
observed are not repetitive as a function of time on
a day-to-day basis.

Additional data recorded at Palmer Station, Casey
Station, and South Pole Station, Antarctica, and
Thule, Greenland, are being prepared for analysis.
The compiled results of these analyses should lead to
a better understanding of the cause and effect of
ionospheric scintillations on signals received in the
polar region from artificial Earth satellites.

This research was supported by National Science
Foundation contract C-560.
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Atmospheric electric measurements

WILLIAM E. COBB

Atmospheric Physics and Chemistry Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

Our 5-year program of atmospheric electric meas-
urements is in its second year at Amundsen-Scott
South Pole Station. The main objectives of the pro-
gram are to establish an environmental benchmark
of the atmospheric electric climate on the polar
plateau so that secular changes may be detected in
later years, and also to investigate those processes
that control and maintain the "global circuit" and
the flow of electrical current between Earth and the
ionosphere.

Surface measurements of the potential gradient and
the air-Earth current density confirm that South Pole
Station is an ideal monitoring site due to a near
absence of local anthropogenic aerosols, a non-
existence of any 24-hour diurnal effect, and an
absence of radioactive soil. The surface measurements
probably are providing the best evidence ever ob-
tained to support the classical hypothesis that global
thunderstorm activity controls and maintains the
global circuit. Both the potential gradient and the
air-Earth current at the South Pole thus peak daily
at about 1800 Greenwich Mean Time; this coincides
with afternoon in Africa, where the most intense
thunderstorms usually are.

Balloon-borne sensors were released during the past
2 years to determine the air-Earth current profile at
altitudes as high as 35 kilometers. These observations
often have not supported the classical hypothesis
since the current frequently was not constant with
altitude and often varied by an order of magnitude
or more from day to day. The data suggest that

factors in addition to global thunderstorm activity
affect stratospheric air-Earth current at the South
Pole. It is possible that solar corpuscular radiation,
carried with the solar wind and funneled to lower
regions of the atmosphere near the Pole, affects the
ballon measurements. It is also likely that aerosol
layers aloft are a factor since the air-Earth current
in the stratosphere is very sensitive to aerosol pollu-
tion. These baseline measurements will provide valu-
able data for future comparative studies to help
determine, for example, the effects of the supersonic
transport airplane on the upper atmosphere.

Geophysical monitoring for
climatic change

DONALD H. PACK
Air Resources Laboratories

National Oceanic and Atmospheric Administration
Silver Spring, Maryland 20910

Amundsen-Scott South Pole Station is one of four
"clean air" geophysical monitoring observatories
where long term measurements are being made of
atmospheric constituents and related parameters that
can influence climate or shed light on climatic roc-
esses. These benchmark observations also are eing
carried out at the Mauna Loa Observatory, Ha vaii,
at Point Barrow Observatory, Barrow, Alaska, and
at Cape Matatula, American Samoa. Other possible
future locations are on the U.S. West Coast and on
Bermuda. Secular observations from these locations
will furnish data to judge the effectiveness of pro-
grams designed to reduce pollution and to assess
natural and manmade climatic changes.

The Air Resources Laboratories, National Oceanic
and Atmospheric Administration (N0AA), has a
person stationed at the South Pole. His duties in-
clude the following:

(1) Continuous monitoring of carbon dioxide,
using a UNOR infrared gas analyzer, and colle tion
of air samples in special evacuated flasks for later
laboratory analysis of carbon dioxide concentration by
NOAA and the Scripps Institution of Oceanography.

(2) Total ozone observations thrice-daily, weather
and astronomical conditions permitting, to provide
information on variations in atmospheric ozone.

(3) Continuous surface ozone measurements by
chemiluminescent reaction of ozone with ethylene gas
and by an electrochemical concentration cell.

(4) Aitken nuclei measurements, using an a to-
matic General Electric condensation nuclei counter
and two other hand-operated counters, to deter me
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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, concur-
rent 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 proc-
esses 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 Adminis-
traton (N0AA) meteorological program in Antarc-
tica 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 real-
tim 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 Amundsen-
Scott South Pole Station. From the inception of the
program, the number of stations making measure-
ments increased to five in 1963. These scattered sta-
tions enabled a longwave radiation budget for Ant-
arctica 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 radiometer-
sonde 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 diver-
gence with height of the net radiant flux. Since 1963
this quantity has increased noticeably in the mean.
But we should consider our noise equivalent observa-
tional response or minimum detectable change in the
radiative contribution, for a single observation, to at-
mospheric cooling, which is calculated to be ±0.4°C.
from the expression for atmospheric radiative cool-
ing through the first law of the thermodynamics. The
mean, winter antarctic (Pole Station) columnar cool-
ing 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 atmos-
pheric layer equal to approximately 10) is approxi-
mately ±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 cal-
culations of downward flux and observations indi-
cates a decreasing divergence (observed minus cal-
culated) when the atmospheric transmission model
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