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Katabatic winds are intense near-surface drainage flows forced
primarily by the radiational cooling of the sloping ice surface.
Although the strongest katabatic flows are associated with the
near-coastal environment, the roots of the drainage winds can
often be traced deep into the continental interior. As noted in
Parish and Bromwich (1987), the surface-wind pattern over the
antarctic interior is highly irregular. In certain sections of the
interior, cold air becomes channeled into narrow zones focused
on the coastline. Such "confluence zones" represent regions

of enhanced supplies of negatively buoyant air which enable
coastal katabatic winds to become anomalously strong and
persistent. Terra Nova Bay is one such region influenced by
flow convergence in the interior. Observations suggest that
the katabatic regime in the vicinity of Terra Nova Bay is highly
anomalous with intense, persistent drainage flow for nearly 9
months of the year (Bromwich and Kurtz 1982).

Currently, a comprehensive study of the katabatic wind re-
gime at Terra Nova Bay is underway. Since 1984, an automatic
weather station (AWS) has been situated on Inexpressible Is-
land; four additional AWS units were installed about Reeves
Glacier during the 1987-1988 field season. Additional docu-
mentation of the katabatic wind regime near Terra Nova Bay
has been obtained from data collected from a series of LC-130
instrumented airplane flights. Details of the LC-130 data sys-
tem can be found in Renard and Foster (1978); an itemization
of the onboard instrumentation is given in Gosink (1982). The
portable data acquisition and real-time display system de-
signed and built by the Cloud and Aerosol Research Group at
the University of Washington was used on the LC-130 in this
study. Three LC-130 instrumented flights were conducted dur-
ing November 1987; two of the missions focused on measure-
ments of the katabatic stream in the lower atmosphere and the
third was to photograph the aeolian-forced sastrugi patterns
in the interior of the continent. The flights were conducted as
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Figure 1. LC-130 flight track in the Terra Nova Bay region for 5 November 1987 case study. (km denotes kilometer.)
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early in the austral spring as possible to ensure that the ka-
tabatic winds would still be active.

Data for the 5 November 1987 flight were collected over a
3-hour period commencing at 2000 local time. As illustrated in
figure 1, the flight track followed a zig-zag pattern covering
the interior and extending down Reeves Glacier to Terra Nova
Bay and then southward to the terminus of the katabatic stream.
A series of time sections of 10-second averages have been
prepared (figure 2) to illustrate the variation of meteorological
parameters with time. End points of the respective legs are
indicated by elongated tick marks along the top and bottom
of the time sections. The temperature and potential temper-
ature profiles are shown in figure 2a. The interior region at an
altitude of approximately 170 meters above ground level and
near the top of the katabatic layer (points A to E) is charac-
terized by cold temperatures ranging from 240°K over the high-
est terrain to near 255°K over lower portions of the continent.
Potential temperatures show smaller variations and over most
of the interior average approximately 270°K. Small-scale vari-
ations in the temperatures can be related to the changes in the
underlying terrain height with the warmer temperatures sit-
uated at the lower elevations.

The time traces of wind speed and wind direction are also
illustrated in figure 2. In the continental interior (points A to
E), wind speeds (figure 2b) are generally light to moderate
averaging approximately 6 meters per second. The observed
wind directions (figure 2c) are closely related to the orientation
of the underlying terrain slope. Since the flight level of 170
meters is near the top of the boundary layer, the friction force
is small. For such katabatic wind situations, the flow should
nearly parallel the underlying terrain contours with highest
terrain to the left as discussed in Lettau and Schwerdtfeger
(1967). An example of the topodynamic forcing of the wind
can be seen in the leg A-B in figure 2b. As figure 1 indicates,
the downslope direction of the underlying ice terrain varies
from approximately 310° at A to 230° or so at B. The wind
directions corresponding to this leg change from 220° at A to
150° at B, generally 90° from the fall line. Similar changes can
be seen the remaining three interior flight legs, underscoring
the dominance of terrain-induced processes.

Point E marks the start of the flight path down Reeves Glacier
and abrupt changes occur in both temperature and wind. Un-
mistakable signatures in both temperature and wind indicate
the presence of the strong katabatic flow. A strong increase in
the temperature is seen during the air-craft descent down the
glacier, presumably due to the attendant adiabatic compres-
sion of the air stream as it reaches lower elevations. The po-
tential temperatures display an abrupt drop corresponding to
a point at the head of Reeves Glacier. This indicates that while
the katabatic stream along and beyond Reeves Glacier is be-
tween 10-15° warmer than found at elevated regions upslope
in the interior, the air is potentially colder and, hence, is neg-
atively buoyant. A sharp increase in the wind speed accom-
panies the drop in potential temperature. This sudden onset
actually occurs before point E in figure 1 is reached and cor-
responds to the point at which the airplane enters the catch-
ment at the head of Reeves Glacier. The strongest katabatic
winds observed were approximately 30 meters per second and
occurred in the lower half of the glacier. The wind directions
during the passage down and beyond the glacier were con-
sistently from the northwest along the orientation of the glacier
fall line.

This research has been supported by National Science Foun-
dation grants DPP 85-21176 and DPP 85-19977.
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Figure 2. Time sections of (a) temperature (in degrees Kelvin) and
potential temperature, (b) wind speed (in meters per second), and
(c) wind direction averaged over 10-second intervals for the 5 No-
vember 1987 case study. End points of flight legs in figure 1 are
denoted by labeled elongated tick marks along time axis.
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From accurate terrain slopes and estimates of the lower at-
mospheric temperature structure, the winter pattern of surface
airflow over the sloping ice fields of Antarctica can be inferred
with a high degree of confidence (Parish and Bromwich 1987).
Winds do not blow radially and uniformly away from the cen-
ter of the continent but rather converge into several narrow
zones just inland of the steep coastal ice slopes. These conflu-
ence zones in the surface windfield provide large reservoirs of
cold air which sustain regions of strong, persistent coastal
katabatic winds (Parish 1984), like Cape Denison and Port Mar-
tin in Adélie Land. Convincing evidence has been obtained
that similar wind conditions prevail at Terra Nova Bay along
the coast of Victoria Land (Bromwich in press). Katabatic wind
speeds average 17 meters per second for the fall months of
February through April with speeds mostly ranging between
10 and 30 meters per second. After providing an overview of
the katabatic windfield near Terra Nova Bay, this report uses
automatic weather station (AWS) observations to analyze a 2-
day interval in February 1988 during which this drainage pat-
tern was both completely disrupted and then greatly intensi-
fied. No satellite images were available for time period, however.

Figure 1 provides an approximate description of the winter
surface winds near Terra Nova Bay based upon AWS data for
February 1988; it should be noted, however, that the average
speed at the Inexpressible Island AWS for this month was the
lightest of the four Februarys monitored so far. We are cur-
rently conducting a joint project to describe the kinematics and
dynamics of this intense katabatic airstream. AWS platforms

05, 09, 21, 23, and 27 have been deployed specifically for this
work. In addition, complementary AWS observations are being
collected by the Italian National Antarctic Research Program
at sites 50, 51, 52, and 53. Figure 1 shows a very stable drainage
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Figure 1. Surface windfield near Terra Nova Bay as illustrated by
vector-average surface winds measured by automatic weather sta-
tions (AWS5) during February 1988. Numbered dots are AWS sites.
Lines drawn to each site show the direction from which the vector-
average wind blows. Barbs attached to each direction line give the
vector-average speed, with half a barb denoting 2.5 meters per
second and a whole barb, 5.0 meters per second. For each AWS
site directional constancy and scalar-average wind speed in meters
per second are listed vertically adjacent to the location mark. Di-
rectional constancy is defined as the ratio of the vector-average
speed to the scalar-average speed; values range from 0 to 1 with
the former usually indicating randomly distributed directions, and
the latter, that the wind direction hardly ever changes. Wind speeds
have been corrected to a fixed height of 3 meters above the surface
by assuming a logarithmic wind speed profile and a roughness
length of 0.1 millimeters (Budd et al. 1966). Thin solid lines in the
left half of the figure are ice-sheet elevation contours in meters.
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