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Katabatic flow over the antarctic continent is forced primarily
by the strong radiational cooling of the lowest layer of air adja-
cent to the sloping ice terrain. This is shown by the extremely
high wind constancy values (see table) and well established
relationships of mean yearly resultant wind direction and/or
sastrugi orientation with the fall line of the terrain. Nev-
ertheless, significant variation in the-time-averaged intensity of
katabatic flow along the coastal perimeter has been observed.
As seen in the table, katabatic winds are approximately 75
percent stronger at Cape Denison and Port Martin than at other
similarly situated coastal stations fully exposed to winds off the
ice cap. These facts suggest that to interpret the katabatic signal
properly, a clear understanding of the dynamics and ther-
modynamics of the atmosphere in the lowest few hundred
meters over the coastal and interior ice slopes is essential.

To gain insight into the forcing of katabatic winds, a three-
dimensional numerical model was developed and several
model experiments were performed. The model was patterned
after Anthes and Warner (1978); a discussion of the two-dimen-
sional version is found in Parish (1983). The model consists of
four prognostic equations (both u and v horizontal motion com-
ponent equations, the continuity equation, and the ther-
modynamic equation) and is written in terrain-following sigma
coordinates to allow for non-uniform ice topographic features.
Physical processes such as radiative cooling, turbulent heat
transfer, and frictional dissipation are simulated by standard
bouhdary layer parameterization schemes (Parish 1983). The
model has 10 vertical levels with the highest resolution near the
surface. A section of an idealized ice terrain profile, closely

representative of the ice topography upslope from the station
Mirnyy, is used in the numerical experiments. The model ter-
rain stretches about 400 kilometers along the coast and extends
some 350 kilometers into the interior. Thus, model experiments
can evaluate the significance of physical processes in the inte-
rior of the ice terrain on coastal katabatic winds.

To isolate terrain influences, the numerical experiments were
initialized about a basic state of no motion. The temperature
sounding at the beginning of the model integration period was
assumed to be isothermal. Such conditions are frequently ob-
served in the lower antarctic atmosphere, especially near the
coast, when mixing processes break down the inversion struc-
ture. Model results suggest katabatic winds develop rapidly
due to the strong radiative loss at the surface. By 10 hours, a
well-defined katabatic wind structure has formed. The simula-
tions yield qualitatively accurate representations of observed
wind and temperature profiles. Figure 1 shows the profile struc-
tures which have evolved over the 10-hour integration period
for points near the coast and in the interior of the model ice
continent. The wind profile in each case shows the charac-
teristic low-level wind maximum with the coastal site display-
ing stronger katabatic winds. Also, temperature profiles in fig-
ure 1 show reasonable inversion structures with the stronger
inversion of 17°C over the interior site. These results suggest the
model is able to simulate some of the gross features of katabatic
flow with some fidelity.

Parish (1981) has proposed that the Cape Denison/Port Martin
wind phenomenon is a result of a large concentration of drain-
age currents upslope of Adélie Land. The convergence of cold
air provides a large reservoir of negatively buoyant air from
which the coastal katabatic flow can feed. The time-averaged
map of Parish (1982) reveals the strong confluence pattern. As a
test of this hypothesis, lateral variations in the model ice terrain,
representative of those found south of Adélie Land coast, have
been introduced (see ice contours in figure 2). These surface
irregularities disrupt the uniform drainage pattern, resulting in
a convergence of cold air east of the ridges. The katabatic flow
regime which has evolved over the 10-hour integration shows
marked horizontal contrast. Figure 2 depicts the katabatic flow
streamlines and wind speeds at about 50 meters above ground.

Mean yearly resultant wind (in meters per second) statistics for stations in the interior and coastal regions of Antarctica

Resultant
Stations	 ION	 wind

Interior Stations
Pionerskaya (69.70S 95.50E)	 9.3,131°
Charcot (69.40S 139.0°E)	 8.6,163'
Vostok (78.5 0S 106.90E)	 16

	
4.1,243'

Amundsen-Scott (90.0'S)	 16
	

4.6,039°
Byrd (80.0'S 120.0°W)	 14	 6.6,013'

Coastal Stations
Cape Denison (67.9 0S 142.70E)	 2

	
19.0,161'

Port Martin (66.8 0S 141.40E)	 2
	

16.9,146'
Mawson (67.60S 62.90E)	 15	 9.8,130'
Mirnyy (66.6 0S 93.0'E)	 17	 9.7,127'
Molodezhnaya (67.70S 45.90E)

	
11
	

8.4,126'

a "N" refers to the length of the data record in years.
The deviation angle is the angle between resultant wind and fall line of the ice terrain.
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Figure 1. Vertical profiles of wind and temperature after 10-hour model integration period for interior (a) and coastal (b) regions of model terrain.
["Km" denotes kilometer; "V(m/s)" denotes velocity (meters per second); "T(K)" denotes temperature (degrees Kelvin).]
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Figure 2. Streamline pattern (a) and katabatic wind speeds(b)after 10-hour model integration period for 50-meter level aboveground. Ice terrain
height contours are denoted by thin solid lines. ("Km" denotes kilometer.)

	Notice the strong convergence of streamlines (block A of figure	cluded. These experiments yield qualitatively similar results.

	

2); this zone is characterized by significantly colder tern-	The inference from such numerical studies is that the cold air

	

peratures because of the collection of drainage currents. Ka-	drainage pattern in the interior of Antarctica is a key ingredient

	

tabatic wind speeds (block B of figure 2) show the importance of	forcing strong, persistent katabatic flow at the coast. Given an

	

the large cold air supply. Magnitudes of katabatic flow along the	unlimited cold-air supply pool upsiope, all coastal regions

	

coast exceed 20 meters per second downslope of the con-	would perhaps experience conditions similar to those along

	

vergence zone but as little as 9 meters per second away from the	Adélie coast.

	

influence of large cold air reservoirs. Similar experiments have	This work was supported in part by National Science Founda-

	

been conducted in which upper-level synoptic forcing is in-	tion grant DPP 81-15976.
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Air-sea interactions over the Ross Sea
in the surface boundary layer
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Previous studies have demonstrated (Saxena 1981; 1982;
1983) that organic particulates are present in the antarctic coast-
al clouds over the Ross Ice Shelf. During the period from De-
cember 1982 to January 1983, our investigations were extended
to test our hypothesis regarding the origin of these organic
particulates. It is currently believed that organic particulates are
produced by the wave action at the surface of the Ross Sea off
the annual ice edge. Advection coupled with localized updraft
is responsible for ingesting these particulates into the coastal
clouds. Processes leading to the transfer of organic material
from the ocean to the atmosphere are already documented
(Blanchard and Syzdek 1972, 1974). Experiments over the At-
lantic coast have shown (Baier et al. 1974; Gershey 1983) the
abundance of organic material in sea-surface films and bubble-
generated aerosols.

The field team was deployed for about 3 weeks from 18
December 1982 through 11 January 1983. A cloud water collec-
tion probe (cwcp) was used aboard the LC-130 aircraft for pen-
etrating low lying stratus clouds. The procedure for collecting
the cloud water has already been described (Saxena 1983). Pre-
cipitation samples were also collected at the McMurdo Station.
Using the Coast Guard floatable helicopters, a portable buoy
was deployed over the exposed Ross Sea water off the annual ice
edge. Figure 1 shows the design of the buoy on which is
mounted a submicroscopic particulate sampling assembly (SPSA
in a sealed box. It is equipped with a time delay circuit so that

SPSA comes on 10 minutes after the helicopter has left the
deployment location. This precludes sampling of aerosol parti-
cles generated by the helicopter wake effects. A Niskin bottle is
attached to the buoy, which is 1 meter in diameter, to collect the
sea water samples simultaneously. For safety reasons, two heli-
copters were involved in the operations.

The experimental run started at 0830 New Zealand Standard
Time (NzsT) on a fair weather day, and the buoy was loaded on
one of the helicopters equipped with a sling. An SPSA unit was
placed on board the other helicopter which also carried a copper
sampling tube (2.54 centimeters, inside diameter) attached to its

side and projected sufficiently forward of its nose by a precalcu-
lated length to avoid sampling within the helicopter boundary
layer. Under the surveillance of the Coast Guard radar aboard
the icebreaker, helicopters were ordered to proceed to a pre-
determined site over the exposed sea water. On its way to the
experimental site, one of the helicopters collected Nucleopore
filter samples. Upon arrival at the site, the helicopter with the
buoy hovered to about 3 meters above the sea surface and
deployed the buoy while the other helicopter kept a vigil. After
deployment, the helicopters proceeded to Marble Point for re-
fueling. On our way back, the buoy was retrieved using the
radar tracking facility aboard the icebreaker and a Nucleopore
filter sample was taken. In the second to last mission, one of the
helicopters developed engine trouble at Marble Point, and the
mission was completed with one helicopter alone.

Cloud water samples were collected on 27 December and 31
December 1982 when the low-level clouds moved over the Ross
Ice Shelf. Satellite imagery was used to pick an experimental site
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Figure 1. A portable buoy that was deployed by the Coast Guard
helicopters for sampling at the air-sea interface.
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