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Modeling of Perturbation in the Lower lonosphere caused by EMIC waves using
Numerical Simulation of subionospheric VLF signals

#Hiroki Nomotd”, Yasuhide Hobara,Fuminori Tsuchiy® ,Asuka Hirat)

(IUEC®Planet. Plasma Atmos. Res. Cent., Tohoku URRPARC, Tohoku Univ.

Itis known that electromagnetic ion cyclotron (EMIC) waves generated at the magnetic equator scatter ring-current protons
and radiation-belt electrons due to wave-particle interactions. The scattered protons are precipitated into the ionosphere and
produce the isolated proton aurora (IPA). At the same time, the precipitated radiation-belt electrons cause perturbations in
the lower ionosphere, and anomalies in the propagation of VLF transmitter signals are observed. Observation of the VLF
transmitter signal is an effective to monitor disturbances in the lower ionosphere, but the energy of the precipitating electrons
cannot be determined directly from the VLF observations. In this study, we develop the disturbance model for the lower
ionosphere based on the ground-based IPA and EMIC wave data, and evaluate them by comparing observed anomalies in
the VLF transmitter signals. We analyzed the single IPA event observed in Athabasca, Canada on March 27, 2017. A two-
dimensional FDTD (Finite-Domain Time Difference) method is used to calculate the temporal variations of the magnetic
amplitude of the VLF transmitter signals (24.8 kHz) passing through the IPA region based on the IPA and EMIC data and
compared with the measured VLF data. Specifically, the location and width of the disturbances were determined with IPA
intensity data, and the temporal variation of the disturbance altitude was determined with EMIC wave data. When the altitude
of the disturbances in the lower ionosphere is ranged from 57 km to 86 km, the mean value of the magnetic field amplitude
attenuation due to the radio propagation anomaly is 11.4 dB in the observation and 11.0 dB in the numerical computation.
The duration of the anomaly is 13 minutes in the observation and 11 minutes in the numerical computation. Furthermore, it
has been confirmed that the electron energy required to reach this disturbance altitude range is in the MeV band, suggesting
that EMIC waves have a strong influence on the lower ionospheric disturbances.
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