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As part of a general study of submicron particles suspended
in the troposphere at locations far from industrial pollution, we
are investigating microscopic aerosols in the vicinity of Ross
Island. The purpose is to determine the physics controlling the
size distributions of aerosols in a variety of air masses that flow
into the McMurdo area.

Special attention is being directed toward the size distribution
of particles in dry, cold air originating from the central ice sheet
(continental Antarctica) and air masses originating from oceanic
area (maritime polar). We are particularly interested in very
small (radius less than about 10-6 centimeters) particles whose
presence indicates production from gaseous precursors.

The aerosol experiments are being conducted in the vicinity
of the cosmic ray building at McMurdo Station. A diffusion
battery (consisting of Nuclepore filters) is used to deduce the
size spectrum of the particles within the size range 10 to 106
centimeters (Twomey 1976). Particles in this range (so-called
Aitken particles) are very mobile and attach quickly to obstacles
or hydrometeors, like ice crystals or snowflakes and also they
are lost rapidly by coagulation under the driving force of ther-
mal Brownian motion. Due to the many processes which re-
move or modify these particles, their lifetimes are quite short
and it therefore is assured that the ones being detected are
produced in the polar or subpolar regions within distances of a
few hundred kilometers.

During the summer months, contamination from combus-
tion products originating at Scott and McMurdo bases was fre-
quently encountered, but when the contamination occurred it
was very obvious from large spikes and fluctuations in the
records. Nevertheless, there were clean azimuths from which
incoming air contained steady and very low (i.e., 100 per cubic
centimeter) concentrations of particles over hours of time. We
found the tendency for particle concentration to increase and
mean particle size to decrease during periods of air subsidence.
Hogan and Barnard (1978) previously reported similar find-
ings. The mean size and concentration of aerosol particles also
decreased during storms.

The diffusion battery measurements indicate that the particle
size spectrum in Antarctica is bimodal, at least in summertime
polar air mass systems. There seems to be an accumulation
mode near 3 x 10 centimeters and a nucleation mode cen-
tered at about 106 centimeters diameter. It will be of interest to
see if the nucleation mode, which possibly may arise by photo-
induced nucleation of trace sulfur-bearing gases, disappears in
the dark months.

During the summer we found very little absorbing material in
the aerosols from the clean sector, (aerosol absorption coeffi-
cient approximately 10 -8 per meter). The calculated optical scat-
tering coefficient (at mid-visible wavelengths) was in the range 5
X 10 to 2 x 10-6 per meter: these numbers are consistent with
previous measurements (Shaw 1982) of the aerosol optical
thickness.
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Detection of El Chichon volcanic
aerosol in the antarctic stratosphere
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From 1972 to 1980 the University of Wyoming's Atmospheric
Physics group conducted annual balloon soundings at McMur-
do and/or South Pole Stations to study stratospheric aerosols
and trace gases. These results were reported in previous issues
of Antarctic Journal (Hofmann, Rosen, and Kjome 1972;
Hofmann, Pinnick, and Rosen 1973; Rosen et al. 1974;
Hofmann, Rosen, and Olson 1975; Hofmann et al. 1976;
Hofmann et al. 1977; Hofmann et al. 1978; Hofmann etal. 1979;

Hofmann et al. 1980). Substantial variations in the antarctic
stratospheric sulfate layer were not observed during this period
and antarctic measurements were terminated in 1980.

Following four major volcanic eruptions during the period
from 1980 to 1982, culminating in that of El Chichon in Mexico in
April 1982, we observed that sulfuric acid aerosol levels in-
creased dramatically in the northern hemisphere (Hofmann
and Rosen 1983-a, 1983-b). In addition, measurements at
Laramie, Wyoming indicated that sulfuric acid condensation
nuclei (radius equals approximately 0.01 micrometer) were
being formed at altitudes of about 30 kilometers in the Arctic,
well after the eruptions. It was theorized (Rosen and Hofmann
1983) that these nuclei were formed from volcanically derived
sulfuric acid vapor during large, rapid temperature variations in
the polar region, such as those that occur during the winter-
spring season.

In 1983 we proposed to return to Antarctica and conduct a
single sounding at McMurdo as early in the summer season as
possible. The purpose was twofold. First, we wanted to find out
to what extent the El Chichon aerosol had reached the antarctic
stratosphere, and second, we wanted to determine whether the
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proposed mechanism for aerosol production at 30 kilometers
was operative over the Antarctic during the corresponding sea-
son (winter-spring). To do this in a single sounding, the largest
balloon ever used in Antarctica (7,230-cubic-meter volume) had
to be launched under what was expected to be adverse weather
conditions.

An optical-type aerosol detector, which detects particles by
light scattering and sorts them into two integral size ranges
(radii greater than or equal to 0.15 and 0.25 micrometers), was
used. The ratio of these two size ranges is indicative of the size
distribution. A thermal growth chamber was cycled in and out
with a 30-second period. This allowed extending the size range
down to radii greater than or equal to 0.01 micrometers, which
we have collectively called condensation nuclei (cN).

The total payload, weighing about 27 kilograms, was suc-
cessfully launched at McMurdo on 27 October 1983, 1 week after
the helicopters became operative. They recovered the payload
about 55 kilometers from McMurdo after a balloon ascent to
about 32 kilometers (105,000 feet) and subsequent parachute
descent. We met both our study objectives in this single flight.

Figure 1 shows the vertical profile of the concentration of
aerosol with radii greater than or equal to 0.15 micrometers and
the ratio of radii greater than or equal to 0.15 to radii greater than
or equal to 0.25 micrometers concentrations (termed the "aero-
sol-size ratio"). Figure 1 also shows profiles of the same quan-
tities obtained at McMurdo on 16 January 1979, during a period
of low volcanic activity. An extensive aerosol layer is obvious
between about 11 and 17 kilometers in the 1983 data. The small
size ratio in the layer indicates the presence of particles which
are larger than normal as was typical of the El Chichon aerosol.
The very low concentrations above about 18 kilometers in the
1983 data appear unusual.

The peak aerosol mixing ratio (particles per milligram am-
bient air) in the layer was about 30 particles per milligram. A
sounding at Laramie on 21 October 1983 indicated a peak mix-
ing ratio of about 40 particles per milligram in the layer which
was centered at about 20 kilometers. A higher altitude layer at
midlatitude as compared to the polar regions is consistent with
the variation of tropopause height. Thus, horizontal transport
to the antarctic stratosphere from the northern hemisphere was
efficient in the 18 months which elapsed between the eruption
and our observations.

Figure 2 compares the CN observations of 1983 with those of
1976. There is a large (about a factor of 50) increase in the 20-30
kilometer region. Concentrations as high as 100 particles per
cubic centimeter suggest a lifetime (determined by coagulation)
of only a few weeks for these small particles. It is thus quite
probable that they were nucleated over the Antarctic in a man-
ner similar to that which creates CN over the northern hemi-
sphere polar regions in the corresponding season. The CN
layer begins at precisely the point where an unusual absence of
larger (radii greater than or equal to 0.15 micrometers) aerosol
begins (see figure 1) as if one were being lost to form the other.
Figure 2 also shows the temperature profiles indicating typical
summer (1976) and winter (1983) values. We note, however,
that the upper stratosphere in 1983 was very warm for a winter
stratosphere.

Figure 3 shows temperature data at 10 and 30 millibars (about
29 and 22 kilometers altitude, respectively) as obtained by radi-
osondes at South Pole Station during October 1983. A strat-
ospheric warmingapparently began between 7 and 11 October.
As has been theorized following observations at Laramie in 1983
(Hofmann, Rosen, and Gringel in press), stratospheric warm-
ings create temperatures that are high enough to vaporize exist-

Figure 1. Aerosol concentration and size ratio profiles measured with balloon-borne particle detectors at McMurdo during 1979 and 1983.("km"
denotes kilometers; "r" denotes radius; "rim" denotes micrometer; 11 cm 3" denotes per cubic centimeter.)

1984 REVIEW	
197



-20

-30

-40

W
cr

-50
Cr
Ui
0

Ui -60F-

- 70

-80
0 5	10	15	20	25	30

35

30

	

25	 25

E

	

-. 20	 20

0

'5
-J
4

	

iO	 LI,'

	

5	 5

	

0	 0
io	,o U	to'	102	io 3	le -100	-80	-60	-40	-20	0	20

CN CONCENTRATION (cm 3 )	 TEMPERATURE (°C)

Figure 2. Condensation nuclei concentration and temperature measured with balloon-borne sensors at McMurdo during 1976 and 1983. ("km"
denotes kilometer; "cm- 3" denotes per cubic centimeter.)
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Figure 3. Radiosonde temperatures at the 10- and 30-millibar (mb)
pressure levels measured at South Pole Station In October 1983.

ing sulfuric acid/water aerosol thus creating a large con-
centration of acidic vapor. If this vapor is subsequently cooled
rapidly enough, (which is apparently what happens during
transit to Laramie in the northern hemisphere) nucleation can
occur. The process is similar to the formation of fog and appears
to operate in the antarctic stratosphere as well. It is thus quite
probable that the air parcel above about 17 kilometers had been

in a very warm region, and thus the nearly complete vaporiza-
tion of the aerosol present resulted. Subsequent cooling then
caused the new CN to form in place of the vaporized aerosols. In
this manner only I aerosol per cubic centimeter having radii
around 0.1 micrometers would result in the order of 10 per
cubic centimeter with radii around 0.01 micrometers. These
would, in a period of about 2 weeks, coagulate to concentrations
of about 100 per cubic centimeter as observed.

The only apparent difference in CN formation in the two polar
stratospheres appears to be that it occurs at a lower altitude in
the Antarctic. While the upper boundary has never been deter-
mined, the lower boundary is near 30 kilometers in the north -
ern hemisphere while it is apparently at only about 20 kilo-
meters in the southern hemisphere. This difference is probably
related to the different thermal regimes operative.

The measurement will be repeated in 1984, possibly with an
additional sounding at McMurdo or South Pole.

D.J. Hofmann, J. W. Harder, N. T. Kjome, and G. L. Olson were
in the field from 12 October to 2 November. Erick Chiang
provided the South Pole Station temperature data. This work
was supported in part by National Science Foundation grant
ATM 82-19766.
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Coreless winter in Adélie Land,
Antarctica, in 1983
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The "kernlose" or "coreless" pattern of winter temperature is
typical in arctic regions as well as in Antarctica (Wexler 1958,
1959; van Loon 1967; Loewe 1969; Thompson 1969). In the
comprehensive study by Loewe (1969) the definition of coreless
winter and all that was known about it to that point is well
documented . * In this paper, we report the preliminary result of
our study of the temperature regime in its relationship to other
meteorological parameters, which will add a new aspect to the
study of coreless winter in Antarctica.

Four Automatic Weather Stations were installed on a slope of
Adélie Land, Antarctica (Wendler, Gosink, and Poggi 1981), and
another one at the top of an ice dome, Dome C. In this study, the
data from D80 (latitude 70°01' 5, longitude 134°43' E, and al-
titude 2,500 meters), D47 (latitude 67°23' S, longitude 138°43' E,
and altitude 1,560 meters), and D10 (latitude 66'42'S, longitude
139°48' E, and altitude 240 meters) are analyzed for the period
from January to November in 1983.

Figure 1 shows the monthly mean air temperatures for three
stations on the icy slope of Adélie Land in 1983. From this figure
one can easily see the coreless winter temperature patterns,
with distinctive reversals of the expected course in June and
September. One would expect, for the long-term mean, that the
curve would be U-shaped with less pronounced reversals
(Schwerdtfeger 1970). Although average temperatures in sum-
mer are similar for all stations, in winter D80 is much colder
than D10 or D47. The temperature courses, however, are very

*Coreless winters are winters in which the mean monthly temperatures
during a number of months differ little from each other.

similar for three stations, indicating that the coreless winter is a
phenomenon for the whole of Adélie Land. From February to
April the drop in temperature is steep and in the months of May
and June a warming of the temperature was observed. In July all
stations recorded the coldest monthly mean temperatures.
Warm spells are seen in August and September and a cold spell
is again observed in October.

To find a more objective measure for warm and cold spells, all
data from April to September were taken and the absolute
temperature deviations larger than 1 standard deviation from
the average were defined as warm or cold spells, respectively.

The table shows the differences of the mean pressures and
resultant wind speeds and directions for warm and cold spells
from the overall averages. Surprisingly, during warm spells the
atmosphere pressure is higher than the averages for all three
stations, and lower for cold spells. This is just the opposite of

1 --- D-10
4 --- D-47
8 --- D-80

240 I	r--	 I I i1
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Figure 1. Monthly mean temperatures in 1983 in Adélie Land, Ant-
arctica. ("K" denotes Kelvin.)
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