
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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installed to measure the ozone content of the atmo-
sphere at the surface, replacing older, less-accurate in-
struments. Vertical, total, and surface ozone distribu-
tion measurements in Antarctica aid in the study of
the properties of the general circulation of the upper
troposhere and the lower stratosphere, in the study
of the atmospheric energy budget, and in the study
of the onset and development of rapid warming per-
iods in the "spring" of each year.

Our personnel were also involved in a number of
other research activities such as studies of wind-chill
and the electric potential of the atmosphere at Pole
Station, features of the ionosphere at Byrd, and car-
bon dioxide at Pole. Also, installation was started of
equipment for projects that envisage Pole Station as
a long-term reference site for investigation of many of
the meteorological problems of today (such as atmo-
spheric pollution) that are basic to studies of weather
modification and the heat budget of the Earth.

A problem that has been troublesome since the
IGY is the real-time collection of meteorological data
for analysis and forecasting. During fiscal year 1968,
in cooperation with NASA, a coding device was de-
signed to permit the collection of weather data from
Eltanin by satellite. The device encodes the digital
weather data into corresponding voltages appropriate
for entry into the Interrogation, Recording, and Lo-
cating Subsystem (IRLS) of a ground transponding
platform installed on Eltanin, and for subsequent col-
lection from the platform by the Nimbus B satellite
in its orbit over the ship. It was planned that the data
would be relayed from the satellite to the Goddard
Space Flight Center near Washington, where it would
be reconstituted for real-time use by the National
Meteorological Center. All was in readiness for the
test, but the launch effort on May 17, 1968, was a
failure, and the satellite was destroyed two minutes
after launching. The test has been rescheduled for the
spring of 1969.

The goal of our meteorological investigations in
Antarctica is to improve our understanding of the
total effect of the Continent on the weather regimes
of the Southern Hemisphere and the world. To this
end, we are concerned with investigating the meteoro-
logical processes that are in operation in Antarctica,
in developing the climatology of Antarctica, and in
providing raw data for operational weather analysis
and forecasting by the various national and inter-
national forecast centers involved. It is expected that
during fiscal year 1969 and subsequent years, these
programs will be part of the international World
Weather Watch and will make significant contribu-
tions to the Global Atmospheric Research Program,
both of which are sponsored by the World Meteoro-
logical Organization.

Interdisciplinary Program in
Antarctic Meteorology

HERBERT J. VIEBROCK

Polar Meteorology Group
Environmental Science Services Administration

During the past year, the accomplishments of the
Polar Meteorology Group included completion, con-
tinuation, and initiation of research in the following
areas:

Radiation. In 1968, Mount Agung in Indonesia
erupted and spewed large quantities of volcanic ma-
terial into the stratosphere. A study of the effect of
the volcanic material on the incoming solar radiation
was completed. An example of the effect is shown in
Fig. 1, which illustrates the variation of the attenua-
tion of the direct solar beam. Prior to 1963, the major
attenuators were molecular scattering, ozone, and
water vapor. Following the eruption, aerosol attenua-
tion became predominant.
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Figure 1. Attenuation (A) of di-
rect solar radiation for the 1961-

1965 period at South Pole.

Stratosphere. An examination of the energy distri-
bution and transfer in the Southern Hemisphere stra-
tosphere over a three-year period continued, with the
completion of 50- and 100-mb mean monthly charts
for 1962-1964 and estimation of the northern bound-
ary fluxes. Emphasis will be on the formation and
breakdown of the polar vortex and the effect, if any,
of the volcanic material from Mount Agung. Fig. 2
presents the stratospheric cross sections of tempera-
ture and meridional wind along 1750 E. for January
and April 1963. The readings for January show the
typical summer pole-to-equator temperature gradient,
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