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Extended Abstract 
 
Large earthquakes are known to cause appreciable ionospheric disturbances through lithosphere–atmosphere–ionosphere 
coupling. The vertical ground motion of seismic waves launches infrasonic acoustic waves (infrasound) into the atmosphere, 
and the excited waves propagate upward with the amplitude increasing. The neutral particle motion of the acoustic waves 
induces alternating enhancements and depletions of plasma density through the neutral–ion collisions at ionospheric heights. 
The resulting ionospheric perturbation is detected by the ionosonde as a distortion of echo traces.  
 
At remote distances from the epicenter, Rayleigh waves are the primary source of coseismic infrasound. Short-period 
Rayleigh waves in the range of 15–50 s, near the Airy phase, yield ionospheric density fluctuations with vertical wavelengths 
of 7.5–50 km, because the sound speed is 500–1000 m/s at ionospheric heights. The vertical wavelength is less than the 
bottom-half thickness of the ionosphere, and several cycles of alternating enhancements and depletions of electron density 
cause distortion of the ionograms characterized as a multiple cusp signature (MCS) [1].  
 
The magnitude 8.8 earthquake occurred offshore of Maule (35.91ºS, 
72.73ºW), Chile at 0634:14 UTC on 27 February 2010 and seismic 
signals were recorded at Obninsk, Russia, propagating over ~15,000 
km along Earth's surface, as shown in Figure 1b. Ionosonde at 
Kazan, Russia recorded strong MCS, as shown in Figure 1a [2].  
 
This distance was extremely large compared with the detection limit 
of similar ionospheric disturbances that were previously studied at 
lower latitudes over Japan [1]. The observations suggest that the 
sensitivity of ionograms to coseismic atmospheric disturbances 
differs at different locations on the globe. A notable difference 
between the Russian and Japanese ionosonde sites is the magnetic 
dip angle, which affects the ionosphere–atmosphere dynamical 
coupling and radio propagation of ionosonde sounding. Numerical 
simulations of atmospheric–ionospheric perturbation were 
conducted, and ionograms were synthesized from the disturbed 
electron density profiles for different magnetic dip angles. The 
results showed that ionosonde sounding at Kazan was sensitive to 
the atmospheric disturbances induced by seismic Rayleigh waves 
compared with that at Japanese sites by a factor of ~3. 
 
Figure 1. (a) Disturbed ionogram obtained at Kazan (56.43ºN, 58.56ºE; d = 15,148 km) showing MCS, after the 2010 Chile 
earthquake, and (b) vertical ground motion observed at Obninsk (55.11ºN, 36.57ºE; d = 14,375 km). 
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