
dating project (to be carried out in cooperation with
Dr. H. Oeschger of the University of Bern).

In addition to the above work, the following per-
sons have recently investigated, or are currently in-
vestigating, the subjects indicated:'

Y. Horibe, University of Tokyo: O content of gas
bubbles.

H. Windom, University of California: Pb 21° and
terrestrial dust.

L. Friedman, Brookhaven National Laboratory:
CO2 and C13/C12.

F. Rosenberg, AVCO Space Systems Division:
bacteriological studies.

W. Hamilton, Ohio State University: microparticle
concentrations.

J. Paren, Scott Polar Research Institute, England:
dielectrics.

M. Kelly, University of Lancaster, England: pollen
content.

N. Wogman, Battelle Northwest: trace elements.
J . Warburton, Desert Research Institute: silver

concentrations.
E. L. Fireman, Smithsonian Astrophysical Observa-

tory: rare gases in solids.
G. Linkletter, Dartmouth College: soluble par-

ticles.
E. E. Picciotto and G. Crozaz, Free University of

Brussels, Belgium: Pb 21° and fission products.
W. Dansgaard, University of Copenhagen, Den-

mark: Si32.

C. Lorius, Glaciological Study Center, France:
total gas composition.

meteorological observations, concurrent with but in-
dependent of the satellite-viewed cloudiness.

Although relatively little attention has been given
to atmospheric energy exchange between the Antarc-
tic and surrounding areas, the periphery of the Con-
tinent has been well covered by conventional rawin-
sonde stations. During the summer months, the
oceans around the Continent and the ice pack pro-
vide an excellent background for satellite photographs
of cloudiness. Furthermore, a vigorous summertime
circulation is maintained at high latitudes in the
Southern Hemisphere. On January 25, 1965, Tiros IX
began providing the first satellite photographs of the
summertime cloud cover. Emphasis in this initial study
was restricted to two brief periods during early 1965.

The illustration shows a sample photomosaic con-
structed for January 31, 1965, on which the locations
of rawinsonde stations employed in the transport com-
putations are shown. Since Tiros IX was placed in
orbit before advanced read-out and data-processing
procedures had been developed, mosaics were hand-
constructed with only minor data gaps. Examination
of the original photographs has indicated that digiti-
zed mosaics, now available from several ESSA sat-
ellites, should prove to be adequate for studies of this
type.

The distribution of principal cloud bands and
convective areas is closely related to the tracks and
frequencies of the major cloud vortices. Only the ma-
jor vortices appear to be important to the large-scale
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ATMOSPHERIC PHYSICS

Satellite-Viewed Cloud Cover and
Computed Atmospheric Transports

for the Antarctic

P. A. DAVIS and S. M. SEREBRENY

Aerophysics Laboratory
Stanford Research Institute

The general objective of this research project
was to ascertain the extent to which satellite photo-
graphs of cloud cover over and around Antarctica
could be used to infer characteristics of the atmos-
pheric transports of momentum, heat, and kinetic
energy to or from the Antarctic. In order to meet
this objective, it was necessary to compute the atmos-
pheric transports on the basis of available upper-air
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Photomosaic of a portion of the Southern Hemisphere con-
structed from Tiros IX photographs for January 31, 1965.
Circles indicate antarctic stations from which data were

obtained for transport calculations.
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transports. The striations observed in coastal cloudi-
ness usually are descriptive only of flow in the lower
troposphere. Along with the vortex statistics, a grid-
block analysis of the distribution of total cloud
amount appears to render the most useful cloud in-
formation.

Atmospheric transports, computed directly from a
triple integration of station data, were divided into
the transient eddy, standing eddy, and mean meridio-
nal and mass-shift components. Pressure integrations
from the surface to an arbitrary boundary at or below
the 200-mb level were performed at each station prior
to the time integrations. For the spatial integrations,
three different boundaries (average latitude, circle of
best fit, and polygon) were used. Transient eddies
dominated the momentum transport. Changes in the
frequencies of the major cloud vortices around the
Antarctic were related to changes in the transient-
eddy transport of momentum. Transient eddies also
contributed significantly to kinetic-energy transports,
but other transport terms were important also.
Whereas the momentum transport was usually equa-
torward, leading to a buildup of the westerlies, the
kinetic energy was more often transported toward
the Pole—to a degree dependent upon the selected
boundary. Heat transports were dominated by the
computed mass shift, regardless of the peripheral
boundary, and were especially sensitive to the number
of stations used. Since the computed mass shift often
is unreliable, the possibility remained that the heat
transport itself was minimal. Currently, efforts are
being made to find techniques for identifying signifi-
cant nontransient components of the atmospheric
transports from cloud statistics.

ESSA Weather Bureau
Programs in Antarctica

VAUGHN D. ROCKNEY

Weather Bureau
Environmental Science Services Administration

The ESSA Weather Bureau's programs conducted
in and around Antarctica under NSF auspices are
part of the U.S. meteorological contribution to the
international scientific program carried out since the
IGY. They are carried out at Byrd and Pole Stations
and aboard Eltanin and have both research and oper-
ational significance. In the operational sense, the
synoptic data obtained are used in real time for
weather analysis and forecasting for many activities
in and around Antarctica. For research, the synoptic
recording of surface and upper-air weather condi-

tions is augmented by special measurements of the
various components of solar and terrestrial radiation
and of atmospheric constituents.

At all three locations, synoptic upper-air weather
measurements are made by means of radiosondes car-
ried on sounding balloons once daily at 0000. During
the period of flying operations in the austral summer,
this work is augmented at Pole and Byrd Stations by
a second daily synoptic upper-air sounding at 1200.
These flights reach an average altitude between
21,000 and 27,000 m (the extremely low temperatures
during the polar night cause the balloons to burst at
lower altitudes than they do in daylight). Parameters
measured include pressure, temperature, relative hu-
midity, and wind speed and direction at various
levels.

At Byrd and Pole Stations, radiometersondes were
flown once weekly during darkness, until September
1967, in lieu of radiosondes. The former permit meas-
urement of the net radiation flux at various altitudes,
in addition to the usual parameters measured by radi-
osondes. In February 1968 a twice-weekly schedule
was inaugurated using the recently developed "day-
light" radiometer. This instrument makes possible
radiometersonde measurements year-round. Similar
soundings were made periodically from Eltanin until
she reached the United States for overhaul and dry
docking. At Byrd and Pole Stations, energy-balance
measurements were made of direct solar and diffused
shortwave radiation, net longwave radiation, and re-
flected shortwave radiation. The surface and upper-
air radiation measurements are required for specific
studies of radiation and heat budgets of the air-snow
boundary layer.

The total ozone in a column from the Earth to
outer space is measured with the Dobson spectropho-
tometer at Byrd and Pole. However, during the win-
ter months these observations are taken only during
the periods when the moon is clearly visible and well
above the horizon. Studies of the total ozone meas-
urements taken in Antarctica since 1962 reveal that
the distribution of ozone about the Earth is not sym-
metrical, i.e., more of tt exists in the arctic atmos-
phere than in that of the Antarctic. Also, ten-
tative confirmation has been made of a 26-month
oscillation in total ozone at Pole. The records also
note an apparent 11-year periodicity which may be
related to solar activity over a similar period.

The vertical distribution of ozone was also meas-
ured at both stations by means of the carbon-iodine
ozonesonde, which accurately determines ozone con-
tent on an absolute scale. This sonde was developed
recently by Mr. Walter Komhyr of ESSA's Atmo-
spheric Physics and Chemistry Laboratory. It has
proved to be an extremely reliable ozone sensor for use
in the antarctic atmosphere. This instrument was also
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