUNAMI WARNING IS IN EFFECT FOR

CHILE / PERU / ECUADOR / COLOMBIA / ANTARCTICA /
PANAMA / COSTA RICA/ PITCAIRN / NICARAGUA /
HONDURAS / FR. POLYNESIA / EL SALVADOR /
GUATEMALA / MEXICO / COOK ISLANDS / KIRIBATI/
KERMADEC IS / NIUE / NEW ZEALAND / TONGA /
AMERICAN SAMOA f SAMOA./ JARVIS IS. / WALLIS-FUTUNA
! TOKELAU / FIJE/ AUSTRALIA / HAWAII / PALMYRA IS, /
TUVALU / VANUATU / HOWLAND-BAKER / NEW CALEDONIA
/JOHNSTON 18./ SOLOMON 1S. / NAURU / MARSHALL IS, /
MIDWAY 1S. / KOSRAE / PAPUA NEW GUINEA / POHNPEI /
WAKE 1S. / CHUUK / RUSSIA/ MARCUS IS. / N. MARIANAS /
INDONESIA / GUAM / YAP / BELAU / JAPAN / PHILIPPINES /
CHINESE TAIPEI / TAIWAN

THIS BULLETIN IS ISSUED AS ADVICE TO GOVERNMENT
AGENCIES. ONLY NATIONAL AND LOCAL GOVERNMENT
AGENCIES HAVE THE AUTHORITY TG MAKE

DECISIONS REGARDING THE OFFICIAL STATE OF ALERT
IN THEIR AREA AND ANY ACTIONS TO BE TAKEN IN
RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE
PRELIMINARY PARAMETERS

ORIGIN TIME - 0809Z 10 JUL 2008
COORDINATES - 35.2 SOUTH 75.1 WEST DEPTH - 40 KM
LOCATION - OFF COAST OF CENTRAL CHILE




MEASUREMENTS OR REPORTS OF TSUNAMI WAVE
ACTIVITY

GAUGE LOCATION LAT LON TIME AMPL PER

JUAN FERNANDEZ 33.65 78.8W 1040Z 2.33M/1.1FT 28MIN
VALPARAISO CL 33.08 71.6W 1011Z 1.53M/1.7FT 29MIN
SANANTONIO CL  33.65 71.6W 09482 1.52M/1.7FT 33MIN
TALCAHUANGC CL  3B6.78 73.1W 09237 1.95M/3.1FT 25MIN

LAT - LATITUDE (N-NORTH, S-SOUTH})

LON - LONGITUDE (E-EAST, W-WEST)

TIME - TIME OF THE MEASUREMENT (Z IS UTC IS
GREENWICH TIME)

AMPL - TSUNAMI AMPLITUDE MEASURED RELATIVE TO
NORMAL SEA LEVEL.
ITIS ...NOT... CREST-TO-TROUGH WAVE HEIGHT.
VALUES ARE GIVEN IN BOTH METERS(M) AND
FEET(FT).

PER - PERIOD OF TIME IN MINUTES{MIN) FROM ONE
WAVE TO THE NEXT.

EVALUATION

SEA LEVEL READINGS CONFIRM THAT A TSUNAMI HAS
BEEN GENERATED WHICH COULD CAUSE WIDESPREAD
DAMAGE. AUTHCRITIES SHOULD TAKE APPRCPRIATE
ACTION IN RESPONSE TO THIS THREAT. THIS CENTER
WILL CONTINUE TO MONITOR SEA LEVEL DATA TO
DETERMINE THE EXTENT AND SEVERITY OF THE THREAT.

A TSUNAMI IS A SERIES OF WAVES AND THE FIRST WAVE
MAY NOT BE THE LARGEST. TSUNAMI WAVE HEIGHTS
CANNOT BE PREDICTED AND CAN VARY SIGNIFICANTLY
ALONG A COAST DUE TO LOCAL EFFECTS. THE TIME
FROM ONE TSUNAMI WAVE TO THE NEXT CAN BE FIVE
MINUTES TO AN HOUR, AND THE THREAT CAN CONTINUE
FOR MANY HOURS AS MULTIPLE WAVES ARRIVE.

FOR ALL AREAS - WHEN NO MAJOR WAVES ARE
OBSERVED FOR TWO HOURS AFTER THE ESTIMATED
TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT
OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL
AUTHORITIES CAN ASSUME THE THREAT IS PASSED.
DANGER TO BOATS AND COASTAL STRUCTURES CAN
CONTINUE FOR SEVERAL HOURS DUE TO RAPID
CURRENTS. AS LOCAL CONDITIONS CAN CAUSE AWIDE
VARIATION IN TSUNAMI WAVE ACTION THE  ALL CLEAR
DETERMINATION MUST BE MADE BY LOCAL
AUTHORITIES.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES AT
FORECAST POINTS WITHIN THE WARNING AND WATCH
AREAS ARE GIVEN BELOW. ACTUAL ARRIVAL TIMES MAY
DIFFER AND THE INITIAL WAVE MAY NOT BE THE
LARGEST. ATSUNAMI 1S A SERIES OF WAVES AND THE
TIME BETWEEN SUCCESSIVE WAVES CAN BE FIVE
MINUTES TO ONE HOUR.

LOCATION FORECAST POINT COORDINATES ARRIVAL TIME

CHILE VALPARAISO 33.08 71.6W 05502 10 JUL
TALCAHUANO 36.78 73.1W 06032 10 JUL
COQUIMBO 2098 71.3W 0610Z 10 JUL
CORRAL 39.88 73.5W 0621Z 10 JUL
CALDERA 27,18 70.8W 0631£ 10 JUL
ANTOFAGASTA 23.38 70.4W 06547 10 JUL
IQUIQUE 20.28 70.1W 0721Z 10 JUL
ARICA 18.58 70.3W 07382 10 JUL
GOLFO DE PENAS  47.1S 74.9W 07452 10 JUL
PUERTO MONTT 41.58 73.0W 0903210 JUL
EASTER IS. 27.18 1094w 1001Z 10 JUL
PUNTAARENAS 53.28 709W  1024Z 10 JUL
PUERTO WILLIAMS 5485 68.2W 1215Z 10 JUL

*NOTE: ALL STATIONS ARE NOT LISTED IN THIS SAMPLE

BULLETINS WILL BE I1ISSUED HOURLY OR SOONER IF
CONDITICNS WARRANT. THE TSUNAM! WARNING WiLL
REMAIN IN EFFECT UNTIL FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER
WILL ISSUE PRODUCTS FOR ALASKA..BRITISH
COLUMBIA.. WASHINGTON...OREGON...CALIFORNIA.

OPERATIONAL USERS Gumﬁ’f "
TSUNAMI WARNING SYSTEM ) ™

The Gwde includes "a

procedures, including monltenﬁg ant f jof
data networks that are u§ed by the W.

also be included.
Communications Plan for th

PTWC anD WC/A'I'WC

Established in 1949, the Ricrjard
Pacific Tsunami Warning Center (!
Beach, Hawaii, serves as the warn

monltorlng and evaluatmg Py
tsunamlgenlc earthquakes .It"




(http v www,orh noaa. :qov/ptwc)
Zweatwe.arh. noaa govo

W :C PTWS message issued initially using
ismic information to alert countries of the

hourgwill be ptaced in a Watch status. Additional
iifefins- will be issued hourly or sooner until

8§ a'Pacific-wide tsunami is confirmed or no
rth rtsunaml threatemsts

g

*2  COLOMBIA TUMACO
QP-/

SAMPLE: Expanding Regional Tsunami Warning
and Watch (initial)

TSUNAMI BULLETIN NUMBER 001
PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS
ISSUED AT 08212 10 JUL 2008

THIS BULLETIN APPLIES TO AREAS WITHIN AND
BORDERING THE PACIFIC OCEAN AND ADJACENT
SEAS...EXCEPT ALASKA.. BRITISH COLUMBIA...
WASHINGTON...OREGON AND CALIFORNIA,

... ATSUNAMI WARNING AND WATCH ARE IN EFFECT ...
A TSUNAM! WARNING IS IN EFFECT FOR

CHILE / PERU

ATSUNAMI WATCH IS IN EFFECT FOR

ECUADOR / COLOMBIA

FOR ALL OTHER AREAS COVERED BY THIS BULLETIN...
IS FOR INFORMATION ONLY AT THIS TIME.

THIS BULLETIN IS ISSUED AS ADVICE TO GOVERNMENT
AGENCIES. ONLY NATIONAL AND LOCAL GOVERNMENT
AGENCIES HAVE THE AUTHORITY TO MAKE DECISIONS
REGARDING THE OFFICIAL STATE OF ALERT IN THEIR
AREAAND ANY ACTIONS TO BE TAKEN IN RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE
PRELIMINARY PARAMETERS

ORIGIN TIME - 0808Z 10 JUL 2008

COORDINATES - 35.2 SOUTH 75.1 WEST DEPTH - 40 KM
LOCATION - OFF COAST OF CENTRAL CHILE
MAGNITUDE - 8.2

EVALUATION

IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED.
THIS WARNING IS BASED ONLY ON THE EARTHQUAKE
EVALUATION. AN EARTHQUAKE OF THIS SIZE HAS THE
POTENTIAL TO GENERATE A DESTRUCTIVE TSUNAMI
THAT CAN STRIKE COASTLINES NEAR THE EPICENTER
WITHIN MINUTES AND MORE DISTANT COASTLINES
WITHIN HOURS. AUTHORITIES SHOULD TAKE
APPROPRIATE ACTION IN RESPONSE TO THIS
POSSIBILITY. THIS CENTER WILL MONITOR SEA LEVEL
DATA FROM GAUGES NEAR THE EARTHQUAKE TO
DETERMINE IF A TSUNAMI WAS GENERATED AND
ESTIMATE THE SEVERITY OF THE THREAT. ESTIMATED
INITIAL TSUNAMI WAVE ARRIVAL TIMES AT FORECAST
POINTS WITHIN THE WARNING AND WATCH AREAS ARE
GIVEN BELOW. ACTUAL ARRIVAL TIMES MAY DIFFER AND
THE INITIAL WAVE MAY NOT BE THE LARGEST. A TSUNAMI
IS A SERIES OF WAVES AND THE TIME BETWEEN
SUCCESSIVE WAVES CAN BE FIVE MINUTES TO ONE
HOUR.

IT

LOCATION FORECASTPOINT COORDINATES  ARRIVAL TIME

CHILE VALPARAISO 33.05 71.6W 0850Z 10 JUL
TALCAHUANO 36.78 73.1W 0803Z 10 JUL
COQUIMBO 29.98 7T1.3W 09102 10 JUL
CORRAL 39.85 73.5W 09212 10 JUL
CALDERA 27.15 70.8W 0931Z 10 JUL
ANTOFAGASTA 23.35 704W 0054Z 10 JUL
IQUIQUE 20.28 70.4W 1021Z 10 JUL
ARICA 18.55 70.3W 1038Z 10 JUL
GOLFO DE PENAS  47.1S 74.9W 1045Z 10 JUL
PUERTO MONTT 41,58 73.0W 1203Z 10 JUL
EASTERIS. 27.1S 109.4W 1301Z 0 JUL
PUNTA ARENAS 53.25 70.9W 13242 10 JUL

PERU MOLLENDO 17.18 72.0W 1045Z 10 JUL
SAN JUAN 15.35 75.2W 1102Z 10 JUL
LA PUNTA 1218 77.2W 115852 10 JUL
PIMENTAL 6.95 80.0W 1223Z 10 JUL
TALARA 4.65 81.5W 1236Z 10 JUL
CHIMBOTE 9.08 78.8W 12427 0 JUL

ECUADOR LALIBERTAD 2.28 81.2W 1312Z 10 JUL
ESMERELDAS 1.2N 79.8W 1343Z 10 JUL
BALTRAIS. 0.55 90.3wW 14152 10 JUL

1.8N 78.9W 1402Z 10 JUL



BULLETINS WILL BE ISSUED HOURLY OR SOONER IF
CONDITIONS WARRANT. THE TSUNAMI WARNING AND
WATCH WILL REMAIN IN EFFECT UNTIL FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER
WILL ISSUE PRODUCTS FOR ALASKA.... BRITISH
COLUMBIA.. WASHINGTON...OREGON... CALIFORNIA.

SAMPLE: Expanding Regional Tsunami Warning
and Watch (cancellation)

TSUNAMI BULLETIN NUMBER 004
PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS
ISSUED AT 1052Z 10 JUL 2008

THIS BULLETIN APPLIES TO AREAS WITHIN AND
BORDERING THE PACIFIC OCEAN AND ADJACENT
SEAS...EXCEPT ALASKA...BRITISH COLUMBIA...
WASHINGTON...OREGON AND CALIFORNIA,

... TSUNAMI WARNING CANGELLATION ...

THE TSUNAMI WARNING AND/OR WATCH ISSUED BY THE
PACIFIC TSUNAMI WARNING CENTER IS NOW CANCELLED
FOR

CHILE / PERU / ECUADOR / COLOMBIA / ANTARCTICA /
PANAMA / COSTA RICA / PITCAIRN / NICARAGUA /
HONDURAS / FR. POLYNESIA / EL SALVADOR /
GUATEMALA / MEXICO

THIS BULLETIN IS ISSUED AS ADVICE TO GOVERNMENT
AGENCIES. ONLY NATIONAL AND LOCAL GOVERNMENT
AGENCIES HAVE THE AUTHORITY TO MAKE DECISIONS
REGARDING THE OFFICIAL STATE OF ALERT IN THEIR
AREA AND ANY ACTIONS TO BE TAKEN IN RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE
PRELIMINARY PARAMETERS

ORIGIN TIME - 0809Z 10 JUL 2008

COORDINATES - 35.2 SOUTH 75.1 WEST DEPTH - 40 KM
LOCATION - OFF COAST OF CENTRAL CHILE
MAGNITUDE - 8.3

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE
ACTIVITY

GAUGE LOCATION LAT LON TIME AMPL FER

JUAN FERNANDEZ  33.65 78.8W 1040Z 0.33M/1.1FT 2Z3MIN

VALPARAISO CL 33.08 71.6W 10112 0.53M/1.7FT 19MIN
SAN ANTONIC CL 33.6S 71.6W 09482 0.52M /7 1.7FT 18MIN
TALCAHUANO CL 36.78 73.1W 08232 0.95M/3.1FT 22MIN

LAT - LATITUDE (N-NORTH, S-SOUTH)

LON - LONGITUDE (E-EAST, W-WEST)

TIME - TIME OF THE MEASUREMENT (Z IS UTC IS
GREENWICH TIME)

AMPL - TSUNAMI AMPLITUDE MEASURED RELATIVE TO
NORMAL SEA LEVEL.
IT IS ...NOT... CREST-TO-TROUGH WAVE HEIGHT.
VALUES ARE GIVEN IN BOTH METERS(M) AND
FEET(FT).

PER - PERIOD OF TIME IN MINUTES(MIN) FROM ONE
WAVE TO THE NEXT.

EVALUATION

SEA LEVEL READINGS INDICATE A TSUNAMI WAS
GENERATED. IT MAY HAVE BEEN DESTRUCTIVE ALONG
COASTS NEAR THE EARTHQUAKE EPICENTER. FOR
THOSE AREAS - WHEN NO MAJOR WAVES ARE
OBSERVED FOR TWO HOURS AFTER THE ESTIMATED
TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT
OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL
AUTHORITIES CAN ASSUME THE THREAT IS PASSED.
DANGER TO BOATS AND COASTAL STRUCTURES CAN
CONTINUE FOR SEVERAL HOURS DUE TO RAFID
CURRENTS. AS LOCAL CONDITIONS CAN CAUSE AWIDE
VARIATION IN TSUNAMI WAVE ACTION THE  ALL CLEAR

DETERMINATION MUST BE MADE BYLOCAL,
AUTHORITIES. o T
NO TSUNAMI THREAT EXISTS FOR OTHER GOAGTA;
AREAS IN THE PACIFIC ALTHOUGH SOME/QTHER,

MAY EXPERIENCE SMALL SEA L EVEL CHANOES. o
TSUNAMI WARNING iS NOW CANCELLI;E“P@. A
COVERED BY THIS CENTER. . .

THIS WILL BE THE FiNAL BULLETIN' ISSUED FOR THE
EVENT UNLESS ADDITIONAL INFQRMATION BECOM
AVAILABLE, RN 4 g

THE WEST COAST/ALASKA TSUNAMI WARNING
WILL ISSUE PRODUCTS FOR ALASKA...BRITISH™ 2.
COLUMBIA.. WASHINGTON.. OREGON CALIFO \

only seismic information to alert alf pa’ﬁ_c
the possibility of a tsunami: sand advis
tsunami investigation is undgrway T
placed in a Tsunami W&enis

encompasses coastal reglons WIthln?IIgU

SAMPLE:
(initial)
TSUNAMI BULLETIN NUMBER 001"

PACIFIC TSUNAMIWARNING CENTE.| fNOAAINW
ISSUEDAT 15567 14 NOV 2007

THIS BULLETIN APPLIES TO AR 28 A

Fixed Reglonal T_suna. g

BORDERING THE PACIFIC OCEAN AND
SEAS...EXCEPTALASKA...BRITISH GOLU
WASHINGTON.. -OREGONAND CALIFORNIA.

.. ATSUNAMI WARNING IS IN EFFECT
ATSUNAMIWARNING ISINEFFECT FOR
CHILE/PERU 'se?

FORALLOTHERAREAS COVERED BY THIS BULL
FOR INFORMATION ONLYATTHISTIME )

THIS BULLETIN IS ISSUED AS ADVICE T VER
AGENCIES. ONLY NATIONAL AND: LOCAL. , :

AGENCIES HAVE THE AUTHORITY. TO MAK
REGARDING THE OFFICIAL STATE QF ALERT.

AN EARTHQUAKE HAS OCCURRE )
PRELIMINARY PARAMETERS 3

ORIGINTIME - 15412 14 NOV 2007

DEPTH-59KM
LOCATION - NORTHERN CHILE
MAGNITUDE-7.7 i

EVALUATION i : -
ITISNOT KNOWN THATATSUNAMI WAS GENE RAI




: ITHIN MINUTES TO HOURS. AUTHORITIES IN
ION- s"i-touu:: TAKE APPROPRIATE ACTION IN
@NSE TO THIS POSSIBILITY. THIS CENTER WILL
R-SEALEVEL GAUGES NEAREST THE REGION AND
T-IF ANY TSUNAM] WAVE ACTIVITY IS OBSERVED.
YARNING WILL NOT EXPAND TO OTHER AREAS OF
THE PACIFIC UNLESS ADDITIONAL DATAARE RECEIVED TO

ARRANT SUCHAN EXPANSION.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES AT
OREE®AST POINTS WITHIN THE WARNING AND WATCH
REAS ARE GIVEN BELOW: ACTUAL ARRIVAL TIMES MAY
IFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST.
UJAMI IS ASERIES OF WAVES AND THE TIME BETWEEN
ucg SSIVE WAVES GAN BE FIVE MINUTES TO ONE

' FORECAST COORDINATES  ARRIVAL
o f,;;meT TIME
F,AGASTA '23.38 70.4W  1612Z14NOV
“IQUIQUE v -20.28 70.1W 16252 14NOV
" CALDERA A [27.1S TOBW 16422 14NOV
ARICA 1855 70.3W  1643Z 14 NOV
qpun’ao 20.95 71.3W  1704Z14NOV
MOLLENDO 17.18 720W  1650Z 14NOV
1536 762W 1706214 NOV

SAN JUAN
: 3

FIONS WARRANT. THE TSUNAMI WARNING WILL
{IN EFFECT UNTIL FURTHER NOTICE.

WEST COAST/ALASKA TSUNAMI WARNING CENTER

ML_B}JLI,{ETIN NUMBER 002
Y TLNAMI WARNING CENTER/NOAA/NWS
1T-16867 14,NOV.2007

' *ETIN A'PPuEs TO AREAS WITHIN AND
ERING THE PACIFIG OCEAN AND ADJACENT
EXCHPT ALASKA.BRITISH COLUMBIA...
G‘Rf)N.. OREGON AND CALIFORNIA.

1w- ARNING ANDIOR WATCH ISSUED BY THE
‘I;éUNAMI WARNTNG CENTER IS NOW
TED FOR :

IES HAVE THE AUTHORITY TO MAKE DECISIONS
NG-THE-OFFICIAL STATE OF ALERT IN THEIR
qAWYACTIONS TO BE TAKEN IN RESPONSE.

GAUG LOCATION LAT LON  TIME AMPL. PER

LAT - LATITUDE (N-NORTH, $-SOUTH)

LON - LONGITUDE (E-EAST, W-WEST)

TIME - TIME OF THE MEASUREMENT (Z IS UTC IS
GREENWICH TIME)

AMPL - TSUNAMI AMPLITUDE MEASURED RELATIVE
TO NORMAL SEA LEVEL. ITIS ..NOT...
CREST-TO-TROUGH WAVE HEIGHT. VALUES
ARE GIVEN IN BOTH METERS{M) AND
FEET(FT).

PER - PERIOD OF TIME IN MINUTES{MIN) FROM
ONE WAVE TO THE NEXT.

EVALUATION

SEA LEVEL READINGS INDICATE A TSUNAMI WAS
GENERATED. IT MAY HAVE BEEN DESTRUCTIVE ALONG
COASTS NEAR THE EARTHQUAKE EPICENTER. FOR
THOSE AREAS - WHEN NO MAJOR WAVES ARE
OBSERVED FOR TWO HOURS AFTER THE ESTIMATED
TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT
OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL
AUTHORITIES CAN ASSUME THE THREAT IS PASSED.
DANGER TO BOATS AND COASTAL STRUCTURES CAN
CONTINUE FOR SEVERAL HOURS DUE TO RAPID
CURRENTS. AS LOCAL CONDITIONS CAN CAUSE A WIDE
VARIATION IN TSUNAMI WAVE ACTION THE ALL CLEAR
DETERMINATION MUST BE MADE BY LOCAL
AUTHORITIES.

PTWC HAS RECEIVED A REPORT FROM CHILE THAT NO
SIGNIFICANT TSUNAMI WAVE ACTIVITY HAS BEEN
OBSERVED.

NO TSUNAMI THREAT EXiISTS FOR OTHER COASTAL
AREAS IN THE PACIFIC ALTHOUGH SOME OTHER AREAS
MAY EXPERIENCE SMALL SEA LEVEL CHANGES. THE
TSUNAMI WARNING |S NOW CANCELLED FOR ALL AREAS
COVERED BY THIS CENTER.

THIS WILL BE THE FINAL BULLETIN ISSUED FOR THIS
EVENT UNLESS ADDITIONAL INFORMATION BECOMES
AVAILABLE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER
WILL ISSUE PRODUCTS FOR ALASKA...BRITISH
COLUMBIA...WASHINGTON... OREGON...CALIFORNIA.

TSUNAMI BULLETIN BOARD (TBB)

TBB is an ITIC-sponsored e-mail service that
provides an open, objective scientific forum for
the posting and discussion of news and
information retating to tsunamis and tsunami
research. The ITIC provides the service to
tsunami researchers and other technical
professionals for the purpose of facilitating the
widespread dissemination of information on
tsunami events, current research investigations,
and announcements for upcoming meetings,
publications, and other tsunami-related
materials. Allmembers of the TBB are welcome to
contribute. Messages are immediately broadcast
without modification. The TBB has been very
useful for helping to rapidly organize post-
tsunami surveys, for distributing their results, and
for planning tsunami workshops and symposia.
Members of the TBB automatically receive the
tsunami bulletins issued by the PTWC,
WC/ATWC, and JMA.



TSUNAMI EMERGENCY RESPONSE (TER)

Tsunami Emergency Response (TER) describes
the actions taken to ensure public safety by
responsible agencies after notification by the
Tsunami Warning Focal Point (TWFP), typically
the national Tsunami Warning Centre. It includes
Standard Operating Procedures and Protocols
for emergency response and action,
organizations and individuals involved and their
roles and responsibilities, contact information,
fimeline and urgency assigned to action, and
means by which both ordinary citizens and
special needs populations {physically or mentally
handicapped, elderly, fransienf, and marine
populations) will be alerted. For tsunami
response, emphasis is placed on the rapidness,
efficiency, conciseness, and clarity of the actions
and instructions to the public. A Tsunami
Emergency Response Plan should also include
post-tsunami actions and responsibilities for
search and rescue, relief, rehabilitation, and
recovery.

TSUNAMI INFORMATION BULLETIN (TIB)

TWC message product advising the occurrence
of a major earthquake with an evaluation that
there is either. a) no widespread tsunami threat
but the small possibility of a local tsunami or b)
there is no tsunami threat at all that indicates
there is no tsunami threat.

SAMPLE: Tsunami Information Bulletin

TSUNAMI BULLETIN NUMBER 001
PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS
ISSUED AT 02227 05 JUL 2008

THIS BULLETIN APPLIES TO AREAS WITHIN AND
BORDERING THE PACIFIC OCEAN AND ADJAGENT
SEAS...EXCEPT ALASKA...BRITISH COLUMBIA...
WASHINGTON...OREGON AND CALIFORNIA.

... TSUNAMI INFORMATION BULLETIN ...
THIS BULLETIN IS FOR INFORMATION ONLY.

THIS BULLETIN 1S ISSUED AS ADVICE TO GOVERNMENT
AGENCIES. ONLY NATIONAL AND LOCAL GOVERNMENT
AGENCIES HAVE THE AUTHORITY TO MAKE DECISIONS
REGARDING THE OFFICIAL STATE COF ALERT IN THEIR
AREAAND ANY ACTIONS TO BE TAKEN IN RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE
PRELIMINARY PARAMETERS

ORIGIN TIME - 02122 05 JUL. 2008
COORDINATES - 53.8 NORTH 153.2 EAST
DEPTH - 550 KM

LOCATION - SEA OF OKHOTSK
MAGNITUDE - 7.6

EVALUATION R
ADESTRUCTIVE TSUNAMI WAS NOT GENE
ON EARTHQUAKE AND HISTORICAL TSUNARI DAT2:
THIS WILL BE THE ONLY BULLETIN 1.85“(1&6&?0@?1‘%
EVENT UNLESS ADDITIONAL INFORMATION BEGOME
AVAILABLE. R

THE JAPAN METEOROLOGICAL AGENCY MAY'R SOIEBU
TSUNAMI MESSAGES FOR THIS EVENT}ro COUNTRIBS |
THE NORTHWEST PACIFIC AND SPUTH CHINA SEA
REGION. IN CASE OF CONFLICTING INFORMATIO!
MORE CONSERVATIVE INFORMATION SHOULD BEW
FOR SAFETY. 3 B

THE WEST COAST/ALASKA TSUNAMI WARNING, @£
WILL ISSUE PRODUCTS FOR ALASKA.. BRITISE 3"
GOLUMBIA...WASHINGTON...OREGON... CALIFORNIA

Vi

TSUNAMI WARNING

issued by the TWCs due“to confirmatio
destructive tsunami wave of the threat:of
imminent tsunami. Initially the, warnings-far
based only on seismic infSrmation with
tsunami confirmation as a means of providin
earliest possible alert to. at-risk populat
Warnings initially place-a restricted.
condition that requires all:coastel”#re
region to be prepared for~iminel
Subsequent text products are fissued
hourly or as conditions warrant tc
expand, restrict, or end the warming+
atsunami has been confirmed'which could
damage at distances greater'gﬁ_éan‘T,OOQﬁj_

ay be.extende

the epicentre, the warning ma
larger area. o

TSUNAMI WARNING cmmz (T

Centre that issues timely tsunami.
messages. The messages can be ifiform
watch, or warning messages, and aig b
the available seismological and sea (gvel
evaluated by the TWC, or on fevaluath
received by the TWC from othef mg

agencies. The messages are adyis
official designated emergency
agencies. Regional TWCs monitog
tsunami information to Membér
potential ocean-wide tsunamis usi 'g_‘\g!g'b‘
networks, and can often issue melgage
10-20 minutes of the earthquake. "Loe3
monitor and provide tsunami -information§-
pofential local tsunamis thajt,will-‘-:s_trrike i
minutes. Local TWCs must have - :
continuous, real-time, derise_ly’i—js|f>_;=;i‘<:$.i§;!|




“order- to characterize the

& s the Pacific Tsunami Warning Center,
prowdes mternat(onal tsunami warnings

Al WARNING CENTRE PRODUCTS
} :Warning Centres issue four basic types
ssages: 1) information bulletins when a

s ri'éﬁm; threat; 2) local, regional, or ocean-
3 and warnlng bulletlns when there is

to r'eg"fjlérly exercise the system. Initial
aluatlons ‘and messages are based
_-e'faster arrlvmg seismic information,
hquake Iocatlon magnltude and

tlon Watch and Warning Bulletins are
fed - regularly, .or as needed, or cancelled

él Fixed Tsunami Warning Bulletin,
ng- Cancellation Bulletin, Tsunami
fo matlon Bulletin, and Tsunami

Al WATCH -
d hlghest level of tsunaml alert

' '(TWCS) based on seismic mformatlon

&

S

" 32’

without destructive tsunami confirmation. The
watch is issued as a means of alerting the
affected populations located, for example, one to
three hours tsunami trave! time beyond the
warned area. Subsequent text products are
issued at least hourly to expand the watch and
warning area, upgrade all areas to a warning, or
cancel the watch and warning. A Tsunami Watch
may be included in the text of the message that
disseminates a Tsunami Warning.

United Nations Educational, Scientific and
Cultural Organization. Established in 1945,
UNESCO promotes international cooperation
among its Member States in the fields of
education, science, culture and communication.
Today, UNESCO works as a laboratory of ideas
and standard setter to forge universal
agreements on emerging ethical issues. The
Organization also serves as a clearinghouse that
disseminates and shares information and
knowledge, while helping Member States to build
their human and institutional capacities in diverse
fields. The UNESCO Constitution states, “Since
wars begin in the minds of men, it is the minds of
men that the defenses of peace must be
constructed.” (http://www.unesco.org/)

WDC

World Data Center. The WDC system was
created to archive and distribute data coliected
from the observational programmes of the 1957-
1958 International Geophysical Year. Originally
established in the United States, Europe, Russia,
and Japan, the WDC system has since expanded
to other countries and to new scientific
disciplines. The WDC system now includes 52
Centresin 12 countries. NGDC is co-located with
the World Data Center for Geophysics and
Marine Geclogy which combines the
responsibilities of the former WDC-Marine
Gedology and Geophysics and WDC-Solid Earth
Geophysics into a single new data center that
manages global geophysical, sea floor, and
natural hazards data. These data cover time
scales ranging from seconds to millennia and
they provide baseline information for research in
many disciplines.
(http.//iwww.ngdc.noaa.gov/wdc/wdcmain. htmi)




BB NOGRARHVANEES

GENERAL
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