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Summer surface winds in the Siple Coast confluence zone,
West Antarctica

YANG Du and DAVID H. BROMWICH, Byrd Polar Research Center and Atmospheric Sciences Program, Ohio State University,
Columbus, Ohio 43210

M
any studies have been made of antarctic surface winds
(for example, Ball 1960; Schwerdtfeger 1970). This is an

equatorward wind system, which has the effect of enhancing
the heat and momentum exchanges with lower latitudes.
Attention has been paid to the development of the persistent
and often intense coastal katabatic windfield (for example,
Parish 1984; Bromwich 1989). The marked confluence zone
over the Siple Coast area of West Antarctica was resolved by
using Ball's (1960) simple steady-state model (Parish and
Bromwich 1986) and was confirmed by analyzing a set of
valuable surface-wind data from this area (Bromwich 1986).
During the 1992-1993 austral summer, a two-site (Upstream
B and South Camp), 1-month (from 12 November to 8
December) field program was carried out by a meteorological
team from the Byrd Polar Research Center to investigate the
dynamics governing the behavior of the Siple Coast conflu-
ence zone. Both sites were equipped with a sound-detection
and ranging system (sodar) and a radar acoustic sounding
system (RASS).

This paper summarizes the summer wind and tempera-
ture fields obtained from a three-dimensional primitive equa-
tion mesoscale numerical model, with emphasis on the influ-
ence of diurnal insolation on the windfield. Observations
from the 1992-1993 summer field experiment are used for
comparison with and verification of the model results. The
model used has 11 irregularly distributed sigma levels ((j =
0.998, 0.996, 0.99, 0.98, 0.965, 0.93, 0.9, 0.8, 0.6, 0.35, 0.1) with
highest resolution in the lower portion of the atmosphere and
has 80x80 "horizontal' grid points with a resolution of 40 kilo-
meters (km), covering West Antarctica as well as the Ross Ice
Shelf and its vicinity. The top of the model is set to be 25,000
pascals. Detailed description of the model system can be
found in Parish and Waight (1987). The terrain data employed
were taken from a digitized version of the elevation map pro-
duced by Drewry (1983). The diurnally varying snow reflectiv-
ity is expressed as a'=a{1-C/2xsin[x/2x (1+LST/6)]}, where a'
is the albedo at a given local solar time (LST), a is the daily
average value of the albedo which is taken to be 0.80, and C is

a constant taken to be 0.03, giving the range of diurnal albedo
variation as 3 percent. The expression for the albedo as a
function of LST is based on observations by Wendler,
Ishikawa, and Kodama (1988). Because no formula was given
by Wendler et al. (1988) to describe this variation, the above
expression should be regarded as an approximate depiction
for the Siple Coast area. The model started from a state of
rest. The initialization procedure for the temperature profile
followed that used in Parish and Waight (1987). The tempera-
ture at sea level was extrapolated from the surface air temper-
atures measured during the 1992-1993 field program. A 72-
hour (h) integration with a solar declination (ö) of -20° (mid-
summer) was conducted to ensure that the diurnal cycle was
well established. The diurnal cycle was approximately steady
state after the first simulation day. Thus, only results from the
last diurnal cycle are displayed in the following.

Figure 1A illustrates the incoming solar radiation
absorbed by the ice slope along a transect over Siple Coast
where the two 1992-1993 summer temporary camps were
deployed. The abscissa represents a transect through the
observational stations (U for Upstream B and S for South
Camp), aligned roughly in a north-south direction. The ordi-
nate is LST. Geographically, the orientation of the transect
(abscissa) does not coincide with a meridian (Upstream B was
located at 83 1 29S, 138°03'W and South Camp at 84°29'S,
134°16'W), thus, LST is calculated for the average longitude.
The simulated austral summer (with continuous sunlight)
results in a maximum solar flux absorbed by the snow surface
of more than 90 watts per square meter (W m 2) at noon
which is double the minimum value at "midnight." The' varia-
tion along the transect of maximum absorbed solar radiation
exceeds 5 W m-2.

Figure lB illustrates the changes of the snow-surface
temperature along the transect during the model day. The
temperature in the northern part of the transect shows a diur-
nal range of about 5.5°C with a maximum value of -12.5°C,
and the temperature in the southern part of the transect
exhibits a diurnal range of about 3°C with a nearly identical
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maximum value as in the north. The surface air temperatures
from the 1992-1993 field program show a diurnal range of
6-7°C for Upstream B and about 1°C for South Camp. The
predicted maximum temperature occurs about 3 p.m., where-
as the minimum temperature occurs in the early morning at
about 3 a.m. This lag relative to the solar radiation cycle is
caused by the heating effect of the underlying snow surface.
The overall patterns of the modeled temperatures (not
shown) are consistent with the observations. It is interesting
to note that the daily average snow-surface temperature in
the southern part of the transect is nearly 1°C higher than in
the northern part. This is consistent with the observations.
The simultaneous temperature measurements for the entire
observation period show daily average temperatures of
-13.4°C and -14.8°C for the South Camp and Upstream B,
respectively. The higher temperature in the south than in the
north has two causes: one is the solar forcing, and the other,
which will be seen later, is the stronger wind in the south.

Figure 1 C shows the simulated katabatic wind speeds
along the transect for sigma level one [10 meters (m) above
the ground]. In the northern part of the transect, the wind
speed displays a clear diurnal cycle. The strongest wind of
about 4.3 meters per second (ni s-') is found at 6 a.m., where-
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as the weakest wind of about 2.3 m s appears at 6-7 p.m.
The diurnal range of wind speed is 2.0 m s- i . In the southern
part of the transect, the diurnal variation of the wind speed is
discernable, though not as strong as in the north. The range is
about 1.1 m s with a maximum of 6.2 m s 1 and a minimum
5.1 m s-1 . Note there is a steady increase in wind speed from
north to south. The increase has been linked to the prominent
confluence zone (Bromwich 1986; Parish and Bromwich
1986). The diurnal cycles of wind speed and air temperature
are closely linked with the extreme winds, appearing approxi-
mately 2 h after the extreme snow-surface temperatures. This
2-h lag is related to the turbulent transfer of momentum.

A sodar system measures the vertical variation of the hor-
izontal winds. Because of the malfunction of the sodar
deployed at South Camp during the 1992-1993 summer field
program, only the wind profile over Upstream B is available.
Figure 2 shows the diurnal cycle of resultant wind speed for
Upstream B at various levels averaged for the entire observa-
tion period. The lowest level (line B) is about 35 m above the
ground, which is the closest one to the model's sigma level 2
(about 20 m above the ground); the levels are distributed at
50-rn intervals above this. The diurnal variation of the wind
speed is manifest throughout the lowest 200 m. At the first
level (line B), the maximum wind of 4.1 rn s- 1 appears at
around 5 a.m. and the minimum value of 2.1 m s- 1 at 4p.m.;
the range is 2 rn s. The second level (line C) is 85 m above
the ground. At this level, the extreme wind speeds occur later
than the first level. During nighttime from about 8 p.m. to 3
a.m., the strongest wind speed [or the low level jet (LL)]
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Figure 1. A. The distribution of solar radiation along the transect
described in the text. B. The same as A but for the modeled snow-
surface temperature. C. The same as A but for the simulated
surface-wind speed.

Figure 2. Wind profile at various levels for Upstream B from sodar
observations running from 12 November to 8 December 1992 (from
Liu and Bromwich, Antarctic Journal, in this issue), apart from line A
which is from surface observations running from 22 November to 8
December 1992. Line B is the first sodar level, and so forth.
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face leads to more vigorous turbulent transfer, and a less sta-
ble boundary layer. Thus, the stronger vertical mixing results
in ascent of the LLJ in the afternoon. The solar influence on
simulated wind speed above line E (in figure 3) is not as clear
as those observed.

In conclusion, the general near-surface wind pattern over
Sipie Coast is reasonably well reproduced by the mesoscale
numerical model. The effect of the diurnal solar forcing on
the surface wind is significant. The predicted near-surface
wind profile for Upstream B is in good agreement with the
observations from the 1992-1993 field experiment. Both the
observed fluctuations of the LLJ height and the timing of its
change are also obtained in our numerical simulation.

This research was supported by National Science Foun-
dation grant OPP 89-16921 to D.H. Bromwich. T.R. Parish
provided valuable modeling assistance. Yang Du thanks all
participants (S. Smith, S. Teeuwisse, Z. Liu, and David
Bromwich) in the 1992-1993 summer Siple Coast field pro-
gram for their support.
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Figure 3. Simulated wind profile at various levels for Upstream B
Line A is the first sigma level, and so forth.

occurs at 35 m, whereas during the rest of the day, the LLJ is
located at 85 m. A clear solar influence on the wind speed can
be seen up to level F. Above level G, the wind field remains
nearly identical, though the solar effect can still be distin-
guished. The significant solar effect is limited to below level F,
which is about 235 m above the snow surface.

Figure 3 shows the simulated wind speeds at various lev-
els for Upstream B. Lines B and C in figure 3 are about 20 and
60 m above the snow surface, respectively. The maximum and
minimum wind speeds at 20 m are 4.7 m s- 1 and 3.2 m s-
with a range of 1.5 m s- 1 , which are consistent with the
observed values. The vertical variation of the LLJ is also simu-
lated. From 8 p.m. to 4-5 a.m., the LLj is at 20 m above the
ground, whereas during the rest of the day, it resides near 60
m. The timing of the change is consistent with the observed
pattern. Note a further lift of the LU (line D, 110 m above the
ground) in the early afternoon is also seen as in the observed
wind profile. The stronger "daytime" heating of the snow sur-
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