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O
ne of the most marked confluence zones around the con-
tinental periphery of Antarctica is located over the Siple

Coast area of West Antarctica (Bromwich 1986; Parish and
Bromwich 1986, 1987). Unlike other coastal parts of the ice
sheets, the slope over Siple Coast is gentler than that in the
interior. Bromwich (1986) confirmed the existence of the con-
fluence zone by analyzing wind observations from three
strategically located sites. Further studies showed that airflow
from the Siple Coast confluence zone, when supported by an
appropriate regional pressure gradient, sometimes can travel
for a great distance across the flat Ross Ice Shelf bordering the
Transantarctic Mountains; this airflow constitutes the so-
called katabatic surges. This is observed on wintertime ther-
mal infrared satellite images and has a significant impact on
the size of the prominent polynya along the northwestern
edge of the Ross Ice Shelf (Bromwich, Carrasco, and Stearns
1992; Bromwich et al. 1993).

This model study focuses on the influence of synoptic
forcing on the summertime windfield within the Siple Coast
confluence zone. The model employed to simulate the
antarctic surface winds is a three-dimensional hydrostatic
mesoscale primitive equation model (Parish and Waight
1987) adapted from Anthes and Warner (1978). Detailed
description of the model system can be found in Parish and
Waight (1987). The model has 11 terrain-following modified
sigma levels which are irregularly spaced (o=0.998, 0.996,
0.99, 0.98, 0.965, 0.93, 0.9, 0.8, 0.6, 0.35, 0.1). The first sigma
level corresponds approximately to a height of 10 meters (m)
above the ice surface. The model domain consists of 160x160
grid points at a horizontal resolution of 20 kilometers (km).
The snow-surface reflectivity for the Siple Coast area is
expressed such that the albedo over Siple Coast is a function
of local solar time. To study the sensitivity of the windfield in
the Siple Coast confluence zone to synoptic scale pressure
gradients, two numerical simulations are presented. The first
simulation starts from a state of rest; geostrophic winds were
set to zero for the entire model domain. It simulates the mid-
summer windfield with the solar declination (ô) equal to -20°,
corresponding approximately to 22 November. The second
run is the same as the first run but starts from a prescribed
pressure gradient associated with katabatic surges across the
Ross Ice Shelf and taken from Bromwich et al. (1992). To
ensure that the diurnal cycle was well established, 72-hour
integrations were conducted. The diurnal cycle was approxi-
mately steady after 24 hours, and thus only results from the
last diurnal cycle are displayed.

Figure 1A shows the development of the simulated kata-
batic wind speeds at sigma level 1 for the first run along a tran-

sect over Siple Coast where temporary camps were set up dur-
ing the 1992-1993 austral summer. In the north (left side), the
wind speed displays a clear diurnal cycle. The strongest wind
is found at 7:00 a.m. local solar time (LST) or so, and the weak-
est wind appears at 7:00-8:00 p.m. In the southern part of the
transect (right side), the diurnal variation of the wind speed is
also clearly shown. The maximum wind speed occurs at
4:00-5:00 a.m. and the minimum at 5:00 p.m. Note the steady
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Figure 1. A. The simulated distribution of diurnally varying wind speed
(m s- 1 ) at sigma level one from the first run along the transect dis-
cussed in the text. B. Cross section of wind speed from run 1 for
nighttime (0500 LST). C. The same as in B, but for daytime (1700 LST).
[V (m/s) denotes velocity in meters per second.]
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increase in wind speed from north to south. The increase has
been linked to the prominent confluence zone (Parish and
Bromwich 1986; Bromwich 1986). The diurnal cycles of wind
speed and air temperature (not shown) are closely linked with
the extreme winds appearing approximately 2 hours after the
extreme snow-surface temperatures. This 2-hour lag is related
to the turbulent transfer of momentum. Although the wind
features along the transect are similar to a previous study (Du
and Bromwich 1993) in which a coarser horizontal resolution
was used, the differing lag between the extreme temperatures
and wind speeds along the transect and the spatially irregular
diurnal wind cycle in the northern part of the transect were
not clearly obtained in the earlier study (see Du and Bromwich
1993, figure 1). The lack of clear definition in the previous
study illustrates the importance of the finer horizontal resolu-
tion (probably vertical resolution also) in revealing the
detailed behavior of the windfleld within the Siple Coast con-
fluence zone. Bromwich (1986) noted that terrain features of
various spatial scales are present in this area.

The vertical structure of the windfield along the transect
demonstrates that the nighttime wind regime is katabatic (fig-
ure 1B). A thin layer of strong wind is formed near the surface.
A maximum wind zone is found at the far southern end of the
transect at a height of about 100 m. This structure is similar to
the winter investigation by Bromwich, Du, and Parish (1994).
During daytime (figure 1C), the windfield changes with the
maximum wind zone retreating slightly southward, but the
height of the maximum wind remains almost unchanged. The
wind shear is weaker, and the wind speed decreases, especial-
ly in the lowest few hundred meters. At higher altitudes, the
wind structure is hardly affected. The strong wind in the con-
fluence zone is probably also caused by the blocking effect of
the Transantarctic Mountains. As cold air reaches the steep
mountains, it piles up against them, resulting in a zone of
stronger winds.

It is well known that on climatic maps a sea-level low-
pressure area is located over the southern Amundsen Sea (e.g.,
Schwerdtfeger 1984). Mesoscale analysis over the Siple Coast
area (Bromwich et al. 1992) suggests that northeast migration
and intensification of this low has a major impact on the kata-
batic winds blowing across Siple Coast. Figure 2A shows the
wind speed from the second simulation along the same tran-
sect as in figure 1A. Compared to run 1, the impact of solar
radiation on the diurnal variation of wind speed along the
transect is significantly reduced; great impact of the synoptic
forcing is evident. The range of the diurnal wind speed varia-
tion barely exceeds 1 meter per second (m s.1) (compared to 2
m -1 in run 1). As expected, the maximum wind speed is
found at the southern end of the transect—the end associated
with the confluence zone—and the minimum in the north.
The timing of the extreme wind speeds is different from run 1.
The strongest winds in the southern part of the transect, such
as at South Camp, appear in the early morning and the weak-
est at 4:00 p.m. The phase of the diurnal speed variation is
about 1 hour earlier than run 1. Around Upstream B, a poorly
defined maximum speed occurs at noon. It can be seen that
the wind speed is significantly affected by the small migration
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Figure 2. The same as in figure 1 but for run 2.

of the cyclone over the southern Amundsen Sea. The wind
speed is stronger throughout the course of the model day.

Figures 2B and 2C show the vertical wind profiles along
the transect for nighttime (B) and daytime (Q. A maximum
wind zone centered in the south and projecting toward the
north exists at both times. In the south, the height of the max-
imum is located at about 200 m throughout the model day,
whereas in the north the height of the maximum increases
from 100 m during the night to 200 m during the day. The
increase is due to the stronger vertical mixing at the surface in
the north, resulting from stronger daytime insolation. The rel-
atively stable wind regime in the south is due to its location
being embedded in the strong confluence zone and to the
smaller diurnal variation of the solar radiation. The effect of
the terrain slope may also play an important role in shaping
the wind regime. The winds closer to the steep Transantarctic
Mountains are stronger. It can be seen that the strong winds
are located in the lowest 400 m of the atmosphere. The solar
radiation has a greater influence on the altitude of the wind
speed maximum in the north than in the south. It is noted
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that a weak maximum wind speed appears at 600-700 m. Tra-
jectory analyses (not shown) reveal that air parcels travel
much faster in run 2 than in run 1, especially over the Siple
Coast area. The cyclones over the southern Amundsen Sea
have a great impact on the surface winds within the Siple
Coast confluence zone. With the assistance of the cyclone, the
wind speeds are nearly double those in run 1. Studies
(Bromwich et al. 1992, for example) have shown a close rela-
tionship between the strong winds over Siple Coast and the
cyclonic activity over the Amundsen Sea.

Figure 3 shows the 0500 LST temperature structures
along the same transect as in figure 1 for the first run (A) and
the second run A. Because of the differing initial conditions,
we here concentrate on the overall patterns within the lowest
few hundreds meters above the ground instead of looking at
the specific temperature values. In figure 3A the inversion
depth is 400-500 m in the north and 500-600 m in the south.
The greater depth in the south suggests the impacts of vertical
mixing and blocking. For run 2 in figure 3B, the depth is quite
uniform along the transect but resides 100-200 m higher. The
fairly well-mixed layer in lowest 200-300 m in the south is
associated with the strong surface winds as shown in figure 2.
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T
he synoptic-scale climatology shows that a surface
cyclonic circulation prevails over the Ross Ice Shelf/Ross

Sea region throughout the year (e.g., Schwerdtfeger 1984).
This is associated with synoptic-scale storms which often
decay near and over Marie Byrd Land (e.g., Taljaard 1972, pp.
139-213; Carleton 1992) and which, on average, result in the

quasistationary low-pressure center near the Amundsen Sea.
With the deployment of automatic weather stations (AWSs)
over the Ross Ice Shelf and Victoria Land (Stearns and
Wendler 1988; Stearns et al. 1993, pp. 1-22), the annual aver-
age sea-level pressure field over this region has been
described in greater detail [see figure 1A adapted from
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