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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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Figure 2. Spatial frequency distribution of initial mesoscale cyclone
appearance observed per 50 latitude and 100 longitude per 30 days,
during August 1989 to February 1990. Heavy solid line defines area
1, and heavy dashed line defines area 2.

cyclones observed to the west of the Antarctic Peninsula and
poleward of 60 5, and column 3 gives the ratio between the
number of mesoscale cyclones and the total days for which
satellite images were available (analyzable days, hereafter) in
that month. The ratio suggests a peak in the number of mesoscale
cyclones (i.e., total cyclones per week of analyzable days) ob-
served in this area. It shows that the maximum in December
corresponds to 10.5 mesocyclones observed each week. The
minimum was found in August, which showed 3.5 mesoscale
cyclones each week.

Figure 1 shows that the initial location and the trajectories of
the mesoscale vortices during the study period. Although the
results indicate an almost homogeneous distribution of mesos-
cale cyclones over the southeastern Pacific Ocean, they tend to
cluster close to the coast. Figure 1 also shows significant me-
soscale activity over the Weddell Sea and Ronne Ice Shelf, as well
as a few mesocyclones over the interior of West Antarctica. To
study the special frequency distribution of initial mesoscale
cyclone appearance, the monthly average frequency distribut-
ion was calculated from the number of vortices counted within a
box of 5latitude and 10 longitude for the entire study period, but
is expressed in terms of per month analyzable days. Figure 2
shows the spatial frequency for August 1989 to February 1990.
The map defines the area considered in this study. To the west
of the peninsula, a frequency maximum is located over the

Mesoscale cyclones over the southeastern South Pacific Ocean
for August 1989 to February 1990.

Normalized Normalizec
Missing	Number of	cyclone	weekly no.

Month	 days	cyclones	total*	cyclones**

August	 3	14	0.5	3.5
September	21	8	0.9	6.2
October	 18	11	0.8	5.9
November	18	14	1.1	8.2
December	5	39	1.5	10.5
January	 2	30	1.0	7.2
February	 3	20	0.8	5.6
*Ratio between number of mesoscale cyclones and the total days for
which satelite images were available (analyzable days) in that month.
**Number of cyclones per analyzable day times seven.

Bellingshausen Sea (2.6 to 3.5 mesocyclones per Y latitude x 10
longitude per 30 days) and areas to the north. A secondary
maximum (2.1 to 2.5 mesocyclones) can be observed over the
Amundsen Sea. The highest frequency is located over the Weddell
Sea (4.6 to 5.5 mesoscale vortices). This spatial distribution of the
vortices on both sides of the peninsula is opposite to that shown
by Turner and Thomas (1992). Their results placed the highest
frequency over the Amundsen-Bellingshausen Sea area. Further
studies are needed to investigate the causes of this interannual
variability.

The satellite-observed trajectories of mesoscale vortices (fig-
ure 1) indicate that most of them were quasi-stationary features.
Only about 23 percent of the vortices observed to the west of the
Antarctic Peninsula (area 1 in figure 2) could be tracked. The
vortices tend to acquire a northeastward trajectory from their
initial satellite-observed location toward the Drake Passage, sug-
gesting that these perturbations may originate to the south or
southwest of their initial detection point. Over the Weddell Sea
area (area 2 in figure 2), about 27 percent of the vortices could be
tracked. Most of these moved toward the north. Over the Ronne
Ice Shelf, no preferred direction was noted.

In summary, the spatial distribution and trajectories of meso-
scale cyclones over the southeastern Pacific Ocean confirm the
mesoscale cyclogenesis activity over this area and suggest a
maximum in December. Individual case studies (not included:
Carleton and Fitch 1993; Turner and Thomas 1992; Carrasco 1992)
reveal that cold-air outbreaks into the warmer maritime environ-
ment of the Pacific Ocean, associated with synoptic-scale cy-
clones, appear to be the prevailing circulation that sets up condi-
tions for mesoscale cyclogenesis. The near-surface antarctic
katabatic wind simulation (Parish and Bromwich 1987) indicates
a source of cold katabatic air in the Amundsen Sea. The second-
ary frequency maximum found by this investigation (and also by
Turner and Thomas 1992) indicates that these features may be
associated with katabatic wind outbreaks coming down from the
interior of West Antarctica, as suggested by Parrish and Bromwich
(1986). However, from the present study, no clear linkage can be
inferred between katabatic airflow and mesoscale cyclone activ-
ity over the southeastern Pacific Ocean, as is clearly found over
the Ross Sea-Ross Ice Shelf area (Bromwich 1989; Bromwich 1991;
Carrasco 1992; Carrasco and Bromwich 1993).
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Katabatic airflows over Siple Coast,
West Antarctica
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Antarctic wind records show strong katabatic outflows at
many points along the steep coast of the continent, such as at Cape
Denison and Terra Nova Bay. The antarctic wind regime is
shaped largely by the ice topography (Schwerdtfeger 1970). Ball
(1960) pointed out that the magnitude of the terrain-induced
pressure gradient force is directly proportional to both the steep-
ness of the terrain and the strength of the temperature inversion
in the lower atmosphere. Parish (1981) proposed that a large-
scale convergence of cold air from the continental interior results
in such strong and persistent coastal katabatic winds. Parish and
Bromwich (1987) simulated the surface winds over Antarctica,
and showed that the drainage pattern is highly irregular with
areas of pronounced confluence and difluence near the coast. The
Siple Coast area of West Antarctica, unlike most parts of Antarc-
tica, has terrain slopes that are steeper in the interior than adjacent
to the coast. The Siple Coast area was found to be one of the most
significant confluence zones about the continental periphery (see
figure 1). This paper analyzes the windfield over the Siple Coast
area simulated by the three-dimensional primitive equation model
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Figure 1. The antarctic continent with selected geographic features
and scientific stations. Height contours in meters (after Parish and
Bromwich, 1989). The square denotes the region shown in figure 2.

described in Parish and Waight (1987) and compares it with field
observational data summarized by Bromwich (1986).

The model equations used are written in terrain-following
(sigma) coordinates (10 levels) with highest vertical resolution in
the lower portion of the atmosphere. The model domain consists
of 160x160 grid points at a spatial resolution of 20 kilometers. The
ice heights are taken from an accurate terrain map (Drewry 1983).
Longwave radiation is explicitly included, following Cerni and
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