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Katabatic wind interaction with
Inexpressible Island, Terra Nova Bay

D.H. BROMWICH

Institute of Polar Studies
Ohio State University

Columbus, Ohio 43210

Each winter, Terra Nova Bay (figure 1) is kept mostly free of
ice by strong katabatic winds which continually blow down the
Reeves Glacier from the east antarctic plateau and cross the flat
Nansen Ice Sheet (Bromwich and Kurtz 1984). High wind
speeds and low air temperatures lead to very high ice produc-
tion rates in this recurring polynya (Kurtz and Bromwich 1985);
the ice is continually blown away by the wind keeping the water
open. Formulation of these ideas depended upon historical,
regional, and satellite data. Quantitative in situ observations are
being acquired to test these inferences. The katabatic outflow is
monitored by an automatic weather station (Aws) which is lo-
cated on the southern part of Inexpressible Island. Data for
February through April 1984 and February through April 1985
reveal that the katabatic wind nearly always blows from the
direction of the Reeves Glacier (from 3000 with a directional
constancy of 0.98) at an average speed of 17.1 meters per sec-
ond. These values are very close to those inferred from 1912
historical records (Bromwich and Kurtz 1982, 1984) and suggest
that this site is the second windiest in the Antarctic. Because the
AWS (at 78 meters above sea level) is situated within 3 kilometers
of terrain which rises to elevations well in excess of 200 meters, it
is important to ascertain whether AWS measurements accurately
reflect the upwind katabatic flow. This report summarizes what
is known about the island's perturbation of the airflow.

The U.S. Navy and U.S. Geological Survey have pho-
tographed the western side of Inexpressible Island in five sum-
mers between 1956 and 1984. All the air photographs show an
accumulation zone below the western cliffs which is sur-
rounded on three sides by bare, probably wind-swept ice. The
typical configuration is sketched in figure 1; the widest parts of
the zone lie to the north of the southern tip of the 200-meter
contour. To the west of the highest point on the island, the zone
is about 1 kilometer across and its top is estimated to be 30
meters above the Nansen Ice Sheet (Skinner personal com-
munication). Because this large feature has been observed dur-
ing numerous summers from both ground and air, it is likely to
be permanent (Chinn personal communication).

$ :6'	 Vegetation	

Cape

 

Z_	 Washington

	

Nansei k :a '3	 Terra
....,/Harsel1 (%490,	InexpresslbleA

\\ ,	VTeoll N	 Is. !\ A20fF
Ice Ale Russell	Nova

Hells Gate
o	-	 AWS - Snow Cave 119121

-	 Sheet	-	Bay

on 8 January, 1975

a Anemometer
Resultant wind direction
Ocean
High terrain
Fast or Boy ice
Elevation contours in meters
Spot elevation in motors
Accumulation zone

DovId 6/.	 A;;:lb'Ce

75'30

163E	 -	I64E	 -	165E

Figure 1. Location map adapted from U.S. Geological Survey
1:250,000 reconnaissance series. Elevation contours in 200-meter
increments have been added to labelled glaciers and Inexpressible
Island, but omitted from "high terrain" and nunataks (N).

D. Skinner of the New Zealand Geological Survey has stud-
ied the geology of Inexpressible Island (Skinner 1983) on three
separate occasions, most recently during the 1982— 1983 austral
summer. He generously supplied the author with all available
meteorological observations (Skinner et al. 1983; Skinner per-
sonal communciation). These data identify frequent summer
conditions which allow the accumulation zone to persist
undiminished.

On seven of the days between 7 and 18 January 1983, gale
force katabatic winds (speeds exceeding 15 meters per second)
from the Reeves Glacier interacted with Inexpressible Island;
generally light winds prevailed the remainder of the time. Fig-
ure 2 summarizes the observed interaction on all these days
between the strong winds (sustained speeds of 25 meters per
second were frequently estimated) and the topography of the
northern two-thirds of the island. The gale force winds rose

196	 ANTARCTIC JOURNAL



400m

'Calm' zone with
gusty eddies
Katabatic winds
from Reeves
Glacier

—Turbulent

_,—Little turbulence

directly over the island, and the accumulation zone lay beneath
a comparatively stagnant air mass trapped against the steep
western cliffs. Similar conditions were observed in January
1963. February AWS observations for 1984 and 1985 showed that
winds stronger than 10 meters per second always come from
the direction of the Reeves Glacier. It appears likely that the
strong summer katabatic winds usually overide the island and
do not significantly affect the accumulation zone. Farther to the
west, the wind sweeps the surface clean of new snow.

The southern one-third of Inexpressible Island is a much
smaller obstruction to the airflow. Less lifting of the air should
occur with a consequently narrower accumulation zone, as ob-
served. However, the summer gale force katabatic winds can
deposit large quantities of drift snow over the low areas be-
tween the higher rocky outcrops. On 11 January 1983, Skinner
stood in a relative calm on the southern tip of the island and
observed gale force winds only a few meters away; katabatic
airstreams from the Priestley and Reeves Glaciers converged
and skirted the southern part of Inexpressible Island. In such
situations, AWS observations would completely misrepresent
the complex katabatic drainage through the Transantarctic
Mountains. The frequency of these probably unusual events is
not known.

I obtained additional data on the summer interaction between
the island and marked katabatic winds using two Lambrecht
anemometers (wind meters) set out at sites Al and A2 (figure 1).
The wind recorders ran for 27 hours on 29 and 30 January 1985.
Light, variable winds persisted until midnight on the 29th
when katabatic flow onset at both anemometer Al and the AWS.
Forty-five minutes later the wind picked up at site A2. Between
0100 and 1600 hours (local time) on the 30th, the mean wind
direction at all three sites (approximately 300°) agreed to better
than the estimated uncertainty in orienting anemometers Al
and A2, ± 10°. Direction was more variable at A2 while a similar
directional range was found at the Al and AWS sites. The mean
speed at A2 was about 50 percent of the statistically indis-
tinguishable values measured by the AWS and Al anemometer
(5.8 versus 11.3 meters per second). That katabatic winds

(whose directions were only slightly influenced by the island)
were found at A2 is consistent with the persistent observation
(from traverses and air photographs) that the abrupt northern
edge of the katabatic domain lies a few kilometers to the north of
Inexpressible Island. These wind measurements are inter-
preted as indicating a spatial variation in the strength of the
katabatic outflow from the Reeves Glacier with stronger winds
to the south. Although a similar result can he inferred from
other summer observations, it is not clear whether this is a
general summer condition. The present data show that the AWS
can reliably monitor the undisturbed airflow just upwind of
Inexpressible Island.

The persistent winter interaction between the island and the
airflow can be inferred from the 60° difference (see figure 1)
between the resultant wind direction measured by the AWS and
that inferred for February through September 1912 (Bromwich
and Kurtz 1982). Because the latter is a reliable representation of
the prevailing winds noted by Priestley and is oriented from the
direction of the southern limit of the 200-meter contour (240°), it
suggests that the air reaching the snow cave was generally
deflected southward around the main bulk of the island. By
contrast, the strong summer winds at the snow cave should
come principally from a direction of about 300° (figure 2).

Summer data show that the AWS observations usually provide
a good description of the topographically undisturbed katabatic
wind. In summer, the katabatic wind generally rides over Inex-
pressible Island while it is deflected around the obstacle during
the remainder of the year; both conditions would maintain the
accumulation zone. The stronger temperature stability ex-
pected during winter could produce this change (O'Connor
and Bromwich in preparation). The winter deflection of air
around the island may lead to modified wind directions and
enhanced speeds at the AWS. Also, it is possible that the frequen-
cy with which the wind completely bypasses the southern part
of the island could increase from summer to winter. Further
research is needed to ascertain whether these two phenomena
result in a significant degradation of the representativeness of
the AWS observations.

Flow depth 40-100m
Wind shadow extending 50-100m back from close to cliff edge
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: igure 2. Interaction of gale force katabatic winds with the northern two-thirds of Inexpressible Island during January 1983. Observations by D.
kinner.
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Real-time measurements of droplet
size distribution in antarctic coastal

clouds
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In the Ross Ice Shelf region, measurements of cloud droplet
size distribution were carried out using a forward scattering
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spectrometer probe (FssP) in antarctic coastal clouds during
November 1980. Some results of our antarctic expeditions have
been reported earlier (Saxena 1981, 1982, 1983; Saxena and
Curtin 1983; Saxena and Ruggiero 1984; Saxena et al. in press).

The observational platform used for this study was in instru-
mented ski-equipped Hercules airplane described by Hutchins
and Wall (1981) and Saxena (1981). The airplane made use of the
airborne research data systems (ARDS) which was equipped
with sensors for pressure, temperature, wind, humidity, and
airplane position measurements. In addition, the LC-130 air-
plane was specially equipped with an FSSP to measure the cloud
droplet size distribution and a cloud condensation nuclei (ccN)
spectrometer to measure the spatial and temporal distributions
of CCN.

The wing-span of the airplane is 41.31 meters (or 135 feet, 7
inches) and the FSSP was positioned at the tip of the left wing,
about 1.22 meters (or 4 feet) below it to get a representative
sample of the cloudy air.

The two-dimensional cloud boundaries for 3 and 5 November
1980 are presented in figure 1 (a and b). A liquid water content of
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Figure 1. A. Cloud geometry and flight track for 3 and 4 November 1980. B. Cloud geometery and flight track for 5 November 1980. ("km" denotes
"kilometer." "GMT" denotes "Greenwich Mean Time.")
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