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Study of Mesospheric Gravity Waves in the Antarctic
Observed by Airglow Imaging Network, Using Phase Velocity
Spectrum
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Summary (Abstract) of doctoral thesis contents

Atmospheric gravity waves (AGW), generated in the lower atmosphere, can propagate to the
mesosphere and lower thermosphere. They transport great amounts of energy and momentum and
release them at various altitudes. Among many parameters to characterize gravity waves, the
horizontal phase velocity is important to discuss the vertical propagation and where the
momentum is released. Near the mesopause region, OH and other airglow imagings have been
used to investigate horizontal structures of gravity waves for more than two decades.
Traditionally, the statistics of these observations are based on the wave characteristics of
individual AGW events, which are detected by visual inspection of outstanding wave-like
structures in airglow image data. However, such methods are not suitable for the analysis of large
amounts of data for a few reasons: (1) the analysis procedure is time-consuming, (2) differences
in criteria for determination of wave events, and (3) the extraction of the AGW parameters
depends on the work of the people processing the data differences and criteria for the
determination of wave events. The latter two might induce biases in the sampling of wave events.
These problems cause difficulties in obtaining a global map of gravity wave characteristics in the
mesopause region. Another important fact with respect to mesospheric gravity wave studies is
that the observations over the Antarctic are few, although a significant amount of AGWs is
generated in this region. In this thesis, we aim to reveal the characteristics of horizontal phase
velocity distributions of mesospheric small-scale and short-period AGWs in the Antarctic and to
investigate the propagation process and source of the AGWs.

First, we developed a new analysis method obtaining the power spectrum in the horizontal phase
velocity domain from airglow intensity image data to study AGWs. This method can deal with
extensive amounts of imaging data obtained in different years and at various observation sites
independent of the work of the people processing the data for the determination of AGW events
and extraction of AGW characteristics. The new method was applied to sodium airglow data
obtained in 2011 at the Syowa Station (69°S, 40°E) in the Antarctic. The results were compared
with those obtained from conventional event analysis in which the phase fronts were traced
manually to estimate the horizontal characteristics such as wavelengths, phase velocities, and
wave periods. The horizontal phase velocity of each wave event in the airglow images
corresponded closely to a peak in the spectrum. The statistical results of both analyses show the
eastward offset of the horizontal phase velocity distribution of AGWs. Both spectral and event
analyses showed (1) a cluster of westward-propagating slow (< 50-60 m/s) waves and (2) the
dominance of eastward-propagating waves with high speeds (no complete absence of slower
waves in this direction), which could be interpreted as the existence of a stratospheric source in
the polar night jet. The galactic contamination of the spectrum was examined by calculating the
apparent velocity of the stars and found to be limited for phase speeds lower than 30 m/s.
Subsequently, we obtained horizontal phase velocity distributions of the gravity waves at an
altitude of ~90 km from four airglow imagers in the Antarctic, which belong to the Antarctic
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Gravity Wave Imaging/Instrument Network (ANGWIN), an international airglow
imager/instrument network in the Antarctic. Results from the airglow imagers at four stations,
Syowa, Halley (76°S, 27°W), Davis (69°S, 78°E), and McMurdo (78°S, 167°E), were compared
using the new statistical analysis method based on a 3-D Fourier transform developed in this
study for the observation period between April and May 2013. Significant day-to-day and
site-to-site variations were observed. The two-monthly average of the phase velocity spectrum
showed a preferential westward direction at Syowa, McMurdo, and Halley but no preferential
direction at Davis. The AGW energy estimated from I’/I was ~5 times larger at Davis and Syowa
than at McMurdo and Halley. We also compared the phase velocity spectrum at Syowa and Davis
with the background wind and found that only the directionality over Syowa could be explain
with critical level filtering. The gravity waves over Davis, which propagated into all azimuth
directions, could be generated above the polar night jet by a mechanism such as secondary wave
generation. The comparison of the nighttime variation of phase velocity spectra with background
wind measurements suggested that the effect of critical level filtering could not explain the
temporal variation of the gravity wave directionality well; however, for the same cases, other
reasons such as the variation of wave sources should be taken into account. We also found that
the directionality is dependent on gravity wave periods.
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