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Abstract
Vongvisessomjai, S. and Suppataratarn, P.
2004 Sumatra Tsunami
Songklanakarin J. Sci. Technol., 2005, 27(5) : 929-942

A catastrophic tsunami on December 26, 2004 caused devastation in the coastal region of six southern
provinces of Thailand on the Andaman Sea coast. This paper summaries the characteristics of tsunami with
the aim of informing and warning the public and reducing future casualties and damage.

The first part is a review of the records of past catastrophic tsunamis, namely those in Chile in 1960,
Alaska in 1964, and Flores, Java, Indonesia, in 1992, and the lessons drawn from these tsunamis. An analysis
and the impact of the 2004 Sumatra tsunami is then presented and remedial measures recommended.

Results of this study are as follows:

Firstly, the 2004 Sumatra tsunami ranked fourth in terms of earthquake magnitude (9.0 M) after
those in 1960 in Chile (9.5 M), 1899 in Alaska (9.2 M) and 1964 in Alaska (9.1 M) and ranked first in terms of
damage and casualties. It was most destructive when breaking in shallow water nearshore.

Secondly, the best alleviation measures are 1) to set up a reliable system for providing warning at
the time of an earthquake in order to save lives and reduce damage and 2) to establish a hazard map and
implement land-use zoning in the devastated areas, according to the following principles:
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- Large hotels located at an elevation of not less than 10 m above mean sea level (MSL)

- Medium hotels located at an elevation of not less than 6 m above MSL

- Small hotel located at elevation below 6 m MSL, but with the first floor elevated on poles to allow
passage of a tsunami wave

- Set-back distances from shoreline established for various developments

- Provision of shelters and evacuation directions

Finally, public education is an essential part of preparedness.
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Figure 1. Definition of tsunami and its propagation from deepsea to shallow water nearshore.
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Figure 2. Location of Pacific tsunami warning system.
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Figure 3. Tectonic map of southeast asia.
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Figure 4. Oceanic zone of recent earthquake activity, showing association with trench
systems and island arcs. Pacific preponderance is apparent (from Van Dorn, 1965).
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Table 1. Tsunami characteristics from deep sea to shallow water.

T h C= \/ng L=CT WL K*s _ E H, H*
min sec m m/s  km/hr m km Ho m m
10 10.0 36 6,000 6 0.00167 2.21 11.1
10 600 100 31.6 114 19,000 19 0.00526 1.67 5 8.4
1,000 100.0 360 60,000 60 0.01667 1.27 6.4
10,000 316.0 1,140 190,000 190 0.05263 1.01 5.0
10 10.0 36 60,000 60 0.00017 4.00 40.0
100 31.6 114 190,000 190 0.00053 297 30.0
100 6,000 1,000 100.0 360 600,000 600 0.00167 2.21 10 22.0
10,000 316.0 1,140 1,900,000 1,900 0.00526 1.67 17.0
* Shoaling Coefficient K_increases tsunami height H in shallow water nearshore.
Table 2. Past history of important tsunamis.
Date Wave Height (m) Period (min.) Location Cause
August 27, 1883 9 - Java Sea Volcano
June 15, 1896 38 6 Sanriku, Japan Earthquake
March 2, 1933 29 15-20 Sanriku, Japan Earthquake
May 22,1960 25 34 Chile Earthquake
March 28, 1964 70 100 Gulf of Alaska Earthquake
September 1,1992 11 - Nicaragua Earthquake
December 12, 1992 26 - Flores Island, Java, Indonesia Earthquake
July 1, 1993 5 - Japan Earthquake
June 3, 1994 60 - Eastern Java, Indonesia Earthquake
July 17, 1998 15 - Papua New Guinea Earthquake

* Microsoft ® Encarta ® Reference Library 2005. © 1993-2004 Microsoft Corporation.

Table 3. Tsunami magnitude m, height H and

runup height H,.

M 7.0 7.5 8.0 8.5 9.0
m -0.17  1.14 244 375 5.05
H (m) 089 220 543  13.50  33.10
H, (m) 0.10 1.40 270  4.00 5.30
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Figure 5. Map of the tectonics and epicenter of the earthquakes in eastern Indonesia. Flores
island is located in the back arc of eastern Sunda and western Banda thrusts.
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Figure 6. Tsunami wave front at one-hour interval (GMT) from Alaska to Chile (Wilson
and Torum, 1968).



Songklanakarin J. Sci. Technol.

2004 Sumatra Tsunami

Vol.27 No.5 Sep. - Oct. 2005 936 Vongvisessomjai, S. and Suppataratarn, P.
. C=\jgh inshallow water h/L < 1/20 "
Hr2 Hi2
0 3 SWT;"" a r'y SWLt""
Hiz Hiz |
e .l h e ol h
[ L " I* T g
-h T e 3 -h T r

AN . —
-:-7,"',\\ ~.~_,-«,§ﬁ\‘\\::- > D DO D
_..--{;, |‘\:.-: -—-':, : \}:_ - —_—h =) e =
sl - ! - g = | e - —gp— = ——— — —

shallow water

EULERIAN

LAGRANGIAN

Figure 8. Water-particle motions in progressive waves offshore.

Z[m)

Hirkniied

RRPPFRERF
FERRFEREF

Eo{km|

Figure 9. Velocity field of nearly breaking wave nearshore.

guinasurnanlmusnuazTuoanvasduladiide
woaelilu Figure 5

d' =® a o .&f y
2. 15099AU89 M wazszezenaIvuils
U1V WIA m FAN WAUSALAINTULI
2aeuduanlnd M dsw adlu un13 (ida, 1963)
m=2.61M - 18.44 (1)
L ¥ « 4 ~
MBIWIAVAY WIN (M)  waean aaw (H) 99

v d . L g
Uszanmleann un3ne walas Tida (1969) @i
m=log, H w32 H=2" 2)
a P A a a | & o A
lagh H fondw 9,9 annednuiaduwns Jadn
aadeszaz 10 049 300 na.
o X o = a v o 6o
srazandAuisves Wil Hy “wWusiuauia
AN TIVRILHUAK A M (Cox, 1968):

H, = 2.6M - 18.1 3)



a ¢ A U ex A ~
3. qUaIUASUNS NN, Aaudnd il ananil 2547
0 27 a1l 5 A, - a.a. 2548 937 At adey wla wez widhd  Ansos

Table 4. Conclusion of damage on 6 areas in 4 provinces.

. City Farm Water resource Others Total
Province
rai % rai % rai % rai % rai %
Ranong 37 28.68 - - - - 92  71.32 129 0.73
Phang-nga 2,091 16.84 5,615 4524 171  1.38 4,535 36.54 12,412 70.39
Phuket 3,118 63.59 648 13.22 66 1.35 1,071 21.84 4903 27.80
Krabi 151  79.48 29 15.26 - 10 5.26 190 1.08

Total 5,397 30.61 6,292 35.68 237  1.34 5,708 3237 17,634 100.00

Source: Department of Land Development of Thailand.
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Figure 10. Tsunami wave front at half an hour interval. It took 1-2 hours from Sunda Trench
(Figure 11) to reach Thailand and Sri Lanka.
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M9.0 Sumatra - Andaman Islands Earthquake of
26 December 2004
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Figure 12. Wave height distributions from Japanese survey team.
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(A)

©

Figure 14. Photographs of tsunami at Kamala beach, Phuket at different time:
(A) Approaching, (B) Inundating and (C) Flooding.
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Table 5. Death toll until 28 January 2005.

Country where Deaths

Injured Missing Displaced

deaths occurred (Confirmed Estimated

Indonesia 173,981 220,000 100,000 6,245 700,000
Sri Lanka 38,195 38,195 15,686 23,000 573,000
India 10,744 16,413 - 5,669 380,000
Thailand 5,305 11,000 8,457 4,499 -

Source: (http://en.wikipedia.org/wiki/2004_Indian_Ocean_earthquake).
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