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lonospheric disturbances detected by GPS total electron content observation after the
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All the details of the commencement and evolution of ionospheric disturbances after the 2011 off the Pacific coast of Tohokt
Earthquake were revealed by the high-resolution GPS total electron content observation in Japan. The initial ionospheric distu
bance appeared as sudden depletions by about 6 TEC unit (20%) following small impulsive TEC enhancements around 05:54U
about seven minutes after the earthquake onset, near the epicenter. At 06:00UT, zonally extended enhancements of TEC ¢
peared in the west of Japan, and traveled to the southwest direction. From 06:00UT to 06:15UT, large-scale circular waves wit
two peaks propagated in the radial direction in the propagation velocity of 3,457 m/s and 783 m/s for the first and second peak
respectively. Following the large-scale waves, medium-scale concentric waves appeared to propagate at the velocity of 138-4:
m/s after 06:15 UT. In the vicinity of the epicenter, short-period oscillations with period of about 4 minutes were observed after
06:00 UT for 3 hours or more. We focus on the the circular and concentric waves in this paper. The circular or concentric struc-
tures of the large- and medium-scale waves indicate that these ionospheric disturbances had a point source. The center of th
structures was located around 37.5 deg N of latitude and 144.0 deg E of longitude, 170 km far from the epicenter to the southea
direction. We termed this center of the coseismic ionospheric variations as &quot;ionospheric epicenter&quot;. According to the
propagation velocities, the large-scale waves would be caused by the acoustic waves generated from the propagating Raylei
wave for the first peak and from the sea surface near the epicenter for the second peak. The wavelength and the propagati
velocity of the medium-scale concentric waves tended to decrease with time. This characteristic is consistent with the result of
numerical model of the coseismic atmospheric wave, indicating that these medium-scale waves were caused by the atmosphe
gravity waves. The amplitude of the large- and medium-scale circular waves were not uniform depending on azimuth of their
propagation direction, much larger in the north and west directions than other directions. This directivity could not be explained
by the previously proposed theory.
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