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The surface windfield over the sloping ice fields of Antarctica
is characterized by pronounced spatial variability whereby ra-
diatively cooled air formed over large areas of the continental
interior converges and discharges across the coastline in a small
number of narrow regions (Parish and Bromwich 1987). Such
"confluence zones" provide a large supply of cold near-surface
air to the coastal slopes and allow the resulting katabatic winds
to become substantially stronger and more persistent. Terra
Nova Bay is one such area (Bromwich 1989a) and is being in-
tensively studied to characterize these features. A wide variety
of observational strategies is being employed including obser-
vations from an extensive array of automatic weather stations
(e.g., Bromwich and Parish 1988). Because the spatial variabil-
ity of the surface winds is so high, however, it is necessary to

interpolate between the automatic weather station observa-
tions. Thermal infrared satellite images, which can provide a
spatial resolution of 1.1 kilometers and which contain promi-
nent winter signatures of katabatic winds (Bromwich 1989b),
provide the necessary capability.

All available NOAA-AVHRR (National Oceanic and Atmos-
pheric Administration-Advanced Very-High-Resolution Radi-
ometer) satellite images at thermal infrared wavelengths, im-
ages that were collected at McMurdo Station on Ross Island
between July and September in 1988 and 1989, were reviewed
to describe the range of behavior exhibited by the surface winds
near Terra Nova Bay. A representative set of examples is pre-
sented here. As discussed by Bromwich (1989b), winter ther-
mal infrared satellite images of this area exhibit prominent
warm signatures of surface winds probably as a result of vig-
orous vertical mixing in stably stratified air masses due to
strong low-level winds. Low-level transport of drifting snow
over the polar plateau also contributes to the warm signatures
there. That coastal warm satellite signatures reflect the pres-
ence of cold air is apparently anomalous, but arises because
this warmth is confined to atmospheric levels adjacent to the
ice surface; higher up in the boundary layer the air is signifi-
cantly colder than the surrounding air masses. Confirmation of
this conjecture was obtained during November 1987 when two
instrumented aircraft flights down and beyond Reeves Glacier
found that negatively buoyant air at 175 meters above the ice

Figure 1. Winter thermal infrared satellite image of the Terra Nova Bay area illustrating the typical situation of a katabatic wind-forced
polynya (one of the largest ever noted). NOAA-10 1054 universal coordinated time 21 April 1988 AVHRR channel 4. Simultaneous automatic
weather station observations are plotted in black with the wind direction shown by the orientation of the line. The attached full wind barbs
indicate 5 meters per second of speed, and the half barbs signify 2.5 meters per second. The air temperature in degrees Celsius is listed
above and to the left. The station air pressure in hectopascals is entered to the right (sea-level values are given for those stations, at the
center and to the right, near sea level). The image is oriented north-south with north at the top. For scale, Drygaiski Ice Tongue protrudes
for 70 kilometers from Victoria Land into the Ross Sea.
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surface co-existed with warm satellite signatures along the ka-
tabatic wind trajectory across the Nansen Ice Sheet (Parish and
Bromwich 1989).

Figure 1 presents a typical winter example of airflow behavior
near Terra Nova Bay. Surface winds over the polar plateau to
the left converge toward the head of Reeves Glacier. The origi-
nal image clearly showed the surface-wind signatures parallel-
ing the wind directions (in black) at the three plateau automatic
weather station sites; however, the reproduction process has
not preserved this level of detail. Wind speeds near the head
of Reeves Glacier are about 12.5 meters per second, close to
average conditions. Convergence into and flow down Reeves
Glacier accelerates the airflow substantially (see Parish and
Bromwich 1989) leading to the gray (= warm) satellite signa-
ture across the Nansen Ice Sheet at center. A fairly typical 20
meters per second katabatic airstream crosses the Inexpressible
Island automatic weather station and forces a very large po-
lynya (area of open water or thin ice surrounded by ice) in Terra
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Nova Bay (black at center), as inferred by Bromwich and Kurtz
(1984). The original image shows cooler streaks in the warmest
part of the polynya, streaks that are parallel to the wind direc-
tion at Inexpressible Island; these probably correspond to Lang-
muir circulations which transport downwind the large amount
of ice being produced in the polynya. A weak thermal signature
of the katabatic wind over the sea ice to the northeast of Terra
Nova Bay indicates its continued offshore propagation. The pla-
teau signature of airflow convergence into David Glacier (com-
pare Bromwich, Parish, and Zorman 1990) just to the south of
Reeves Glacier is prominent, and the resulting coastal katabatic
airstream causes a notable polynya along the southwestern side
of Drygalski Ice Tongue.

Figure 2 presents an example of broad offshore ageostrophic
flow of katabatic air from Terra Nova Bay which reaches at least
to Franklin Island, as shown by the wind observation there.
Bromwich (1989b) presented another example of flow down the
local pressure gradient which also reached Franklin Island. Sur-
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Figure 2. Winter thermal infrared satellite image of the Terra Nova Bay area depicting strong katabatic winds, but no coastal polynya.
NOAA-9 0555 universal coordinated time 5 August 1988 AVHRR channel 4.
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face-wind conditions over the plateau and at Inexpressible Is-
land are very similar to those in figure 1. In contrast to figure
1, however, there is no large polynya in Terra Nova Bay, and a
signature of the offshore katabatic airflow extends to the south-
east ending just beyond the eastern tip of Drygaiski Ice Tongue
(just visible in the reproduction). Presumably either the wind
speed or the low-level stratification is too weak to provide a
thermal signature over the relatively warm pack ice covering
the southwestern Ross Sea. The reason for the lack of a polynya
in Terra Nova Bay and the presence of only a shore lead along
the coast requires explanation (another example where this
condition persisted for an extended period has been found).
For the 24 hours preceding the image the wind speed at Inex-
pressible Island varied between 11 and 19 meters per second
and averaged 15 meters per second; thus, start-up of the strong
winds just before image time and resulting short time for the
ocean to respond to the moderate wind forcing cannot explain
the lack of a polynya. Furthermore, the presence of a wind
signature to beyond the confines of Terra Nova Bay illustrates
the surface presence of at least moderate wind forcing over the
region where the polynya is usually located. A plausible expla-
nation is that formation of a large polynya requires winds of a
minimum speed on the order of 25 meters per second for sev-
eral hours, and that the wind forcing did not approach the
required threshold conditions. For comparison, sustained wind
speeds averaging 27 meters per second and reaching 29 meters

per second were experienced at Inexpressible Island in the 30
hours preceding the time when the very large polynya was
imaged by figure 1.

Figure 3 presents an example of light winter winds at Inex-
pressible Island. Conditions over the plateau above Reeves Gla-
cier do not differ significantly from those present in figure 1.
The warm signature of katabatic airflow across Nansen Ice
Sheet (at center) is just visible. The Inexpressible Island auto-
matic weather station registers a 2.5 meters per second wind
from the southwest. The small polynya near Inexpressible Is-
land is a remnant from moderate katabatic winds that died
away 12 to 18 hours before the image. The strong winds re-
sumed early on 20 July, generally consistent with the typically
short duration of lighter winter winds (Bromwich 1989a). A
nearly cloud-free mesoscale cyclone is located between Terra
Nova Bay and Franklin Island to the southeast as can be in-
ferred from their pressure and wind readings; Bromwich (1991)
has shown that such cyclones develop with great frequency in
this area on a year-round basis. Little plateau evidence of con-
vergence into David Glacier can be seen through the cloud
cover, and there is correspondingly little evidence of katabatic
airflow across Drygaiski Ice Tongue. Fairly uniform fluctuations
of the katabatic winds throughout the Terra Nova Bay region
have been inferred from the automatic weather station records
and the changes from figures 1 to 3 are consistent with this
finding.
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Figure 3. Winter thermal infrared satellite image of the Terra Nova Bay area showing an example of light coastal winds. NOAA-10 1656
universal coordinated time 19 July 1988 AVHRR channel 4.
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The following three reports (Brandt, Grenfell, and Warren;
Walden, Murcray, and Heuberger; and Harder, Grootes, and
Charlson; all Antarctic Journal, this issue) describe work done at
South Pole and Vostok stations from November 1990 to February
1991 on National Science Foundation grant DPP 88-18570, with
co-principal investigators T.C. Grenfell, P.M. Grootes, and R.J.
Charlson. The project consists of several sub-projects, all re-
lated to climatic processes, either with the present radiation
climate of Antarctica or with how evidence of past climate is
recorded in antarctic ice. The interior stations, South Pole and
Vostok, were chosen for these studies because measurements

at those sites are representative of a large fraction of the con-
tinent and they are locations where ice cores have been drilled.

The field team at South Pole Station consisted of Thomas
Grenfell, Stephen Warren, Richard Brandt, Susan Harder, and
Von Walden. Grenfell and Warren also went to Vostok Station
for 3 weeks to repeat an experiment that they had performed
at South Pole Station in 1986 on optical properties of snow to
see whether the 1986 results could apply to a larger area.

Several of the projects carried out in the summer will be
continued in a full-year experiment through the winter of 1992,
as described in the reports that follow.
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