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1   Background

Tsunamis are among the most terrifying natural hazards known to man and have

been responsible for tremendous loss of life and property throughout history.

Because of their destructiveness, tsunamis have notable impact on the human, social

and economic sectors of our societies. In the Pacific Ocean, where the majority of

these waves have been generated, the historical record shows wide scale

destruction. In Japan, which has one of the most populated coastal regions in the

world and a long history of earthquake activity, tsunami has destroyed large coastal

populations. There is also a history of tsunami destruction in Alaska, in the Hawaiian

Islands in South America, Japan and elsewhere in the Pacific.

Destructive tsunamis have also occurred in the Indian Ocean and in the

Mediterranean Sea. The most notable tsunami in the region of the Indian Ocean was

that associated with the violent explosion of the volcanic island of Krakatoa in August

1883. A 30 m (100 feet) tsunami resulting from this explosion killed 36,500 people in

Java and Sumatra. The violent eruption and explosion of the volcano of Santorin, in

the fifteenth Century B.C. generated a giant tsunami which destroyed most of the

coastal Minoan settlements on the Aegean Sea islands acting as the catalyst for the

decline of the advanced Minoan civilization.

Tsunamis that can travel across an ocean and attack a coastal area far away from

the source of generation are called distant Tsunamis or Teletsunamis, while tsunamis

that are confined in an area near the source are called local Tsunamis.

2   History of Tsunamis affecting Indian Ocean

Although not as frequent as in the Pacific Ocean, tsunamis generated in the Indian

Ocean pose a great threat to all the countries of the region. The most vulnerable

are: Indonesia, Thailand, India, Sri Lanka, Pakistan, Iran, Malaysia, Myanmar,

Maldives, Somalia, Bangladesh, Kenya, Madagascar, Mauritius, Oman, Reunion Island

(France), Seychelles, South Africa and Australia.

Tsunamis occur seldom in the Indian Ocean region, and in the last 300 years, this

region recorded 13 tsunamis (Table 1) and 3 of them occurred in Andaman and
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Nicobar region for which the details of location of epicentre, death/damage caused

etc. are not known, data on run-up heights indicate to the extent of 4 m in Port Blair

with Nicobar�� �U�H�F�R�U�G�L�Q�J�� �Y�H�U�\�� �O�R�Z�� ������������ �P������ ���5�X�Q�� �±�X�S�� �O�H�Y�H�O�� �L�V�� �G�H�I�L�Q�H�G�� �D�V�� �W�K�H�� �P�D�[��

elevation in land upto which it is inundated by seawater during tsunamis).  Among

these, the 1945 tsunami had a maximum run up of 13 m in Pakistan and  resulted in

death of 4000 people following an earthquake of magnitude 8.2 Ms in the Arabian

Sea. Overall, the run-up levels varied from 1 to 13 m. In 1977, one of the strongest

earthquake of magnitude Ms 8.1 struck west of Sumba Island in Indonesia, but there

were no reports of casualties in India due to this tsunami. Apart from those listed in

Table 1, there may be additional destructive tsunamis in the Indian Ocean that have

not been properly documented. For example villagers of Simeulue Island, off the

coast of Sumatra, speak of a destructive tsunami in 1907 that had killed thousands

of people.

TABLE 1.  Run-up level for Tsunami occurred between 1700 and 2004 in
the   Indian Ocean

S.
No

Name of affected
location

Run up
heights

(m)

Year/
Date

Earthquake
Magnitude
at source

Source
location

1. Tributaries of the
Ganges river
(Bangladesh)

1.83 12.04.1762 NA Bay of Bengal

2. -- -- 1847 -- Great Nicobar
Island

3. Port Blair, Andaman
Islands

4.00 19.08.1868 MW 7.5 Bay of Bengal

4. Car Nicobar Island,
Nicobar Islands

0.76

5. Dublat, India 0.30

6. Nagapattinam, India 1.22

7. Port Blair, Andaman
Islands

1.22

31.12.1881 MS 7.9
Car Nicobar

Islands, Andaman
Sea

8. Chennai 1.5
(wave
height)

26.08.1883 Krakatao
volcanic
eruption

Islands of Java
and Sumatra

9. Andaman & Nicobar
Islands

NA 26.6.1941 MW 7.7 Andaman Sea
(12.5°N;
92.57°E)
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S.
No

Name of affected
location

Run up
heights

(m)

Year/
Date

Earthquake
Magnitude
at source

Source
location

10. Mumbai, India 1.98

11. Karachi, Pakistan 1.37

12. Ormara, Pakistan   13.00

13. Pasni, Pakistan   13.00

14. Victoria, Mahe Island,
Seychelles

0.30

27.11.1945 MS 8.3
Arabian Sea

(24.5°N; 63°E)

15. Not felt in India -- 19.08.1977 MS 8.1 West of Sumba
Island, Indonesia

(11.09°S;
118.46°W)

Cocos Islands,
Australia

0.30 18.06.2000 MS 7.8
MW 7.9

Arabian Sea

Source: National Geophysical Data Centre, NOAA, USA
              ( www.ngdc.noaa.gov/nmdc/servlet/ShowDatasets)www.ngdc.noaa.gov/nmdc/servlet/ShowDatasets)

3. Earthquake of 26 th  December 2004:

On 26th December 2004, the Indian coastline experienced the most devastating

tsunami in recorded history. The tsunami was triggered by an earthquake of

magnitude Mw 9.3 at 3.316°N, 95.854°E off the coast of Sumatra in the Indonesian

Archipelago at 06:29 hrs making it the most  powerful in the world in the last 40

years. (Fig.1)

The earthquake of 26th December 2004 occurred off northwest of Sumatra is not an

unusual earthquake from the Plate Tectonics point of view. It has occurred in the

vicinity of seismically active zone, close to Sunda Trench in the water depths of

about 1300 m. The earthquake hypocenter is located relatively at shallow depth,

about 30 km below the ocean floor. The high magnitude, Mw 9.3 of the earthquake

and its shallow epicenter have triggered tsunami in the northeast Indian Ocean.

These were travelled in open ocean of the Bay of Bengal and subsequently

transformed into a train of catastrophic oscillations on the sea surface close to

coastal zones of Sri Lanka, east and west coasts of India.
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3.1 Diving Indian plate

The earthquake of December 26 that occurred off the west coast of northern

Sumatra took place at the interface between the Indian and Burma plates, where

Burma plate has been referred by Andaman/Nicobar ridge that acts as a small

tectonic plate (Curray et al., 1982). In this region, the Burma plate is characterized

by significant strain partitioning due to oblique convergence of the India and

Australia plates to the west and the Sunda and Eurasian plates to the east. It is a

typical oceanic-oceanic convergent plate boundary where the Indian plate moving at

a rate of 6 cm a year relative to the Burma plate came together, collided and the

Indian plate dived ( subducted) under the Burma plate. Volcanic eruptions are

commonly seen at such convergent boundaries. "Two major plate tectonic features

on either side of a narrow strip show how seismically active the region is."

3.2  Lethal combination

A lethal combination of huge magnitude and shallow depth focus led to high vertical

displacement of the Burma plate that acted like a great piston deforming the sea.

The aftershocks within two hours at the Andaman islands following the main

earthquake in the Burma plate have gone further to fracture and move the Burma

plate boundary by 1000 km. That in essence is the power of the earthquake that

struck off the Sumatra coast.   The U.S.Geological Survey has called this event a

mega thrust earthquake referring to the large cracking of the plate boundary.

According to them, mega thrust earthquakes often generate large tsunamis that can

cause damage over a much wider area than is directly effected by ground shaking

near the earthquake's rupture. Aftershocks are distributed along much of the shallow

plate boundary between northern Sumatra (approximately 3°N) to near Andaman

Island (at about 14°N).

Shallow focus earthquakes measuring 6.5 can also cause tsunamis. But such

tsunamis will die out after some distance. The vast expanse of the Indian Ocean

posed little challenge to the movement of the killer tsunami. Reaching a distance of

2000 km to hit the Indian coast was not difficult. Perhaps giant tsunamis can travel

as far as 5000 km. This was the first time that a tsunami of this magnitude had

struck the Indian coast.
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Since a large amount of pent-up energy in the compression zones along the plate

boundaries has been released in the recent earthquake of 26th December 2004, it will

take years for another incident of the same magnitude to recur. But countries in the

Indian Ocean should pay more attention to earthquakes and tsunamis in the future.

4    Observations of December 26, 2004 Tsunami in India

Tsunami was generated in the fast slip area (first 650 km at taut length) and the

waves propagated in all directions.  The propagation of tsunami waves is much

  FIG 1.  Base map of the Sumatra subduction zone showing seismicity associated with
  the 2004 earthquake (Source: USGS).
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stronger in east-west direction than north-south direction. Further, due to slow slip in

the remaining northern areas, it appears that no tsunami was generated there.  As a

result, strongest waves hit the coasts of Thailand, Indonesia and other nearby areas

which are closely located on the east of the epicenter. The intensity of these tsunami

waves that hit along the coastline of Orissa and Andhra Pradesh was weak due to

their diagonal propagation. However, southern east coast of India and Sri Lanka

experienced much stronger tsunami waves due to their location in mere western side

of epicenter. Though the Palk Strait and further southern areas of Tamilnadu are

shadowed by Sri Lanka, the waves refract around island and inundated these coastal

areas. The damage to Kerala coast on the west coast of India is also due to this

wave refraction beyond Kanyakumari.

4.1  Physical Observations

National Institute of Ocean Technology (NIOT), Chennai has deployed Acoustic Tide

Gauges (ATG) at selected places along the Indian coast and Port Blair. The tide

gauge at Port Blair, S.Andaman recorded gradual rise in water level by 0.9 m from

6.50 hrs to  7.01 hrs  (compared to normal tide that would have prevailed) on 26 th

December 2004 which might be due to land subsidence caused by the earthquake

(Fig. 2).  At 7:25 hrs tide gauge showed abnormally high water level of 3.39 m, an

increase of water level by 1.0 m compared to level observed at 7.01 hrs indicating

arrival of Tsunami waves.

(Courtesy: NIOT, Chennai

FIG 2.  Variation of Tide at Port Blair during Tsunam
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�1�,�2�7�¶�V���$�7�*���D�W���&�K�H�Q�Q�D�L���K�D�V���D�O�V�R���U�H�F�R�U�G�H�G���W�K�H���I�L�U�V�W���V�L�J�Q�D�O���R�I���W�V�X�Q�D�P�L���L�Q���W�K�H���I�R�U�P���R�I

�³�U�H�F�H�G�L�Q�J���Z�D�W�H�U�´���D�W���������������K�U�V���D�W���&�K�H�Q�Q�D�L���3�R�U�W���7�U�X�V�W���I�R�O�O�R�Z�H�G���E�\���D�E�Q�R�U�P�D�O�L�W�\���L�Q���W�L�G�H

level at 09:15 hrs on 26 th December 2004 (Fig.3). The tide gauge was overwhelmed

(Courtesy: NIOT, Chennai)
FIG 3. Variation of Tide at Chennai Port Trust during Tsunami

by the sudden and abnormally high water level and harbour oscillations due to which

the tide record showed a saturation at around 1.5 m. However, the lower ranges

clearly show that the water level should have been much above 1.5 m. The

difference between the time of occurrence of tsunami at Port Blair, Andaman and

Chennai is around 2 hrs and corresponds well with the distance between Chennai

and Port Blair and the speed of the tsunami wave.

The Tide gauge data from major Ports of India maintained by Survey of India has

been processed by National Institute of Oceanography which showed that the

tsunami hit Chennai at 09:06 hrs, Machillipatanam, Visakhapatnam and Paradip, at

09:05 hrs, Tuticorin at 09:57 hrs, along the east coast and on the west coast it hit

Kochi at 11:10 hrs and Mormugao at 12:25 hrs (Fig.4). The non-tidal oscillations

continued at Visakhapatnam, Tuticorin, Kochi and Mormugao well after the main

event took place. �1�,�2�7�¶�V�� �$�7�*�� �D�W�� �.�R�F�K�L�� �K�D�V�� �D�O�V�R�� �U�H�F�R�U�G�H�G�� �I�L�U�V�W�� �K�L�W�� �R�I�� �W�V�X�Q�D�P�L��at

11:12 hrs coincided with that of Survey of India tide gauge.

There were no reports of inundation of coastal areas due to tsunami in the northern

Andhra Pradesh and Orissa as the water level rose by less than 0.5 m. However, the

inland areas like Ports and Harbours, for example, Visakhapatnam Fishing Harbour

and Port experienced amplification of tide due to coning effect from outer harbour to

entrance channel and unusual current speed in the order of 5 to 10 m/s (Fig.5).
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FIG 4.  Observed Tide at different Ports showing the sea level changes on December 26, 2004.
                Red arrow indicates the approximate time of occurrence of the earthquake off Sumatra and
                the blue arrow indicates the time of arrival of the disturbance at respective places.
                (Courtesy: Survey of India and NIO).




