
Figure 3. Mesoscale analysis at 1302 universal coordinated time 18
February (same time as figure 2) using the automatic weather sta-
tion data recorded by the NOAA 9 satellite. Numbered dots are
automatic weather station sites. The automatic weather station
wind data are plotted as described in the caption for figure 1. Solid
lines are isobars in hectopascals with 92[F0]992 hectopascals, and
dashed lines are isotherms in degrees Celsius. Large arrows join
the satellite-observed positions of the mesoscale vortices, one
originating around Franklin Island and the other near Byrd Glacier.
A: 1251 universal coordinated time 19 February; B: 1438 universal
coordinated time 20 February; C: 1057 universal coordinated time
21 February; D: 1732 universal coordinated time 21 February; and
E: 0532 universal coordinated time 22 February.

conditions for the formation of a mesoscale cyclone near Byrd
Glacier around 0900 universal coordinated time 17 February.
The cyclonic surface circulation could have advected moisture

from the open Ross Sea onto the ice shelf and generated clouds
which made the vortex visible on satellite imagery. The general
midtropospheric flow caused the eastward movement of the
vortex across the Ross Ice Shelf, while the passage of a mid-
tropospheric trough gave synoptic support for its development.
It seems to have merged with another mesoscale cyclone which
developed around Franklin Island. Although this combined
system did not develop beyond subsynoptic size, and arrived
at Marie Byrd Land in its dissipating stage, consideration of
this example in conjunction with the case examined by Brom-
wich (1989b) suggests that these types of mesoscale systems
may contribute significantly to the annual snowfall accumula-
tion over West Antarctica.

This research was supported by National Science Foundation
grant DPP 88-16792 to David Bromwich. The satellite imagery
was recorded by U.S. Navy personnel at McMurdo Station, and
obtained from Robert Whritner of the Antarctic Research Cen-
ter at Scripps Institution of Oceanography (National Science
Foundation grant DPP 88-15818).
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Numerical simulation
of the katabatic winds
over West Antarctica
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Surface wind observations taken both at the few interior sta-
tions and by traverse party members have shown that katabatic
winds are the most significant climatological feature of the
lower portion of the atmosphere over Antarctica. Schwerdtfeger

(1970) indicated the dominant influence of antarctic topography
(figure 1) in shaping the surface windfield. Parish and Brom-
wich (1986) simulated the directional near-surface airflow char-
acteristics over West Antarctica and showed that the most sig-
nificant features are a small number of confluence zones where
cold drainage currents from a large interior area converge to-
ward the coast. The continental-scale drainage streamline sim-
ulation performed by Parish and Bromwich (1987) suggests that
numerous confluence zones may be found over the antarctic
continent. Parish and Bromwich (1991) modeled the directions
and speeds of surface airflow over Antarctica. The intensity of
the drainage flow is generally proportional to the steepness of
the terrain. The winds are relatively weak over the interior and
gradually increase during descent to sea level in response to
steeper ice terrain near the coast. This near-coastal pattern is
modulated by the impact of lateral convergence associated with
the confluence zones.
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Figure 1. The antarctic continental topography including stations, South camp (S), Upstream B (U) and North camp (N), mentioned in text.
The square denotes the modeling domain for which results are presented in figures 2 and 3. (km denotes kilometer.)

To understand more completely the dynamics of antarctic
surface winds, a detailed study of surface airflow over West
Antarctica is being conducted. Emphasis is placed on that part
of Marie Byrd Land upslope from Siple Coast where, in contrast
to most parts of Antarctica, terrain slopes are steeper in the
interior than adjacent to the coast. Preliminary results of nu-
merical modeling of airflow over West Antarctica are presented
here. A three-dimensional version of the model described by
Parish and Waight (1987) which follows Anthes and Warner
(1978) was used. It is written in terrain-following sigma coor-
dinates and contains 10 vertical levels. The vertical levels are
arranged so that the highest vertical resolution is in the lower
portion of the atmosphere (sigma levels 0.996, 0.985, 0.97, 0.95,
0.93, 0.9, 0.8, 0.6, 0.35, and 0.1). The simulations were con-
ducted with a 50 x 50 grid and a grid spacing of 40 kilometers.
The terrain slopes were taken from the accurate topographic
map of Drewry (1983). Because the computational domain in-
tersected the very steep Transantarctic Mountains, some ter-
rain smoothing was required to ensure numerical stability, but
it was done in such a way as to preserve as much of the original

terrain structure as possible. The model was integrated for 24
hours from an initial rest state, and the results represent well-
developed drainage during the polar night without the compli-
cations introduced by clouds or synoptic pressure gradients.

Integration of the model for West Antarctica showed that the
winds developed rapidly, and after 12 hours of integration,
there was little significant change. Figure 2 is the simulated
streamlines at 24 hours for the first sigma level approximately
representing the surface winds. The winds blow down from
the gentle interior to the coastal areas. The airflow converges
into several zones around the margin of the ice sheet. The
divergence zones are at the crest areas of the terrain. This is
consistent with the continental-scale streamline simulation for
Antarctica (Parish and Bromwich 1987). The most significant
convergence zone is found near Siple Coast where cold airflows
from a large interior section of West Antarctica are concen-
trated. Such a situation is considered to be a major factor in
shaping coastal katabatic winds. Parish and Bromwich (1986)
suggested that this convergence area may continually add large
amounts of cold air to the boundary layer circulation over the
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Ross Ice Shelf. Bromwich, Carrasco, and Stearns (in press) have
recently presented extensive satellite evidence to support this
contention.

Figure 3 is the same as figure 2 but for wind speeds. The
strongest wind speeds, enclosed by the 10-meter-per-second
isopleths, are found over the steep coastal slopes. In the inte-
rior, the winds are weaker with the lowest speeds coinciding
with the highest points of the terrain. The model results also
show a 10-meter-per-second isopleth, which encloses South
camp location. Two other locations north of this site, known as
Upstream B and North camps, have lower simulated wind
speeds. This is generally in agreement with the winds observed
at these stations during summer. Bromwich (1986) analyzed
wind observations from these three temporary camps taken

STREAMLINES

during the 1984-1985 and 1985-1986 austral summers as part
of the Siple Coast glaciology project. Going from north to
south, the observed winds were found consistently to increase
in speed and become less variable in direction. This was in-
ferred to be due to the greater influence of the airflow conver-
gence at South camp. The limited area occupied by the 10
meter-per-second isopleth near South camp requires further
explanation. The opposing acceleration effects of lateral con-
vergence and slackening terrain slopes probably leads to this
situation. Thus, the observational and modeling analyses for
the Siple Coast area are mutually consistent.

This research was supported by National Science Foundation
grant DPP 89-16921 to David H. Bromwich. T.R. Parish provided
valuable assistance with the modeling.
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Figure 2. The streamlines from results of 24-hour simulation over West Antarctica. The prominent airflow convergence is located around
Siple Coast. Terrain contour lines are dashed and are drawn for 500, 1,000, 1,500, and 2,000 meters only. S, U, and N same as defined in
figure 1. (km denotes kilometer.)
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Figure 3. The same as figure 2 but for wind speeds (contour interval 5 meters per second). The strongest winds are found over the steepest
slopes and in areas of convergence.
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