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Abstract 

 

We have done a few case studies including (1)2004 Niigata Chuetsu earthquake (Hayakawa et al., 2006), 
(2) 2004 Indonesia, Sumatra earthquake (Horie et al., 2007a, b), and (3) 2005 Miyagi-oki earthquake. 

Here we show the summary of our study on ionospheric perturbations associated with the Sumatra 
earthquake on 26 December, 2004. The magnitude of this earthquake was 9.0 and the focal depth was 30 km. We 
use the propagation paths from the Australian VLF transmitter, NWC (f = 19.8 kHz) to the Japanese station 
(Kochi, Chofu, Chiba). The distance of these great circle paths to the epicenter is 2,000 km, so that it is 
impossible for us to detect any ionospheric effect for the earthquake with magnitude 6-7. By using the fluctuation 
method, we have found that there were a few periods with significant nighttime fluctuation (December 8 and 
December 21, 2004 to January 2, 2005). During the latter period, the Japanese stations (Kochi, Chofu and Chiba) 
have exhibited the significant enhancement in fluctuation, which seems to be a precursory effect of this 
earthquake. Hence, the radius of possible ionospheric perturbation is found to be, at least, 2,000 km (Horie, et al., 
2007a). 

More detailed study on the fine structure in the amplitude records at the Japanese stations, have indicated 
the presence of wave-like structures in the fluctuation. By using the cross-correlation and superimposed epoch 
analyses, we came to the following. (1) The fluctuation spectrum in the period range from 20-30 minutes to 100 
minutes (the frequency of atmospheric gravity waves) is enhanced before the earthquake. (2) The time delay at 
Chiba is about 2 hours with respect to Kochi, and the propagation velocity is ~20 m/s (Horie et al., 2007b). This 
might be the 1st convincing evidence on the important role of atmospheric gravity waves in the lithosphere-
ionosphere coupling. 

The same NWC signal was detected on board the Demeter satellite, and this satellite results indicates that 
the signal intensity is significantly depressed before the earthquake (Molchanov et al., 2006). This can be 
explained in terms of the enhanced absorption of whistler-mode VLF signals in the lower ionosphere (as detected 
by the subionospheric propagation). 
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