
energy balance of the snow surface-atmosphere
system in the antarctic interior. Amundsen-Scott
South Pole Station was selected for the program
because its location represents a large region of
the continent's interior. The most important
energy components that are being measured rou-
tinely are the various components of the solar and
terrestrial radiation fields, the sensible and latent
heat transfers between atmosphere and snow pack,
and the storage or release of heat energy by the
snow pack itself. Transport of momentum between
atmosphere and surface also is being determined
from measurements of the vertical and horizontal
wind fields, obtained by a special turbulence meter
that has a very rapid response to changes of the
turbulent eddies.

Our second objective is to detect and character-
ize antarctic atmospheric particulates by measure-
ment of their effects on the polarization and inten-
sity of light from a sunlit sky. A specially developed
polarizing radiometer has already yielded a large
number of measurements of skylight characteris-
tics, and it will continue to operate during appro-
priate periods of sunlit skies. These data will help

to detect and evaluate future changes in antarctic,
and by inference global, atmospheric particulates.

An important auxiliary development at South
Pole Station was the December 1974 installation of
two Hewlett-Packard 2100S minicomputers; one is
used for instrument operation control and for data
logging, and the other is used for offline data re-
duction and backup. A third and similar computer
is maintained at the University of California, Davis,
for development of programs and equipment to be
used in Antarctica, and for training personnel in
use and maintenance of the South Pole computers.

As of June 1975, the energy balance measure-
ments have been in operation for about 6 months.
While a few malfunctions have occurred, the instru-
mentation has generally operated satisfactorily.
The computers have also given good service des-
pite the limited maintenance available at the re-
mote location. Details of measurement results will
be available only after data are returned to the
United States during the 1975-1976 austral sum-
mer, and an appropriate analysis has been com-
pleted.

This research was supported by National Science
Foundation grant o pp 74-01791.

Changes in the antarctic
thermal radiation budget

P. M. KUHN and L. P. STEARNS
Environmental Research Laboratories

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

Vertical profiles of the thermal infrared radia-
tion budget over Antarctica have been made during
16 austral winters. These profiles include upward-
and downward-directed radiant fluxes, which yield
data on net irradiance and layer cooling. An eco-
nomical net radiometer (Suomi-Kuhn, 1958) is car-
ried aloft piggyback on a standard radiosonde until
the balloon bursts. The homogeneous terrain sur-
rounding antarctic stations and the continued use
of the same design and material fabrication since
the program's inception have enabled exceptionally
meaningful profile comparisons.

Radiative cooling, which is a function of the one-
dimensional divergence of the net radiant flux with
height, has changed through the years. At Amund-
sen-Scott South Pole Station the columnar cooling
from 575 through 125 millibars during the deepest
September/October 1975

cold period (June through August) increased from
1963 through 1967 by 0.3 1°C per day. After 1967
the cooling change is small. This is based on a total
of 430 ascents in 10 years, with a minimum of 19
and a maximum of 88 flights per year.

Similarly, Byrd Station showed a steady increase
in cooling from 1963 through 1968, with no level-
ing off in 1967. The Byrd observations were dis-
continued after 1968. The increase noted here was
0.41'C per day. This average was based on a total
of 298 flights in 6 years. The standard error for
this number of flights and values was computed
to be 0.095°C per day for South Pole Station and
0.11°C per day for Byrd Station. Such statistics
indicate that the increases shown were all signifi-
cant.

Further, calculations were made with a radiative
transfer equation to determine the influence of
altostratus and cirrus clouds on the observed
radiant flux. A value of 1.0 x 10 per centimeter
was used for the bulk absorption coefficient. The
tentative conclusion is that cloud (most likely mois-
ture) contamination decreased over this period.
The possibility of radiative feedback due to a car-
bon dioxide increase is nonetheless being investi-
gated.

Other studies are being made to determine the
thermal energy balance at the ice-air interface,
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using a total net radiometer and a dew point scale.
Observations will continue through 1976.

Field support for this research is provided by
National Science Foundation grant opp 74-19485.

References

Suomi, V. E., and P. M. Kuhn. 1958. An economical net
radiometer. Tellus, 10: 160-163.

Implications of antarctic
clear-sky striations

F. E. VOLZ
Optical Physics Laboratory

Air Force Cambridge Research Laboratories
Hanscom Air Force Base, Massachusetts 01731

A very thin cloud veil, which Liljequist (1956)
calls "stratospheric cirrostratus," was often ob-
served in cloudless, generally post-midwinter skies
at Maudheim Base (71°S. 11°W.). This mostly
striated veil seemed to cover the entire sky and
was best visible in early twilight. This veil seemed
to be related to conditions of very low stratospheric
temperatures and has recently been cited as evi-
dence of a stratospheric water vapor sink (Stan-
ford, 1973; Elsaesser, 1974) in the sense of visibly
indicating the fallout of minute ice crystals. Lilje-
quist (1956) mentions similar observations in the
Weddell Sea in 1912 (Barkow, 1924). Especially
Barkow's first report (1913), however, clearly indi-
cates quite different optical phenomena; genuine
volcanic conditions may have existed. A sunlit net-
work of fine, blood-red, cirrus-like filaments of
great height, first noticed on 15 June 1913, was
most noticeable at 6° solar depression, but con-
tinued until 9° solar depression.

Stanford (1973) calculated a 3- to 5-micrometer
radius of the veil particles, assuming that the freeze-
out removes all submicron particles of the stratos-
phericJunge layer. Balloon soundings of the latter
were made at Amundsen-Scott South Pole and
McMurdo stations in mid-January 1972 and 1973,
nearly half a year from the main stratospheric
cooling period, and reflected the worldwide dis-
tribution apart from following the tropopause
heights (Hofmann et al., 1974). Complete removal
of these particles, however, is unlikely; we there-
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fore assume that the freezeout particles are larger.
Also, simple calculations indicate considerable op-
tical densities if the main freezeout is fast compared
to the fall speed of the freezeout particles. Even
slow freezeout should give rise to quite red twi-
light skies. This possibility is exemplified by very
thin cirrostratus-like forerunners of midlatitude
frontal cirrus; in regard to twilight colors, this is
contrary to Liljequist's (1956) description.

Antarctic veils unfortunately have not been re-
ported since. Kuhn (1974) did not observe them at
Plateau Station (79.2°S. 40.50E.; elevation, 3,625
meters) from 1966 to 1969, but he argues that the
proposed conditions of their appearance (freezeout
of stratospheric water vapor) might be restricted to
the edge of the antarctic continent. In an effort to
study twilights in an arctic environment, in 1970
and 1971 we obtained a series of good color photo-
graphs from Thule, Greenland (courtesy of the Air
Force Cambridge Research Laboratories, Geo pole
Station). Strias were often present, but seemed to
be mostly tropospheric in origin.

At South Pole Station, about 40 series of sky
photographs were taken at our request by Charles
E. Jenkins, National Oceanic and Atmospheric
Administration, between March and October 1974.
Unfortunately, nearly all show ordinary stratus
and cirrostratus conditions, although broad diffuse
streaks were present in the orange twilight of 15-16
September. More photographs will be obtained
during 1975-1976 at the South Pole Station and at
three Australian antarctic stations. These will in-
clude daytime solar aureole photographs for infor-
mation on aerosol size distribution.
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