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In recent years, it has become increasingly evident that intense convective activities, including typhoons, have significant
effects on the ionosphere. For example, neutral winds associated with gravity waves generated in the troposphere have been
pointed out to drive dynamo currents in limited regions of the ionospheric E layer at altitudes of 90 — 150 km (Nakanishi et
al., 2014). Previous studies have reported that magnetic field variations caused by small-scale field-aligned currents generated
through this ionospheric dynamo process have been observed (V. A. Martines-Vedenko et al., 2019; Aoyama et al., 2017).
These studies have provided important insights into the coupling processes between the atmosphere and the ionosphere.

As for ground-based observations, Chen et al.,(2014) analyzed geomagnetic disturbances in Taiwan associated with ty-
phoons. Their analysis targeted nighttime data from September 1 to 30, 2008, during which three typhoons approached or
made landfall in Taiwan. They reported that, for all three typhoons, clear amplitude inconsistencies were repeatedly observed
in the 2.5 — 7 mHz frequency band on the days of their closest approach. This result suggests that convective activities
associated with typhoons may contribute to geomagnetic variations via the ionosphere.

However, several issues remain in previous studies. First, the analysis of Chen et al.,(2014) was limited to nighttime, and
results for the daytime, when the ionospheric E layer is present, have not been sufficiently demonstrated. Since the daytime
ionosphere has higher conductivity and the characteristics of disturbances may differ greatly from those at night, and clari-
fying this aspect is essential. Second, satellite observations are only possible when the timing of a typhoon coincides with
the satellite’s overpass, making it difficult to secure a sufficient number of events for statistical analysis. Third, compared
to space weather phenomena such as geomagnetic storms, geomagnetic variations caused by typhoons are considered to be
small, and their detection and quantification are difficult.

Based on this background, the present study aims to verify whether variations in ionospheric currents caused by electron
density fluctuations associated with typhoon passages can be detected as geomagnetic variations on the ground, using multi-
point geomagnetic observation data in Japan. By utilizing data from both the MAGDAS (Magnetic Data Acquisition System)
ground magnetometer network, globally deployed by International Research Center for Space and Planetary

Environmental Science, Kyushu University, and the geomagnetic observatories operated by the Japan Meteorological
Agency, continuous and wide-area analyses can be performed. This enables statistical analyses of a larger number of events
compared to satellite observations, with the goal of clarifying, from an electromagnetic perspective, the mechanisms of at-
mosphere — ionosphere coupling disturbances induced by typhoons through the detection of small ground geomagnetic
variations.

The data used in this study cover the period from 2009 to 2021, focusing mainly on August to October of each year.
Frequency analyses are being conducted for approximately 75 typhoons that approached or made landfall on the Japanese
archipelago during this period (currently ongoing). For these 75 events, multi-point observation data from about six to seven
sites, including both MAGDAS and Japan Meteorological Agency geomagnetic observatories distributed from Hokkaido to
Kyushu, are available. Specifically, the analysis investigates in which frequency bands geomagnetic disturbances occur, divid-
ing the data into daytime and nighttime intervals. To examine local geomagnetic variations with the influence of space weather
removed, correlation coefficients between two observatories— for example, Kuju (Oita Prefecture) and Kakioka (Ibaraki Pre-
fecture)— are calculated separately for day and night. For data where correlation coefficients decrease, it is examined whether
the timing corresponds to periods before or after typhoon passages. If so, detailed investigations are conducted into electron
density variations in the ionospheric F layer using total electron content (TEC) data. In addition, water vapor data observed
by the Himawari meteorological satellite are also incorporated to analyze atmospheric conditions.

In this presentation, the results of the above analyses will be shown, and the generation mechanisms of ground geomagnetic
variations induced by typhoons will be discussed.
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