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What is a Tsunami?

ÅWater wave caused by large displacement of 
water.
ÅEarthquakes most common cause, which can 

cause a several meter height displacement over 
tens of thousands of square kilometers giving 
huge potential energy to water on surface.
ÅWaves have wavelengths in the range of many 

kilometers, with height to length ratios up to 
1:100,000
ÅWave can increase height at run-up to a steep 

slope up to 3 or 4 times.



Motivation for Modeling

ÅDanger to human life 
requires a warning 
system. 
ñSince 1850 alone, tsunamis have 
been responsible for the loss of 
over 420,000 lives and billions of 
dollars of damage to coastal 

structures and habitatsò(NOAA).

ÅOnly possible if 
dynamics are known. 
ñforecasting tsunami arrival and 
impact is possible through 
modeling éò(NOAA)

ÅInteresting 
phenomenon to model.



Modeling:  What Equations to Use?

ÅMost tsunami have soliton style dynamics 
(with some having a ñdoubleò wave 
profile).  So why not use KdV?

ÅSimple reason:  From observation, we 
know we need an equation that includes 
the depth of the water.

ÅSolution?  Start with the most 
comprehensive fluid dynamics equation: 
The Navier-Stokes Equations.



Navier-Stokes Equation

The equations require some assumptions.

They are also usually combined with the 
continuity equation (conservation of mass):



Can we make it simpler?
ÅSince Tsunami wave lengths are so long, and heights so 

small (comparable to the depth of the ocean), they are 
likened to waves in ñshallowò water.
ÅFor this to hold, must have:

A/h << 1  and  kh << 1

ÅIf we take NS and assume zero viscosity, and reduce to 
2-D, and then noting that for a thin layer of a liquid:  
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We can obtain an equation for waves traveling on a thin 
layer of fluid, which are called the Shallow Water Wave 
Equations:


