
An observational study of boundary-layer dynamics
over West Antarctica

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

A
ccording to numerical studies (Parish and Bromwich
1986, 1987, 1991), katabatic winds are the most significant

climatological feature of the boundary layer over Antarctica.
The model results indicate that there may be numerous con-
fluence zones over the antarctic continent, where cold air
drainage currents from a large interior area converge. Surface
winds in these confluence zones are strong and persistent.
Due to the sparse data-acquisition network, especially in
these confluence zones, verification of the model results relies
heavily on previous surface observations that normally do not
describe events above the surface. To improve the under-
standing of the katabatic wind regime, further expeditions to
study the confluence zones are needed.

The 1992 campaign offered such an opportunity. Using
the model results and previous surface observations
(Bromwich 1986; Parish and Bromwich 1986), two sites for the
campaign were chosen in the confluence zone near Siple
Coast, West Antarctica (figure 1). These sites were Upstream B
Camp (83.50S 136.1 0W) and South Camp (84.5°S 134.3 0W). In
addition to conventional surface observations, each camp
was equipped with remote-sensing profilers, a sonic detecting
and ranging (SODAR) device, and a radio acoustic sounding
system (RASS), which can continuously profile the boundary-
layer winds and temperatures (Liu, Geer, and Bromwich 1991;
Liu and Bromwich 1992, 1993). Pilot balloons and radioson-
des were launched at least once a day to provide additional
information on the boundary-layer structure. The data-acqui-

Figure 1. The antarctic continental topography. Two surface camps,
Upstream B Camp (U) and South Camp (S), were established in the
Siple Coast area. The thin solid lines are elevation contours in
meters.

sition period started on 11 November and ended on 8 Decem-
ber 1992.

Figure 2 (blocks A, B, and C) shows the SODAR horizontal
wind speed, wind direction, and directional constancy profiles,
respectively, at Upstream B Camp, computed from hourly vec-
tor averages during the entire period. Wind speeds at all levels
(figure 2A) basically follow the same trend, increasing in the
early morning, then decreasing during the rest of the day. A
low-level jet ascends in the early morning (to level C), when
the wind speeds are strongest, and descends before midnight
(to level B). This observation agrees with recent numerical sim-
ulations over West Antarctica (Du and Bromwich, Antarctic
Journal, in this issue). Figure 2B shows that the wind-direction
changes are associated with the wind speed variations except
at the surface. During the period of increasing wind speed,
wind directions turn counterclockwise from level A to level D,
then clockwise to level L. The former phenomenon is due to
surface friction, which turns the wind toward lower pressure
and the latter is indicative of cold-air advection (Parish and
Bromwich 1991). The wind directions remain uniform except
for a brief period (1800 to 0100 hours) when the directional
constancies drop to a minimum (figure 2C) and the veering of
the wind with height disappears; this fluctuation suggests that
the katabatic drainage flow is only present at the surface. The
SODAR backscatter intensities (an indicator of spatial temper-
ature inhomogeneities) averaged during the campaign show a
strong association with wind-speed and directional shears (Liu
et al. 1991). Strong return signals occurred in the period with
increasing wind speeds. This relationship has been explained
as a result of decreasing Richardson number due to increasing
wind shear and relatively slow changes of the vertical potential
temperature gradient (Neff 1981).

Less than 100 kilometers (km) south of Upstream B
Camp, South Camp surface wind speeds (table) are almost
twice as strong as the maximum at Upstream B Camp (figure
2A). This difference has been explained by initial numerical
simulations (Bromwich 1986; Bromwich and Du 1991) as
being caused by the greater influence of the confluence zone
at South Camp than at Upstream B Camp. Notice that the
diurnal variations of the wind speeds are significantly less
than those at Upstream B Camp. These variations have also
been confirmed by recent numerical simulations (Du and
Bromwich, Antarctic Journal, in this issue).

Surface observations, RASS data, and radiosonde launch-
es provide information on the thermal structure of the
boundary layer. The surface temperature observations at
Upstream B Camp show that the range of surface air tempera-
ture was nearly 7°C (mean surface air temperature: -15.1°C).
By contrast, the surface air temperature range at South Camp
was less than 1°C (mean surface air temperature: -13.40C).
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Figure 2. A. The hourly resultant wind speed profile at Upstream B derived from SODAR observations (12 November 1992 to 8 December 1992)
above the surface and a Lambrecht recording anemometer (22 November 1992 to 8 December 1992) at the surface. Line A represents the
surface level; lines B, C, 0, E......U represent 35 m, 85 m, 135 m, 185 m..... . 985 m above the snow surface. B. Same as A except for resultant
wind directions. C. Same as A except for directional constancies. (LST denotes local standard time.)

	

The range difference between these two sites occurs because	South Camp when wind speeds were 8 meters per second (m

	

generally higher wind speeds were found at South Camp and	s-') and 7.5 m s 1 , respectively. At the same time, the surface

	

created stronger downward turbulent heat flux than that at	air temperatures at Upstream B Camp were -18°C and -21°C,

	

Upstream B Camp to compensate the longwave radiational	respectively, where winds were calm. Another possibility that

	

cooling (Bromwich 1989). This relationship is also reflected in	may contribute to the range difference is described below.

	

the mean surface air temperatures at both sites. Figure 3 (A	The RASS data at Upstream B show that a weak inversion

	

and B) illustrates the above explanation. The surface air tem-	layer was maintained throughout the day. At South Camp,

	

peratures for figure 3 (A and B) were -13.0°C and -11.8°C at	temperature structure at the low levels was modified by
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Figure 3. A. Temperature profile at South Camp at 0900 LST 24 November 1992. B. Same as A except at 1500 LST 24 November 1992.

strong winds. For example, figures 3A and 3B show that,
below 400 m height, the temperature lapse rate is close to dry
adiabatic, which indicates that strong mechanical mixing is
taking place. (Adiabatic refers to a process involving expan-
sion or compression without loss or gain of heat.) The inver-
sion layer is above 400 m height. These are common tempera-
ture profiles at South Camp. Wind speed profiles derived from
pilot balloon launches show a low-level jet (13 m s- 1 ) existed
at 200 m height. Through examination of the BASS profile at
Upstream B, we found the temperatures in the lowest several
hundred meters of the atmosphere were much colder than
those at South Camp suggesting warm-air advection may
have been present at South Camp and contributed to the dif-
ference in average temperature as well.

Resultant wind speeds (in meters per second),
wind direction (in degrees), and directional
constancies at South Camp during the 1992
campaign

0000	8.1	93	0.95
0300	8.5	92	0.94
0600	8.4	91	0.94
0900	8.5	91	0.95
1200	8.1	88	0.94
1500	7.6	90	0.95
1800	7.4	93	0.95
2100	8.0	95	0.96

In conclusion, the boundary-layer features inside the
Siple Coast Confluence Zone have been derived from analyses
of the 1992 field observations. In contrast to the situation in
wintertime, the katabatic winds and surface air temperatures
show significant diurnal variations which, for the surface air
temperature, are a strong function of wind speed. The ther-
mal structure of the boundary layer can be modified by the
presence of strong winds and warm air advection.
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Summer surface winds in the Siple Coast confluence zone,
West Antarctica

YANG Du and DAVID H. BROMw1CH, 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 (BASS).

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 (a =
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'=cz{1-C/2xsin[it/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 83 029'S, 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 rn- 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 rn-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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