
tween 70' S and 60' S as an indication of the radiative forcing.
This radiative gradient and the observed surface pressure are
presented in figure 2. The agreement between the two curves is
astonishingly good. The only major discrepancy between the
graphs occurs at the vernal equinox where the surface pressure
displays a more pronounced minimum than in autumn. Of
course, the radiative gradient at the top of the atmosphere shows
no variation between the equinoxes. The intensification of the
pressure trough in spring is related to the maximum sea-ice
extent at this time of the year.

However, such a good agreement deteriorates with altitude.
Dome C is our highest AWS station, located at 3,280 meters ab-
ove sea level at 74.5' S and 123' E. Again, some 10 years of data
are available. in figure 3, the surface pressure and the ET (this
time the gradient between 80' S and 70'S) are given. While the
radiative forcing still displays the strong half-yearly oscillation,
which is zero in midwinter due to continuous darkness, the
pressure displays only one large summer maximum. There
might be a slight indication of a secondary maximum in winter,
but it is very weak.

In summary, data from remotely located automatic weather
stations in Antarctica have demonstrated that the semi-annual

pressure variation is well established near sea level. However,
with increasing altitude the variation becomes weaker and in the
interior of Antarctica only a trace remains.

We would like to thank J. Sun who performed the data
processing. This work was supported by National Science Foun-
dation grant DPP 90-17969.
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Wind speed, wind direction, and air
temperature at Pegasus North during

1991

CHARLES R. STEARNS AND

GEORGE A. WEIDNER
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Madison, Wisconsin 53706

Automatic weather station (AWS) units are installed at the
north and south ends of Pegasus blue-ice runway on the Ross Ice
Shelf near Ross Island, Antarctica, and at Minna Bluff and Linda
sites in support of the meterology of the blue-ice runway (figure
1). 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. Previous meterological results from the
Pegasus runway are presented by Stearns and Weidner (1990,
1991). Stearns and Weidner (1992) present information related to
other AWS units in Antarctica.

The basic AWS units measure air temperature, wind speed,
and wind direction at a normal height of 3 meters above the
surface and air pressure at the electronics enclosure. The AWS
units at Pegasus North and Pegasus South sites measure relative
humidity at 3 meters and the air temperature difference between
3 meters and 0.5 meters above the surface. The AWS unit at
Pegasus South measures '1 millivolt signals using a differential

amplifier with a gain of 480 to amplify the thermocouple voltage
to the range of 0 to 1 volts direct current used by the analog-to-
digital converter. The system is used to measure the temperature
profile in the ice to a depth of 1.60 meters using thermocouples.
Channels are selected by a differential multiplexer. The vertical
air temperature difference and relative humidity are used to
estimate the surface sensible and latent heat fluxes.

Meteorological data at three hourly intervals are used to
prepare the results presented here.

The table presents the monthly means and extremes for tem-
perature, wind, and the surface sensible and latent heat fluxes for
Pegasus North site. Data are available only for the first 10 months
of 1991 at the present time. Figure 2 shows the 10'-wide sector
mean wind speed and wind direction frequency as a function of
the sector wind direction for Pegasus North site. The pattern of
1989 and 1990 is repeated, with the most frequent sector wind
direction being about 65' and the highest sector mean wind speed
being from about 195' for the 10-month period. The maximum
wind gust was in May 1991. Figure 3 shows the wind speed and
wind direction at three hourly intervals for May 1991. The two
gusts during May were from about 190' and persisted from 1 t
2 days. Unfortunately, the wind system at Minna Bluff was not
operating in May 1991, so the two sites could not be compared.
Graphs of three hourly wind speeds for Pegasus North in Febru-
ary 1991 showed two gusts that could be compared to the wind
record for Minna Bluff. The Minna Bluff gusts occurred over a
longer period of time, started earlier, and had a higher maximum
speed than the gusts recorded at Pegasus North. The lead time at
Minna Bluff compared to Pegasus North was approximately 24
hours.

The possible melting of the ice and snow around the Pegasus
blue-ice runway may be associated with air temperatures above
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Monthly mean air temperature (°C), wind speed (meters per
second), resultant wind speed and direction (VV/DD), maximum
wind speed and direction (VV/DD), sensible heat flux (Q), and
latent heat flux (E) for Pegasus North from January through

October 1991. VV is the wind speed in meters per second and DD
Is the wind directions In degrees clockwise from north. The units

for 00 and E0 are watts per square meter.

Month Temp. Speed Resultant	Max. wind	O	E0

Jan	-4.0	3.2	2.3/66	12.7/171	-4.1	14.0
Feb	-8.0	4.5	2.6/127	23.4/195	-21.7	4.9
Mar	-22.3	4.9	3.2/92	25.7/195	-9.0	4.4
Apr	-24.7	3.8	2.2/89	22.6/164	-28.5	0.3
May	-29.7	5.1	2.3/146	33.3/188	-44.5	1.1
June	-24.2	4.9	2.7/121	31.8/194	-39.2	2.7
July	-31.6	4.2	2.0/104	31.8/192	-31.0	0.9
Aug	-32.8	3.1	2.1/92	19.6/189	-26.9	0.8
Sep	-24.3	6.4	3.3/143	29.5/198	-36.8	0.2
Oct	-20.7	4.1	1.8/123	25.1/187	-17.3	5.6

The table includes monthly means of the surface-sensible and
latent flux. The pattern for monthly means of the surface-sensible
and latent heat fluxes is similar to the pattern 1990 (Steams
and Weidner 1991). During December and January, there is
active melting of the snow around the Pegasus runway due to the
advection of warm air. When warm air is advected into the area,
the vertical air temperature difference can be between 1 to 2 8C
with wind speeds above 5 meters per second, resulting in large
sensible heat fluxes to the surface melting the snow. The latent
heat flux remains positive, indicating that sublimation of ice is

Mean Annual Wind Speed for each Wind Direction Category
Pegasus North Site

1 Jonuory- 31 October 1991
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freezing occurring in the area during December and January.
Figure 4 shows 35 occurrences of air temperatures above freezing
at Pegasus North AWS site in January 1991. Figure 2 in Steams
and Weidner (1991) shows 87 occurrences of air temperatures
above freezing in December 1990. The observations at are three
hourly intervals. The temperatures above freezing for December
1990 and January 1991 are most frequently associated with wind
directions from 3008 through north to 808 and from 1000 through
210. People who work at Pegasus runway and then return to
Williams Field frequently report that the air temperature is
higher at Pegasus runway. During the 1991-1992 austral sum-
mer, an AWS unit was installed at the west end of Williams Field
runway, so the two locations can be compared in the future.

Wind Direction Category, deg 0/- 0 deg

Figure 1. Map of the Ross Island area In Antarctica showing the
locations of Pegasus North, Pegasus South, Ferrell, Linda, Minna
Bluff, and Marble Point AWS units.

Figure 2. Mean annual wind speed and the frequency of the wind
direction in a 100-wide sector as a function of the direction of the
sector at Pegasus North AWS site.

Wind Speed vs. Time, Pegasus North Site
May 1991, 3 hourly values
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Figure 3. Wind speed and wind direction at three hourly intervals for
Pegasus North AWS site during May 1991. May 1991 had the highest
mean wind speed and the highest maximum wind speed from
January through October 1991.
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taking place as the temperature of the ice and snow remains at
freezing or below. The sublimation at Pegasus North site ex-
ceeded 35 millimeters of water equivalent for the 10 months of
1991. The sublimation for 12 months in 1990 amounted to 100
millimeters of water equivalent.
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Figure 4. January 1991 air temperature for Pegasus North AWS site.
The air temperature at three hourly intervals exceeded the freezing
point 35 times.
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Katabatic wind forcing of
tropospheric circumpolar motions

about Antarctica
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Department of Atmospheric Science
University of Wyoming

Laramie, Wyoming 82071

Katabatic winds are commonplace features within the lowest
few hundred meters of the antarctic troposphere. The radial
drainage pattern off the elevated plateau and downslope increase
in the magnitude of the katabatic wind imply that subsidence
must occur over Antarctica. Thus, a secondary circulation ex-
tending throughout the troposphere becomes established in the
high southern latitudes. The resulting convergence in the upper
troposphere above Antarctica acts to generate cyclonic vorticity;
a circumpolar vortex develops with time. A schematic il1utra-
tion of this meridional circulation is shown in figure 1. A number
of numerical simulations have depicted the sensitivity of the
troposphere to the katabatic wind regime. Here the results of one
such numerical experiment are presented. Additional discussion
appears in Parish and Bromwich (1991) or Parish (1992).

The model used in the numerical experiments is a modified
version of that described by Anthes and Warner (1978). Parish
and Waight (1987) give a description of the model including the
relevant equations. The model is written in sigma coordinates to
allow for inclusion of irregular terrain. The model uses a total of
15 vertical levels (a=.996,.99,.98,.97,.96,.94,.92,.90,.85, .775, .70,
.60, .50, .30, .10); the pressure at the top of the model is 250

hectopascals. The high resolution in the lower levels of the
atmosphere is necessary to depict the katabatic wind. The lowest
sigma level corresponds to a height of approximately 20 meters
above ground level.

The numerical experiment described is a 20-day model simu-
lation starting from a rest state in which no horizontal pressure
gradients are present. All motion is therefore derived from the
radiative cooling of the sloping ice surface and subsequent evo-
lution of the katabatic wind regime. The simulation represents
polar night conditions where no solar radiation reaches the
antarctic surface. I took an initial temperature field from the
sounding shown in Schwerdtfeger (1984; see his figure 6.9); the
thermal structure at the start of the model run is without a surface
inversion and is assumed to be representative of tranquil condi-
tions before strong katabatic wind events. I assumed the domain
over the ocean to be covered by a solid ice shelf. The Coriolis
parameter remains constant over the entire model domain and
set to 0.00014.

The katabatic wind regime develops rapidly; the coastal
katabatic wind speed reaches a maximum of nearly 14 meters per
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Figure 1. Conceptual depiction of the meridional mass circulation
over Antarctica forced by the katabatic wind regime.
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