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Optical measurements of the meteorology of the upper atmo-
sphere are regularly made near the South Pole at Amundsen-
Scott Station in order to provide an understanding of the proper-
ties and behavior of this region of the atmosphere at high lati-
tudes. Specifically, the natural radiation from hydroxyl (OH)
molecular species at an altitude near 87 kilometers (Witt et al.
1979) is used as a tracer for the motion and temperature of the
mesosphere. The motions and temperatures are determined
from measurements of the Doppler shift and width of the P1(2)
line of the hydroxyl emission at 8400 angstroms, using a high-
resolving-power Fabry-Perot spectrometer (Hernandez 1988).

We obtained the measurements of the upper atmosphere
during the austral winters of 1991 and 1992. The observations
made during the month of August 1991 are typical of the results
obtained at Amundsen-Scott Station and will be used here to
illustrate the observed behavior. These observations are made by
sequential examination of the sky, at an elevation of 30' above the
horizon, in eight directions 45' apart in longitude, starting at 30'
geographical longitude. A local zenith observation is made after
the eight azimuths observations. Effectively, these observations
provide information on the winds and temperatures of the meso-
sphere at 87-kilometer altitude at a distance of 1.5' away in
latitude from the South Pole.

Figure 1 shows the observed winds and temperatures at 87
kilometers for the first 500 hours of measurement during August
1991. This figure shows the wind observations at 210' longitude
and illustrates the short- and long-term variations in both the
winds and temperatures. A modified power spectral analysis, or
periodogram (Lomb 1976; Scargle 1982), of the winds and tem-
peratures for this period shows the presence of statistically sig-
nificant winds at a number of frequencies; however, unexpect-
edly, the winds are not accompanied by significant variations of
the temperature at the same frequency. An example of this
behavior is given in figure 2 for the power spectral analysis in the
frequency near 0.1 /hour or 10.1 hour periodicity. In addition, the
time when maximum wind occurs at a given longitude, or phase
progression, indicates that the observed motions consist of the
effects of a single wave motion rotating in the zonal direction

Figure 1. South Pole optical data determined in the 210 0 E longitude
direction: (A) Wind; (B) kinetic temperature. The data series cover
the first 500 hours of measurements for the period 1 August 1991 to
25 August 1991.
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Figure 2. Lomb-Scargle periodogram for the South Pole data of
figure 1: (A) The neutral motions; (B) the kinetic neutral tempera-
ture. The periodlcltles covered by the frequency scale are from
13.33-hourto8.0-hour. Null-hypothesis 95-percent significance levels
are Indicated In both panels.
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Figure 3. (A) Phase progression of the 10.1-hour oscillation observed
at the South Pole as a function of azimuth; (B) same as (A), except
for the 45-hour oscillation.

about the South Pole once per period, or a wavenumber one
oscillation. Figure 3 shows this behavior, with the time normal-
ized as longitude. Note that the 10.1-hour periodicity wave
progresses westward while the 45-hour periodicity wave
progresses eastward, but in both cases the phase progression
indicates a wavenumber one, or one maximum (at a given longi-
tude) per period.

The absence of other wavenumber waves, other than
wavenumber one, indicates that the usual atmospheric oscilla-
tions (Andrews et al. 1987), such as the strong 12-hour periodicity
zonal wavenumber two tides found elsewhere (Forbes 1982),
have nearly vanished near the geographic pole. Examination of

the behavior of waves near the geographic poles shows there is a
fundamental reason for the absence of high-wavenumber mo-
tions at these locations (Hernandez et al. 1992). This can be done
by expansion of the variables in a power series in sinO, where 9 is
the co-latitude, and substitution into the linearized equations for
the wave motions; the leading terms of the equations show the
behavior close to the poles. If s is the zonal wavenumber, then
near the poles the pressure and temperature will vary as (sin9),
and only for zonal wavenumber zero they can be large; physi-
cally, they cannot vary with longitude without being discontinu-
ous at the poles. On the other hand, horizontal winds vary as
(sinO) ',and zonal wavenumber one winds will be observed at
the poles. A wind that is continuous and blows across the poles
resolves into a wavenumber one component. Therefore, tidal
winds for which the predominant zonal modes have wavenumber
two would be negligible at the poles and increase with distance
away from them (Hernandez et al. 1992).

This result is of general application to neutral atmospheric
wave motions in the neighborhood of the geographic poles, and
it is independent of pressure level, or height. Our mesospheric
observations have brought to light this general global property of
the high-latitude atmospheric motions; they indicate the unique-
ness of the Amundsen-Scott Station for meteorological and upper
atmosphere investigations.

This investigation was supported by National Science Foun-
dation grants DPP 90-17484 and ATM 89-22206.
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