
crystals, especially dendritic forms. The fresh snow spectrum
taken during snowfall at McMurdo, therefore, exhibits a
well-developed reflection peak. On the ground, the snow is
subject to mechanical and thermal metamorphism which
reduces the number of scattering centers per unit mass. It was
observed at McMurdo that the 1,400-nanometer peak disap-
peared within a day after snowfall ceased. The aged snow
spectrum was taken at the South Pole station where
metamorphous, prismatic crystals inhibit the development of
a reflection peak at 1,400 nanometers, while low solar eleva-
tion causes higher albedo in the visible range. The aged snow
spectrum compares well with laboratory investigations by
O'Brien and Munis (1975).

The study of directional reflectivity of sastrugi fields
(Kuhn, 1974) was continued with the new spectrometer.
Anisotropic reflection from snow is caused not only by its
radiative transfer characteristics (Barkstrom and Querfeld,
1975), but also to a great extent by macroscopic surface
topography. Figure 2 shows the result of scanning the
azimuth at the South Pole station at angles of 3, 10, 20, and
30 degrees below the horizon. Azimuth 0 degree is directed
toward the sun.

In this particular case, two main directions of sastrugi
ridges caused the brightness of the snow surface with respect
to azimuth to be reversed between 0300 and 0900 local stand-
ard time (LsT).

Measurements of spectral extinction of global radiation in
snow were performed at the South Pole station. Extinction is
nonexponential in the uppermost layer of approximately
1.5-2 centimeters (for an explanation see Barkstrom, 1972).
Below this surface, layer extinction is exponential with depth
and depends strongly on wavelength.

Wavelength	450 500 550 600 650	700	750
(nanometers)

Extinction
coefficient	0.082 0.069 0.097 0.133 0.216 0.315 0.382
per centimeters

As wavelength increased beyond 750 nanometers, nonexpo-
nential extinction was observed over the entire measuring
depth of 20 centimeters.

This work was supported by National Science Foundation
grant DPP 75-23048 to Ohio State University.
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Boundary layer research at South
Pole Station using acoustic remote

sensing

W. D. NEFF

Wave Propagation Laboratory
Environmental Research Laboratories

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

We report here on our analysis of acoustic sounder data
obtained during 1977 and on a series of tests planned for a
wind-sensing Doppler-acoustic sounder and sonic
anemometer installed during January 1978 at wind-sensing
Doppler-acoustic sounder and sonic anemometer installed
duringJanuary 1978 at South Pole Station.

Our 1977 experiment (Neff and Hall, 1978; Neff et al.,
1977) focused on the profiling of small-scale turbulent
velocity and temperature fluctuations as a means of monitor-
ing the structure and evolution of the atmospheric boundary
layer at the South Pole. Through the efforts of Brad Halter
and the late Gary Rosenberger of the National Oceanic and
Atmospheric Administration's Global Monitoring for
Climatic Change Program, we obtained high quality data for
the entire year.

Our earlier analysis of 1975 data (Neff and Hall, 1976a,b)
documented the ability of acoustic sounding techniques to
provide a detailed and continuous picture of the inversion
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Figure 1. Spectral and cospectral analyses of hourly surface
observations obtained during May 1975 at South Pole Station.
The negative cospectral peaks at 3.3 days reflect the regular
occurrence of cold, gently downslope flows. The nearly diur-
nal peak in the wind-speed spectrum is related to increases
In temperature as shown by its cospectrum with temperature.
The temperature spectrum, however, shows that this ac-
counts for only a small part of the variance in temperature.
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Figure 2. infrared satellite photograph taken about 2300Z, 7
July 1977, showing cyclonic vortex some 500 kilometers in
diameter and located grid northeast of South Pole Station

(solid dot).

and revealed a variety of meteorological phenomena unex-
pected from surface observations alone. On time scales of
minutes, "breaking" waves produced short-term increases in
the surface heat flux. Longer period oscillations (1/2 to 1
hour) of the inversion depth produced large changes in the
surface wind speed 1iu none in the temperature. On synoptic
time scales, we found a systematic variation in the surface
wind direction and temperature that correlated strongly with
distinct changes in our acoustic sounder data. The spectral
and cospectral analyses of a month's surface data shown in
figure 1 reveal quite clearly the synoptic character of these
changes; cold, gentle downslope flows off the dome alternate
with strong, warm advection from the Weddell and Atlantic
sectors. During such downslope cases, the acoustic sounder
data revealed a deepening of the inversion with features simi-
lar to those of a surface cold front. In such cases, the bound-
ary layer depth was about 25 percent of the inversion depth,
with isolated turbulent patches and layers occupying the re-
mainder of the inversion. Such events occurred typically in
conjunction with strong baroclinic upper level winds from the
quadrant between 100°E. and 1800. In such cases the
geostrophic pressure gradient counters the Archimedian force
within the inversion accounting for the light winds and thin
boundary layers.

The regular occurrence of such events led us to examine
both radiosonde and satellite data in more detail. We found
that the direction of the upper level winds had a bimodal dis-

Figure 3. Acoustic sounder backscatter signal (monostatic)
compared with scattering at 150 0 (bistatic). The latter in-
cludes a contribution from small-scale velocity fluctuations in
addition to one from the temperature fluctuations. The dark
band at 30 meters results from the direct pulse between the
two antennas. The main beam intersection begins at about 60
meters. The dark band near the bottom of the monostatic
trace arises from the ringing of the antenna. The lower record
reflects the enhancement of the temperature gradient at the
top of the boundary layer, while the upper record shows the

uniformity of turbulence within the boundary layer.

tribution with centers at 45°W. and 160°E. The winds from
the southeast quadrant were highly baroclinic and in most of
the cases associated with the presence of frontal and
multilayered echos in the acoustic data. Examination of in-
frared satellite photographs from July 1977 revealed the case
shown in figure 2. The distinctly cyclonic vortex located grid-
northeast of the South Pole formed and decayed over a period
of 2 days. The acoustic sounder revealed that a surface
"front" arrival some 18 hours prior to this photograph.
Although moisture is available only rarely as a tracer for such
infrared imagery over the antarctic interior, our acoustic-
sounder data and spectral analysis of surface data suggest that
the propagation and horizontal structure of such systems
could be studied easily with an array of remote weather sta-
tions.

Under higher wind conditions the boundary layer
typically would grow to heights of as much as 300 meters over
periods of 6 to 36 hours. In such cases the increased tur-
bulence often caused a weakening of the temperature gra-
dient within the boundary layer and a corresponding enhan-
cement at the top. These observations confirm the recent
model predictions of Brost and Wyngaard (1978), who in-
cluded both bottom slope and a surface energy budget in a
higher order closure model of the statically stable boundary

180	 ANTARCTIC JOURNAL



layer. Their model also showed that such boundary layers
often require times comparable with the duirnal period to
come to equilibrium. Because the South Pole site lacks a
diurnal cycle of insulation, data acquired there provide a uni-
que opportunity to test the predictions of these models.

The primary data available from the acoustic backscatter
signal are profiles of the temperature spectrum a  (K), at the
acoustic wave number K (as in the lower portion of figure 3).
A connection with typical model parameters can be made as
follows: Wyngaard and Cote (1971) express dT(K)as

	

T( K ) = f3Q3K-%	(1)
aT

where $0.79 ±0.10; Q the flux of sensible heat; az the
background temperature gradient; and €, the rate of destruc-
tion of the turbulent kinetic energy. Writing Q in an eddy-
diffusivity form as Q--K 4 T we then have

ø T('<) 0.79 KH(€ t 3K3	(2)

The bistatic-sounder echo in figure 3 (see Neff and Hall,
1978, for more discussion of the application of scattering
theory to the interpretation of such records) shows a nearly
uniform distribution of through the boundary layer. Model
predictions of K  suggest a nearly linear decrease near the
top of the inversion. The quadratic behavior of thus will
dominate the behavior of Ø T( K ) . Changes in the back-
ground temperature gradient due to the evolution of the
boundary layer or shorter term variations due to internal gra-
vity waves thus should be clearly evident from acoustic data
as, indeed, we have found. The strong backscatter echo at the
top of the boundary layer shown in figure 3 would correspond
to a sharpening of the temperature gradient there as predicted
by Brost and Wyngaard and is consistent with (2). The
availability of such model results thus provides a basis for the
systematic analysis of our digitally recorded sounder data ob-
tained during 1977.

Our 1978 field program has been designed to test a Dop-
pler-acoustic sounder as a means of studying the detailed
structure of the boundary-layer wind field. A number of
problems with cold sensitivity and power line transients had
been solved by midwinter with routine data acquisition begun
on lJuly.

Because of the problems of inferring surface stress and
heat flux from profile methods at large static stability, we
modified, for cold-weather operation, a three-axis sonic
anemometer for direct measurement of these fluxes. The
sonic electronics were modified so that adjustments could be
made in the Clean-Air Facility. This has, however, required
additional line drivers and receivers to eliminate crosstalk
and noise. These modifications should be completed later in
the winter.

Lt. Hans Ramm is the winter scientist during 1978 and
participated with me in the 1977 and 1978 summer programs.
This research was supported in part by the National Science
Foundation under grant DPP 77-04865.
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Possible mechanism of meridional
atmospheric circulation over

Antarctica

E. P. LYSAKOV

Arctic and Antarctic Research Institute
Leningrad, USSR

The general understanding of air circulation and theoreti-
cal models available today are insufficient for those who are
concerned with long-range weather prediction. There is
urgent need for detailed studies, based on direct observations,
of air circulation mechanisms. These are important for the
assessment of various theoretical models, for the choice of
permissible limits of simplification (i.e., marginal conditions
and equations of thermodynamics and hydrodynamics), and
for the verification of theoretical hypotheses.

With these goals in view, I developed a project to be im-
plemented during my assignment with the United States Ant-
arctic Research Program (USARP) as a Soviet exchange scien-
tist at McMurdo during the 1976 winter. This area of the
south polar region is extremely interesting from the
metorological point of view, since it is here that the main
pressure systems interact and the meridional exchange of the
momentum becomes very strong because of specific
geographic conditions. Dynamic factors are of major impor-
tance here. The quantitative estimation of this mechanism
would facilitate better understanding of the structure of a
polar circulation cell, which makes the property exchange in
the atmosphere between middle and high latitudes possible.
The program included studies of:

1. vertical motions in the atmosphere and related air mass
distribution over Antarctica;

2. mechanism of meridional air transport over the antarc-
tic coastal zone;

3. interpretation of certain atmospheric circulation
features by means of an air mass distribution model for the
antarctic continent;
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