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Development of a Time-Series-Based Software for Sferic Noise Removal in Mag-
netospheric ELF/VLF Wave Analysis

#Yuto Ito?), Kazuo SHIOKAWA'), Claudia Martinez-Calderon®, Jyrki Manninen®), Martin Connors®)

(nstitute for Space-Earth Environmental Research, Nagoya University, (?University of Oulu, Finland, (} Athabasca Univer-
sity, Canada

Analyzing dynamic spectra of magnetospheric ELF/VLF waves, generated through interactions in the magnetospheric
plasma, offers useful information for understanding the plasma state However, when these waves are received on the ground
using antennas, noise by sferics produced by lightning makes it difficult to identify magnetospheric waves on the dynamic
spectra. In this study, we developed software to remove the noise from sferics while preserving the waveforms of magne-
tospheric ELF/VLF signals as much as possible. We used data with a 40-kHz sampling rate obtained in 2024 at Athabasca,
Canada, and Oulujirvi, Finland, through the PWING project. Since sferics appear as short pulses lasting only a few hun-
dred milliseconds, they are detected as broadband features in the spectrum, particularly at higher frequencies, and frequently
overlap with magnetospheric ELF/VLF waves. In contrast, magnetospheric ELF/VLF waves vary over several milliseconds
or seconds, much more slowly than sferics. Therefore, we considered it more appropriate to address sferic noise in the time
domain rather than in the frequency domain. Our method detects sferics as noise in the time domain and attempts to remove
them through interpolation. A simple method of setting values to zero when amplitudes exceed a threshold was found to
spread spectral contamination into the low-frequency range. Furthermore, when interpolation was performed by averaging
spectra before and after the removed intervals, we found that using intervals that were too long led to removal of more than
50% of the data. To address this, we attempted to optimize the procedure to minimize the removed intervals. In this presenta-
tion, we will report these results, including noiseremoval approaches using machine learning, and discuss the validity of the
proposed sferic-removal methods.
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