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D-Region ionospheric disturbances induced by fireballs and satellite reentries
observed with OCTAVE VLF/LF transmitter signals
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Fireballs are exceptionally bright meteors (magnitude >~ 4) that enter Earth’s atmosphere and burn up due to aerodynamic
heating, typically originating from larger meteoroids or small asteroids. Similarly, artificial satellites or other human-made
objects can reenter the atmosphere in a controlled or uncontrolled manner, experiencing heating that may cause partial or
complete ablation. These atmospheric entry events can ionize the surrounding neutral atmosphere, affecting the D-region
ionosphere (60 — 90 km altitude), which can be detected using very low frequency (VLF, 3 — 30 kHz) and low frequency
(LF, 30 - 300 kHz) transmitter signals. Previous studies have shown that fireballs generate acoustic and atmospheric
gravity waves (AGWs), causing D-region ionospheric fluctuations (Chernogor, 2015; Ohya et al., 2024). However, detailed
mechanisms of D-region variations induced by fireballs and satellite reentries remain unclear. This study quantitatively
investigates lower ionospheric variations associated with atmospheric entry events using OCTAVE VLF/LF transmitter
signals, the F-net seismic observation network, and infrasound data from Kochi University of Technology and the National
Astronomical Observatory of Japan. Two events are analyzed: a fireball observed at 14:33 UT on April 23, 2023, and
the reentry of a Starlink satellite (Group 6-32 debris 31119) at 12:38 UT on December 26, 2023. Transmitters include
JIT (22.2 kHz, Miyazaki, Japan), JJY40 (40.0 kHz, Fukushima, Japan), JJY60 (60.0 kHz, Saga, Japan), and BPC (68.5
kHz, China), with receivers at RKB (Rikubetsu, Japan) and KAG (Kagoshima, Japan). For the fireball, amplitude and
phase variations with periods of 200 - 500 s were observed on the JJY60-RKB path, while the JJY40-RKB path exhibited
larger distinct variations (18 dB and 200° ), likely caused by strong ionization along the fireball trail. Seismic (vertical
velocity at Kashiwazaki; KZK) and infrasound (Mozumi; MZM) data also showed variations with periods of 300 - 400
s and 200 — 400 s, respectively. Coherence analysis revealed significant peaks at 200 — 400 s between LF, seismic, and
infrasound signals. For the satellite reentry, amplitude and phase variations with periods of 200 — 300 s were observed in
the JJY40-KAG signals, and corresponding infrasound variations at Tateyama (TTM) coincided with acoustic wave arrival
at the ground. Coherence analysis showed a peak at 256 s. These results indicate that acoustic waves generated by fireballs
and satellite reentries propagate upward, inducing disturbances in both the D-region ionosphere and at the Earth’s surface.
Detailed results will be presented in the session.



