
that seen in the large-scale streamline map of figure 1, providing
at least tentative support for the viability of the simple Ball
(1960) model. The resulting wind speeds of the katabatic regime
after the 24-hour simulation are shown in figure 2. The intensity
of the katabatic regime is clearly enhanced downslope of the
confluence zone along the Reeves Glacier. The maximum wind
speeds of greater than 20 meters per second are consistent with
data from the AWS on Inexpressible Island downwind of Reeves
Glacier (Kurtz and Bromwich 1985). The wind speeds appear to
decrease significantly away from the confluence zone to values
representative of more normal coastal katabatic winds. Such
simulations confirm the importance of the interior confluence
zone and the katabatic potential of the Reeves Glacier and
vicinity.

This research has been supported by the National Science
Foundation through grant DPP 85-21176. I was in the Antarctic
from 12 January to 3 February 1987.
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A case study of mesoscale
cyclogenesis over the southwestern

Ross Sea

DAVID H. BROMWICH

Byrd Polar Research Center
Ohio State University

Columbus, Ohio 43210

Bromwich (1986a) and Kurtz and Bromwich (1985) have pro-
posed that the frequent west and northwest winds recorded at
Franklin Island are primarily due to katabatic winds from Terra
Nova Bay which propagate at least 190 kilometers across the
western Ross Sea without the assistance of regional at-
mospheric pressure gradients. This paper analyzes the birth,
evolution, and dissipation of a mesoscale storm complex near
Franklin Island which produced prolonged adverse weather
conditions at McMurdo Station in February 1984. The intense
katabatic outflow from Terra Nova Bay (Bromwich 1986b) ap-
peared to play an important role in the development and main-
tenance of this cyclone. The primary database is composed of
observations from the mesoscale array of automatic weather
stations (Aws) around Ross Island (Savage et al. 1985).

The cyclone was first detected on regional AWS analyses
around 1200 GMT (Greenwich mean time, about 12 hours be-
hind local time) on 20 February 1984. Figure 1 shows the cyclone
forming (called cyclogenesis) near the coast of Victoria Land just
to the south of the Drygalski Ice Tongue. The cyclone presence
is most clearly revealed by the slightly lower pressure at Inex-
pressible Island. The katabatic wind speed at Inexpressible Is-
land is very strong (28 meters per second) and the air tem-
perature contrast between Inexpressible Island and Franklin
Island is only 2°C. The wind direction at Franklin Island is
north-northwest which may be due to katabatic winds from
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Figure 1. Sea-level pressure analysis for 1200 GMT 20 February 1984.
Circles with numbers attached identify automatic weather stations
whose data were used to construct the chart. Wind direction is
shown by the orientation of the line drawn to each Aws; 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 iso-
bars (contours of constant pressure) and are labelled with the hun-
dreds digit omitted; 90 equals 990 hectopascals (hPa). The dashed
lines represent constant air temperatures (isotherms) in degrees
Celsius.
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Terra Nova Bay (Bromwich 1986a) reaching the island. The other
feature of significance on the chart is an anticyclone (high-
pressure area) centered over the Ross Ice Shelf near Byrd
Glacier with a ridge extending northward over the western Ross
Sea.

Figure 2 compares Inexpressible Island and Franklin Island
observations for the 3-day period centered on 1200 GMT, 20
February. The sea-level pressure at Inexpressible Island was
lower than that at Franklin Island from 0430 to 1800 GMT on 20
February. This suggests that the cyclone may have started to
form around 1600 GMT. The pressure contrast was most negative
at 1500 GMT, and then increased rapidly as the cyclone moved
away from Terra Nova Bay. The average katabatic wind speed at
Inexpressible Island during the period of negative pressure
differences was 27.6 meters per second. During this interval,
the sea-level temperature contrast was the smallest of the 3-day
period with Franklin Island averaging 5.5°C warmer than Inex-
pressible Island. The relatively small temperature difference in
conjunction with mostly north-northwest winds at Franklin
Island indicates that katabatic winds from Terra Nova Bay were
affecting Franklin Island. The 5.5°C warming during transit
across the western Ross Sea is similar to the katabatic warming
found by Bromwich (1986a) for an April 1984 case. This occcurs
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Figure 2. Time series of wind speed readings from the automatic
weather stations on Inexpressible Island and on Franklin Island.
Also plotted are the air temperature (reduced to a common datum
and with the diurnal cycle extracted) and sea-level pressure dif-
ferences between the two sites—Inexpressible Island minus Frank-
lin Island. Franklin Island wind directions are plotted with the con-
vention that an arrow pointing from top to bottom of diagram
represents a north wind.

in spite of the very different sea-surface conditions on these
occasions; in late February the western Ross Sea was completely
ice free while in mid-April it was covered by 9-10 tenths of sea
ice (Naval Polar Oceanography Center 1985).

The 500 hectopascal hemispheric charts produced by the
World Meteorological Center, Melbourne, were examined to
determine the midtropospheric conditions at the time of surface
cyclogenesis (1200 GMT 20 February). Victoria Land lay between
a ridge oriented north-northeast to south-southwest across Ad-
élie Land and a trough oriented north-south along 165°W. Al-
though the analysis was indistinct near Terra Nova Bay, it is
probable that the 500 hectopascal winds were west-southwest
with speeds less than 20 meters per second. The analysis is
somewhat suspect, because it was based upon only two obser-
vations from Antarctica and neither of these was from the
vicinity of the Ross Sea. Thus, it is not possible to determine
whether surface cyclogenesis was accompanied by positive vor-
ticity advection in the midtroposphere (Sanders 1987). The dis-
cussion in the previous paragraph indicates that cold katabatic
air from Terra Nova Bay was part of the developing cyclonic
circulation and may have played a key role in its genesis through
the development of strong horizontal temperature gradients.

The cyclone moved east to the vicinity of Franklin Island and
developed slowly. It remained nearly stationary in this area
with a central pressure of around 984 hectopascals from 0000 to
1900 GMT on 21 February. By 0300 GMT on 21 February, a second
cyclone had formed over the Ross Ice Shelf just to the east of
Ross Island. A southward-moving, mesoscale maritime
cyclone, with a vast low-level cloud field on its northern side,
started to merge with the storm complex by 0742 GMT on 21
February. The maritime low appeared to merge with the Ross
Ice Shelf cyclone, so that the latter became more intense than
the center near Franklin Island by 1800 GMT on 21 February. A
DMSP visible for 1830 GMT showed that the storm complex had
assumed an "inverted comma" form (Carleton 1981) with two
centers just being discernible close to the locations resolved by
the automatic weather station analyses. The Ross Ice Shelf cen-
ter was much better defined and had an attached frontal band.
The Ross Ice Shelf cyclone continued to be the more prominent
circulation from 1800 GMT on 21 February until 0600 GMT on 22
February.

After the two storms were equally intense for several hours
(figure 3), the Ross Ice Shelf cyclone had started to dissipate
rapidly by 1200 GMT on 22 February. A 1023 GMT thermal in-
frared DMSP image on 22 February showed only one disor-
ganized circulation center and that the inverted comma cloud
signature had started to break down. The center near Franklin
Island dissipated slowly after 1200 GMT on 22 February and
completely disappeared by 0000 GMT on 25 February; the inten-
sity of outflow of cold katabatic air at Terra Nova Bay also
declined from 1200 GMT on 22 February until 1200 GMT on 24
February.

The relatively strong pressure gradients between the Ross Ice
Shelf low and the adjacent anticyclone moved near-surface air
toward that part of the Transantarctic Mountains lying between
Byrd Glacier and the latitude of Ross Island. This air overlying
the Ross Ice Shelf was probably stably stratified (i.e., the tem-
perature increased with height), although no data are available
to confirm this. When stable air encounters a sufficiently high
obstacle, the air does not pass over the obstruction, but turns
and flows parallel to it. After some time, an approximate bal-
ance develops between the pressure gradient generated by the
cold air sloped up against the obstacle and the Coriolis force
(Schwerdtfeger 1975). When these southerly barrier winds en-
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Figure 3. Same as figure 1, but for 0900 GMT, 22 February 1984.

counter the steep, high topography of Ross Island, they split
and blow around the island (O'Connor and Bromwich in press).
A small high develops on the south side of the island to support
this air motion.

Barrier winds affected Ross Island from 0000 GMT on 21 Febru-
ary to 0000 GMT on 24 February and were best developed be-
tween 0000 and 0900 GMT on 22 February when the cyclone over
the Ross Ice Shelf was well-developed. Figure 3 shows the sea-
level pressure analysis for 0900 GMT on 22 February. The small
high which supports airflow around Ross Island is well re-
solved. The blocking effect of the island is shown by airflow
deceleration from 20 meters per second at AWS 11 to 1 meter per
second at AWS 18; the sea-level pressure also rose by 3 hec-
topascals over this distance. These results are in close agree-
ment with the modeling work of O'Connor and Bromwich (in
press); figure 2b of their paper shows the sea-level pressure
analysis for 0000 GMT on 22 February.

This cyclonic sequence produced adverse weather conditions
at McMurdo Station. Blowing snow was continuously reported
from 0000 GMT on 22 February to 0000 GMT on 24 February.
Horizontal visibilities were mostly less than 2 kilometers during
this period, and from 0300 GMT to 2100 GMT on 22 February did
not exceed 200 meters. Average wind speed for these 2 days was

10.9 meters per second. Generally light snow was noted from
1800 GMT on 21 February to 1200 GMT on 23 February. It is
probable that the close proximity of open water was responsible
for abundant snowfall over the northwestern part of the Ross
Ice Shelf. This snow was blown northward past McMurdo Sta-
tion for about 2 days.

Finally, it should be remarked that without the automatic
weather station data, it is unlikely that this weather sequence
could have been adequately studied. Visible and thermal in-
frared DMSP images between 0742 GMT on 21 February and 1838
GMT on 22 February did resolve the broad features of the
cyclonic complex but could not quantify the intensity of the
storms. Large-scale syntheses, such as hemispheric satellite
charts published by the U.S. Department of Commerce (1984)
and the sea-level pressure analyses by the World Mete-
orological Center, Melbourne, showed no evidence of the meso-
scale cyclones discussed here.

Fruitful discussions with Andrew Carleton are gratefully ac-
knowledged. The DMSP photographs were obtained from the
National Snow and Ice Data Center, Campus Box 449, Boulder,
Colorado 80309. This research was supported by National Sci-
ence Foundation grants DPP 83-14613 and DPP 85-19977.
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