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Abstract

Tsunamis are gravity waves that propagate near the ocean surface. They belong to the same family as common sea
waves that we enjoy at the beach; however, tsunamis are distinct in their mode of generation and in their characteristic
period, wavelength, and velocity. The type of tsunamis that induce widespread damage number about one or two per
decade. Thus ‘‘killer tsunamis’’ although fearful, are a relatively rare phenomenon.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Until December of 2004, the phenomena of tsunami was not something on the minds of most of us. That changed on
the morning of December 24, 2004 when a earthquake of magnitude 9.1 occurred along the oceanic trench off the coast
of Sumatra in Indonesia. This large earthquake resulted in vertical displacement of the sea floor and generated a
tsunami that eventually killed 280,000 people and affected the lives of several million others. Although people living
on the coastline near the epicenter of the earthquake had little time or warning of the approaching tsunami, those living
farther away along the coasts of Thailand, Sri Lanka, India, and East Africa had plenty of time to move to higher
ground and escape. But, there was no tsunami warning system in place in the Indian Ocean, and although other tsunami
warning centers attempted to provide a warning, there was no effective communication system. Unfortunately, it has
taken a disaster of great magnitude to point out the failings of the world’s scientific community and to educate almost
every one about tsunami.

What is a Tsunami? The term tsunami comes from the Japanese language meaning harbor (‘‘tsu’’, ) and wave
(‘‘nami’’, or ). Although in Japanese tsunami is used for both the singular and plural, in English tsunamis is
well-established as the plural [24].

A tsunami is a very long-wavelength wave of water that is generated by sudden displacement of the seafloor or dis-
ruption of any body of standing water. They are sometimes called ‘‘seismic sea waves’’, although, as we will see, they
can be generated by mechanisms other than earthquakes.

Tsunami have also been called ‘‘tidal waves’’, but this term should not be used because they are not in any way
related to the tides of the Earth. Because tsunami occur suddenly, often without warning, they are extremely dangerous
to coastal communities. The most important thing to be learned about tsunamis is that they are waves.
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Specifically, they are water waves that form in the ocean caused by a huge displacement of water in the ocean, where
the depths of the water average 4 km.

Displacement of water following a huge release of energy from, say, an earthquakes, landslides, and volcanic activity
or a cosmic body impact creates a wave or a series of waves that have a wavelengths on the order of hundreds of kilo-
meters long. Although tsunamis usually have small amplitudes (on the order of 1 m), the volume of the water that gets
displaced and the speeds reached by these waves allow them to carry enough energy to wipe out towns and cities.

A water wave is a combination of both transverse and longitudinal waves. Some of the energy the winds create is
transfered to the water. This causes waves on the surface of the ocean (storm waves/sea surges). These are wind-driven
waves created on top of normal tides, and are often caused by hurricanes and cyclones. They reach 30–40 ft in height,
producing a constant pounding motion as opposed to the tsunami’s characteristic single huge wave.

Another important kind of the water waves is the seiche. This is the rhythmic vibration of water in an enclosed water
body. Water moves slowly back and froth from shore to shore in waves no higher than 5 ft. They are created by either
seismic action or storms.

Tsunami are characterized as shallow-water waves. These are different from the waves most of us have observed on a
the beach, which are caused by the wind blowing across the ocean’s surface.

Wind-generated waves usually have period (time between two successive waves) of five to twenty seconds and a
wavelength of 100–200 m.

A tsunami can have a period in the range of 10 min to 2 h and wavelengths greater than 500 km. A wave is char-
acterized as a shallow-water wave when the ratio of the water depth and wavelength is very small. The velocity V of
a shallow-water wave is also equal to the square root of the product of the acceleration of gravity, g, (10 m/s2) and
the depth of the water, d. This means that
V ¼
ffiffiffiffiffiffiffiffiffiffi
g � d

p

The rate at which a wave loses its energy is inversely related to its wavelength. Since a tsunami has a very large wave-

length, it will lose little energy as it propagates. Thus, in very deep water, a tsunami will travel at high speeds with little
loss of energy. For example, when the ocean is 6100 m deep, a tsunami will travel about 890 km/h, and thus can travel
across the Pacific Ocean in less than one day. As a tsunami leaves the deep water of the open sea and arrives at the
shallow waters near the coast, it undergoes a transformation. Since the velocity of the tsunami is also related to the
water depth, as the depth of the water decreases, the velocity of the tsunami decreases. The change of total energy
of the tsunami, however, remains constant.

There is an average of two destructive tsunami per year in the Pacific basin. Pacific wide tsunami are a rare phenom-
enon, occurring every 10–12 years on the average. Most of these tsunami are generated by earthquakes that cause dis-
placement of the seafloor, but, as we shall see, tsunami can be generated by volcanic eruptions, landslides, underwater
explosions, and meteorite impacts [1].
2. Tsunamis from physical point of view

Tsunamis have intrigued us, and frightened us, ever since the existence of the phenomena become known. Further-
more, the most recent disaster (December 2004) has taught us that, even the age of almost immediate world-wide aware-
ness, and modern scientific skills, we are unable to predict the occurrence of a tsunami and suitably prepare for its
arrival. However, we are able to use appropriate fundamental equations of fluid mechanics, together with some care-
fully chosen modelling, to construct a theory, and asymptotic solutions, for this phenomenon. This will enable us to
highlight the essential mechanisms that exist, and to identify the factors that govern, for example, the number of wave
fronts that appears at a shoreline.

A tsunami generally consists of a series of waves, often referred to as the tsunami wave train. The amount of time
between successive waves, known as the wave period, is only a few minutes; in some instances, waves are over an hour
apart. Many people have lost their lives after returning home in between the waves of a tsunami, thinking that the waves
had stopped coming.

The Japanese word tsunamis which has been translated as ‘‘harbor wave’’, now used internationally to refer to a
series of waves traveling across the ocean with extremely long wavelengths (up to hundreds of miles between wave crests
in the deep ocean). When these waves approach shore, the speed of the wave decreases as they begin to ‘‘feel’’ the
bottom. It is at this time that the height of the wave drastically increases. As the waves strike shore they may inundate
low-lying coastal areas resulting in mass destruction and in many instances loss of life. Often a tsunami is incorrectly
referred to as a tidal wave. Tidal waves are simply the periodic movement of water associated with the rise and fall of
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the tides produced by the gravitational attraction of the sun and moon. Tsunamis have no connection with the weather
nor with tides [25].

Oceanographers often refer to tsunamis as seismic sea waves as they are usually the result of a sudden rise or fall of a
section of the earth’s crust under or near the ocean. A seismic disturbance can displace the water column, creating a rise
or fall in the level of the ocean above.

This rise or fall in sea level is the initial formation of a tsunami wave. Tsunami waves can also be created by volcanic
activity and landslides occurring above or below the sea surface. These types of activity produce tsunamis with much
less energy than those produced by submarine faulting. The size and energy of these tsunamis dissipates rapidly with
increasing distance from the source, thus resulting in more local devastation.

Once generated, a tsunami wave in the open ocean can travel with speeds greater than 500 miles an hour. These
waves can travel across the Pacific Ocean in less than one day. Locally generated tsunamis can reach coast lines in just
minutes.

Tsunamis have been recorded in all the major oceans of the world. However, this phenomenon is mainly restricted
to the Pacific basin, an area surrounded by volcanic island arcs, mountain chains and subduction zones earning the
nickname the ‘‘ring of fire’’, as it is the most geologically active area on the planet. The amount of activity in this
region makes it much more susceptible to submarine faulting and subsequent tsunami events, whereas the Indian and
Atlantic oceans are far less geologically active, with some exceptions, and therefore the occurrence of tsunamis is
rare.

An important question arise: How is a tsunami wave different from a normal wave? The waves you see at the beach
are generated by wind blowing over the sea surface. The size of these waves depends on the strength of the wind creating
them and the distance over which it blows. Generally the distance between these waves, known as the wavelength,
ranges from a couple of feet to perhaps a thousand feet. The speed of these waves as they travel across the ocean ranges
from a few miles an hour up to 60 miles an hour in some instances. Tsunami waves resulting from physical mechanisms
behave much differently than wind generated waves. The magnitude of the disturbance causing the tsunami is the pri-
mary factor influencing the size and strength of the waves. The height of the wave when it is generated is very small,
usually less than a few feet. The distance between successive wave crests or the wavelength however, is much larger than
that of a normal wave and may be hundreds of miles apart. Depending on the depth of the water in which the tsunami is
traveling, it may attain speeds of up to 500 miles an hour.

Another rare event that may result from a tsunami is a standing wave or seiche. A seiche occurs in bodies of water
that are partially or completely enclosed, such as Hilo Bay, creating a standing wave that continually sloshes back and
forth. The appearance of a seiche would be very similar to what happens when you place a glass of water on the table;
the water rocks back and forth before settling. When a seiche is generated by a tsunami, subsequent tsunami waves may
arrive in unison with a seiche resulting in an increase in the drawdown in sea level and a dramatic increase in wave
height. Seiche waves may continue several days after a tsunami.

When a tsunami approaches a coastline, the wave begins to slow down and increase in height, depending on the
topography of the sea floor. Often the first signs of a tsunami are a receding water level caused by the trough of the
wave. In some instances though, a small rise in the water level just before the recession, has been observed. Regardless,
the incoming wave approaches much like the incoming tide though on a much faster scale. The maximum vertical
height to which the water is observed with reference to sea level is referred to as run-up. The maximum horizontal dis-
tance that is reached by a tsunami is referred to as inundation [4].

The wave height of a tsunami can be highly variable in a local area depending on the underwater topography,
orientation to the oncoming wave, the tidal level, and the magnitude of the tsunami. Because direct physical measure-
ment of a tsunami wave would be a life threatening event, the most common method for determining tsunami wave
height is by measuring the runup, the highest vertical point reached by the wave. Runup heights are measured by look-
ing at the distance and extent of salt-killed vegetation, and the debris left once the wave has receded. This distance is
referenced to a datum level, usually being the mean sea level or mean lower low water level. The reference to mean lower
low water is more significant in areas with greater tidal ranges such as in Alaska where a smaller tsunami wave can be
more devastating during a high tide than a larger wave at low tide [26].

When a tsunami is generated offshore the wave will behave as a shallow water wave. A shallow water wave is one
that travels through water having a depth less than 1/20 of its wavelength. Knowing that the average ocean depth is
roughly three miles, oceanographers can determine the speed of the tsunami, and calculate the time it will take to travel
between any two points.

This information has led to the development of travel-time charts that make it possible to predict the arrival time of
a tsunami wherever it is generated. Areas near the epicenter of earthquakes, landslides or volcanic activity are most
vulnerable to the effects of a tsunami as they cannot be properly warned by the Tsunami Warning Center of the coming
danger [2] (see Fig. 1).



Fig. 1. Plate subduction causes an undersea earthquake.

790 M.A. Helal, M.S. Mehanna / Chaos, Solitons and Fractals 36 (2008) 787–796
2.1. Some important concepts and illustrative questions

2.1.1. Some concepts about tsunamis

(1) When breaking occurs in very shallow water, the amplitude of tsunami waves grows to such an extent that typ-
ically an undulation appears on the long wave, which develops into a progressive bore.

(2) This turbulent front can be quite high and travel onto the beach at great speed. Then the front and the turbulent
current behind it move onto the shore, past buildings and vegetation until they are finally stopped by rising
ground. The water level can rise rapidly, typically from 0 to 3 m in 1.5 min.

(3) Trajectory of currents and their velocity are quite unpredictable, especially in the final stages because they are
sensitive to small changes in the topography, and to the stochastic patterns of the collapse of buildings, and
to the accumulation of debris such as trees, cars, logs, furniture.

(4) Dynamics of tsunami waves somewhat similar to dynamics of flood waves caused by dam breaking, dyke break-
ing or overtopping of dykes (cf. the recent tragedy of hurricane Katrina in August 2005).

(5) Research on flooding events and measures to deal with them may be able to contribute to improved warning and
damage reduction systems for tsunami waves in the areas of the world where these waves are likely to occur as
shallow surge waves.

(6) Longer waves travel faster than shorter waves (for gravity-induced surface water waves), but all very long waves
all travel at speed

ffiffiffiffiffi
gh
p

g: gravity, h: fluid depth.
(7) Korteweg and deVries derived their equation to describe the motion of long waves of moderate amplitude.
(8) The tsunami changes its shape primarily in shallower coastal waters, where h(x,y) decreases.
(9) A tsunami that is barely noticeable in the open ocean becomes deadly in coastal waters because:
c ¼
ffiffiffiffiffi
gh

p
� ðlocallyÞ; and wave volume is conserved
2.1.2. Illustrative answers for the most frequently asked questions

The following questions and answers were stated by Segur in [3]:
The first question

As a tsunami begins to evolve into a large-amplitude wave near shore, what controls the wave evolution?
This give the following answer

(i) c ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gðhðxÞ þ fðx; tÞÞ

p
for a long nonlinear wave;

(ii) conservation of wave volume;
(iii) wave reflection by the changing bathymetry.

The second question

Not all underwater earthquakes create tsunamis. What information about an earthquake determines whether it gen-
erates a tsunami?

This give the following answer

The time and place of the earthquake.
Claim: The volume of water displaced by the earthquake is the next most important piece of information about the

quake.
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The third question

Are there ‘‘immediate’’ seismic measurements of the earthquake that determine the volume of water displaced?
This give the following answer

(i) A ‘‘strike-slip fault’’ displaces very little water.
(ii) A ‘‘thrust fault’’ or a ‘‘normal fault’’ can displace much more water.

(iii) From historical records, geologists can classify known fault regions into one of these types.

The fourth question

Are there ‘‘immediate’’ seismic measurements of the earthquake that determine the volume of water displaced?
This give the following answer

– The displacement of the sea floor can be determined quite accurately from the magnitude, focal mechanism and
depth of the earthquake.

– The determination takes about 25 min after the main shock – the time taken for seismic waves to travel to the
world’s seismic array, plus about 10 s of computer time.

– Start with the seismic determination and then confirm the amplitude of the tsunami with a tide gage
measurement.

The fifth question

If a tsunami occurs, where and when will it reach shore?
This give the following answers

(1) Simplest approximate answer
Where? If there is a straight line from the epicenter of the quake to your beach, then you will experience some part of

the tsunami. (Sufficient, not necessary)
When? Until the tsunami reaches shallow coastal waters, c ¼

ffiffiffiffiffiffiffiffiffiffiffi
ghðxÞ

p
locally.
Total time : T ðxÞ ¼
Z x

0

dsffiffiffiffiffiffiffiffiffiffiffi
ghðsÞ

p along each path:
(2) More accurate answer:
Either solve the wave equation in 2-D, or use geometric optics with a spatially varying ‘‘index of refraction’’,ffiffiffiffiffiffiffiffiffiffiffi

ghðxÞ
p

.

Along each curve from the epicenter to your beach, the total propagation time along that path is
T ðxÞ ¼
Z x

0

dsffiffiffiffiffiffiffiffiffiffiffi
ghðsÞ

p

Minimize this for the warning system.
Note that the tsunami can diffract around objects.
The sixth question

The earthquake fault of December 2004 occurred over a 900 km long curve. Where and when does the tsunami reach
shore?

This give the following answer

Draw curves from each point along the fault to your beach. Along each curve, c ¼
ffiffiffiffiffiffiffiffiffiffiffi
ghðxÞ

p
.

Repeat the previous calculation, possible with different starting times.
(This is Huygens’ Principle from optics!) (see Fig. 2).
The seventh question

The formula c ¼
ffiffiffiffiffiffiffiffiffiffiffi
ghðxÞ

p
is wrong in shallow coastal waters, where the wave changes its shape and its amplitude

grows large. How to compute an arrival time that builds in this effect?
This give the following answer

The objection is valid. Correcting for the evolution in shallow coastal waters is important to predict the size and
shape of the wave that arrives, but it might not matter in estimating the arrival time (only) [3].



Fig. 2. A cross-section of the coast during a tsunami.
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2.1.3. The greatest historical catastrophes

Hereafter, we cite the most catastrophic tsunamis that had caused the maximum damaged. The following table
[http://www.tsunami-alarm-system.com/en/phenomenon-tsunami/phenomenon-tsunami_occurrences.html] illus-

trate the date, region, magnitude and casualties of each specific destructive tsunamis.
Date
 Sea region
 Affected region
 Mag.
 Maximum wave
height (m)
Casualties
17.06.2006
 Pacific
 Indonesia, Java
 7.7
 2.00
 700

26.12.2004
 Indian Ocean
 Indonesia, Off w. Coast of Sumatra
 9.0
 34.90
 283.100

23.06.2001
 Pacific
 Peru
 8.4
 7.00
 26

26.11.1999
 Pacific
 Vanuatu, Vanuatu Islands
 7.5
 6.00
 5

17.07.1998
 Pacific
 Papua New Guinea
 7.0
 15.00
 2.182

17.02.1996
 Indian Ocean
 Indonesia, Irian Jaya
 8.2
 7.70
 127

14.11.1994
 Pacific
 Philippines, Philippines Islands
 7.1
 7.30
 62

04.10.1994
 Pacific
 Russia, Kuril Islands
 8.3
 11.00
 n.a.

02.06.1994
 Indian Ocean
 Indonesia, Java
 7.8
 13.00
 222

12.07.1993
 Pacific
 Sea of Japan
 7.7
 31.70
 330

12.12.1992
 Pacific
 South Pacific, Indonesia
 7.5
 26.20
 1.000

02.09.1992
 Pacific
 Nicaragua
 7.4
 10.00
 168
26.05.1983
 Pacific
 Japan, Noshiro
 7.7
 14.50
 103

12.12.1979
 Pacific
 Colombia, Colombia-Ecuador
 7.7
 5.00
 500

19.08.1977
 Indian Ocean
 Indonesia, Sunda Islands
 8.0
 15.00
 190

16.08.1976
 Pacific
 Celebes Sea, Philippines. Moro Gulf
 8.1
 5.00
 5.000

29.11.1975
 Pacific
 USA, Hawaii
 7.2
 8.00
 n.a.

26.07.1971
 Pacific
 Papua New Guinea
 7.9
 10.00
 n.a.

22.11.1969
 Pacific
 Bering Sea, Russia, Bering Strait
 7.7
 15.00
 n.a.

14.08.1968
 Banda Sea
 Indonesia
 7.8
 10.00
 n.a.

11.08.1965
 Pacific
 South Pacific, Vanuatu, Vanuatu Islands
 7.0
 7.00
 n.a.

04.02.1965
 Pacific
 USA, Rat Islands, Alaska
 8.7
 10.70
 n.a.

28.03.1964
 Pacific
 USA, Prince William Sound, Alaska
 9.2
 70.00
 123

22.05.1960
 Pacific
 Chile, Central Chile
 9,5
 25.00
 1.260

10.07.1958
 Pacific
 USA, Se. Alaska
 8.3
 525.00
 5

09.03.1957
 Pacific
 USA, Fox Islands, Andreanof Islands
 9.1
 15.00
 n.a.

09.07.1956
 Mediterranean Sea
 Greece, Amorgos Island, Aedean Islands
 7.5
 20.00
 50

04.03.1952
 Pacific
 Japan, Se. Hokkaido Island
 8.1
 6.50
 33

23.06.1946
 Pacific
 Northeast Pacific, USA, Unimak Island, Alaska
 7.3
 30.00
 n.a.

27.11.1945
 Indian Ocean
 Pakistan, Makran Coast
 8,3
 15.30
 n.a.

07.12.1944
 Pacific
 Japan, Off Southeat Coast Kii Peninsula
 8.1
 10.00
 40

02.03.1933
 Pacific
 Japan, Sanriku
 8.4
 30.00
 3.000

22.06.1932
 Pacific
 Eastern Pacific, Mexico
 7.0
 10,00
 75

03.10.1931
 Pacific
 Solomon Islands
 7.9
 10.00
 50

http://www.tsunami-alarm-system.com/en/phenomenon-tsunami/phenomenon-tsunami_occurrences.html
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Date
 Sea region
 Affected region
 Mag.
 Maximum wave
height (m)
Casualties
02.02.1931
 Pacific
 South Pacific, New Zealand
 7.7
 15.30
 n.a.

16.11.1925
 Pacific
 Eastern Pacific, Mexico
 7.0
 11.00
 n.a.

01.09.1923
 Pacific
 Japan, Tokaido
 7.9
 12.00
 2.144

13.04.1923
 Pacific
 Western Pacific, Russia. Kamchatka
 7,2
 30,00
 20

03.02.1923
 Pacific
 Western Pacific. Russia, Kamchatka
 8.3
 8.00 m
 3

11.11.1922
 Pacific
 Chile. North Chile
 8,5
 9.00
 100

11.10.1918
 Atlatic
 USA, Puerto Rico, Mona Passage
 7.5
 6.00
 40

07.09.1918
 Pacific
 Russia, S. Kuril Islands
 8.2
 12.00
 50

15.08.1918
 Pacific
 Celebes Sea
 8.3
 7.00
 6

26.06.1917
 Pacific
 South Pacific, Tonga, Tonga Islands
 8.3
 12.00
 n.a.

01.05.1917
 Pacific
 New Zealand, Kermadec Islands
 8.0
 12.00
 n.a.
28.12.1908
 Mediterranean Sea
 Italy, Messina
 7.2
 n.a.
 n.a.

31.01.1906
 Pacific
 South Pacific, Ecuador, Colombia
 8.8
 5.00
 1.000

30.09.1899
 Banda Sea
 Indonesia
 7.8
 12.00
 3.620

10.09.1899
 Pacific
 USA, Yakutat Bay, Alaska
 8.2
 60.00
 n.a.

15.06.1896
 Pacific
 Japan, Sanriku
 7.6
 38.00
 26.360

06.03.1895
 Pacific
 Solomon Sea
 7.5
 6.00
 30

27.08.1883
 Indian Ocean
 Indonesia, India
 n.a.
 35.00
 36.500

10.05.1877
 Pacific
 Peru
 8.3
 24.00
 500

13.08.1868
 Pacific
 Chile, North Chile
 8.5
 21.00
 25.000

28.06.1859
 Pacific
 Indonesia, N.Moluccas Islands
 7.0
 9.00
 n.a.

23.08.1856
 Pacific
 Japan, Se Hokkaido Island
 7.8
 6.00
 26

23.01.1855
 Pacific
 South Pacific, New Zealand
 8.0
 9.00
 n.a.

24.12.1854
 Pacific
 Japan, Nankaido
 8.4
 28.00
 3000

26.11.1852
 Banda Sea
 Indonesia
 8.2
 8.00
 60

07.05.1842
 Caribbain Sea
 Haiti, Cap-Haitian
 7.7
 5.00
 300

29.06.1780
 Pacific
 Russia, S. Kuril Islands
 7.5
 12.00
 12

24.04.1771
 Pacific
 Japan, Ryukyu Islands
 7.4
 85.00
 13.500

01.11.1755
 Atlantic
 Portugal, Lisbon
 9.0
 12.00
 60.000

29.10.1746
 Pacific
 Peru
 8.0
 24.00
 3.800

08.07.1730
 Pacific
 Chile, Central Chile
 8.7
 16.00
 n.a.

28.10.1707
 Pacific
 Japan
 8.4
 11.00
 30.000

31.12.1703
 Pacific
 Japan, Tokaido-Kashima
 8.2
 10.50
 5.200

20.10.1687
 Pacific
 Peru
 8.5
 8.00
 500

04.11.1677
 Pacific
 Japan, Kashima
 7.4
 8.00
 500

26.09.1650
 Mediterranean Sea
 Greece, Thera Island, Santorini
 n.a.
 16.00
 n.a.

02.12.1611
 Pacific
 Japan, Sanriku
 8.0
 25.00
 5.000

24.11.1604
 Pacific
 Peru
 8.5
 16.00
 80

09.07.1586
 Pacific
 Peru
 8.5
 24.00
 n.a.

20.09.1498
 Pacific
 Japan, Nankaido
 8.6
 17.00
 31.000

12.09.1495
 Pacific
 Sagami Bay, Japan, Tokaido
 7.1
 5.00
 200
Source: National Geographic Data Center – Tsunami Event Database.

3. Some mathematical treatments of the tsunamis

Tsunamis form ‘‘Solitary waves’’, or waves with crests but no troughs-more like sand dunes than sine waves. Tsu-
namis waves are also called ‘‘N-waves’’, as they resemble the English letter ‘‘N’’ (see Fig. 3).

Tsunamis have three stages: formation, mid-ocean propagation, and breaking and run-up on the beach. We discuss
mid-ocean propagation. We formulate mathematically the fully nonlinear water wave problem, weakly nonlinear dis-
persive long waves are known to satisfy the Korteweg–deVries (KdV) nonlinear partial differential equation. The KdV
equation has solitary pulse traveling wave solutions which have coherent structure, and the energy does not spread out.



Fig. 3. Wave characteristics.
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Hereafter, we introduce a very simple mathematical model to illustrate the physics and mathematics of the tsunamis
Nonlinear Theories. The Boussinesq’s theory of long waves makes the hypothesis of an horizontal ground (origin for
the z-axis) and a bi-dimensional movement in the x and z directions. It is based on the solution of the Laplace’s equa-
tion satisfying the potential U(x,z, t).

We start with Bernoulli’s equation
1

2g
oU
ox

� �2

þ oU
oz

� �2
" #

þ hþ 1

g
oU
ot
¼ d
where the variable d is the depth at the initial moment.
The conditions on the free surface at the coordinate h(x, t) above the ground sea level are:
dh
dt
¼ w
which can be expressed as
oh
ot
þ u

oh
ox
¼ w
The potential U (x,z, t) is developed through the following series:
Uðx; z; tÞ ¼ uðx; tÞ � z2

2!
ðo

2u
ox2
Þ þ z4

4!
ðo

4u
ox4
Þ þ � � �

uðx; tÞ ¼ Uðx; 0; tÞ
ou
ox

����
t¼0

¼ 0
We can introducing the potential U(x,z,t):
u ¼ oU
ox
; w ¼ oU

oz
oh
ot
þ oh

ox
oU
ox
¼ oU

oz
Let us introduce some non-dimensional variables (x1,z1, t1,U1)
x ¼ Lx1; z ¼ dz1; t ¼ Lt1ffiffiffiffiffiffi
gd
p ; U ¼ U1eL

ffiffiffiffiffiffi
gd

p
e ¼ H=d

l ¼ d2=L2

U ¼ HL2=d3
where e is the wave amplitude corresponding to the depth d; L is the wave length; g(x, t) is the relative movement of the
free surface relating to the maximum height; U is the Ursell number very characteristic of the waves propagation.
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For simplification, the superscript (1) over the symbols will bo omitted in the sequel.
By introducing the following definition
h ¼ dð1þ egÞ this implies

og
ot
þ o2u

ox2
¼ �e

o2u
ox2
þ og

ox
ou
ox

� �
þ l

6

o4u
ox4

gþ ou
ot
¼ � e

2

ou
ox

� �2

þ l
2

o3u
ox2ot
Let us now introduce the non-dimensional horizontal velocity u defined as follows:
u ¼ ou
ox
Thus, the mass equation and the pressure condition lead to the following system:
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Hence, it also leads to the following first-order equation:
og
ox
� og

ot
¼ ou

ox
� ou

ot
¼ 0 Hence;

g ¼ f ðx� ctÞ; u ¼ gðx� ctÞ
g ¼ u
Finally, we obtain the Kortweg–deVries equation introducing the variation of the free surface according to the variables
x and t [5]
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During the last five decades an exciting and active area of research has been devoted to the construction of exact
solution for a wide class of nonlinear equations. This includes the most famous nonlinear one of Korteweg and deVries.

Certain important and novel subareas of research, such as the applications of the Jacobian elliptic function [6], the
powerful inverse scattering transform (IST), the B�acklund transformations technique (BTs) [7,8], the Painleve analysis
[9], the Lie group theoretical methods [10], the direct algebraic method [11] and tangent hyperbolic method [12] are lead-
ing to the construction of exact solutions to the KdV equation.

Regarding formal mathematical approaches, Sawada and Kotera [13], Rosales [14], Whitham [15], Wadati and Saw-
ada [16,17] and Hickernel [18] have all employed perturbation techniques. Their methods lead, after some tedious alge-
braic manipulations, to the known N solitary wave solutions of some nonlinear partial differential equations, e.g. KdV,
Burgers, Boussinesq equations, etc.

In more recent work, Helal and El Eissa [19], Khater et al. [20,21] and Helal [22,23] have studied analytically and
numerically some physical problems that lead to the KdV equations.

In the next higher order of the perturbation theory, a KdV equation can be obtained, which includes in general cubic
nonlinearity, fifth-order linear dispersion, and nonlinear dispersion. The contribution of the various high-order terms
depends on the parameters of the model (e.g. density stratification and shear flow), and sometimes several of them may
be more important [23].

Recently, in 2006, the authors of this work presented a paper containing a comparative study of two different meth-
ods for solving the general KdV equation, namely the numerical Crank Nicolson method, and the semi analytic Ado-
mian decomposition method. The paper conducted a comparative study between these two methods. Moreover, the
work presented the enhancement provided by Adomian decomposition method.
4. Conclusion

Not all major earthquakes cause tsunami, however many of them do. If the quake is located near or directly under
the ocean, the probability of a tsunami increases.
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Tsunami can occur at any time, day or night. They can travel up rivers and streams connected to oceans. A small
tsunami at one beach can be a giant one few miles away.

Never go down to the beach to watch a tsunami because when you can see the wave you are too close to escape.
Tsunami can move much faster than a person can run!
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