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biologically hazardous. Calculations have shown, however,
that over the next 50 years, krypton-85 will significantly in-
crease the conductivity within the global atmosphere and
possibly alter the electrical characteristics and rain forma-
tion processes of the 1,500 or so thunderstorms imbedded in
the global circuit. The possibility that atmospheric
krypton-85 could lead to some form of weather or climate
modification cannot be ruled out. Owing to its relatively
long half-life and because there are no effective atmospheric
removal processes for krypton-85, it is important to docu-
ment the electrical state of the atmosphere at remote sites
such as the South Pole now to det'rt secular changes in the
future.
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The National Oceanic and Atmospheric Administration
has been making atmospheric electric measurements at
Amundsen-Scott South Pole Station since 1968. The current
5-year program of surface and upper air measurements is
designed to establish an environmental benchmark of the at-
mospheric electric climate on the polar plateau. Such a
benchmark may be reevaluated in future years to detect
secular changes in the electrical climate of the polar
atmosphere—changes that may result from the activities of
man.

The type of electrical measurements being made at South
Pole must be interpreted first as a response to global varia-
tions in the atmosphere's electrical system and second as ef-
fects produced within the local environment. The South
Pole atmosphere is largely free of local environmental ef-
fects, and thus the measurements more nearly reflect global
variations of the electrical parameters. If future
measurements reveal that the electrical state of the south
polar environment is being altered due to an increase in the
level of suspended particulates or in atmospheric radio-
activity, then there must be cause for concern with respect to
a global climatic impact.

In January 1977 the electrical sensors were moved to the
new clean air facility, an excellent observation site and sure-
ly the world's premier "clean air" monitoring facility.
Special attention at this time is being given to the electrical
conductivity observations and the establishment of reliable
baseline values. The emphasis on conductivity has been
spurred by the recent interest in radioactive krypton-85 now
being released into the atmosphere.

Krypton-85 is a radioactive gaseous byproduct of nuclear
fission released to the atmosphere by nuclear explosions
and, in a controlled manner, by nuclear power plants.
Within the limits established by various regulatory agencies,
krypton-85, with a half-life of 10.76 years, is not considered
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In January 1977 five balloon soundings were conducted
from Antarctica. These soundings measured the concentra-
tion of various trace stratospheric constituents, listed in the
table, and played a vital role in continuing a stratospheric
measurements program that began in 1972. The antarctic
stratospheric sulfate layer (aerosol particles with radius
greater than 0.15 micron) was first measured in that year,
and measurements of condensation nuclei (radius greater
than 0.01 micron) were added in 1976. The year 1976 also
saw the first attempt to recover air samples from the 15-30

1977 antarctic balloon soundings.

Launch	 Maximum
Date (1977)	site	Constituents measured altitude (km)

14January McMurdo N2 0, CF2C12 , CFCI 3	26.5

lsJanuary McMurdo N2 0, CF2C12 , CFCI 3	31

15January McMurdo Aerosol, r 0.15pm	27

18January South Pole Ozone	 30

19January South Pole Condensation nuclei,	25
r 0.01im
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Figure 1. Altitude profiles of nitrous oxide and
chlorofluorocarbon mixing ratios obtained over McMurdo.
The mixing ratio is given in parts per billion by volume

(ppbv) and parts per trillion by volume (pptv).

kilometer altitude range. The air samples are obtained dur-
ing parachute descent from about 30 kilometers and are
analyzed by gas chromatography by the Aeronomy
Laboratory of the National Oceanic and Atmospheric Ad-
ministration in Boulder, Colorado. These previous results
have been reported (Hofmann et al., 1972, 1973, 1975,
1976a; Rosen et al., 1974), and the analyses have been
published (Hofmann et al., 1976b, Schmeltekopf et al.,
1977).

Although the 1976 trace gas samples gave good results for
nitrous oxide (N 2 0), they failed to produce results for the
chiorofluoromethanes CF 2 C12 and CFCI 3 due to loss of the
gas to the sampler walls. It was later determined that im-
proper preflight sampler treatment was the cause, and the
problem was remedied for the 1977 balloon soundings. Thus
the first stratospheric profiles of these gases in the Antarctic
were successfully obtained during January 1977 over
McMurdo.

The results of two soundings about 20 hours apart, each
of which took five samples at various altitudes, are shown in
figure 1. The N 2 0 results of 1976 are also indicated. Data
from the two 1977 soundings are in good agreement, verify-
ing the observation of a nearly constant mixing ratio be-
tween 25 and 30 kilometers. This is somewhat unusual, as
previous measurements indicated profiles similar to the 1976
N2 0 profile.

The observed profiles could be a result of transport of air
from equatorial regions where the N 2 0 concentration is
higher at 25-30 kilometers (Schmelrekopf et al., 1977) or
could be a local effect, involving an unusual upwelling of air
in the 25-30 kilometer region over McMurdo. Additional
measurements will be necessary to determine if such profiles
are typical or unusual.

The aerosol profile for particles having radii larger than
0.15 micron at McMurdo, shown in figure 2, indicates an
unusual layered structure in the lower stratosphere (8-15
kilometers), which may have been related to minor volcanic
activity that occurred during the period in New Zealand.

Figure 3 shows the first vertical profile of condensation
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Figure 2. Aerosol particle (r' 0.15.im) concentration pro-
file obtained at McMurdo. The smooth curved lines are lines

of constant mixing ratio in units of particles per mg of air.
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Figure 3.

nuclei (CN) ever obtained at the South Pole. Although the
stratospheric results are similar to those obtained at McMur-
do last year (Hofmann et al., 1976a) and at other stations in
the past, the highly concentrated layers in the troposphere
were not expected. Ground level measurements at South
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Condensation nuclei (r 0.01 (.4m) concentration
profile obtained at the South Pole.
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Pole generally suggest concentrations of less than 100 per
cubic centimeter exceeding 1,000 per cubic centimeter only
on rare occasions (Hogan, 1975). Again, more measure-
ments are necessary to determine if such profiles are typical.

Our field party consisted of Messrs. Hofmann, Olson, and
Kjome. They were in the field 3 to 31 January 1977. This
research was partially supported by National Science Foun-
dation grant DPP 76-17777 and by Department of Com-
merce grant 04-6-022-44019.
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In 1976-1977 at Amundsen-Scott South Pole Station, we
relocated and continued energy balance measurements east
of the new clean air facility, analyzed our 1975 energy
balance measurements, and measured the intensity and

polarization of visible radiation reflected by the snow sur-
face.

A full description of the energy balance measurements is
in Carroll et al. (1977). In our initial analysis we evaluated
in situ operation and performance; this led to changes in in-
strumentation and procedures. Most changes were made
coincident with relocation of the sampling site following
completion of the new clean air facility inJanuary 1977.

The relocation should improve data quality for two
reasons. First, the new location increases the range of wind
directions for which meaningful boundary layer measure-
ments can be made; especially, it enables excellent fetch
conditions to grid south. Second, the station structures
should have no significant influence on the measured flow.
At the old location, the fuel arch distorted mean air flow—
especially when the wind was in the acute angle between
300 0 and 15° grid. This interference developed a deep
elongated drift south of the end of the arch and apparently
increased the easterly component of the wind south of the
arch.

Local radio transmissions have caused noise in the low
signal level sensors such as the radiometers, but this has been
reduced using active filtering. However, point-by-point
analysis of data still is required to separate good from noise-
contaminated samples. Malfunctions of mechanical sensors,
caused by snow and ice acretion in moving parts, were
reduced by increased preventive maintenance and improved
internal heater efficiency in the anemometers.

We determined the effective albedo of the snow surface in
the near ultraviolet (0.295 to 0.385 micrometers) and in the
solar (shortwave, 0.35 to 4 micrometers) bands using har-
monic analyses of simultaneously measured upward and
downward fluxes in these wavelength intervals (Fitch, 1976):
the average clear-sky shortwave albedo decreases from 0.87
to 0.84 (± .02) and the average clear sky ultraviolet albedo
decreases from 0.98 to 0.96 (± .02) as sun elevation in-
creases from 13 to 22 degrees. Surface effects, such as the
orientation of sastrugi with respect to solar azimuth, appear
to cause albedo variations of about ± 0.01, marginally
significant. No significant difference was found between
clear-sky and full overcast albedo.

An analysis of the energy balance for the 1975 austral
winter is nearly completed, and a partial summary of results
is in the table. The major components of the heat balance
were averaged over 10-day periods from 1/2- or 1-hour
averages of the individual components for periods when
transmitter interference was minimal (1200 to 1800 GMT).
In these calculations, the residuals (BALl and BAL2) are
the difference between the downward net radiation (NET1
or NET2) and the downward conductive heat flux at the
bottom of a 100-centimeter column of snow (F5), and the
heat gain in the top 100 centimeters of snow (Sdh). That is:

BAL = HS +P--= NET - Sdh - F5

This residual in turn equals the sensible heat flux (H 5) to
the air plus the cumulative error (s). The two values of the
net radiation represent two methods of measurement: NET1
is the calibrated output of a single radiometer directly sen-
sitive to the difference between the downward and upward
fluxes; NET2 is the computed difference in the downward
and upward fluxes measured directly by two individual
radiometers. Analysis of the probable measurement errors
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