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In recent years, it has become increasingly evident that intense convection activities, such as typhoons occurring in the
troposphere, can have various impacts on the ionosphere. The SWARM satellite, orbiting at an altitude of about 500 km,
observed small-scale geomagnetic fluctuations when passing over a typhoon [Aoyama et al., 2017]. These fluctuations might
also influence the dynamics of the F-layer plasma [Du, X., 2023].

Typhoon VONGFONG, which formed in October 2014, intensified into a powerful storm with a minimum pressure of 900
hPa around 3:00 JST on October 8th, and later made landfall near Makurazaki City in Kagoshima Prefecture around 8:30 JST
on the 13th. When two SWARM satellites passed over the typhoon around 10:00 JST on the 8th, magnetic field fluctuations
with an amplitude of approximately 1.5 nT in the x-component (directed toward Earth along the geomagnetic meridian) and
about 0.5 nT in the y-component (perpendicular to the geomagnetic meridian) were observed. These fluctuations suggest the
presence of field-aligned currents, which may have been generated by a dynamo excited by acoustic waves propagating from
the lower atmosphere to the ionosphere [V.A. Martines-Vedenko et al., 2019].

However, there are no reported cases of direct geomagnetic fluctuations caused by typhoons, and reports of magnetic field
fluctuations observed by the SWARM satellite are still scarce. Therefore, further research is needed to establish the morphol-
ogy of typhoon-induced magnetic field fluctuations. Our investigation focuses on whether geomagnetic fluctuations observed
before and after the passage of a typhoon are caused by fluctuations in ionospheric currents.

The data used in this study comes from the ground-based geomagnetic observation network MAGDAS (Magnetic Data
Acquisition System), which is globally deployed by Kyushu University’s International Research Center for Space and Plan-
etary Environmental Science (i-SPES), and from geomagnetic data provided by the Japan Meteorological Agency (JMA)
geomagnetic observatories. Both datasets have a time resolution of one second. We analyzed the raw H and D component
data, their time derivatives, and the five-minute standard deviation of the derivatives. The five-minute standard deviation of
the time derivatives indicates the degree of data dispersion within each five-minute period.

We conducted a detailed analysis of data from Kanoya in Kagoshima Prefecture and Kakioka in Ibaraki Prefecture (pro-
vided by the IMA), as well as Kuju in Oita Prefecture and Ashibetsu in Hokkaido (MAGDAS), focusing on October 12th
and 13th, 2014, around the time when Typhoon VONGFONG, previously confirmed to have caused magnetic fluctuations
observed by the SWARM satellite, made landfall in Kagoshima Prefecture around 8:30 JST on October 13th. Our analysis
revealed that in Kanoya, the time derivative of the H component increased by approximately 1.5 times between 11:30 and
12:30 JST on October 13th compared to other days without the typhoon. In Kuju, we observed that the time derivatives of
both the H and D components and their five-minute standard deviations increased by about 2 to 3 times between 15:00 and
18:30 JST on October 13th, compared to other days without the typhoon.

Additionally, frequency analysis revealed that, particularly in Kuju, a spectral peak appeared in the 0.5 - 1 mHz range,
which corresponds to the frequency band of atmospheric gravity waves, during the time period when fluctuations were ob-
served. Such fluctuations were not observed at the observation points in Kakioka or Ashibetsu, which are located farther
from the typhoon’s center. Moreover, the minimum Dst index value during the period from 9:00 to 21:00 JST on October
13, 2014, was — 3 nT, indicating that no geomagnetic storm occurred. To further investigate whether these ground magnetic
field fluctuations were caused by the typhoon, we analyzed approximately one year’s worth of raw data, time derivatives, and
their five-minute standard deviations from Kuju, covering the period from October 1, 2013, to the end of September 2014.
We found no similar changes on days without typhoons.

In this presentation, we will discuss the mechanisms of typhoon-induced ground magnetic field fluctuations, focusing on
this event and several other events currently under analysis.
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