
instrumentation was installed in January 1993 and is expected
to run for 1 year. As of this writing, data acquisition is pro-
ceeding satisfactorily.

We thank the technical support staff at Amundsen-Scott
South Pole Station for their assistance and K. Sharp for her
efforts in running the instrumentation through the winter.
Support for this research is being provided in part by National
Science Foundation grants OPP 91-19364 and OPP 91-18961.

References

Carroll, J.J. 1982. Long term means and short term variability of the
surface energy balance components at the South Pole. Journal of
Geophysical Research, 87(C6), 4277-4286.

Carroll, J.J. 1984. On the determinants of the near surface tempera-
ture regime on the South Polar Plateau. Journal of Geophysical
Research, 89(D3), 4941-4952.

Carroll, J.J., L. R.-Mendez-Nunez, and S. Tanrikulu. 1987. Accurate
pressure gradient calculations in hydrostatic models. Boundary-
Layer Meteorology, 41, 149-169.

Dalrymple, P.C. 1966. A physical climatology of the antarctic plateau.
In M.J. Rubin (Ed.), Studies in antarctic meteorology (Antarctic
Research Series, Vol. 9). Washington, D.C.: American Geophysical
Union.

Lascer, A., and S.P.S. Arya. 1986a. A numerical model study of the
structure and similarity scaling of the nocturnal boundary layer
(NBL). Boundary-Layer Meteorology, 35,369-386.

Lascer, A., and S.P.S. Arya. 1986b. A comparative assessment of mix-
ing-length parameterizations in the stably stratified nocturnal
boundary layer (NBL). Boundary-Layer Meteorology, 36, 53-70.

Neff, W.D. 1980. An observational and numerical study of the atmos-
pheric boundary layer overlying the east Antarctic ice sheet. (Doc-
toral dissertation, University of Colorado.)

Neff, W.D. 1990. Remote sensing of atmospheric processes over com-
plex terrain. In W. Blumen (Ed.), Atmospheric processes in complex
terrain. American Meteorology Society, Meteorological Mono-
graphs, 23, 173-228.

R.-Mendez-Nunez, L., and J.J. Carroll. 1993. Comparison of leap frog
Smolarkiewitz and MacCormack schemes applied to nonlinear
equations. Monthly Weather Review, 121(2), 565-578.

R.-Mendez-Nunez, L., and J.J. Carroll. In press. Application of the
MacCormack scheme to non-hydrostatic atmospheric models
model. Monthly Weather Review.

Sorbjan, Z. 1984. A model study of the stably stratified, steady-state
atmospheric boundary layer over slightly inclined terrain. Journal
ofAtmospheric Science, 41(11), 1863-1874.

Yamanouchi, T., and S. Kawaguchi. 1984. Long wave radiation bal-
ance under a strong surface inversion in the katabatic wind zone,
Antarctica. Journal of Geophysical Research, 89(D7),
11771-11778.

Low-level atmospheric jets and inversions on
Ice Station Weddell 1

EDGAR L ANDREAS and KERRY J. CLAFFEY, U.S. Army Cold Regions Research and Engineering Laboratory,
Hanover, New Hampshire 03755-1290

ALEKSANDR P. MAKSHTAS, Arctic and Antarctic Research Institute, St. Petersburg, Russia 199226

D
uring our deployment on Ice Station Weddell 1 (ISW-1)
in 1992 (anonymous 1992; 18W-1 Group 1993), we

launched radiosondes, typically at 00 and 12 Greenwich mean
time (GMT) to investigate the structure of the lower atmos-
phere (Andreas et al. 1992). Near the end of our drift, in late
May and early June, we launched simultaneous radiosondes
from ISW-i and from the Akademik Fedorov at 00, 06, 12, and
18 GMT as the Fedorov approached from the northeast to
help disassemble the station. Here we report some prelimi-
nary results from this radiosounding program.

On ISW-i, we had two types of radiosondes: Tethersondes
and Airsondes (both made by Atmospheric Instrumentation
Research, Boulder, Colorado). Tethersondes were our primary
sounding instruments because they measure pressure, tem-
perature, humidity, and wind speed and direction. Airsondes
measure only pressure, temperature, and humidity. A Tether-
sonde was carried aloft on a 5-meter (m)-long, torpedo-
shaped, helium-filled balloon that was tethered to an electric
winch. Tethersondes measure wind speed with a cup
anemometer; the balloon points into the wind, and a compass
in the Tethersonde, thus, provides the wind direction. Occa-
sionally, we raised the Tethersonde to over 1,000 m, but usual-

ly we profiled with it to 500-600 m. Airsondes are expendable,
free-flying sondes that we launched on 1-m-diameter, spheri-
cal balloons; they commonly reached an altitude of 5 kilome-
ters (km). The Fedorov has a CORA radiosounding system
(made by Vaisala, Helsinki, Finland) that uses the Omega navi-
gational aid signals to track the free-flying sonde. The Fedorov
radiosoundings, thus, provided pressure, temperature,
humidity, wind speed, and direction to altitudes over 8 km.

Figures 1 and 2 show the simultaneous radiosoundings
on ISW-i and from the Fedorov on 3 June 1992 at 00 GMT,
when the Fedorov was 53 km northeast of ISW-1. The sound-
ings show some obvious similarities and some important dif-
ferences. Both soundings show a surface-based inversion
with a temperature there of -26°C to -28°C. The inversion
persists up to 400-500 m, where the temperature is about
-10°C. The lowest 200 m is fairly moist (dew-point tempera-
ture only 1-2°C less than the air temperature), but the air is
much drier above this level. Lastly, both soundings show wind
speeds of 2-4 meters per second (m s 1) at the surface and
speeds of 8-9 m s- 1 above the inversion layer.

The ISW- 1 Tethersonde, however, provided much more
detail than the Fedorov radiosonde. Although the Fedorov
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Figure 1. Tethersonde sounding on Ice Station Weddell 1 at 00 GMT
on 3 June 1992.
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Figure 2. Radiosounding from the Akademik Fedorov at 00 GMT
on 3 June 1992.

sounding shows a uniform temperature increase in the inver-
sion layer, the Tethersonde shows a more complex structure;
there is a steep inversion near the surface that is overlain by a
100-m-thick, well-mixed layer. The Tethersonde wind-speed
profile also shows much more detail than the Fedorov profile.
In the Tethersonde profile, we see a jet of 5 m s centered at a
height of about 80 m; a low-speed layer tops this jet; then the
speed rises gradually to 9 in above the inversion layer. The
Fedorov sounding, on the other hand, shows a smooth
increase from the surface speed of 4 m -i to 9 m s above
the inversion layer.

These two soundings point out differences between the
ISW-1 and Fedorov sounding systems and suggest that
detailed comparisons of soundings from the two platforms

may be impossible. We raised our Tethersondes at 1-2 m s-1;

these report measured values every 10 s. Thus, their vertical
resolution was 10-20 m. The Airsondes rose at about 5 in
but report every 5 s; these, thus, had a vertical resolution of
20-25 m. The radiosonde balloons launched on the Fedorov
also rose at about 5 m s 1 , but the CORA system reports data
every 10 s. Because the CORA finds wind speed and direction
from sequential Omega fixes on the radiosonde, it further
smooths and averages the wind data and, thus, has much
coarser resolution—nominally 100 m.

Most of the 15W-1 soundings had features similar to
those in figure 1; that is, most showed both a low-level inver-
sion and a low-level jet. We used Kahi's (1990) protocol to
define inversion statistics. Starting at the surface, we scanned
each temperature profile upward to find the first point at
which the temperature increased with altitude. This was the
base of the inversion. We continued scanning upward to find
the first point at which the temperature began decreasing
with altitude. This was the top of the inversion layer. We did,
however, ignore thin layers of decreasing temperature if they
were embedded within a deeper inversion.

We used a definition similar to Stull's (1988, p. 521) to
identify a low-level jet. If the wind-speed profile showed a local
maximum that was 2 m s higher than speeds both above and
below it, we called the feature a jet. Notice, with this definition,
the jet must be elevated—it cannot occur at the surface.

Some of the ISW- 1 Tethersonde soundings did not reach
high enough altitudes to let us unambiguously define the fea-
tures or even document the existence of an inversion or a jet.
If an ISW-1 sounding reached 600 m without showing the
characteristics that define a jet, however, we concluded that
there was no low-level jet. The Fedorov radiosondes all
reached 8 km; but if there was no jet in the sounding below 1
km, we say there was no jet.

On ISW-1, we launched 164 radiosondes that yielded
good data: 128 were Tethersondes; 36 were Airsondes. Of
these launches, two were too short to yield clear evidence of
the existence of an inversion, four showed no inversion, and
158 (96.3 percent) showed the presence of a low-level inver-
sion. Of these 158 inversions, 68 (43.0 percent) were surface
based. That is, in 68, the surface was a local temperature min-
imum. Of the 40 available Fedorou soundings collected
between 06 GMT on 26 May and 00 GMT on 5 June, all
showed an inversion with a base below 1 km; 27 (67.5 per-
cent) of these inversions were surface based.

Of the 103 ISW-1 Tethersonde launches for which we
could unambiguously say whether there was a jet, 82 (79.6
percent) showed a jet with a core below 600 m. Speeds in the
core ranged from 3.0 to 13.6 m s. In only one of the 40
Fedorov soundings, however, did we see a jet. We attribute
this marked difference between the ISW- 1 and Fedorov wind
profiles to the low resolution and spatial averaging in the
CORA sounding system. Generally, the jets have fairly limited
vertical extent and would be easy to miss if the radiosonde
has coarse resolution.

The distribution of jet directions in figure 3 is a clue to
the dynamics governing the ISW-i jets. Stull (1988, p. 521)
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Figure 3. Distribution of the directions toward which the wind was
blowing in the core of the jets observed on Ice Station Weddell 1.

listed several causes for low-level jets. Of these, the following
four seem most plausible for our situation:
• undamped inertial oscillations that occur when the lower

layer of the atmosphere becomes frictionally decoupled
from the surface because of the strong stability there (for
example, Blackadar 1957);

• baroclinic effects resulting from the temperature gradient
between the open ocean and the pack ice;

• effects of the barrier wind that flows northward at low lev-
els, guided by the mountains of the Antarctic Peninsula
(Schwerdtfeger 1984); and

• isallobaric winds that must flow into a deepening low pres-
sure center or out of a rising high (Gill 1982, p. 311ff.)

From figure 3, we see that the jet winds tend to blow
north and northeastward or south and southwestward. Thus,
it seems unlikely that inertial oscillations are the primary
cause of the jets; inertial oscillations would lead to a jet-level
wind with no preferred direction. The baroclinicity associated
with the ice edge also seems an unlikely cause for the jet
because the preferred direction is wrong. The temperature
difference between the open ocean and the pack ice would
lead to a maximum in the wind-speed profile that is directed

southeasterly in this region. Again, the direction is wrong, and
the horizontal scale is not right for the jets to be associated
with the barrier wind. In this region, the barrier wind would
tend to produce a jet directed north-northwest. Parish (1983)
also showed that the barrier wind extends only about 200-300
km eastward from the mountains of the Antarctic Peninsula;
15W-i was always beyond this limit.

We are left, finally, with the isallobaric wind as a possible
explanation for the 15W- 1 jets. Surface-level pressure charts
show that during our deployment on ISW- 1, low- and high-
pressure centers tended to follow the ice edge from low lati-
tudes into the Weddell Sea. Thus, it appears that the jets were
directed toward the north and northeast, into the evolving
and migrating low-pressure centers. Likewise, when a high
tracked southeastward to our north, the jets were directed
south and southwestward, away from the high. We will try to
confirm these speculations with a more thorough analysis of
our data in the near future.

Valery Timachev of the Arctic and Antarctic Research
Institute was responsible for the radiosounding program on
the Fedorov. We thank W.D. Neff for suggesting the isallobaric
wind as a possible cause for the jets and A.W. Hogan and R.H.
Munis for reviewing the manuscript. The National Science
Foundation supported this research with grant OPP 90-24544.
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