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What is a tsunami?
How does a tsunami wave act?

NESCO/IOC-NOAA

ITIC
o4 International Tsunami Information Center



What is a tsunami?

- Japanese for “harbor
wave”. No connection
with tides. Not a tidal

wave.

« Series of long-period
waves that may continue
for hours. 15t wave may
not be largest.

F. Gonzalez, NOAA, Tsunamil! In Scientific American, 1999
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Tsunamis — Wavelength & _
Period

ripples

e

N~ "~ | Wavelength: Distance Between Wave Crests
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Period: Time Interval Between Wave Crests
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Tsunamis Are Long Waves: Wavelength >> Water Depth
Tsunamis Have Long Periods: Smins to over 60mins




Tsunamis - Wave Height “gs
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Tsunamis - How fast

For Long Waves, Like Tsunamis
Wave Speed =/gH
g = acceleration of gravity
= 9.81 meters / second?
H = water depth

If water depth is
5500 meters, then

Speed =J9.81 x 5500 m?/s2
= 232 m/s
= 519 miles/hour!
about 835 km/hour
=> Speed of a Jetliner!




Tsunamis - Propagation
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Tsunamis - Propagation

In deep water, tsunamis are non destructive but
propagate with the speed of a jetliner

Have long wavelengths ... (on the order of 100’s of km)

Have long Periods.... (on the order 10’s of minutes)

Only become destructive when they enter shallow water.

=> This is because the tsunami slows down, causing the
wavelength to shorten while energy is mostly
conserved




How are tsunamis generated?

ITIC UNESCO/IOC-NOAA

o4 International Tsunami Information Center



How are tsunamis generated?

Created by an abrupt displacement of the ocean, such as from

« Shallow, undersea earthquakes (most common)
Underwater or sub-aerial landslides (less common)

Volcanic eruptions (infrequently)

Meteor impact (rarely)
Weather Phenomena (?)

Subduction Zone Tsunami

TIC UNESCO/IOC-NOAA

1
o9 International Tsunami Information Center



TSUNAMI GENERATION AROUND PACIFIC RIM

MOST TSUNAMI
TRANSFORM
SPREADING  FAULT GENERATED HERE
RIDGE TRENCH

EARTHQUAKES




DANGEROUS EARTHQUAKES & TSUNAMIS

Click for video
EQ-Tsunam1901-2021
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DANGEROUS EARTHQUAKES & TSUNAMIS

O 80% caused by earthquakes
O Shallow, undersea/near coast
O Magnitude 8+ (M7+)

UNESCO/IOC-NOAA SHOA ——
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DEADLY TSUNAMIS — GLOBAL (1620 B.c to AD. 2022)

NOAA/NCEI WDS Tsunami Source Events
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DEADLY TSUNAMIS — GLOBAL (1620 B.c to AD. 2022)

20% Japan
15% South Pacific Islands

7% North and Central America
7% South America

6% Asia

5% Russian Federation

5% Indonesia

4% Alaska
<1% Hawaii

M Pacific Ocean
B Mediterranean Sea

M Caribbean Sea
and Atlantic Ocean

M Indian Ocean

M Earthquake

W Earthquake
generated Landslide

M Volcanic Eruption
W Landslide
W Other
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DEADLY TSUNAMIS - DISTANT to LOCAL

O Most tsunamis are local (< 1 hr) or regional (1-3 hrs)

O Globally, 90% of deaths from local or regional tsunamis
(Pacific, 99% of deaths)

International Tsunami Information Centre
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Seismic and Tsunami Waves

Seismic waves
~36,000 Rph

Tsunaml Waves ~

_900Rph




Tsunami Warning Premise

*Most tsunamigenic
earthquakes occur in
subduction zones,
i.e., the ocean deeps.

Seismic waves travel
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What does a tsunami look like?

What does a tsunami do?
Why is a tsunami a hazard?

/|

e UNESCO/IOC-NOAA
o4 International Tsunami Information Center
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What does a tsunami look like?
« Rapidly rising/falling sea level
« Wall of water (not breaking surf wave)
« Receding wave (seafloor exposed)
 Fast flowing, debris-laden river

UNESCO/IOC-NOAA

94 International Tsunami Information Center



What does a tsunami look like?

Indian Ocean Tsunami, December 26, 2004

Thailand Video Indonesia Video

Asian Tsunami: Disaster of the Century, Asia-Pacific Broadcasting Union, 2005

ITIC UNESCO/IOC-NOAA

o4 International Tsunami Information Center



Indian Ocean Tsunami, December 26, 2004

UNESCO/IOC-NOAA
o9 International Tsunami Information Center

ITIC




High-tide, Arorae, Kiribati
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UNESCO/IOC-NOAA
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TSUNAMI TERMS - INUNDATION

Inundation line

«SuNAMI or limit

TSUNAMI T ‘

f Maximum water level
Inundation Height
Flow Depth  Tsunami Height

l RUN-UP
'

-

SHORELINE —___ ;
DATUM B

INUNDATION
HORIZONTAL FLOODING

DATUM is mean sea level Maximum Water Level may be
or mean low water at time located at shoreline or the inundation
tsunami attack. line or anywhere in between.



TSUNAMI TERMS - RUNUP

Inundation line
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RUNUP and INUNDATION

e Runup: height above sea level reached by water
e Inundation: how far inland water reaches



What does a tsunami do?

* Objects become battering rams

* Erode, scour, deposit mud
=Death, debris

=Structures/utilities collapse
=Fire, HAZMAT

UNESCO/IOC-NOAA

ITIC
o9 International Tsunami Information Center



What does a tsunami do?

* Quickly
Inundates
low-lying
areas

Banda Aceh,
Indonesia
Dec 26, 2004

 Flooding,
strong

currents
Pago Pago,
American Samoa
Sept 29, 2009

John Pughnat

ITIC UNESCO/IOC-NOAA

o9 International Tsunami Information Center
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Dr. Stuart A. Weinstein

Deputy Director, PTWC

Dr. Dailin Wang

Senior Oceanographer, PTWC
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Waves with short wavelengths are not sensed by the DARTs
Wavelength A = 10m < 100m

V‘hv‘l v‘h v‘hv"lv‘lvﬂa‘
If /D <<1

The mass excess and deficit contributions ,
D = 3km <= 8km of the crests and troughs of the wave cancel
at depth :

DART BPR




Waves with very long wavelengths can be detected by
Bottom Pressure Sensors (BPRs, like DARTS)

A ~ 500km

D = 3km <> 8km of the crests and troughs of the wave
do not cancel at depth

Tsunami

detector

DART BPR




