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Vertical profiles of ionospheric disturbances caused by the tsunami of the Tohoku

earthquake using GPS occultation observation
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It is reported that ionospheric disturbances are caused by large earthquakes. One of the causes is the infrasound wave
excited by surface waves and/or tsunami. The horizontal propagations of the ionospheric disturbances after large earthquakes
and tsunami have been examined by using a network of ground-based GPS receivers. As concerns the vertical propagation
of ionospheric disturbances, on the other hand, gravity waves excited by the tsunami were detected using TEC data obtained
by GPS radio occultation observations [Coisson et al., 2014]. However, there are still several unknowns about the variation
of the vertical profiles of the ionospheric disturbances. In this study, to examine the vertical propagation of the ionospheric
disturbances due to tsunamis, we have examined electron density profiles observed by GPS radio occultation measurements
of FORMOSAT-3/COSMIC satellites. The data is provided by CDAAC (COSMIC Data Analysis and Archive Center). We
analyzed the ionospheric disturbances caused by a tsunami associated with Tohoku Earthquake (M9.0) occurred at 5:46:18 on
11th March 2011 (UTC). Based on the simulation result of tsunami propagation provided by the NOAA, we selected density
profiles observed within 3 hours after the passage of the tsunami. In the previous study, we used the Chapman model to
extract the fluctuating components. On the other hand, in this study, we applied the wavelet transform directly to the vertical
profiles of the electron density to determine the spectrum intensity of the ionospheric disturbance as a function of wavelength.
In the data points observed in the northeast direction from the epicenter near the Kamchatka peninsula, the spectrum intensity
in the wavelength range of 8 to 32 km was enhanced more strongly over the altitude range of 200 to 450 km compared to
the quiet days. In the data points observed in the southeast direction from the epicenter, the spectrum intensity was smaller
than that of the data observed in the northeast direction from the epicenter, but the spectrum with a wavelength of 32 km was
strongly detected over the altitude range of 200-450 km compared to the quiet days. In the previous analysis method, it was
difficult to see the long-wavelength fluctuations associated with the tsunami due to the fitting error with the Chapman model,
especially for the data observed in the southeast direction from the epicenter, but the analysis method in this study makes it
easier to see the fluctuations for the wavelength longer than 32km.
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