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Study on Propagation of Atmospheric Gravity Waves in the
Antarctic with Lidar Observation
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Lidar Observation

Atmospheric gravity waves (AGWSs) are generated in the lower atmosphere and they transport their
energy and momentum vertically, which derive the circulation in the middle atmosphere. This
effect of AGWSs is usually described by parameterizations in practical general circulation models
(GCMs), because AGWs are smaller than the grids of the GCMs. However, AGWs drag
parameterization schemes do not well represent their effects, especially in the Antarctic, which
causes a cold bias in winter and spring stratosphere in the Antarctic. This cold bias leads to an
underestimation of ozone depletion forecast. Observations to quantify the actual AGW
characteristics are required in order o physically constrain the AGW drag parameterization scheme.
In particular, the AGW drag over the Antarctic is underestimated even though the Antarctic region
is well known as one of hot spots of the AGW. This study has investigated AGW activity with a
Rayleigh/Raman lidar observation at Syowa (69°5,40°E), which can observe temperature profile in
a wider range of altitude than a typical lidar, i.e., Rayleigh lidar, in order to reveal the physical
characteristics of the Antarctic AGWs.

First, we derived the potential energy of AGWSs per unit mass (E;) in a range of 15-70 km altitude,
which indicates the AGW activity, from the observed temperature profiles from May 2011 to
October 2013, except for the summer periods. Four features of E, over Syowa were revealed: (1)
The AGW activity was larger in winter than in spring and fall, except for below an altitude of 30
km in 2012. This seasonal variation above 30 km is in good agreement with previous studies using
the Rayleigh lidars at other Antarctic stations. (2) The E, values above 30 km altitude increased
with a mean scale height of 11.3 km. This scale height is larger than the scale height in Davis
station (69°S,78°E} (~6.8 km), although both stations are located close to each other (~1500 km).
(3) The E, profiles had local maxima around 20 km altitude and local minima around 25 km in
almost all months, which was not reported by the previous studies yet. (4) The E, values in
October 2012 are smaller in the range of 35-60 km altitude and larger in the range of 20-35 km
than those in 2011 and 2013, which could be caused by the critical level at which the zonal wind
weakens (~35 km altitude). This result.suggests that the critical level filtering due to the weak
zonal wind significantly influences the vertical and seasonal variation of E,.

Subsequently, we derived the E, in further two years, i.e., 2014 and 2015, and then we found that
E, values between 50 and 60 km altitude for 8-21 August 2014, except on 12, were larger than the
winter mean by more than one standard deviation. A ray-tracing analysis indicated the possibility
that large-scale AGWs with the south-westward wavenumbers, emitted from various latitudes,

converged near ~55 km altitude over Syowa. This result suggests that the AGWs were refracted



toward Syowa by the poleward titling of the polar night jet (PNJ) with altitude. The AGW activity
in the Antarctic middle atmosphere can be enhanced by horizontal propagation of the AGWs, which
is not taken into account for the practical GCMs. The PNJ condition on 12 August was similar to
those during the enhancement, but the meridional wind values at 0.5 hPa {(~47 km altitude) changed
drastically from +56 to -70 m/s during observation time due to a passage of a synoptic-scale
disturbance over Syowa. The depression of the E, on 12 August could be caused by the critical
level filtering of AGWs due to the synoptic-scale disturbance. These results suggest that both the
horizontal propagation and the critical level filtering strongly influence day-to-day variations of
the AGW activity over Syowa. _

This thesis implies that the local wind field controls the Antarctic AGW activity in the middle
atmosphere with the critical level filtering. Additionally, the latitudinal structure of zonal wind

influences a propagation path of AGW, which is one of the causes of intermittency.
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