
Figure 1. Cloud cover (isopleths; unit: tenths) analysis derived from the National Oceanic and Atmos-
pheric Administration's AVHRR images. Dashed line marks the crest of the terrain.
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N
umerical studies (Parish and Bromwich 1986, 1987, 1991;
Parish, Pettre, and Wendler 1993; Gallée and Schayes

1994; Hines, Bromwich, and Parish in press) have shown that
katabatic winds are the most significant climatological feature
of the boundary layer over Antarctica. The model results indi-
cate that confluence zones may be numerous over the antarc-
tic continent, where cold air drainage currents from a large
interior area converge. The resulting enhanced reservoirs of
cold air feed coastal katabatic winds, so those winds become
stronger and more persistent. The summer streamline simu-
lation by Parish and Bromwich (1986) shows that the Siple
Coast area, West Antarctica, should have a confluence zone.
In comparison to the confluence zones of East Antarctica, the
Siple Coast confluence zone offers a very different dynamic
setting. First, terrain slopes are steeper in the interior than
near the margins, and this leads to convergence of the airflow
where terrain slopes become gentler rather than steeper. Sec-
ond, the comparatively low eleva-
tion of West Antarctica allows the
effects of synoptic disturbances to
penetrate deep into the ice-sheet
interior. This, in combination with
relatively gentle terrain slopes, may
mean that Siple Coast winds are
more affected by synoptic forcing
than east antarctic drainage flows.
Third, the annual-mean potential
temperature along the snow sur-
face increases strongly with eleva-
tion (Radok 1973, pp. 67-100). By
contrast, in East Antarctica, the
potential temperature decreases
with elevation. This marked differ-
ence appears to imply very differ-
ent atmospheric dynamics in the
two areas (Radok 1973, pp. 67-100;
Kodama and Wendler 1986;
Stearns and Wendler 1988).

Analysis from the 1984-1985
and 1985-1986 austral summer
observations (Bromwich 1986)
taken at three temporary camps
confirms the existence of the Siple
Coast confluence zone. In 1992, the
Polar Meteorology Group from the
Byrd Polar Research Center
deployed a four-member field
team to the Siple Coast area. The
team stayed for 1 month to study
the springtime katabatic wind con-

fluence zone (Bromwich and Liu in preparation). In addition
to making conventional observations, the research team used
state-of-the-art, ground-based remote-sensing equipment
[i.e., sonic detecting and ranging (sodar) and radio acoustic
sounding system (RASS) equipment]. The study shows that
synoptic forcing indeed plays an important role in the kata-
batic wind regime. For example, the study found that the
warmer west antarctic drainage flow overlies the cooler
drainage flow from East Antarctica. To further explore the
synoptic forcing in West Antarctica, cloud investigation is
needed.

Cloud analysis was performed based on the surface
observations from the manned stations during the 1992 field
program (details can be found in Bromwich and Liu in prepa-
ration) and satellite images. The four manned stations, Byrd
(NBY), CASERTZ (CTZ), Upstream B (UPB), and South (STH)
Camps are marked in figure 1. Cloud observations, including
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cloud cover and cloud types, were made by U.S. Navy meteo-
rological staff except those at South Camp. The observations
were taken at different hours during the day; 0900 local stan-
dard time (LST) and 2100 LST are the hours when the most
data were available and, therefore, are the times used.
Advanced very-high-resolution radiometer (AVHRR) images
from the National Oceanic and Atmospheric Administration's
polar orbiting meteorological satellites (Van Woert et al. 1992)
provide additional information on cloud distribution and
cloud types over all of West Antarctica. Unfortunately, only
the receiving system at McMurdo Station was functional dur-
ing the field season [the other is located at Palmer Station
(65°S 64°W)], so the satellite imagery offers better coverage in
the western part of West Antarctica than in the eastern part.
The satellite images of 1.1 -kilometer resolution at nadir were
processed on a workstation using the Terascan Software
Package developed by SeaSpace.

Averages of total cloud cover for Byrd, CASERTZ,
Upstream B, and South Camps, calculated from the surface
observations, are 6/10, 4/10, 4/10, and 3/10 at 0900 LST and
6/10, 5/10, 3/10, and 3/10 at 2100 LST. These averages reveal
that cloud distribution is uneven along the sloping terrain
and basically decreases from north to south and from east to
west. The frequency of cloud types (table 1) shows that mid-
dle and high clouds are the dominant types at Byrd and
CASERTZ with a slightly higher frequency of middle clouds. A
similar situation is also found at Upstream B and South
Camps, except that high clouds appear more frequently than
middle clouds. Notice that the frequencies at Byrd Camp are
nearly identical to those at CASERTZ Camp (table 1); the same
situation also occurs at Upstream B and South Camps.

Broad-scale analysis has been conducted using the
AVHRR images. Images at 0900 LST and 2100 LST were also
used for the analysis. Availability of the images ranges from 8
to 75 percent of the possible total between 7 November and 8
December 1992. The availability of the images decreases from
west to east. At least 50 percent of images are available along
and to the west of a line from 75°S 125°W to 85°S 95°W. Figure
1 shows the isopleths of averaged total cloud cover over West
Antarctica. First, the results are quite consistent with the
analysis based on the surface observations. For example, both
average total cloud covers from the satellite images at
Upstream B and South Camps are between 3/10 and 4/10;
those averages are quite close to the surface observations.
Second, cloud cover decreases from Ellsworth Land to Siple
Coast—namely, it decreases from north to south and from
east to west. This agrees well with the surface observations.
Third, a strong gradient is present just to the southwest of the
crest (dashed line in figure 1). Similar cloud classifications
were performed on the satellite images. The region where the
cloud cover analysis was performed is subdivided into five
areas (figure 2). Each of these areas represents different total
cloud cover. For example, area III has small cloud amounts.
Table 2 shows the frequencies of the classifications. In gener-
al, the frequencies of middle and high clouds greatly outnum-
ber those of low clouds. This agrees with the surface observa-
tions. Notice the frequency discrepancies of cloud types

Table 1. Frequencies (number of cloud observations of a
type are divided by the total number cloud observations;
unit: percentage) of cloud types reported in surface
observations

Byrd Camp	 39	41	 20
CASERTZ Camp	38	41	 21
Upstream B Camp	45	35	 20
South Camp	46	34	 20

aEstimated height of base above the surface is less than 1,524
meters (5,000 feet).
bEstimated height of base above the surface is 1,524-3,048
meters (5,000-10,000 feet).
CEstimated height of base above the surface is greater than 3,048
meters (10,000 feet).

Table 2. Same as table 1 except that the cloud types were
derived from the National Oceanic and Atmospheric
Administration's AVHRR satellite images (channels 1
and 4)

Areal	 41	50	 9
Area II	 50	50	 0
Area III	 34	56	 10
Area IV	 47	44	 9
Area 	 57	43	 0

between the surface and satellite observations. Many factors
can contribute to these discrepancies. For example, obscura-
tion by middle clouds on satellite images may contribute to
the lower frequency of low clouds. A similar situation may
occur with surface observations of high clouds.

Comparison between the cloud-cover distribution (fig-
ure 1) and annual snow accumulation map for Antarctica
(Giovinetto and Bentley 1985, not shown) shows good agree-
ment. Rubin and Giovinetto (1962) calculated 1,958 moisture
fluxes and lifted condensation levels at 850 hectopascals
(hPa) and 700 hPa for Ellsworth and Little America, located to
the east and west, respectively, of the ice sheet, and at 700
hPa for Byrd Station. When these data were considered in
relation to the topography, the decrease in annual snowfall
over West Antarctica from east to west and from north to
south was explained. Bromwich (1988) presented a thorough
review and discussion of this topic. Combining the current
cloud analysis and related discussion leads to the conclusion
that synoptic forcing is indeed a significant factor influencing
the katabatic wind regime in West Antarctica. Poleward-
moving and warm, moist maritime air masses bring in mois-
ture in the form of clouds and precipitation. A heat balance
study in East Antarctica shows that a more positive radiation
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Figure 2. Areas where cloud classifications were performed.

budget accompanies increased cloudiness (Wendler,
Ishikawa, and Kodama 1988). Therefore, warmer surface
temperatures result from more clouds. The revealed differen-
tial cloud distribution affects the distribution of the surface
temperatures, which in turn affect the structure of the
drainage flow.
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