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Seasonal variation and sources of atmospheric gravity waves in the Antarctic
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Abstract: In the last recent ten years, our knowledge of gravity waves in the
Antarctic has been significantly improved through numerous studies using
balloon and satellite observations and high-resolution model simulations. In
this report, we introduce results from two studies which were performed as a
part of the NIPR project “Integrated analysis of the material circulation in the
Antarctic atmosphere-cryosphere-ocean” (2004-2009), i.e., Yoshiki et al.
(2004) and Sato and Yoshiki (2008). These two studies focused on the seasonal
variation and sources of the gravity waves in the Antarctic, because horizontal
wavelengths and phase velocities depend largely on the wave sources. The
former study used original high-resolution data from operational radiosonde
observations at Syowa Station. In the lowermost stratosphere, gravity waves do
not exhibit characteristic seasonal variation;instead, the wave energy is
intensified when lower latitude air intrudes into the area near Syowa Station
in the upper troposphere. This intrusion is associated with blocking events or
developed synoptic-scale waves. In the lower and middle stratosphere, the
gravity wave energy is maximized in spring and particularly intensified when
the axis of the polar night jet approaches Syowa Station. The latter study is
based on intensive radiosonde observation campaigns that were performed in
2002 at Syowa Station as an activity of JARE-43. Gravity wave propagation
was statistically examined using two dimensional (i.e., vertical wavenumber
versus frequency) spectra in each season. It was shown that the gravity waves
are radiated upward and downward from an unbalanced region of the polar
night jet. This feature is consistent with the gravity-wave resolving GCM
simulation.
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Fig. 1. Time-height sections of (a) zonal wind, (b) temperature and (c) gravity wave kinetic
energy at Syowa Station. Contour intervals are (a) 10 m/s, (b) 10 K, (c) 0.5 J/kg
(Yoshiki et al, 2004).
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Fig. 2. Frequency distribution of horizontal wavelengths estimated by Hodograph analysis. Left

and right panels show results for height ranges of 13-15 km and 15-25 km, respectively.
White and gray bars show components of upward and downward energy propagation
components, respectively (Yoshiki et al, 2004).
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Fig. 3. Frequency distribution of directions of gravity wave phase velocity (a) relative to the
background wind and (b) relative to the ground. Left and right panels show results for
height ranges of 13-15 km and 15-25 km, respectively. Thin dashed, thick dashed, thin
solid and thick solid curves show results for summer (DJF), autumn (MAM), winter
(JJA), spring, respectively (Yoshiki et al, 2004).
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PV on 300 K:1997/06/19/00
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N 5 1 2 WAL AR, BHRISIEHE O, SERERIX 0.5 PVU (Yoshiki e al, 2004),
Fig. 4. A map of potential vorticity on an isentropic surface of 300 K on 16 June 1997 when
gravity wave energy was enhanced in the height region of 13-15 km. The closed circle
indicates the location of Syowa Station. Contour intervals are 0.5 PVU (Yoshiki et al.,

2004).
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Fig. 5. Frequency distribution of potential vorticity on the 300 K isentropic surface (white bars).

The potential vorticity in units of PVU is shown on the horizontal axis. Gray bar

indicates cases when gravity wave energy was greater than 1.5 J/kg in the height region
of 13-15 km.
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Fig. 6. (a) Time-equivalent latitudes of latitudinal gradient of potential vorticity on an isentropic
surface of 480 K in 1997. Closed circles show equivalent latitudes of the polar night jet
axis. A solid curve shows the equivalent latitude of Syowa Station. (b) Time series of
gravity wave potential energy (a solid curve) and background wind speed (a broken
curve) (Yoshiki et al, 2004).
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Fig. 7. Time height sections of meridional winds observed in March (top) and June (bottom)
2002. Plotted are deviations from the time mean at respective heights. Contour intervals
are 5 m/s (Sato and Yoshiki, 2008).
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Fig. 8. Frequency and vertical wavenumber spectra of meridional wind fluctuations in (a)
March, (b) June, (c) October and (d) December 2002 at Syowa Station in the energy
content form. Contour intervals are 1 dB. The rectangles show the region in which the
hodograph analysis was made. Two vertical lines show diurnal (1 day) and inertial
period (about 13 h) (Sato and Yoshiki, 2008).
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Fig. 9. Time-height sections of gravity waves observed in June 2002. (a) Gravity waves having
upward phase velocities and (b) those having downward phase velocities. The propagation
direction of wave packets is shown by arrows. A hodograph analysis was made for the
fluctuations in the regions denoted by rectangles.
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Fig. 10. Horizonal phase velocities relative to the ground estimated from the hodograph analysis
for cases in June 2002. The rightward direction shows the background wind direction.
Circles and cross marks show gravity waves with upward and downward phase
propagation, respectively (Sato and Yoshiki, 2008).
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Fig. 11.  Polar stereo projection maps of (left) the local Rossby number and (right) the absolute

value of the residual of the nonlinear balance equation at 30 hPa at 2100 UTC 25
June 2002 based on NCEP/NCAR reanalysis data. Thin contours show geopotential
height in km with an interval of 300 m. Thick contours show absolute values of
horizontal winds (50, 60, 70 m/s). Cross marks show the location of Syowa Station
(Sato and Yoshiki, 2008).
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Fig. 12. A map of horizontal wind divergence at a height of 25.4 km obtained from a
high-resolution aqua planet experiment by Sato et al. (1999). Different sign is distin-
guished with warm and cool colors. Contours show geopotential height with an interval
of 200 m (Sato and Yoshiki, 2008).
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