
Table 2. Simultaneous surface wind statistics for Siple Coast stations

21 Dec 84 to 7 Jan 85	 20 Dec 85 toll Jan 86

Resultant wind
(in meters	Directional

Temporary location	per second)	constancy

North camp	 660 1.3	 0.41
Upstream B	 920 2.6	 0.74
South camp	 870 6.4	 0.97

Mean speed	Resultant wind	 Mean speed
(in meters	(in meters	Directional	(in meters
per second	per second	constancy	per second)

	

3.2	 130 0.4	 0.25	 1.6

	

3.5	 870 1.0	 0.59	 1.7

	

6.6	 990 3.9	 0.90	 4.3

and Bromwich (1986) but not discussed here] show that the
simulated Siple Coast confluence zone is correctly located and is
a region of enhanced surface wind speeds.
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Boundary layer meteorology of the
western Ross Sea
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Franklin Island is situated in the western Ross Sea about 150
kilometers to the east of the nearest part of the Transantarctic
Mountains (figure 1). An automatic weather station (Aws) on top
of the island (274 meters above sea level) has operated continu-
ously since 23 January 1982. Wind readings show that the direc-
tion is rather variable (Savage and Stearns 1985). One might
conclude that this arises because the atmospheric pressure gra-
dients, which usually determine the surface wind direction
over the ocean, have no preferred orientation in this area.
However, pressure contours on climatic maps (Taljaard et al.
1969) and on individual weather charts (Kurtz and Bromwich
1983) support predominantly southerly surface airflow in the
western Ross Sea.

When the surface wind direction at Franklin Island is divided
into eight classes (northeast, east, southeast etc.), it is found
that on average, winds come from the west plus northwest and
from the southeast plus south about 70 percent of the time. If
wind directions were completely random, these four classes
should account for about 50 percent of the observations. In
addition, when the frequency of west plus northwest winds is
lower for a particular month, the frequency of southwest plus
south winds is generally higher and vice versa. It is this pre-
dominant bimodal directional distribution which accounts for
the very low directional constancies (about 0.1) calculated by
Savage and Stearns (1985). Directional constancy is the ratio of
the vector-average wind speed to the scalar-average speed; it
measures directional variability and ranges from zero for ran-
domly oriented winds to one for unidirectional airflow.

Bromwich and Kurtz (1982) and Bromwich (1985) have
shown that very strong katabatic (i.e., downslope) winds from
the Victoria Land plateau are invariably present along the west-
ern shore of Terra Nova Bay. This area lies about 190 kilometers
to the northwest of Franklin Island. That these katabatic winds
usually blow for at least 34 kilometers across flat terrain is a
notable anomaly (Bromwich and Kurtz 1984); such airstreams
are usually observed to dissipate completely within 10-20 kilo-
meters of the east antarctic coastal slopes (e.g., Weller 1969).
Here, it is proposed that the Terra Nova Bay katabatic airflow
often continues for at least 190 kilometers offshore and gener-
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Figure 1. Sea-level pressure analysis for 2100 Greenwich Mean
Time, 14 April 1984. Circles with numbers attached identify automat-
ic weather stations whose data were used to construct the chart.
Wind direction is shown by the orientation of the line drawn to each
automatic weather station; wind speed is indicated by the symbols
attached to this line. No symbol denotes a speed less than 1.3
meters per second, half a barb signifies 2.5 meters per second, a full
barb equals 5 meters per second, and a flag represents 25 meters
per second. Solid lines are sea-level isobars (contours of constant
pressure) and are labelled with the hundreds digit omitted (i.e., 50
equals 950 millibars). The dashed lines represent constant air tem-
peratures (isotherms) in degrees Celsius. The lines with solid tri-
angles and solid half circles attached represent respectively cold
and warm fronts.

ally is responsible for the frequent west and northwest winds
observed on Franklin Island. A key aspect of this assertion is
that this frictionally dissipating wind usually occurs without the
assistance of regional atmospheric pressure gradients, thus al-
lowing the above-mentioned wind direction/pressure gradient
paradox to be resolved. These near-surface airflows must rise
over Franklin Island to be recorded by the AWS. Katabatic winds
have been observed to surmount vertical cliffs more than 300
meters high (Bromwich 1985). A case study is presented which
illustrates a pronounced surge of katabatic air across the west-
ern Ross Sea.

When a stable boundary layer air mass (one in which the
temperature increases with height) moves toward a sufficiently
high obstacle, the air cannot rise over the obstruction but piles
up against it. This subsequently leads to deflection of the air-
flow in a direction approximately parallel to the terrain contours
such that the obstacle lies to the left (in the Southern Hemi-
sphere) when looking downwind. Such airflows are called
"barrier winds" and they dominate the climate of the western
Weddell Sea (Schwerdtfeger 1979). Similar topographic and
large-scale atmospheric conditions lead their generation in the
western Ross Sea. It is proposed that the south and southeast
winds at Franklin Island are primarily barrier winds; these are
in equilibrium with the regional pressure field. A case study of a
pronounced barrier wind event along the Victoria Land coast is
analyzed.

Figure 2 gives time series for part of April 1984 of air tem-
peratures and wind speeds from the AWS5 on Inexpressible
Island and on Franklin Island. The Franklin Island sea level
pressure curve has been added to both temperature and wind
speed plots for comparison purposes. Between 0600 Greenwich
Mean Time on 13 April and 0300 Greenwich Mean Time on 14
April, Franklin Island was exposed to west and northwest
winds of about 5 meters per second and was some 7°C warmer
than Inexpressible Island. Over the next 3 hours the tem-
perature at Franklin Island started to fall, the wind speed in-
creased abruptly and the wind direction swung around to the
northwest. This is believed to represent the onset of a pro-
nounced surge of katabatic air which came from the Terra Nova
Bay area.

Prior to and during the katabatic surge, the coastal katabatic
wind speed (that is, at Inexpressible Island) was very strong
(about 27 meters per second) and, as usual, the wind direction
hardly varied. As the surge continued, the temperature at
Franklin Island decreased until 1200 Greenwich Mean Time on
14 April and then gradually increased. The coastal air tem-
perature gradually rose throughout this period and remained
colder than offshore readings (that is, at Franklin Island). Use of
temperature readings from the Franklin Island and Inexpressi-
ble Island AWS5 underestimates the sea level temperature con-
trast by about 2°C because the air cools as it rises over Franklin
Island. Thus, during the period of smallest temperature dif-
ference (1200 to 2100 Greenwich Mean Time on 14 April), coast-
al katabatic air had still been warmed by about 4.5°C. Katabatic
air is probably warmed as it moves offshore by energy seeping
through the underlying sea ice and by mixing with warmer air
aloft.

Figure 1 presents an analysis of the regional sea-level pres-
sure field (for 2100 Greenwich Mean Time on 14 April) when the
speeds were high both at the coast and offshore; data are taken
from Savage et al. (1985). The low pressure readings at Franklin
Island were associated with a cyclone centered over the Ross Ice
Shelf. The wind at Franklin Island blew perpendicularly to the
isobars; if it had been in equilibrium with pressure field, the
direction would have been west-southwest rather than north-
west. The presence of strong north-northwest winds on both
sides of Ross Island, also occurring without pressure field sup-
port, may indicate that the katabatic surge had reached the Ross
Ice Shelf. These winds persisted at station 08 from 1800 Green-
wich Mean Time on 14 April to 0900 Greenwich Mean Time on
15 April. The southernmost limit of the surge lay in the vicinity
of station 07 where marked northerly winds were monitored at
0600 and 0900 Greenwich Mean Time 15 April. Because this site
is 390 kilometers to the south-southeast of Inexpressible Island,
it appears that katabatic airflows can propagate across flat ter-
rain for distances more than an order of magnitude greater than
the typical values found by Weller (1969).

The pronounced katabatic surge at Franklin Island termi-
nated between 0300 and 0600 Greenwich Mean Time on 15 April
when the direction shifted to the north and the speed decreased
from 13 to 7 meters per second. In the preceding 3-hour inter-
val, the katabatic wind speed at Inexpressible Island plummeted
from 27 to 8 meters per second. This impulse would propagate
from Inexpressible Island to Franklin Island in about 3 hours if it
traveled with a speed equal to the average wind speed. It thus
seems probable that the offshore surge ended because the in-
tense outflow of katabatic air was cut off. The conjunction of the
abrupt decrease in katabatic speed and the passage of the pres-
sure minimum was coincidental; figure 1 shows that the cyclone
center lay far to the south. This abrupt termination may have
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Figure 2. Time series of air temperature and wind speed readings from the automatic weather stations on Inexpressible Island and Franklin
Island. Because the pressure variation is regionally representative, only the Franklin Island sea-level curve is reproduced; it has been added to
both temperature and speed graphs to aid in comparison. Franklin Island wind directions are plotted with the convention that an arrow pointing
from the top to the bottom of the diagram represents a north wind. Time is given in Greenwich Mean Time (GMT), about 12 hours behind local
time. ("mb" denotes "millibar." "ms 1" denotes "meters per second:')
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Figure 3. Same as figure 1, but for 1200 Greenwich Mean Time, 16
April 1984.

been caused by exhaustion of the supply of cold air on the
plateau.

It should be noted that the katabatic surge is so thermally
well-defined only because the usual temperature distribution is
completely reversed. Here the warmest temperatures are clos-
est to the pole.

After the katabatic surge ended at Franklin Island, the cyclone
moved to the north and then to the east, and then probably
merged with a low from the southern ocean between 0300 and
1500 Greenwich Mean Time on 16 April (U.S. Department of
Commerce 1984). The associated pressure field directed air to-
ward the Transantarctic Mountains and generated a southerly
barrier wind event at Franklin Island from 2100 Greenwich
Mean Time on 15 April to 0300 Greenwich Mean Time on 17
April. Figure 2 shows that the air temperature contrast between
the coast and offshore was less than 4°C throughout the event
and that the strongest Franklin Island winds were recorded
between 0900 Greenwich Mean Time on 16 April and 0000
Greenwich Mean Time on 17 April (14 meters per second or
stronger). The event abruptly ended between 0300 and 0600
Greenwich Mean Time on 17 April when the offshore wind
direction swung around to the northwest.

Figure 3 shows the sea level pressure analysis close to the
midpoint of the barrier wind event. The pressure field moved
air toward the mountains and generated a barrier wind from
south of Minna Bluff to north of Inexpressible Island. The small

high pressure area immediately to the south of Ross Island
arose because the stable air split and flowed around rather than
over the island; this phenomenon has been studied in detail by
O'Connor and Bromwich (in press).

Barrier winds along the Victoria Land coast are shown by the
marked southerly winds at Marble Point (station 06) and Frank-
lin Island and by the strong southwest wind at Inexpressible
Island. Strong non-katabatic winds at Inexpressible Island are
rare. For example, between March and September 1912, south-
erly winds exceeding 13 meters per second affected the Inex-
pressible Island snow cave on just three occasions for periods of
12 to 24 hours (Bromwich and Kurtz 1982). The only times in the
5-day period covered by figure 2 that Inexpressible Island was
warmer than Franklin Island (1200 and 1500 Greenwich Mean
Time on 16 April) coincide with the only non-katabatic wind
directions observed at Inexpressible Island. Clearly, warm mar-
itime air rather than the usual colder katabatic air briefly affected
Inexpressible Island.

Finally, it should be noted that some aspects of the analysis in
figure 3 are open to question. The placement of the cyclone
center, and the orientation and spacing of isobars over the Ross
Ice Shelf are somewhat uncertain due to inadequate
observations.

This research was supported by National Science Foundation
grant DPP 83-14613.
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