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In recent years, the analysis of ionospheric disturbances associated with typhoons has been advanced by the use of TEC
data, and large-scale variations with a period of several ten minutes have been reported (Chou et al., 2017: Song et al., 2019:
Wen et al., 2020: Song et al., 2022). However, the ionospheric disturbances of a few seconds to a few minutes have not
yet been sufficiently reported. Further analysis of these disturbances would be very important for quantifying the coupling
between the ionosphere and the lower atmosphere. In this study, we have analyzed ionospheric disturbances associated with
the approaching and passage of Typhoon NANMADOL in 2022 using the HF Doppler sounding system and TEC provided
by Softbank Corporation. HF radio waves are usually reflected in the F region of the ionosphere. The reflection height of the
radio waves is determined by the vertical profiles of ionospheric electron density. HF Doppler (HFD) sounding system can
capture the temporal variations of reflected altitudes as Doppler frequency (Nakata et al., 2021). The temporal resolution of
the HFD soundings is 5-10 seconds, which is relatively high compared to other ionospheric observation systems. Ionospheric
disturbances associated with typhoons with a period of a few minutes to several tens of minutes have been reported in several
cases by this system (Okuzawa et al.,1986: Chum et al., 2018). In addition to the HFD soundings, we used GNSS-TEC
data every second obtained by the base stations of Softbank. This makes it possible to observe variations in several tens
mHz. There are many reports related to ionospheric disturbances associated with typhoons due to gravity wave modes, whose
frequencies correspond to a few mHz. In this study, we analyzed not only the ionospheric disturbances due to the gravity
wave mode but those due to the acoustic wave mode, whose frequencies correspond to several tens mHz. Typhoon Nanmadol
in 2022 made landfall in Kagoshima Prefecture on September 18, 2022. In this study, we analyzed Doppler shifts acquired
at Sugadaira and litate observatories using 6055 kHz radio waves transmitted from the Nagara Transmitter operated by the
Nikkei Radio. The data period was from 0:00 to 9:00 UT (9:00 to 18:00 JST) from September 17 to 21. Typhoon Nanmadol
was closest to the observatories on September 19 to 20. On both days, the Doppler shift variations were more intense than the
often days. Then, frequency analysis of the HFD data was utilized, and the intensity of variations for gravity wave mode and
acoustic wave mode was analyzed. The intensity of the variation in each mode reached its maximum on different days. As
for the gravity wave mode, the intensity mainly depends on the typhoon’s power. On the other hand, as for the acoustic wave
mode, the distance from the typhoon was also effective. The HFD soundings observe ionospheric variations at an altitude
of about 200 km during the daytime, while the TEC data can capture variations at higher altitudes. The dense TEC data
provided by SOFTBANK Corp. is a high temporal resolution (1 second). Therefore, it is possible to quantitatively evaluate
the ionospheric disturbances depending on typhoons’ power and the distances from the observing points. In the presentation,
we will report the analysis results of TEC variations associated with Typhoon Nanmadol.

The SoftBank’s GNSS observation data used in this study was provided by SoftBank Corp. and ALES Corp. through the
framework of the ”Consortium to utilize the SoftBank original reference sites for Earth and Space Science”.
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