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T
he classic treatment of boundary layer winds over the
interior of Antarctica invokes a picture of quasisteady,

gravity-driven flows arising from the radiative cooling of the
gently sloping ice surface, modified by coriolis and frictional
effects (Parish 1982; Schwerdtfeger 1984; Parish and Brom-
wich 1991). Observations from acoustic sounders that mea-
sure boundary layer turbulence and wind, however, suggest
a more complicated picture of boundary layer structure,
including the surface-based inversion at the South Pole (Neff
1980, 1986). This picture reveals the importance of winds
aloft and the time history of the radiative balance and turbu-
lent heat transfer at the surface, both of which are governed
in large part by the mean and transitory aspects of the syn-
optic flow (Neff 1992). Recently, Stone and Kahl (1991) docu-
mented the influence of cloud cover during transitory
weather disturbances on the surface energy budget and the
relation of certain upper-level pressure anomalies to the
occurrence of upsiope transport of moisture at the South
Pole. Furthermore, results of Dutton et al. (1991) show an
increase in average sky cover at the South Pole in the 1980s,
during the months of January through March. Such an
increase, through its effect on the surface energy budget,
should be revealed in the characteristics of the inversion

winds over the interior of Antarctica. These past studies,
however, have been characterized by a variety of instrumen-
tal limitations including
• rawinsondes launched only once a day during the winter

despite evidence of more rapid changes in the atmosphere
aloft,

• sodars with a limited range of 100 to 400 meters (m) above
the ground (AGL), unable to see above the boundary layer,
particularly during warming events,

• no direct near-surface turbulence measurements, and
• no synoptic scale data.
The design of our 1993 field program sought to overcome
some of these limitations using additional in situ instruments,
including an array of automatic weather stations 100 kilome-
ters (km) from the Pole, as described by Carroll (Antarctic
Journal, in this issue) and through the testing of low-cost 915-
megahertz (MHz) radar wind profiler technology (e.g., Neff
1994) for the first time in Antarctica.

The wind profiler was installed in November 1992, south-
east of the clean air facility (CAF) at the South Pole Station
(figure 1). It consisted of five 2-m by 2-rn flat-plate radar
antennas with clutter screens, one oriented horizontally and
four equally tilted in orthogonal directions. Four acoustic
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Figure 1. Initial installation of the wind profiler near South Pole Station's clean air facility (OAF). Later in January 1993,
a doppler sodar was installed on the roof of the CAF. (Photo courtesy of Jesse Leach).
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sources were located within the array of radar antennas: these
were part of a radio acoustic sounding system (RASS; e.g.,
Neff 1994). The remaining instrumentation was installed in
January 1993, including a two-axis doppler sodar (located on
the roof of the CAF), four microbarographs located radially
about 100 m from the CAF, and a sonic anemometer 3 m AGL
on the walk-up meteorological tower.

The operation of the wind profiler depended significantly
on the presence of moisture, which provides the radio refrac-
tive index fluctuations from which the radio waves scatter. By
measuring the doppler shift of the signals along each radial
beam, the vertical and horizontal components of the wind
could then be determined every few minutes. As expected, the
profiler worked well during warming events, with winds
measured reliably to heights of 1.5 to 2.0 km AGL. This
occurred because moisture associated with clouds and ice
crystal falls provided relatively strong radar signals during
warming events. During clear, cold, and generally calm condi-
tions, however, little return was seen because these cooling
events are generally associated with the movement of cold,
dry air from the interior over the pole. The doppler sodar,
however, because of its sensitivity to strong temperature
inversions, provided an effective characterization of winds in
the boundary layer, which typically extends from 50 m to 200
m AGL. Currently, our efforts are focused on the evaluation of
profiler and sodar performance through comparisons such as
that shown in figure 2 for julian day 340 of 1993. In this case,
extensive cloud cover was present and the radar performed
well as compared with both the doppler sodar and rawin-
sonde. Figure 3 characterizes temperature as a function of
height and time for this period using twice-a-day rawinsonde
data. Julian day 340 corresponds to the beginning of a multi-
day warming episode (figure 3) correlated with increased
winds from the direction of the Weddell Sea. In this case, the
frontal passage occurred sometime during the 12-hour inter-
val between soundings. Events such as these will be the focus
for analyses using the high-time-resolution data acquired
over the last year.

The operation of BASS also proved interesting. RASS
techniques depend on the scattering of radio waves from
index of refraction changes produced by sound waves propa -
gating along the axis of the radar beam. By measuring the
speed of sound, the virtual temperature can then be estimat-
ed. The technique is limited by two effects, however. First,
under strong wind conditions, the acoustic beam is dis-
placed from the radar beam, and no signal is obtained.
Under calm conditions, the scattered radar signal may be
focused on a very small spot that may or may not coincide
with the 2-rn by 2-m radar antenna. With some turbulence in
the air, this effect is overcome because the scattered signal is
broadened spatially, guaranteeing that some signal is
received. The year-long program revealed that BASS worked
well up to 750 m under moderate wind conditions of 5 to 10
meters per second but proved unreliable under high-wind or
calm conditions.

In summary, wind profiler technology at the South Pole
proved most useful for periods of rapid warming of the lower

atmosphere, even at very low temperatures, and during the
high wind conditions under which doppler sodars normally
fail because of wind-induced noise. BASS applications proved
more problematic, but the limitations may well be addressed
by larger radar antennas or multiple acoustic sources. Overall,
the environmental conditions at the South Pole were the most
challenging we have encountered for use of this technology,
particularly during periods of extremely low moisture con-
tent. In the future, a suite of complementary in situ and
ground-based remote sensors suitable for a range of atmos-
pheric conditions may prove most useful for studies of the
atmosphere over the interior of Antarctica.

The services of Jesse Leach, who provided the initial pro-
filer installation in 1992; of Kathie Sharp, the Environment
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Figure 2. Comparison of profiler winds with those from a doppler
sodar and the South Pole rawinsonde on julian day 340, 1993. The
wind barbs follow meteorological convention and here represent
winds of 5 to 10 meters per second from the north to northwest
(where "north" is defined as the Greenwich meridian). Profiler- and
sodar-derived winds are 1-hour averages whereas the rawinsonde
represents an almost instantaneous (1-minute) sample.
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Figure 3. Time-height representation of temperatures from julian day
331 through 350 of 1993 through the lowest 3-km of the atmosphere
during a prolonged warming event as observed from twice-a-day raw-
insondes. (ASL denotes above sea level.)
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Decadal change in the troposphere and atmospheric boundary
layer over the South Pole

W.D. NEFF, National Oceanic and Atmospheric Administration/En vironmental Technology Laboratory, Boulder, Colorado 80303

D
uring the austral winter of 1993, the Environmental
Technology Laboratory in collaboration with the Univer-

sity of California at Davis (Carroll, Antarctic Journal, in this
issue), carried out a detailed field study of the atmospheric
boundary layer at Amundsen-Scott South Pole Station to
determine the effect of transitory synoptic disturbances on
the surface-energy budget. This study used newly developed
915-megahertz radar wind-profiling technology for the first
time in the Antarctic in combination with conventional
boundary layer instrumentation that included a short tower,
sonic anemometer, microbarograph array, and doppler sodar
(Neff, Antarctic Journal, in this issue). Recent discussions,
however, of interdecadal variability in the circumpolar circu-
lation around Antarctica (Hurrell and Van Loon 1994) and of
decadal changes in summer cloudiness at the South Pole
(Dutton et al. 1991), motivated our study of the long-term

variability in boundary layer characteristics, cloudiness, and
tropospheric flow behavior to provide a climatological con-
text for our single year's observations.

During the austral spring, the atmosphere above 300 hec-
topascals (hPa) warms rapidly from temperatures less than
-70°C to temperatures greater than -40°C because of the
combination of dynamical effects and radiative heating
(Kiehl, Boville, and Briegleb 1988). Because this increase is
much greater than the warming of the troposphere below 300
hPa, a thermal tropopause forms, typically by mid-November,
with a temperature minimum near 300 hPa. This change in
stratification of the upper troposphere provides a dramatic
contrast between winter and summer over Antarctica.

In figure 1, we show the formation of this feature as a
function of time starting from 1 September each year, from
1961 through 1993. For figure 1, our calculation of bulk tern-
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