
By 0000 UTC on 12 November, the mesocyclone reached
its peak intensity with the largest pressure anomaly of 27.4
hPa below the monthly mean at Upstream B Camp and sus-
tained winds of 26 m s- 1 at South Camp. Near this time, South
Camp recorded a wind gust that exceeded the maximum
range of the camp's anemometer, which means the wind gust
surpassed 35 m s 1 . Interestingly, at this time Upstream B
Camp, less than 100 km north of South Camp, was having a
pleasant day with a wind speed of only 2.5 m s 1 . After 9 h of
sustained winds over 25 m at South Camp, the pressures
started to rise and the winds began to decrease in intensity
(figure 2). By 1200 UTC on 12 November, the mesocyclone
had moved onto the southern Ross Ice Shelf and was begin-
ning to weaken.

In summary, the presence of a strong-synoptic scale low
off the coast of Marie Byrd Land along with a midtropospher-
ic ridge resulted in a sharp baroclinic zone between Upstream
B Camp and Byrd Station in West Antarctica. A mesoscale
cyclone formed along this baroclinic zone on or near 0000
UTC on 11 November 1992 and underwent explosive develop-
ment over the next 9 h. The mesocyclone reached its peak
intensity around 0000 UTC on 12 November, treating the field
party at South Camp to an antarctic blizzard while the team at
Upstream B Camp enjoyed a fairly calm day.

This research was supported by National Science Foun-
dation grant OPP 89-16921 to David Bromwich. NOAA satel-
lite imagery was recorded at McMurdo Station by U.S. Navy
personnel and obtained from Robert Whritner of the Arctic
and Antarctic Research Center at Scripps Institution of
Oceanography. Automatic weather station data were provid-
ed by Charles R. Stearns at the University of Wisconsin at
Madison. The 1992 field party included David Bromwich,

Shawn Smith, Sander Teeuwisse, and Zhong Liu. The field
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S
tudies carried out by Bromwich (1991) and Bromwich et al.
(1993) revealed that the pressure field near Franklin Island

is, in general, lower than that of the surrounding areas, reflect-
ing the presence of a semipermanent subsynoptic surface
trough. The katabatic winds near Terra Nova Bay (Bromwich
1989a,b) can induce the formation of a mesoscale boundary-
layer front, which along with the above subsynoptic trough
makes this region a very active area for mesoscale cyclogenesis
(Bromwich 1991; Carrasco 1992; Carrasco and Bromwich
1993). These two factors are less frequently present over the
northwestern side of the Ross Ice Shelf in association with per-

sistent katabatic winds from Byrd, Mulock, and Skelton glaci-
ers (Bromwich 1989c; Parish and Bromwich 1987; Carrasco
and Bromwich 1991) and with a southward extension of the
semipermanent subsynoptic trough along the Transantarctic
Mountains. These factors appear to be present in this case,
which occurred during the first few days of December 1987.

According to the available satellite images collected at
McMurdo Station (Van Woert et al. 1992) at 0530 UTC (uni-
versal coordinated time) on 1 December, 0519 and 1702 UTC
on 2 December, 1641 UTC on 3 December, and 1114 UTC on
4 December and according to the surface analyses construct-
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ed by the Australian Bureau of Meteorology, two synoptic-
scale cyclones passed to the north of Ross Sea, one on 1
December and the other on 4 December. On the other hand,
the Australian 500-hectopascal (hPa) analyses at 1200 UTC 1
December showed a midtropospheric cyclone over the Ross
Sea. Over the next 24 hours (h), it appeared to move to the
northeast as the first frontal system moved in the same direc-
tion at the surface. Charts at 0000 and 1200 UTC 2 December
showed only a midtropospheric trough translating to the
northeast. Later, at 1200 UTC 3 December, this trough
appeared to retrogress extending back again to the vicinity of
the southwestern Ross Sea as the second cyclone approached
this region at the surface. According to the 500-hPa analyses,
the wind direction at this level near the Byrd Glacier was pre-
dominantly southerly and southwesterly, indicating synoptic
support for intensification of katabatic flow down onto the ice
shelf (Breckenridge et al. 1993; Stearns and Wendler 1988).

The satellite image at 1702 UTC 2 December showed dis-
tinct, dark katabatic-wind signatures coming from Byrd,
Mulock, and Skelton glaciers and extending over the ice shelf
(figure 1). This revealed that katabatic winds may have been
present with sufficient intensity to form a mesoscale bound-
ary-layer front. Note that this imagery shows a series of
mesoscale cyclonic cloud signatures that spiral into the cen-
ter of the synoptic cyclone located to the northeast of the Ross
Sea. The previous satellite images at 0519 UTC 2 December
suggest that these vortices came from southern Marie Byrd
Land where they probably formed. They dissipated within the
next 24 h according to the satellite image at 1641 UTC 3
December.

For the period under investigation, regional analyses
were constructed every 3 h using automatic weather station
(AWS) observations (Sievers, Weidner, and Stearns 1988).

Figure 1. NOAA-10 AVHRR thermal infrared satellite imagery (chan-
nel 4) of the Ross Ice Shelf at 1702 UTC 2 December 1987. Spatial
resolution is 4.4 kilometers. Skelton, Mulock, and Byrd glaciers are
called out on the left.

They showed an apparent southward extension of the
Franklin Island trough, along the Transantarctic Mountains
after 0000 UTC 3 December. A slight decrease of the sea-level
pressure over the western half of the Ross Ice Shelf could have
been caused by this movement and coincided with the
approach of the second synoptic cyclone toward the Ross Sea.
Thus, a subsynoptic surface trough and a boundary-layer
baroclinic zone were present near Byrd Glacier after 0000
UTC 3 December. These seem to occur at the time when the
midtropospheric trough temporarily retrogressed back
toward the Ross Sea area. The minimum sea-level pressure
recorded by AWS 15 at 0600 and 0900 UTC 3 December and
the weak northwesterly wind indicate the time when the
mesoscale cyclone formed near Byrd Glacier. Figure 2 is the
regional analysis at 0900 UTC 3 December showing the sur-
face location of the mesocyclone. Unfortunately, satellite
information was not available at this time. Regional analyses
suggested that the mesoscale cyclone developed south of
AWS 15 and moved to the north-northeast as the surface sub-
synoptic trough retreated back to its almost permanent posi-
tion over the southwestern Ross Sea.
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Figure 2. Regional sea-level pressure analysis for 0900 UTC 3
December 1987 manually constructed from AWS observations and
showing two mesoscale cyclones, one southeast of Byrd Glacier
and the other around Franklin Island. Solid lines are isobars in hec-
topascals (90=990 hectopascals) and dashed lines are surface
isotherms in degrees Celsius. The dots with adjacent bold numbers
are AWS sites. Wind observations are plotted according to conven-
tional notation. A cross through the AWS location implies either no
data at all or no wind observations.
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Figure 3. NOAA-1 0 AVHRR near infrared satellite imagery (channel
2) of the Ross Ice Shelf at 1641 UTC 3 December 1987 showing the
cloud signature of the mesoscale cyclone. Spatial resolution is 1.1
kilometers.

The next available image at 1641 UTC 3 December (figure
3), showed a very distinct spiral-low cloud signature that con-
firms the presence of the mesoscale vortex adjacent to Byrd
Glacier. The increase of the sea-level pressure, however, regis-
tered by the stations on the west side of the ice shelf from
0900 UTC onward, indicates the dissipation of the mesoscale
vortex in spite of the well-defined cloud signature associated
with it. This dissipation was confirmed by imagery at 0459
UTC 4 December when just a small amount of low cloud
remained around the cyclone center. Moreover, from 1800
UTC 3 December onward just a trough, which appeared to
weaken and move northward, could be associated with
mesoscale vortex. The center of the almost-dissipated
mesoscale cyclone was located to the north of AWS 15 on
imagery at 1114 UTC 4 December.

During the period under consideration, regional analyses
suggested that another mesoscale cyclone developed over
southwestern Ross Sea. Unfortunately, wind observations
from AWS 05 were not available during this case-study period
to evaluate whether katabatic winds from Terra Nova Bay
were associated with cyclogenesis in this area. A dark signa-
ture across Nansen Ice Sheet and a large polynya in Terra
Nova Bay revealed by the available satellite images from 27
November onward (see figure 1) suggest the presence of
strong and persistent katabatic winds blowing into Terra Nova
Bay. A steady increase of the wind speed at Franklin Island
that reached a maximum of about 9 meters per second (in
at 0900 UTC 3 December and a minimum pressure at the
same site between 0600 and 0900 UTC on the same day are
associated with mesoscale cyclogenesis at this area. The sub-
sequent clockwise rotation of the wind direction at Franklin

Island from northwesterly to northeasterly between 1800 UTC
3 December and 0600 UTC 4 December may reflect the north-
eastward movement of the Terra Nova Bay mesocyclone pass-
ing to the north of Franklin Island. Available satellite images
did not show any cloud signature that could be associated
with this vortex, but this situation has frequently been
observed in other cases (Bromwich 1991). Regional analyses
suggested that the two mesoscale cyclones formed at the
same time. This correlation was found to be a frequent occur-
rence by Bromwich (1991) and Carrasco (1992), and it empha-
sizes the role that the semipermanent trough has in the for-
mation of such mesoscale cyclones. Its temporary intensifica-
tion and southward extension, in conjunction with the devel-
opment of a baroclinic zone induced by the katabatic winds,
can create the right conditions for simultaneous cyclogenesis.

In summary, a mesoscale cyclone formed near Byrd Glac-
ier in association with katabatic drainage from that glacier.
The second synoptic cyclone seemed to contribute to the
southward extension of the semipermanent subsynoptic sur-
face trough located around Franklin Island, whereas the
midtropospheric southerly and southwesterly winds could
support the intensification of the katabatic winds. The tem-
porary retrogression of the midtropospheric trough toward
the Ross Sea/Ross Ice Shelf area could provide upper-level
support for cyclogenesis but not for its subsequent develop-
ment. This study provides another example of katabatic-
wind-forced mesoscale cyclogenesis near Byrd Glacier and its
association with the similar area located farther to the north
around Franklin Island.

This research was supported by National Science Foun-
dation grant OPP 91-17448 to David H. Bromwich.
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A northwesterly wind event near Ross Island
ZH0NG Liu and DAVID H. BROMWICH, Byrd Polar Research Center and Atmospheric Sciences Program,

Ohio State University, Columbus, Ohio 43210

T
he blocking effects of Ross Island and Hut Point Peninsula
have been extensively studied (Schwerdtfeger 1984; Slot-

ten and Stearns 1987; O'Connor and Bromwich 1988; Liu and
Bromwich 1992, 1993). In 1990, a sonic detection and ranging
(SODAR) device was set up at Williams Field, which is located
about 10 kilometers (km) to the southeast of McMurdo Sta-
tion. Analysis of the collected SODAR data showed the follow-
ing:

The blocking effects of Ross Island and Hut Point Peninsu-
la on the prevailing southerly airflow are the dominant fea-
tures of the boundary-layer wind field (Liu, Geer, and
Bromwich 1991; Liu and Bromwich 1992, 1993).

• The prevailing wind is primarily due to propagation of the
katabatic drainage flow from Byrd, Mulock, and Skelton
glaciers.

• The prevailing wind regime occasionally can break down
and be replaced by northwesterly winds due to a change of
the propagation direction of the katabatic flow under the
influence of meso- and synoptic-scale pressure systems
(Liu and Bromwich 1993).

Because adverse weather, which substantially affected
operations in the Ross Island area (for example, snow or
blowing snow with low visibility), was frequently encountered
during the northwesterly wind events (five out of eight cases
during the 1990 campaign), additional studies are warranted.

Recent numerical simulations (Parish, Pettre, and
Wendler 1993) show that as austral summer approaches, the
katabatic wind strength gradually decreases. At the same time,
the frequency of significant mesoscale cyclones formed over
the southwestern Ross Sea and near Byrd Glacier increases
(Bromwich 1991). These factors increase the frequency of
breakdown of the prevailing wind in the Ross Island area.
Analysis based on 1991 automatic weather station (AWS) data
(Keller, Weidner, and Stearns 1993) from AWS 27 (Pegasus
North, 78.03°S 166.60°E) showed that the average monthly
occurrence frequency of northwesterly winds reached a maxi-
mum (13.6 percent per month) in October, November, and
December. By contrast, the average monthly percentage in
April, May, and June, when the frequency of the significant
mesoscale cyclones is a minimum, was 4.6 percent.

The 1990 campaign proved that SODAR is an effective
tool for study of the boundary layer. This particularly applies
to northwesterly wind events because the surface winds
either were calm or were light from the northwest or north-
east; whereas northwest winds appeared above 75 meters (m)
height, the lowest detection level of the SODAR. The 1991
campaign at Williams Field included the SODAR and a new
piece of remote-sensing equipment, a radio acoustic sound-
ing system (RASS), which is capable of measuring virtual tem-
perature profiles in a continuous fashion and provides more
information on the boundary layer structure [Marshall, Peter-
son, and Barnes (1972); May et al. (1989); Strauch et al. (1988);
Radian Corporation (1992)1.

The northwesterly winds were first detected by the
SODAR at 1000 universal coordinated time (UTC) 22 Novem-
ber 1991. The rawinsonde data at McMurdo Station for 0000
UTC 21 November showed that northwesterly winds were
already present above 3,200-m height, and below that height,
the wind directions were southeasterly. The 500-hectopascal
(hPa) analysis prepared by the Australian Bureau of Meteorol-
ogy for the same period shows that a ridge extended from
Marie Byrd Land to the Ross Island area. The observed north -
westerly winds above 3,200 in McMurdo were due to the
influence of this ridge. The sea-level-pressure analysis based
on AWS data shows that the pressure was steadily increasing
in response to the approaching 500-hPa ridge. The isobars
were oriented southeast-to-northwest across the Ross Island
area, which caused the observed southeasterly surface wind
at McMurdo Station. Twenty-four hours later, at 0000 UTC 22
November, the 500-hPa analysis shows that the ridge had
retreated slightly to the south and a newly formed low was
present over the Ross Island area. As this low formed, the
upper level northwesterly winds started propagating down-
ward. Ten hours later, the SODAR detected the northwesterly
wind, but the surface wind still remained northeasterly
because the pressure field (figure 1A) supported the prevail-
ing wind regime (Bromwich 1991). The SODAR data showed
that the northwesterly wind was not robust enough to be con-
tinuously present at the lowest SODAR level and sometimes
was replaced by the prevailing northeasterly wind.
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