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Peninsula Earthquake Observed by HF Doppler Sounding
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At 08:24 JST on July 30, 2025 (23:24 UT on July 29, 2025), a huge earthquake (Mw 8.8) occurred near the Kamchatka
Peninsula. This event ranks as the sixth largest earthquake ever recorded and generated a massive tsunami, which led to pro-
longed tsunami warnings and advisories being issued across Japan. Previous studies have reported that large earthquakes can
introduce ionospheric disturbances through various mechanisms, and it is highly likely that such disturbances also occurred
in association with this earthquake. In this study, we analyzed ionospheric disturbances triggered by the Kamchatka earth-
quake using HF Doppler sounding observations. HF Doppler observations are conducted at 11 stations across Japan under the
operation of four institutions led by the University of Electro-Communications. This network conducts simultaneous observa-
tions at four frequencies transmitted from the three stations: the Chofu campus of the University of Electro-Communications
(5.006 MHz and 8.006 MHz), the Radio NIKKEI Nagara transmitting station (6.055 MHz), and the Nemuro transmitting
station (3.925 MHz). However, the 3.925 MHz transmission was suspended at the time of the earthquake. In addition, almost
no Doppler frequency variations were observed at 5.006 MHz, most likely because the reflection altitude for receivers near
the Kanto region was confined to the E region, while signals did not reach distant stations due to the low reflection height.

Analysis of the Doppler frequency variations just after the earthquake revealed clear disturbances especially at the Sug-
adaira station. A notable feature was that the oscillation period varied with time. Oscillations with a period of about 2 minutes
were observed for roughly 10 minutes after the onset of the disturbance, followed by oscillations with periods of 3 — 4 min-
utes, and later by oscillations with a period of about 20 minutes. Disturbances were also detected at 6.055 MHz, though they
were less pronounced than at 8.006 MHz. The onset of the initial variations appeared later at 8.006 MHz than at 6.055 MHz.
Considering that 8.006 MHz is reflected at higher altitudes, this delay suggests that atmospheric waves excited by ground
motion—most likely acoustic-mode atmospheric gravity waves— propagated upward and perturbed the ionosphere.

Broadband seismometer (F-net) records from the Onishi station, located near the midpoint between Chofu and Sugadaira
within the NIED seismic network, showed clear ground motion preceding the ionospheric disturbance. This further supports
the interpretation that upward-propagating acoustic waves generated by the earthquake were responsible for the ionospheric
perturbations. The subsequent 3 — 4 minute oscillations may have been caused by acoustic resonance between the ground
and the lower ionosphere. However, while the typical resonance period is about 4 minutes, the observed periods were slightly
shorter. Therefore, it is also possible that atmospheric waves generated by the earthquake propagated as atmospheric gravity
waves. Moreover, seismic records indicated that after the initial strong ground motion, oscillations with a period of approxi-
mately 10 seconds became dominant, suggesting that atmospheric gravity waves originating from the source region may also
have excited ionospheric disturbances. At the Sugito station, by contrast, persistent short-period oscillations were observed,
exhibiting behavior markedly different from that at Sugadaira.

These results indicate that more detailed station-specific analyses are required. Future work will incorporate additional
datasets, such as GPS-based observations, to conduct more comprehensive investigations of the ionospheric response to the
Kamchatka earthquake.
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