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Atmospheric Pressure Waves and Tectonic Deformation
Associated with the Alaskan Earthquake of March 28, 1964
TAKESHI MIKUMO

Disaster Prevention Research Institute, Kyoto University, Kyoto, Japan

Atmospheric pressure disturbances with periods as long as 14 min have been recorded by
sensitive microbarographs at five stations along the Pacific coast and at a station in Alaska
after the great Alaskan earthquake of March 28, 1964. The phase and group velocities of the
disturbances are consistent with those so far observed in atmospheric nuclear explosions
and with theoretical dispersion curves for acoustic-gravity waves. These velocities and field



observation of the tectonic deformations in the epicentral region suggest that the pressure
disturbances might have been caused by the rapid vertical ground displacement at the
source area. Theoretical barograms appropriate to the Berkeley station have been
constructed on the basis of reasonable estimates for the source dimension, the amount of
uplift and subsidence, and the time rate of the displacement, taking the atmospheric and
instrumental responses into account. Agreement between general features of the observed
and theoretical barograms appears sufficient to support the above generation hypothesis,
suggesting a possible range for the time rate of the surface tectonic deformation.
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Atmospheric pressure perturbations from the 2004 Sumatra-Andaman earthquake
(Mw = 9.2) were observed by sensitive microbarographs at several global stations. Among
these observations, very low-frequency acoustic-gravity waves (1.4-2.8 mHz) with a group
velocity around 300-314 m/s and amplitudes ranging between 1 and 12 Pa can be clearly
identified through data processing at four stations on the Japanese Islands and also at four
International Monitoring System (IMS) stations around the Indian Ocean.
Assuming several seismic source parameters for this great thrust earthquake, we produce
synthetic barograms using a realistic thermal structure in the atmosphere up to an altitude
of 220 km. For this modeling, we incorporate the source dimensions in different zones, the
expanding velocity of the source region, the vertical displacements of uplift and
subsidence, and their time constants. Combinations of these source parameters provide
synthetic waveforms consistent with the general features of the observed low-frequency
records. The results clearly indicate that the recorded waves may have been generated by
large-scale coseismic uplift and subsidence of the sea bottom and associated swelling
and depression of the sea surface over the source region extending for 1500 km. The
uplift in the south-central zone of the Andaman-Nicobar regions may be substantially
larger than in the other zones. The time constant of the coseimic vertical deformation is
found to be in the range of 1.0-1.5 min, which may correspond to the time elapsed shortly
before the generation of tsunami waves.
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Low-frequency atmospheric pressure waves were recorded after the 2010 Maule, Chile
earthquake (Mw=8.8) by microbarographs at seven International Monitoring System (IMS)
stations in the distance range up to 7,680 km. By applying bandpass-filtering, we extracted
gravity waves, removing atmospheric noise and higher-frequency acoustic modes, and then
estimated their phase velocities as around 332-341 m/s. To compare with these observations, we
constructed synthetic waveforms, referring to the source dimension and coseismic vertical
ground displacements based on geodetic measurements, with incorporating a standard
atmospheric sound velocity structure up to a height of 220 km. The comparison between the
observed and synthetic waveforms provides generally satisfactory agreement, and suggests the
time constant of vertical ground displacements between 3 and 2 min both in the northern and
southern segments of the entire source region extending for about 500 km.

@)
Journal of Geophysical Research Solid Earth VVol.118, 1534-1545, doi:10,1002/jgrb,50143,2013
Acoustic-gravity waves from the source region of the 2011
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Atmospheric pressure waves were recorded within 5 h after the 2011 great Tohoku
earthquake (Mw=9.0) by sensitive microbarographs at four regional stations and eight
International Monitoring System stations at distances up to 6700 km. While its apparent
phase velocity between the regional stations is 341 m/s, the global stations include weak
dispersive wave trains with low frequencies between 1.6 and 4.8 mHz, propagating with an
average phase velocity around 364 m/s. The low-frequency waves may be interpreted as
acoustic-gravity waves excited by upheaval and depression of the sea surface in the source
region due to coseismic uplift and subsidence of the sea bottom during this great thrust
earthquake. Assuming the source dimension and the average coseismic vertical
displacements of the sea surface, with reference to tsunami observations, we calculate



synthetic waveforms for some of the far-field stations by incorporating a standard sound
velocity structure in the atmosphere up to an altitude of 220 km. The synthetics provide
reasonable explanations for the general features of the observed waveforms, suggesting
possible ranges for the source parameters generating these acoustic-gravity waves. Our
analysis suggests that the average initial upheaval of the sea surface in the central zones of
the source region may exceed 4-6 m and that the risetime of the coseismic deformation
may be in the range between 3 and 4 min. In the eastern zone adjacent to the Japan
Trench, the deformation has significantly higher initial amplitude and shorter risetimes.
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