
Assuming a fluctuation in horizontal wind one-quarter the
mean wind, this leads to a maximum error of 0.3 meter per
second in the vertical velocities. The traces in figure 3 show,
however, that the vertical velocities approach 1 meter per
second aloft in the breaking waves. Note also the strong cor-
relation between the pressure variation at the surface and
the vertical velocities. The acoustic system, as installed, was
not intended to produce the horizontal wind component; the
values observed were nonetheless in reasonable agreement
with the 4.2 meters per second wind from 112° at 8 meters
on the University of California at Davis micrometeorology
mast. The CT-sensor mounted at 8 meters also showed, on
occasion, the effect of vertical mixing and increased heat
flux associated with these breaking wave motions.

The system is being maintained through the austral
winter by Gary Rosenberger and Brad Halter of the
NOAA-Global Monitoring for Climatic Change project. Dur-
ing 1978 we will set up a complete Doppler wind system
which will provide continuous wind profiles from about 30
meters to as high as 400 meters. This will allow us to monitor
the relation between the wind at the top of the surface inver-
sion and the surface wind and turbulent fluxes. Surface
fuxes will be provided by a three-axis sonic anemometer,
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Figure 3. Time series of the temperature structure
parameter (which is related to the surface heat flux), the
pressure fluctuations from one element of the
microbarograph array, and the acoustically-derived vertical

velocity. These are for the case shown in figure 2.
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adapted to cold temperatures, and a collocated fast response
platinum wire thermometer. This sytem is to be operated
during the winter of 1978 by Hans Ramm following the
setup in January.

This research is being supported in part by National
Science Foundation grants DPP 74-24415 and DPP
77-04865.
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Optical effects resulting from
airborne ice crystals

ROBERT GREENLER

Department of Physics
University of Wisconsin-Milwaukee

Milwaukee, Wisconsin 53201

A wide variety of optical effects results from reflection
and refraction of sunlight by ice crystals in the atmosphere.
Although the origins of some of these effects are well
understood, others remain a mystery, treated only by
speculation. We have developed a method of computer
simulation with which we can study these effects. We hope
to explain them in terms of the shapes and orientations of
the ice crystals that cause them. Given such understanding
we should be able to deduce information about the nature of
the ice crystals present in the sky by observing the optical ef-
fects.

Many effects can be explained in terms of light passing
through ice crystals in the shape of hexagonal prisms. Figure
1 shows two hexagonal-prism shapes, with different aspect
ratios. I will refer to the long one as a column crystal, and
the other a plate crystal. Figure 2 is a photograph showing
both kinds of ice crystals resulting from clear-sky precipita-
tion at Amundsen-Scott South Pole Station. A goal of this
work is to experimentally verify the nature of the crystals
that produce the effects.

Figure 3 shows that light going through alternate side
faces of the hexagonal crystal is deviated in precisely the
same way as if it were passing through a 60° ice prism. The
basic calculation we do is to determine the direction of such
a ray after passing through the crystal, starting with a par-
ticular orientation of the crystal and a particular elevation
of the sun. The result of such a calculation is displayed as a
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The 1976-1977 austral summer was interesting at the
South Pole with respect to near surface meteorology, blow-
ing snow and precipitation. Three "storms" occurred during
this period, when moist air from the Weddell Sea was
transported to the Pole. Preliminary meteorological and
aerosol analyses indicate that these air masses retained many
characteristics of maritime air during 4- or 5-day trajec-
tories carrying them over the ice to the Pole.

Additional field work was done near the station.
Precipitating and blowing ice crystals were collected on
prepared grids, and the ice was sublimed away for par-
ticulate analysis. The specimens are now under electron
microscopic analyses in an attempt to determine the
physical properties of aerosol particles precipitated to the ice
cap after being captured by ice crystals.

This research was supported by National Science Founda-
tion grant DPP 74-22534 and ATM 71-00621. I thank W.
Kosar, J . Hinkelman, M. Hamm, S. Schoenhals, and M.
Shride for providing the instrumentation aboard the
airplane; D. Desko for the outstanding performance of
flight and ground crews of vxE-6; R. Engelbretson (Naval
Support Force Antarctica) and his staff for meteorological
support at McMurdo; the New Zealand Weather Service
detachment for support at Pole; and the personnel of the
Naval Support Force Antarctica and Holmes and Narver,
Inc., who facilitated these programs through devoted and
often unpleasant labor.

A cold, low-level jet stream in the
Bransfield Strait: an example of

inertial flow

T. PARISH and W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

The large scale atmospheric pressure field at sea level in
the Atlantic sector of the Antarctic frequently is such that
stable, cold air masses in the lower layers of the atmosphere
move westward from the central Weddell Sea and pile up
along the mountain wall of the Antarctic Peninsula. This
leads to an increase of pressure only along the east and
southeast side of the mountains, and in consequence strong,
approximately coast-parallel surface winds from the south-
southwest or the southwest are observed in the extreme
northwest of the Weddell Sea (Schwerdtfeger, 1975). When
the cold air finally rushes northward through the Antarctic
Sound into the Bransfield Strait, it comes abruptly into an
area where a quite different pressure field must exist.

Daily weather observations indicate that synoptic condi-
tions of this type are a frequent phenomenon, particularly in
fall and winter when the circumpolar belt of lowest pressure
tends to lie farther north (between about 63° and 60°S.)
than in the rest of the year. On days with a weak, or near

zero, horizontal pressure gradient over the Bransfield Strait,
an interesting development can be observed. Having passed
through the mountain gap between the tip of the Peninsula
and Joinville Island to the east, the jet of cold Weddell Sea
air moves in an anticyclonic arc across the (about 150
kilometers wide) Bransfield Strait, as can be seen from curv-
ed cloud streets on satellite pictures, and arrives as cold
easterly wind at the south side of Kind George Island and a
northeasterly one farther to the west. The latter was first
noted 30 years ago by G. de Q . Robin (1949), and is con-
firmed by many more recent observations.

The path of the cold Weddell Sea air corresponds very
well to the theoretical concept of inertial motion, a flow pat-
tern to be expected when only the Coriolis force is acting (on
a right angle) on a moving body. In reality, of course, there
is also the frictional force between the relatively warm
underlying surface and the cold air moving over it. The flow
pattern, with and without friction, corresponding to an
original wind speed of 20 meters per second is shown in the
figure. The three trajectories have been computed with
simplifying assumptions. A more rigorous approach would
take into account that the cold air low-level jet, intruding
into the warmer air over the Bransfield Strait, modifies the
original pressure field so that the theory of geostrophic ad-
justment has to be applied. However, a detailed study of
several individual cases (Parish, 1977) shows that the above
sketch is quite realistic.

From the practical point of view it is worth noting that the
Antarctic Sound and the area north and northwest of it is
prone to sudden, violent changes of wind and weather. To
get a forewarning, attention must be given to the wind and
temperature observations of the two Argentine stations
Marambio (100 kilometers south of the Antarctic Sound)
and Matienzo (250 kilometers southwest). When cold south-
westerly or southerly winds of 30 knots or more start blowing
at these stations, it takes only a few hours for the low level jet
through the Antarctic Sound to develop.

This study was supported by National Science Foundation
grant DPP 76-05702.
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Trajectories of a low-level jet stream of cold air in inertial
motion after passing through the Antarctic Sound. As-
sumed initial speed is 20 meters per second trajectory (a)
for frictionless flow, (b) and (C) for flow modified by weaker

(as over ice) and stronger (as over water) surface friction.

October 1977	 171


