
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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Air Temperature vs. Time
Pegasus North Site

January 1991, 3 hourly values
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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.

10

5

C—)
cJ	0

0

C)
C) -5

-10

—15

-20

Katabatic wind forcing of
tropospheric circumpolar motions

about Antarctica

THOMAS R. PARISH
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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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second after approximately eight hours. Figure 2a shows the
initial 24-hour evolution of the downslope component of the
wind and the potential temperature in the lowest kilometer of the
atmosphere at the coastal grid point. This katabatic wind speed
compares favorably with observations froip katabatic-prone
coastal stations. The modeled katabatic wind is shallow, con-
tained within a depth of approximately 200 meters. After the
downslope component reaches a maximum, values begin to
decline. By 24-hours downslope components have been reduced
to approximately 8.3 meters per second. Figure 2b illustrates the
evolution of the coastal downslope and cross-slope wind compo-
nents and potential temperature during the remainder of the 20-
day integration period. An important aspect is the persistent
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WIND SPEED (ms)

decay of the katabatic wind intensity in the lower levels of the
atmosphere. The downslope component of the wind at the coast
decreases by nearly 65 percent from day 1 to day 20; the total
katabatic wind speed at the coast has been reduced by nearly 50
percent from the 24-hour results to 5.6 meters per second by 20-
days. The pattern of the model-produced downslope wind
components at grid locations in the interior of the continent show
comparable trends. This decay of the katabatic wind regime is a
consequence of the developing adverse horizontal pressure gra-
dient force in the upper atmosphere associated with the vortex
development.

As discussed earlier, the low level katabatic wind circulation
sets up a meridional circulation over Antarctica. The upper-level
convergence above the continent generates cyclonic vorticity in
the upper troposphere, thereby leading to the development of an
upper-level vortex. Figure 3 depicts the cross-slope (zonal)
components of motion in the middle and upper troposphere
above the antarctic terrain at the end of the 20-day integration
period. A vortex has developed with maximum zonal wind
speeds in excess of 12 meters per second. As evidenced in figure
3, the strongest zonal winds are situated in a band above the
coastal periphery. A noticeable southerly shift of the isotach
pattern with height is apparent. This shift is most likely the result
of the shape of the continent.

It is clear from such studies that the shallow antarctic katabatic
wind regime is a potentially important factor in shaping the
dynamics over nearly the entire troposphere in the high southern
latitudes. It appears as if the persistent antarctic katabatic wind
regime helps anchor the broad southern hemisphere circumpolar
vortex over the continent.

This work was supported by National Science Foundation
grants DPP 87-16127 and DPP 89-16998.
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Figure 2. Evolution of the downslope wind components In the lowest
1,000 meters during (A) first 24-hours and (B) entire 20-day simulation. Figure 3. Cross section zonal wind component, 20-day simulation.
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Mesoscale cyclogenesis over the
southeastern Pacific Ocean

JORGE F. CAiut&sco* AND DAVID H. BROMWICH

Byrd Polar Research Center
and

Atmospheric Science Program
The Ohio State University

Columbus, Ohio 43210

Recent observational studies (Carleton and Carpenter 1990;
Fitch and Carleton 1992; Carleton and Fitch 1993; Turner and
Thomas 1992) have shown that one of the areas of recurrent
mesoscale cyclone formation is located over the southeastern
Pacific Ocean. Lyons (1983) already had studied the characteris-
tics of intense antarctic depressions in the vicinity of the Drake
Passage, finding that they originated over the Bellingshausen Sea
and moved toward the southern tip of South America. He
concluded that intense baroclinic development, as a result of
cold-air outbreaks from the antarctic continent behind cold fronts,
was the most likely mechanism to be associated with these
depressions. Recently, Turner and Thomas (1992) and Carleton
and Fitch (1993) also found mesoscale cyclone formation was
linked to cold-air advection into the Bellingshausen Sea area. The
first pair of authors examined satellite images from a 6-month
period (September 1983 to February 1984) to study mesoscale
cyclones in the vicinity of the Antarctic Peninsula. A large
number of mesoscale vortices occurred over the western
Bellingshausen Sea, with secondary maxima north of the Antarc-
tic Peninsula and off the coast of Marie Byrd Land. Most of the
mesocyclones developed within cold-air outbreaks that usually
take place behind the synoptic lows that decay over the south-
eastern Pacific Ocean. Carleton and Fitch (1993) studied the
winter seasons of 1988 and 1989. They found that the occurrence
of mesoscale cyclones over the Amundsen-Bellingshausen Sea
region was associated with a negative departure of the 1000 to 500
hectopascal geopotential thickness (with respect to the 1988-1989
winter mean), which suggests a cold-air outbreak from the inte-
rior of West Antarctica onto the southeastern Pacific Ocean.

A survey of mesoscale cyclogenesis over the Amundsen and
Bellingshausen seas was carried out using all available satellite
images for August 1989 to February 1990 which were collected at
Palmer Station (Van Woert et al. 1992). The satellite images were
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Figure 1. Spatial distributions of the initial location and trajectories
of mesoscale cyclones for August 1989 to February 1990. Letters A,
B, D, R, and PA respectively denote Amundsen Sea, Bellingshausen
Sea, Drake Passage, Ronne Ice Shelf, and Antarctic Peninsula.

extracted in an infrared format at a spatial resolution of 3.3
kilometers centered over Palmer Station. This provided reason-
ably high-resolution images covering a large area surrounding
the station for identification and tracking of mesoscale vortices.
The satellite data were processed on a Sun 4/110 workstation
using a TeraScan software package developed by SeaSpace. The
capability of zooming and/or enhancing the satellite image dis-
played on a computer screen facilitate detection of mesoscale
vortices. The identification of mesoscale cyclones was based
upon the cyclonic appearance of the cloud signature, following
the general techniques described in the literature dealing with
satellite studies of mesoscale cyclones (e.g., Forbes and Lottes
1985; Businger and Reed 1989; Carleton and Carpenter 1990;
Heinemann 1990). All cloud signatures with a cyclonic shape and
a diameter of less than 1,000 kilometers were counted as a
mesoscale cyclone and plotted on a chart. Also, when possible,
they were tracked in order to estimate average trajectories of
these mesoscale features.

Column 1 in the table gives the number of days for each month
for which satellite data were not available. September, October,
and November had large gaps of 21, 18, and 18 missing days,
respectively. Column 2 listed the total number to mesoscale
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