background levels of particulate burdening at the
surface.
(5) Continuous solar radiation measurements,
using four broad band pyranometers, one ultraviolet
radiometer, and one normal incidence pyrheliometer,
as part of NOAA's ongoing research on Earth's heat
budget and also to provide information on aerosol
size and distribution.
(6) Atmospheric turbidity measurements, concurrent with surface synoptic observations.
(7) Measurements of potential gradient, air-Earth
current, and electrical conductivity to establish a
baseline of the electrical climate of the polar plateau.
(8) Routine riometer observations at 30 and 50
megahertz to provide information on ionization processes in the upper atmosphere and the magnetic field
topography of the outer magnetosphere.

NOAA antarctic meteorological
program
VAUGHN D. ROCKNEY
Overseas Operations Division
National Oceanic and Atmospheric Administration
Silver Spring, Maryland 20910

Tie National Oceanic and Atmospheric Administraton (N0AA) meteorological program in Antarctica includes measurements of surface and upper-air
weather conditions and dissemination of reports of
thes measurements immediately to international
user, as part of the World Weather Watch of the
World Meteorological Organization. During the
auslral summer the reports also are sent to U.S.
Nay weather forecasters at McMurdo Station and
at Ohristchurch, New Zealand. Specifically, during
1973-1974, a two-person NOAA National Weather
Service team at Amundsen-Scott South Pole Station
carried out the following program:
(1) Surface synoptic weather observations every
6 hours.
(2) Rawinsonde observations (measurement of
pressure, temperature, humidity, and winds aloft)
daily at 0000 Greenwich Mean time.
(3) Continuous exposure of special air filters for
later analysis by the Atomic Energy Commission, to
detrmine the amount and makeup of radioactive
deb is captured by the filters.
(4) Additional austral summer surface and upper
air observing programs, as necessary, to provide realtim information in support of aviation operations.
(5) Sunrise and sunset color photographs of clouds
in the vicinity of the Sun, for study (by the U.S.
Air , Force Cambridge Research Laboratories) of
September-October 1974

striations as functions of particulate layers in the
atmosphere.

Antarctic infrared radiation budget
P. M. KUHN and L. P. STERNS
Atmospheric Physics and Chemistry Laboratory
National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

The 1973 austral winter marked the 15th season
of ballon-borne radiometersonde flights at AmundsenScott South Pole Station. From the inception of the
program, the number of stations making measurements increased to five in 1963. These scattered stations enabled a longwave radiation budget for Antarctica to be established with South Pole Station as a
central point. Then the number of stations was
decreased to two: Byrd and South Pole. In the 1967
winter one balloon was launched per 24 hours at each
of these two stations (187 flights per station). This
intensive program, then, set a sound basis for future
comparisons of the continent's infrared budget.
The radiometer used is the Suomi-Kuhn (1958)
economical net radiometer. An important feature of
the research has been the continued use of the same
design and material fabrication of the radiometersonde since its 1959 introduction to antarctic research.
It has been observed that changes have occurred
in the observations of radiative cooling, AT/At
(°C. day-'), a function of the one-dimensional divergence with height of the net radiant flux. Since 1963
this quantity has increased noticeably in the mean.
But we should consider our noise equivalent observational response or minimum detectable change in the
radiative contribution, for a single observation, to atmospheric cooling, which is calculated to be ±0.4°C.
from the expression for atmospheric radiative cooling through the first law of the thermodynamics. The
mean, winter antarctic (Pole Station) columnar cooling from 550 through 100 millibars increased by
0.25°C. per day from 1963 through 1972. Subsequent
data has verified this. Since our standard error
(rN1/2, where u is the root mean square error or
minimum detectable signal, ±0.4°C. day-' and N is
the mean number of observations of the same atmospheric layer equal to approximately 10) is approximately ±0.126°C. day-', the increase in cooling by
0.25°C. day-' is statistically significant.
Monitoring of the profiles of radiant flux and
derived parameters over Antarctica shows that calculations of downward flux and observations indicates a decreasing divergence (observed minus calculated) when the atmospheric transmission model
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is employed with the same spectral resolution, 10.0
centimenter1 . In all cases aerosol contributions to
the downward flux are omitted; but mean cloudiness
for cirrus and altostratus clouds are included, employing a volume absorption coefficient of 1.0 X 10
centimeter-'. By adjusting the cloud volume absorption coefficient and assuming a droplet or particle
distribution, we could conclude approximate figures
on changing liquid water content through Mie theory
computations. This will be attempted. A possible
radiative feedback due to carbon dioxide increase is
being investigated.
The inference from both observational conclusions
is that cloud or moisture "contamination" has decreased from 1963 through 1973 over Antarctica.
Observations and related calculations are planned to
continue through at least 1976 to validate this apparent change in the antarctic atmosphere through
changes in its infrared transmission.
Reference
Suomi, V. E., and P. M. Kuhn. 1958. An economical net
radiometer. Tellus, 10: 160-163.

Synoptic scale wind effects on the ice
cover of the western Weddell Sea
and W. SCHWERDTFEGER
Department of Meteorology
University of Wisconsin
Madison, Wisconsin 53706

T. H. KYLE

According to the logs of various expeditions trying
to go south by ship along the east coast of the
Antarctic Peninsula, any progress beyond about 64°S.
almost always was made impossible or at least inadvisable by masses of pack ice east of the Larsen
Ice Shelf. In 1893, however, Captain C. Larsen, sent
out by a Hamburg whaling firm, reached much
higher latitudes. To quote Priestley et al. (1964),
he "discovered land, afterwards named the Oscar II
and Foyn Coasts, reaching as far south as 68'10' in
the Weddell Sea." Recent years' satellite pictures have
shown (NASA, 1971; Sissila et al., 1972) that occasional large leads of open water directly ,off the
Larsen Ice Shelf can appear within a few days. In
extreme cases, these leads have opened to a width
of 30 nautical miles and extended from 65° to
about 70°S.
Open water areas of such size must have considerable effect upon the air above them, particularly
Captain Kyle is on assignment to the University of Wisconsin from the U.S. Air Force Institute of Technology,
Wright-Patterson Air Force Base, Ohio 45433.
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during the 6-month winter when the temperature
difference water minus air easily can surpass 20°C.
Large leads of this kind also can be of interest for
navigational purposes. Use has been made, therefore,
of new, high quality DAPP satellite photographs, in
combination with the twice daily synoptic analyses
of the Australian Bureau of Meteorology, to specify
the meteorological conditions under which large leads
along the Larsen Ice Shelf (i.e., in the area marked
by horizontal bars in the figure) open and close.
The results of this analysis will be presented in detail
in Kyle (M. S. thesis, in preparation), with reproductions of relevant satellite pictures and with significance tests of the statistical relationships found. The
figure shows in summary form the average trajectories
of the cyclonic storm centers advancing in a generally
eastward direction in the Antarctic Peninsula sector.
The dashed trajectory is the average for several series
of days when a lead was opening or remained open;
the solid trajectory is for days when a previously
existing lead was closing.
Briefly, the explanation of these findings is that
when there are strong horizontal gradients of the
sea level atmospheric pressure field, the motion of
pack ice is approximately in the direction of the
geostrophic wind. Consequently, when the sorm
centers lie between, say, 60° and 50°W., st'ong
westerly winds blow over the western Weddell I Sea
in the case of the southern trajectory, while stong
easterly flow must appear in the case of the nor4iern
one. The weaker winds of changing direction inj the
high pressure ridges between two consecutive cyc one
centers, moving approximately along the same oath,
cannot have much effect.

Averaged cyclonic storm tracks computed from 40 indivdual
storm trajectories in six cases of opening leads, and 41 traj.ctori.s
in five cases of closing leads, east of the Larsen Ice Shelf The
length of the line segments crossing the trajectoriesevery 5° of
longitude indicates ± one standard deviation of th. mean latitude of the storm center location. The individual trajectories ave
been evaluated from the semidaily analyses of the Austr han
Bureau of Meteorology, supplemented by DAPP satellite p otographs, for the time periods February 28 to April 20 and S. •mber 15 to November 24, 1973.
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