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Indian Ocean tsunami the most damaging ever?
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Tsunamis after impacts
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So we expect
earthquakes in
this region, but
why was this so
large (M = 9.3 !)
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Wave Velocity = √(gd)

Open Ocean =
800 - 1000 km/hr
(550 mph)



Wave motions



Why do waves break?





Wave motion



Formation of a tsunami





Tsunamis

• In the open ocean (i.e., deep water) height is usually 

less than 1 meter (3 feet)

• In shallower coastal waters the water piles up to 

heights that occasionally exceed 30 meters 

(90 feet) 



Equations for tsunami waves

V =     g  •  d

As           Vd

Ad          Vs

=

Velocity (speed) of a tsunami wave:

Amplitude (height) of a tsunami wave:

g = gravity = 9.81 m/s2

d = water depth (m)

As = amplitude of wave in shallow water
Ad = amplitude of wave in deep water
Vs = velocity of wave in shallow water
Vd = velocity of wave in deep water

V in deep water (4000 m) = 443.5 mph
V in shallow water (1 m) = 7.0 mph

A in deep water (3000 m) = 6.6 feet
A in shallow water (1 m) = 48.8 feet
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“Tsunamigrams” 
(Tide Gauges)
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Tsunami Heights in the Open Ocean
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Can weCan we
Learn fromLearn from
thisthis
Disaster?Disaster?

Maintain The WorldMaintain The World’’s Attentions Attention
Develop Global Warning SystemDevelop Global Warning System
Develop Global Education PlansDevelop Global Education Plans



The January 27, 1700
Cascadia Earthquake/Tsunami





Tsunami warning signs on Washington state beaches





Makah Legend (as accounted by Swan, 1868)
The only tradition that I have heard respecting any migratory movement among the Makahs, is
relative to a deluge or flood which occurred many years ago, but seems to have been local, and to
have had no connection with the Noachic deluge which they know nothing about, as a casual visitor
might suppose they did, on hearing them relate the story of their flood. This I give as stated to
me by an intelligent chief; and the statement was repeated on different occasions by several
others, with a slight variation in detail.
  
 "A long time ago," said by informant, "but not at a very remote period, the
water of the Pacific flowed through what is now the swamp and prairie
between Waatch village and Neeah Bay, making an island of Cape Flattery.
The water suddenly receded leaving Neeah Bay perfectly dry. It was four
days reaching it lowest ebb, and then rose again without any wave or
breakers, till it had submerged the Cape, and in fact the whole country,
excepting the tops of the mountains at Clyoquot. The water on its rise
became very warm, and as it came up to the houses, those who had canoes
put their effects into them, and floated off with the current, which set very
strongly to the north. Some drifted one way, some another; and when the
waters assumed their accustomed level, a portion of the tribe found
themselves beyond Nootka, where their descendants now reside, and are
known by the same name as the Makahs in Classett, or Kwenaitchechat.
Many canoes came down in trees and were destroyed, and numerous lives
were lost. The water was four days regaining its accustomed level."



On Jan. 27, 1700 -- several hours after the last big
quake on the Oregon coast, Japanese researchers have
found written records of a tsunami that struck a coastal
village about 300 miles northeast of Tokyo:

 "At midnight . . . a tsunami struck
Kuwagasaki village. . . . Villagers went to
hills. Fires broke out and 20 houses were
burned. In addition, 13 houses were reported
to have been destroyed by the tsunami.
Because the tsunami and fires happened at
the same time, villagers were unable to move
anything, let alone furniture or tools. . . .
Also, for those who lost houses, the officer in
charge of the hills made an official request
for timber" to build temporary shelters.





Seismicity in Japan vs. California







Japanese tsunami wall



Tsunami Generated by 1946 Earthquake
Aleutian Islands, Alaska

A magnitude 8.0 (Mw) earthquake generated a
tsunami that destroyed the five-story

lighthouse, located 9.8 m above sea level.

All five occupants were killed. The waves
deposited debris as high as 35 m above the sea.









1946

Island of Hawaii, about 3,800 km from the
generating area. In this area east of Hilo,

Hawaii, waves were 6.1 m high

The maximum rise of water was almost 8 m in
Hilo and as much as 12 m in other areas.





Hilo

Zone 4

Zone 3 - 15 feet
Zone 4 - 30 feet
Zone 5 - 50 feet











1960 Hilo, Hawaii tsunami



Local Tsunami



Note that
high waves
continue
for hours
after event
e.g.
Crescent
City 1964


