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The Geophysical Monitoring for Climatic Change (GMCC)
program of the National Oceanic and Atmospheric Adminis-
tration (NOAA) conducts measurements of climatically im -
portant gases and aerosols at Amundsen-Scott South Pole
Station. Condensation nuclei concentration has been measured
since 1974, and aerosol scattering extinction (cr.) has been
measured (using a four-wavelength nephelometer) since 1979.
The first year of ir data, presented by Bodhaine and Bortniak
(1981), showed an annual cycle strikingly different from the
condensation nuclei record, being dominated by sea-salt events
in the austral winter. The aerosol monitoring program has been
discussed by Bodhaine (1983) and Bodhaine et al. (1986). An
aerosol chemistry experiment was conducted during 1982 and
the results were presented by Bodhaine et al. (1986, 1987). In
1987, a more extensive aerosol experiment was conducted that
included aerosol filter samples for PIXE analysis, aerosol size-
distribution measurements in the Aitken size range, and aero-
sol black-carbon measurements.

Condensation nuclei concentration is measured continu-
ously with a General Electric automatic condensation nuclei
counter (Skala 1963). Calibration points for the automatic con-
densation nuclei counter are obtained twice daily with a Pollak
condensation nuclei counter (Metnieks and Pollak 1959). The
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operation and calibration of this instrument at the South Pole
was discussed by Bodhaine and Murphy (1980).

A 4-wavelength nephelometer similar in design to that of
Ahiquist and Charlson (1969) measures cr,, p continuously with
approximately 4-hour time resolution at the wavelengths 450,
550, 700, and 850 nanometers. The u p measurements are most
sensitive to particles having diameters in the 0.1- to 1.0-mi-
crometer diameter range (the accumulation mode) whereas
condensation nuclei concentrations tend to be dominated by
particles smaller than 0.1-micrometer diameter (the Aitken
mode). Since particles in the 0.1- to 1.0-micrometer range tend
to dominate the total background atmospheric aerosol mass,
cr is often representative of aerosol mass. The condensation
nuclei measurements provide a good indication of any local
pollution events that could interfere with the routine moni-
toring program.

During 1987, aerosol size distribution in the Aitken size range
was measured using a Nuclepore-filter diffusion battery ap-
paratus constructed by GMCC. The black carbon component
of the aerosol was measured with an aethalometer constructed
at Lawrence Berkeley Laboratory (Hansen et al. 1982, 1988).
These instruments were described in detail by Bodhaine et al.
(1989). Since carbon is the dominant absorber in the atmos-
pheric aerosol, the measurement of light absorption using this
instrument is essentially a carbon measurement (Rosen et al.
1978).

Daily geometric means of condensation nuclei, o, and
Angstrom exponent (:ga) for the year 1987 are shown in figure
1 (left). The condensation nuclei concentration data show an
obvious annual cycle with a maximum of about 200 per cubic
centimeter in austral summer and a minimum of about 10 per
cubic centimeter in winter. These concentrations may be com-
pared with those at Mauna Loa, Hawaii, typical of the back-
ground troposphere in that region, of about 250 per cubic
centimeter, and at Samoa, in the marine boundary layer, of
about 300 per cubic centimeter. Condensation nuclei concen-
trations in large cities are of the order of 105_106 per cubic
centimeter.
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Figure 1. South Pole daily geometric means for 1987 (left) and monthly geometric means for 1974-1987 (right), of condensation nuclei
concentration (lower), o, (middle), and a (top). u,, p data are shown for 450 nanometers (dotted), 550 nanometers (solid), 700 nanometers
(dashed), and 850 nanometers (long dashed). Angstrom exponent data are shown for a 12 (dotted), a23 (solid), and a34 (dashed). Least
squares trend analyses are shown for condensation nuclei and o (550) data.
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The cr,,., data show a minimum in May and a series of events
in late winter caused by the transport of sea-salt aerosol to the
interior of the antarctic continent. The a data show an increase
in particle size in late winter, implying an influx of larger
particles during that time. Typical background ir values at
Mauna Loa are about 107_106 per meter and at Samoa are
about 10 per meter. orsp in large cities is of the order of about
10-10 per meter.

Figure 1 (right) shows monthly geometric means of conden-
sation nuclei, u, and a for the entire record of data. The slopes
of the least square trend lines are not statistically significant.

Data for July 1987 were chosen to examine relationships
among various measured variables because the first half of the
month appears to be representative of background conditions
and the second half is dominated by large events that may be
sea salt. Figure 2 shows u,p, condensation nuclei concentra-
tion, black carbon concentration, and condensation nuclei frac-
tion for July 1987. The general level of o during the last half
of the month is nearly a factor of 10 higher than during the
first half of the month, and seems to be dominated by indi-
vidual events. The major peaks in condensation nuclei coincide
with the peaks in o; however, the overall level in conden-
sation nuclei is relatively not as high as for cr, p, suggesting an
influx of larger particles during the last half of the month.

The major peaks in aerosol carbon generally coincide with
those in cr,p and condensation nuclei, and occasionally exceed
1 nanogram per cubic meter. The two carbon peaks on 28 July
may have been caused by local pollution; the cause of the large
carbon peak on 30 July is unknown.

The fraction of condensation nuclei penetrating a Nuclepore
filter with 2-micrometer diameter pores (figure 2) suggests a
shift in size distribution toward larger sizes during the last half
of July. Although the condensation nuclei fraction data are
somewhat noisy, it is apparent that the major condensation
nuclei fraction peaks tend to coincide with the major o, peaks.
Again, this suggests that an additional shift toward larger sizes
occurs during large cr,Pevents.

Figure 2 (bottom) shows a time-height cross section of tem-
perature for July 1987 calculated from South Pole rawinsonde
data. The strong, shallow surface temperature inversion is per-
sistent during the entire month. On 17 July, however, the time
of the transition in aerosol data, the strength of the inversion
decreased dramatically and a warm air mass moved in at about
the 600-millibar level. Trajectories typical of the first and last
halves of July are shown in figure 3. The direct, rapid transport,
evident on 23 July near the maximum of the warm event,
arrived from the Weddell Sea in less than 2 days. The 12 July
trajectories were slow moving and remained over the continent
up to 7 or 8 days back.

The black carbon data for 1987 were presented by Hansen
et al. (1987). Maximum values of about 2-3 nanograms per
cubic meter occurred during the austral summer, and mini-
mum values less than 0.1 nanogram per cubic meter occurred
in about April-May. This annual cycle resembles the annual
cycle in u, data, suggesting that the aerosol carbon may be
related to long-range transport from oceanic regions or from
lower latitudes in general.

This work was performed as part of the ongoing NOAA/
GMCC monitoring program with continuing support from the
National Science Foundation.
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Figure 2. From the top, o, for 450 (dotted), 550 (solid), 700 (dashed),
and 850 nanometers (long-dashed); condensation nuclei concen-
tration; black carbon concentration; fraction of condensation nu-
clei penetrating a 2-micrometer pore diameter Nuclepore filter, and
vertical time cross section of temperature for July 1987 at the South
Pole.
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Figure 3. Isobaric trajectories calculated backward from the South Pole at 0000 Greenwich mean time (A) and 1200 Greenwich mean time
(B) on 12 July (left) and 23 July (right) 1987 at the 500-millibar level.
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