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Nonlinear Shallow Water TheoryNonlinear Shallow Water Theory
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Hodograph Transformation
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Implicit form

Implicit Form –
A Few Exact and Approximated Solutions 
For Whole Field as Function of (x,t)
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Explicit Solution for Moving Shoreline 
if Incident Wave is given Far from Shoreline 
where It is Linear Pelinovsky & Mazova, 1992

x(t)x(t)
r(t)r(t)
u(t)u(t)

Nonlinear Coordinates 
and velocity

of moving shoreline
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First Step – Solution of Linear Equations
For Wave Transformation on Beach

x=0x=0
R(t)R(t)
U(t)U(t)

Linear Coordinates 
and velocity

of non-moving shoreline
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Incident Wave

Second Step – “Nonlinear” Moving Shoreline

Linear Coordinates 
and velocity

of non-moving shoreline

x=0, R(t), U(t)x=0, R(t), U(t)
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Nonlinear Coordinates 
and velocity

of moving shoreline

x(t), r(t), u(t)x(t), r(t), u(t)

First Result: Linear Theory predicts Maxima

Linear Coordinates 
and velocity

of non-moving shoreline

x=0, R(t), U(t)x=0, R(t), U(t)

maxmax Uu =

maxmax Rr =

Nonlinear Coordinates 
and velocity

of moving shoreline

x(t), r(t), u(t)x(t), r(t), u(t)
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Second Result: Linear Theory “predicts” Wave Breaking
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“Linear” Vertical Acceleration = Gravity Acceleration
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The same as Jacobian Transformation
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75% of tsunamis are not breaking waves,
Mazova, Pelinovsky and Soloviev, 1982
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Nonlinear Deformed Wave as Input for Runup Formulae
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Does Does RunupRunup HeightHeight depend on depend on 
the the Incident Wave Shape Incident Wave Shape if the if the 
Incident Wave is symmetrical?Incident Wave is symmetrical?

Phys. Fluids, 1988, v. 31, No. 1

For periodic wave For periodic wave –– yes!yes!

For single wave???For single wave???
Incident wave shapes used:

1. Solitary Wave
2. Gaussian Pulse

3. Lorentz Pulse

and several others
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How this formula How this formula 

can be modified?can be modified?
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Wave Length (Duration) Definition for PulseWave Length (Duration) Definition for Pulse

We suggest to use length of the wave
on 2/3 level – philosophy used to  
define the significant wave properties 
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Incident Wave Shapes ( ) ( )πxcosx nf =
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Applications:Applications:

Easy Estimates of Easy Estimates of RunupRunup CharacteristicsCharacteristics

Conclusion:
Steepest Wave Penetrates Inland 
on Large Distance and with Large Velocity
- and Slowly into the Sea

Formulas for Solitary Wave Runup
can be Parameterized

These results are important for express
estimates


