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26th December 2004

Earthquake at » 06:30 IST
Tsunami hit the Coramandel coast at » 09:00 IST

Where did the ocean bed move ?
Where did the ocean surface respond ?
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The Earthquake

Lay et. al. Science 308, 1127 (2005).
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The rupture process

Lay et. al. Science 308, 1127 (2005).
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The Tsunami
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The Tsunami source

Lay et. al. Science 308, 1127 (2005).
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The Tsunami source

Lay et. al. Science 308, 1127 (2005).
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The Equations of Hydrodynamics

The dynamical variables:

½(~x; t) - �uid density
~v(~x; t) - �uid velocity

Continuity equation

@t½+ ~r :(½~v) = 0

The Navier-Stokes Equation

½
³

@t~v+ ( ~v:~r )~v
´
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The Approximations

If wavelengths are much larger than the depth, kh << 1
Navier-Stokes equations ¼ Shallow water equations

If the amplitude is much less than the depth,A=h << 1,
Shallow water equations¼Linear wave equation

¡
@2

t ¡ @i (c2)@i
¢

³ = 0

³ (~x; t) + h(~x) = height of water column above ocean bed

c(x; y) =
p

gh(x; y)
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The Regime of Validity
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The Regime of Validity

This tsunami was a linear wave with non-linear edges
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Ray Optics

If depth varies slowly compared to wavelength (not true for
the tsunami), waves propagation is described by rays.
Rays can be traced using Snell's Law:

n1sin(µ1) = n2sin(µ2)
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The Ray Equation

For continously varying refractive index,

dxR

dt
= c cosÂ

dyR

dt
= c sinÂ

dÂ
dt

= ¡ sinÂ
@c
@x

+ cosÂ
@c
@y

Solutions can be used to describe the propagation of
the leading wavefront.

Rays give travel times accurately but contain no
information about the amplitudes
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Smoothening the bathymetry

The tsunami will not see depth �uctuations on a length
scale small compared to its wavelength but the rays are
de�ected by �uctuations at arbitrarily small length scales.
So Bathymetry has to be smoothened before using them for
tsunami waves
Our Procedure:

cS(x i ; yi ) =
1

N i

X

j 2B i

c(x j ; yj )

c(x i ; yi ) = Wave speed at (x i ; yi ) =
p

gh(x i ; yi )
cS(x i ; yi ) = Smoothened wave speed at (x i ; yi )
B i = Grid points in a box of length 0.5 degree around (x i ; yi )
N i = Number of grid points in B i .
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Ray diagrams
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Backward ray tracing
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Arrival times
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The Port Blair Data
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Paradip for the Northern extent
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Port Blair Arrival Time
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The Northern Extent
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