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26!" 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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Fig. 54. Global vertical-component displacement records for the Sumatra-Andaman
earthquake high-pass filtered at 120 s. The seismograms shown are from 109 Global
Seismic Network (GSN) stations and were retrieved from the IRIS DMC. The time

mterval of 6 hours shows two global circuits of the Rayleigh waves. Note that

displacements exceeded 1 cm worldwide.
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Therupture process

Lay et. al. Science 308, 1127 (2005).

Fig. 8. Summary rupture sce-
nario for the 2004 Sumatra-
Andaman earthquake. We
subdivide the rupture zone
into three segments ac-
cording to the inferred rup-
ture process, not because
of clear physical fault seg-
mentation. The rupture be-
gins at the southeastern
edge of the Sumatra seg-
ment, with the initial 50 s
of rupture characterized by
fairly low energy release and
slow rupture velocity. The
rupture front then expands
to the north-northwest at
about 25 km/s, extending
about 1300 km. Short-period
radiation tracks the rupture
front, with a total duration
of about 500 s and clear

Rupture front travels up the

fault to about 14°N. Short
pericd energy radiated shows
strong directivity, ~500 s duration
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Segment 5 ( } rapid slip
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SLOW SLIP COMPOMNENT
Mo = ~3.0% 1022 N-m

Andaman segment has
~5 m slow slip from
600-~3500+ s

Micobar segment has
-5 m slow slip from
230--3500+ s

Sumatra segment is
not resclved to have
slow slip component

Weak Rake ~ 130-150°, Dip ~ 18°
I Tsunami
| Excitation
1 Micobar segment has
| Nicobar moderate slip averaging
| Segment %, about 5 m from 230-350 5
A Rake ~ 120°, Dip ~ 15°
Main Initial 50 s radiation very
Yeuran weak. Sumatra segment has
Excitation large (5-20 m;avg. ¥ m)
rapid slip in next 180 5
Surmatra Rake ~ 110°, DH’J‘ ~8-14°
v Segmenrt <& Epicenter

north-northwest directivity. Large, rapid slip occurs in the Sumatra segment, with some patches
having slip as great as 20 m during the first 230 s. The Nicobar segment has weaker slip during the
next 2 min, and the Andaman segment fails with little (<2 m) rapid slip. Slow slip appears to
continue in the Nicobar and Andaman segments, with a total duration of about 1 hour. The precise
amount of slip and total moment of the slow-slip component are not well resolved, but about 10 m
of slip under the Andaman Islands is required to account for the tilt experienced by the islands.

sciencemag.org SCIENCE VOL 308
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The Tsunami
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The Tsunami source
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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
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The dynamical variables:

0(Z, 1) - fluid density
7(7,t) - fluid velocity

Continuity equation

Bip+ V.(p) =0
The Navier-Stokes Equation

S S 1 - 5
p (atm @W)ﬁ) = —VP = pgi +nV*T+ (C + 30)V(V.0)
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The Approximations
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If wavelengths are much larger than the depth, kh << 1
Navier-Stokes equations ~ Shallow water equations

If the amplitude is much less than the depth,A/h << 1,
Shallow water equationsxLinear wave eguation

(87 — 0i(c*)D;) ¢ =0

((Z,t) + h(Z) = height of water column above ocean bed

c(x,y) = v/ gh(z,y)
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The Regime of Validity
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B. Nagarajan et. al.  Earth Planets Space. 58, 211-215, 2006
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The Regime of Validity

Depth near Chennai (13.1 N) -
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Ray Optics
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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:

nisin(fy) = nasin(6s)
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The Ray Equation
-

For continously varying refractive index,

dZL’R

W — C COSY

dy—R = C siny
dt
dx . Oc Oc
N = —smxa + COSX8_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 fluctuations on a length
scale small compared to its wavelength but the rays are
deflected by fluctuations at arbitrarily small length scales.
So Bathymetry has to be smoothened before using them for
tsunami waves

Our Procedure:

1
cs(Ti, Yi) = N Z c(xj, ;)

' jeB;

c(zi,y;) = Wave speed at (z;,y;) = v/ gh(zi, ys)

cs(x;,y;) = Smoothened wave speed at (z;, ;)

B; = Grid points in a box of length 0.5 degree around (z;, y;)
N; = Number of grid points in B;. J
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Ray diagrams
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Backward ray tracing
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Arrival times
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Residual tide, cm

The Port Blair Data
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Port Blair tidal gauge clock was
fast by 45 minutes

Actual arrival time 31 minutes
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Paradip for the Northern extent
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Comment on “The Great
Sumatra-Andaman Earthquake
of 26 December 2004"

5, Meetu, "™t | Suresh,”™ R, Shankar," D, Shankar," 5. 5. €. Shenol,’
5.6 Shetys,' O. Sundar,' B, Magarajan®

15'N

[ SCIENCE VOL 310 2 DECEMBER 2005
10°N

5°N —

|

—p.20/22



Port Blair Arrival Time

-

Port Blair Arrival Time
30 Minutes

Response to Comment on
"The Great Sumatra-Andaman
Earthquake of 26 December 2004"

Thorne Lay,'* Hiroo Kanamori,” Charles . Ammaon,®

Meredith Mettles ® Steven M. Ward,? Richard Aster®
Susan L Beck,” Susan L, Bilek,” Michael B. Brudzingki, ™
B Rhett Butler,”” Heather R. DeShon,” Géran Ekstrim,”
Kenji Satake,'’ Stuart Sipkin'®

We support the revised estsmate of tsunami sowrce length (—800 km) ob
tained by Meetu of af, Sea-level monitoring with o high sampling rate, good
azimuthal coverage, and real-time access, along with detailed bathymetry data
sround the stations, would improve. source region estimation from fSunami
arrival lime.
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The Northern Extent
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