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Examinations of ionospheric disturbances caused by typhoons using HFD
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It is reported that ionospheric disturbances are excited by extreme weather conditions such as tornadoes and typhoons. \
examined temporal variations of ionospheric disturbances observed by the HF doppler (HFD), which is

maintained by The University of Electro-Communications. In this study, HFD receiver data for 5006kHz observed at Sug-
adaira, Kakioka, and litate are used. Informations about typhoons, such as path, barometric pressure, wind speed, are provid
by Digital Typhoon, managed by National Institute of Informatics. Since the ionosphere is unsteady without solar radiation, we
examined HFD data from 7:00 to 18:00. Here, we give a brief description of Typhoon No.15 in 2013. This typhoon passed
Japan in 2013/9/15 "9/16. It was closest to the Sugadaira observation point at 9:00 JST on 9/16. A perturbation of doppler shi
was observed in 7:00 718:00 on 9/16. Its period is about 2 "3 minutes and the amplitude is 0.2Hz. Applying FFT (Fast Fourier
Transform) to HFD data at 40- minute intervals, spectral intensity on 9/16 is larger than 9/15 and 9/17 in all the frequency up
to 40mHz. This feature is the same as Kakioka and litate. We also examined 10 typhoons that are Class 4 or 5, and forme
around Japan since 2004 on. Similar features as described above are found in No0.18 in 2009, No.15 in 2011, and No.18 in 201
Central pressures of these typhoons are relatively lower than the other typhoons. These features are very diferent with those
the 2011 of the Pacifc coast of Tohoku Earthquake, spectrum intensity at 4mHz is enhanced (e.g. Takaboshi et al. 2014 Jap
Geoscience Union Meeting). Large impulse variations occur and generates acoustic and atmospheric gravity waves, resonati
at 4mHz, leaking waves reach to ionosphere (e.g. Matsumura et al. 2011). On the other hand, in case of typhoons, wide-rang
spectrum intensity is enhanced and its intensity is smaller as compared to earthquakes. Continuous turbulences of air current
generated for a long period, and they generate atmospheric gravity waves with wide frequency range.
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