
nesis is linked to the strong katabatic winds at Terra Nova Bay
(Bromwich and Parish 1988; Bromwich 1989, 1991). The
development of L 1 , however, followed a northwesterly wind-
speed increase [maximum: 8 meters per second (m s_ 1 )] at
Franklin Island, an increase that suggested strong katabatic
winds were blowing from Terra Nova Bay. During the next 16
hours, the NOAA-10 thermal infrared satellite images showed
that a synoptic-scale low coming from the north of Ross Sea
merged with L 1 . As a result, L 1 continued to intensify and
affected the Ross Island area with heavy snowfall and strong
southerly winds. The observed maximum southerly wind
speeds were 20  s- 1 at McMurdo Station, 21 ms' atAWS 07,
and 26 m s- 1 at AWS 27, respectively (figure 3B).

In summary, the prevailing wind field in the Ross Island
area, in the summer season, can break down frequently and
be replaced by northwesterly winds due to decreasing
strength of the katabatic winds and the increasing mesoscale
pressure gradients. The mesoscale systems act to steer the
drainage flow away from its normal propagation direction.
The geographic location of Ross Island at the edge of the vast
flat Ross Ice Shelf also provides opportunities for intrusion of
synoptic-scale systems. The SODAR and RASS proved to be
useful for explaining the observed boundary layer wind and
temperature changes, but more deployments in the sur-
rounding area are needed to understand the detailed causes
of such changes and their relation to the adverse weather
affecting the area.

This field program and research were sponsored by
National Science Foundation grant OPP 89-16921 to David H.
Bromwich.
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Snow temperature, wind speed, and wind direction around the
Pegasus Runway during 1992

CHARLES R. STEARNS and GEORGE A. WEIDNER, Department ofAtmospheric and Oceanic Sciences,
University of Wisconsin, Madison, Wisconsin 53706

IAIu 	weather station (AWS) units are installed at the
orth and south ends of the Pegasus blue-ice runway on

the Ross Ice Shelf near Ross Island, Antarctica, and at the Minna
Bluff, Williams Field, and Linda AWS sites in support of the
meteorology of the blue-ice runway (figure 1, Holmes, Stearns,
and Weidner, Antarctic Journal, in this issue). The purpose of
the AWS units is to determine the reason for the blue ice and to

learn to forecast the extreme wind speeds observed in the area.
Stearns and Weidner (1990, 1991) present previous meteorolog-
ical results from the Pegasus Runway. Holmes et al. (Antarctic
Journal, in this issue) present information related to other AWS
units in Antarctica and the basic AWS measurements.

The AWS unit at Pegasus South measures ±1 millivolt sig-
nals using a differential amplifier with a gain of 480 to amplify
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Snow Temperature Tautochrones
Pegasus South Site

January 1, 1992 to December 31,1992

Figure 1. Snow or ice temperature
tautochrones at the Pegasus
South AWS site. The temperatures
are the mean values for 24 hours
on the first day of each month of
1992 and for 31 December 1992.
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Figure 2. Mean annual wind speed
and frequency of the wind direc-
tion in a 10 0 -wide sector as a
function of the sector direction at
the Minna Bluff AWS site for 1992.
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Figure 3. Mean resultant wind speed and frequency of the direction difference between the Minna Bluff
and Pegasus North AWS sites as a function of the sector resultant direction difference for 1992

the thermocouple voltage to the 0- to 1-volt direct current
range used by the analog-to-digital converter. The system is
used to measure the temperature profile in the ice at depths
of 0.00, 0.05, 0.10, 0.20, 0.40, 0.80, and 1.60 meters (m). The ice
temperature is measured at 1.60 m. Figure 1 shows the 24-
hour mean ice temperature tautochrones on the first day of
each month of 1992 and for 31 December 1992. During 1992,
the temperature at 0.00 in 	from +1.4'C to -37.3°C and
at 1.60 in -3.0°C to -30.4°C. It is not known whether the
temperature sensors are in water, ice, snow, or air because
they are monitored only once each year. Stearns and Weidner
(1991) showed that the air temperature at the Pegasus North
AWS site was frequently above freezing during December
1990. Pegasus South also frequently had air temperatures
above freezing during January 1992, and the positive air tem-
peratures coincided with profile temperatures above freezing
at the surface. The temperatures above freezing occur during
the early afternoon hours.

The data, taken at 3-hour intervals, are used for describ-
ing the wind speed and direction. The aerovane used for
measuring the wind speed and direction occasionally stops
functioning possibly because of a buildup of ice or frost on
the aerovane. The questionable wind speed and direction
observations are not used. The result is that the record is not
continuous throughout the year. When comparisons are

made between two sites, only concurrent valid wind observa-
tions are used.

Figure 2 shows the mean wind speed and the wind direc-
tion frequency for 1992 at the Minna Bluff AWS site at an ele-
vation of 900 m. The frequency of the southerly wind direc-
tion is very high, as is the mean southerly wind speed.

The wind speed and direction at the Minna Bluff and
Pegasus North AWS sites are resolved into the east-west com-
ponents and the north-south components. The east-west and
north-south components of Minna Bluff minus those of Pega-
sus North are used to construct a wind shear direction and
speed. This is the resultant difference in the wind speed and
direction of Minna Bluff minus Pegasus North. Figure 3 shows
the resultant difference in the wind speed and wind direction
of Minna Bluff AWS minus Pegasus North AWS. The resultant
difference in wind speed is a maximum from the south, as is
the highest frequency of the wind direction.

Determining the difference between the wind speed and
direction observations at the Minna Bluff site minus the Pega-
sus North AWS site is the start of an attempt to determine the
potential for wind shear in the vertical at the Pegasus Runway.
The southerly wind passing Minna Bluff is assumed to contin-
ue over the Pegasus Runway at the elevation of the Minna
Bluff AWS site. Based on the above assumption, the wind-
speed difference from the surface to 900 in 	be as much
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as 10 meters per second. This difference is not a problem
when aircraft are taking off to the south but could be a prob-
lem if aircraft take off to the north. The opposite is the prob-
lem when aircraft are landing. The possible vertical wind
shear at the Pegasus Runway also will require further exami-
nation.

The monitoring of the Pegasus Runway using AWS units
is supported by National Science Foundation grant OPP 90-
15586.
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Katabatic wind forcing of the antarctic circumpolar easterlies
THOMAS R. PARISH, Department ofAtmospheric Science, University of Wyoming, Laramie, Wyoming 82071

DAVID H. BROMWICH, Byrd Polar Research Center, Ohio State University, Columbus, Ohio 43210

T
he marked climatic differences between the north and
south polar regions are in large part due to the contrast in

landform and orography. The strong radiational cooling of
the continental ice surface coupled with the strong sensible
heat flux from the surrounding southern oceans to the north
of the continent ensures that a large horizontal temperature
gradient must persist near the continental margin throughout
the nonsummer months. The land/sea contrast thus accentu-
ates the preexisting meridional temperature gradient arising
from solar geometry. A clearly defined thermally direct circu-
lation is present in the high southern latitudes.

Although not often discussed, katabatic winds may also be
critical to the development of the sea-level pressure field about
the continent (Schwerdtfeger 1984). Katabatic winds occur
with great frequency in the lowest few hundred meters of the
antarctic atmosphere. These downslope drainage winds occur
as a result of the radiative cooling of the antarctic ice slopes. In
a conceptual sense, the antarctic katabatic wind regime is the
lower branch of the aforementioned high southern latitude
direct thermal circulation. It is apparent that such a pro-
nounced continentwide drainage circulation interacts with the
large-scale ambient atmospheric environment. The attendant
northward transport of mass must alter the horizontal pres-
sure field some few hundreds of kilometers to the north of the
continent. As the cold katabatic airstreams move northward
away from the antarctic ice slopes and out over the oceanic
region, Coriolis accelerations impart an anticyclonic curva-
ture. This inertial turning of the katabatic airstream north of
the continental periphery gives rise to a geostrophically bal-
anced easterly flow in the lowest few hundred meters of the
atmosphere to the north of the antarctic continent. Such cir-
cumpolar easterlies are a well-documented climatological fea-
ture of the lower troposphere around the coast of Antarctica.

To examine the interaction between the katabatic wind
regime and the large-scale horizontal pressure field around
the antarctic continent, a series of two-dimensional numerical
experiments has been conducted using a hydrostatic primitive

equation model. Details of the equation system, the horizontal
grid structure, the boundary-layer parameterization, and the
initial conditions can be found in Parish and Waight (1987). In
this application, the horizontal grid consists of 80 points with
a 20-kilometer (km) grid resolution; 15 vertical levels were
employed with highest resolution in the lower boundary layer
to capture details of the katabatic wind. The pressure at the
top of the model is set at 250 hectopascals (hPa) and repre-
sents the tropopause. The lowest level corresponds to a height
of approximately 10 meters (m) above the surface. Included in
the model is an explicit longwave radiative transfer scheme

KATABATIC WIND SPEED LEVEL = I

-4000	400	800

DISTANCE FROM COAST (km)

Figure 1. Katabatic wind speed at the lowest model level at 4, 8, 12,
16, 20, and 24 h (corresponding to curves A, B, C, D, E, and F,
respectively) over model domain. (m S- 1 denotes meters per sec-
ond; km denotes kilometers.)
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