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Analysis of Traveling Ionospheric Disturbances associated with typhoons using
HF Doppler and GPS radio occultation observations.
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HF radio waves are usually reflected in the F region of the ionosphere. The reflection height of the radio waves is
determined by ionospheric electron density. HF Doppler (HFD) sounding systems are able to capture the temporal variations
of reflected altitudes as Doppler frequency. The temporal resolution of the HFD sounding system is several seconds, which
is quite high compared to other ionospheric observation systems. The use of multiple receiving stations makes it possible to
observe the distributions and movement of the disturbances in the horizontal direction. GPS radio occultation observation is
a method used to investigate altitudinal variations in the ionosphere. This observation can observe the electron density at an
altitude of 150-500 km. Because there has been no previous study of the three-dimensional spatial structure of ionospheric
disturbances associated with typhoons, the purpose of this study is to analyze the structural characteristics of ionospheric
disturbances associated with typhoons using HFD soundings and GPS radio occultation observations.

Typhoon strength is classified according to maximum wind speed by the Japan Meteorological Agency. This study
analyzes typhoons with wind speeds of 33 m/s or higher, classified as strong typhoons. To investigate the disturbances by the
HFD sounding system operated by the University of Electro-Communications and the other four institutes, the targets are the
typhoons that have made landfall in Japan.

As an initial analysis, we analyzed the ionospheric disturbances associated with Typhoon No. 14 (Asian Name:
NANMADOL) in 2022. This typhoon formed over the seas south of Japan on September 14, 2022, and made landfall in
Kagoshima Prefecture on September 18 with a strong scale. We analyzed the short-wavelength component of the ionospheric
disturbances using GPS radio occultation observations. The spectral intensities were compared using wavelets, and an
increase in the intensity of the variations at wavelengths from 2 km to 32 km was confirmed on September 18. In the
occultation observation at 13:00 UT on September 18, the observation path was quite close to the reflection point of the Onna
Observatory of the HFD observation. Therefore, the temporal variation of the time-series data of the Doppler frequency
obtained at Onna Observatory, an increase in the intensity with a period of around 10 mHz was observed in approaching the
typhoon. Although the peak frequencies of variation intensities are different, it is natural to consider that typhoons cause
these disturbances. In the future, we will analyze the spatial structure of the fluctuations and clarify the fluctuations of other
target events.
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