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1. Introduction 

The source processes of large earthquakes are usually studied using seismological data, 
waveforms recorded at seismographs located around the world. When large earthquakes 
occurred beneath the ocean floor, large tsunamis are generated by those earthquakes as 
well as seismic waves. For example, the 2004 Sumatra-Andaman earthquake generated 
huge tsunamis which caused the catastrophic disaster: the casualties over 250,000 mostly 
in Indonesia, Sri Lanka, Thailand, and India. Those tsunamis are typically recorded at 
tide gauges located along coasts around oceans. The tsunami waveforms recoded at those 
gauges are useful to study the source processes of large tsunami and earthquakes. In this 
presentation, we discuss the source processes of the 2004 great Sumatra-Andaman 
earthquake as an example. 

 
2. Instruments to record tsunamis 

Tide gauges are the most typical instruments recording tsunami waveforms. However, 
more recently, ocean bottom pressure gauges are installed in the deep ocean to observe 
tsunamis. In Japan, we have six cable systems, and one to three ocean bottom pressure 
gauges are connected to each cable system. Tsunamis observed at those ocean bottom 
pressure gauges are not only useful for an early tsunami warning, but also important for 
earthquake and tsunami source studies. Satellite altimetry can also record large 
tsunamis such as the 2004 Sumatra tsunami. Actually, two satellite, “Jason-1” and 
“TOPEX/Poseidon” flew over the Indian Ocean when the 2004 Sumatra tsunami 
propagated through and recoded the tsunami.  
 
3. Method 

Tsunamis are numerically computed using the finite different method (Satake, 2002). 
The initial condition of the tsunami computation is the ocean bottom deformation caused 
by a large earthquake. The observed tsunami waveforms recorded at the above 
instruments are compared with computed tsunami waveforms to study the initial ocean 
bottom deformation caused by the earthquake. Because the source processes such as fault 
parameters or size of the faults are responsible for the ocean bottom deformation, we can 
estimate the source processes of the large earthquake from the observed tsunami 
waveforms. 
 
4. The source process of the 2004 Sumatra-Andaman earthquake 

Rupture process of the 2004 Sumatra-Andaman earthquake is estimated using five 
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tsunami waveforms observed at tide gauges (Sibolga Belawan, Colombo, 
Vishakhapatnam, and Prot Blair) and tsunami height data obtained from two satellite 
altimetry data, “Jason-1” and “TOPEX/Poseidon”. The coseismic vertical deformation 
surveyed along the coast of Sumatra Island, Nicobar Islands, and Andaman Islands, are 
also used to constrain the fault model.  

The average rupture speed of the 2004 Sumatra-Andaman earthquake is estimated to 
be about 2 km/s from tsunami waveform analysis. The rupture extends about 1200 km 
toward north-northwest along the Andaman trough. The large slip of more than 20m is 
estimated on the plate interface off the northwest coast of Sumatra Island in Indonesia. 
The other large slip of 10-15m is estimated on the plate interface near Little Andaman 
and Car Nicobar Inlands. The slip amount beneath North and Middle Andaman Islands 
are small, about 1m. The total seismic moment is calculated to be 7.8 x 1022 Nm (Mw 9.2) 
which is similar to the other studies using seismic waves (Park et al., 2005, Ammon et al., 
2005). Our estimated slip amount off Sumatra Island is larger than the slip amounts 
estimated by the other studies, such as Ammon et al (2005). This large slip should be 
responsible for large tsunami run-up heights of about 35m surveyed along the northwest 
coast of Ache province in Sumatra Island. 
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