
Application of preliminary cloud detection algorithm over ti
Pole, to the subset of the AVHRR data used for validation (s
weeks of each month)
NOTE: For each month, the table lists the total number of observaa
number of cloudy observations from the South Pole weather office, thi
of cloudy observations in the AVHRR data, and the skill score of the a
The skill score is the percent of correctly identified scenes (using S
weather office data as ground truth) as determined using an error taA
1987).

January	11	 11	 2
February	15	 4	 2
March	11	 3	 0
April	 17	 4	 1
May	 25	 16	 5
June	 17	 11	 5
July	 25	 13	 16
August	27	 14	 18
September	17	 8	 4
October	19	 5	 2
November	25	 7	 2
December	16	 6	 3

Oceanography for ready access to the large volume of satel-
lite data.
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Cloud-mediated enhancement of cloud condensation nuclei at
Palmer Station: A natural antigreenhouse mechanism

V.K. SAXENA, North Carolina State University, Department of Marine, Earth, and Atmospheric Sciences, Raleigh,
North Carolina 27695-8208

W
e present here a case study of cloud-mediated produc-
tion of cloud condensation nuclei (CCN) recorded by

the Fukuta-Saxena CCN Spectrometer at Palmer Station
(64°46'S 64°05'W), Antarctica, in January and February, 1994.
Four instances of CCN bursts occurred (17, 19, and 20 January
and 7 February 1994) when cloud base descended to the sur-
face and dissipated under prevailing meteorological condi-
tions. The most spectacular event occurred on 20 January
when the CCN concentration was enhanced by a factor of
four at 0.25 percent supersaturation (with respect to water)
compared to the pre-event concentration. At 1.25 percent
supersaturation, the corresponding enhancement was by a
factor of seven. This indicated a larger production of aerosol

particles in smaller size ranges. The event lasted for over 15
hours. The CCN activity spectrum during the event resembled
the ones that are typical of our previous measurements in the
urban plume of St. Louis and Denver. The phenomenon is
also significant in evaluating natural causes of antigreen-
house mechanisms.

It is well understood that cloud droplet size spectrum close
to the base is influenced by the activation spectrum of CCN in
the cloud-forming air mass. The former determines the radia-
tive characteristics of clouds that become more reflective if the
pollution content of the cloud-forming air mass is higher (Saxe-
na and Grovenstein 1994a). Enhanced CCN concentrations are
also capable of reducing precipitation from clouds, thereby
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increasing the lifetime of low-level clouds. Higher cloud droplet
number concentration and longer cloud lifetime contribute to
the enhancement of cloud albedo. This, in turn, could counter-
act the predicted greenhouse warming due to doubling of car-
bon dioxide (Ghan, Taylor, and Penner 1990). Penner et al.
(1994) have stated that "a relative change of cloud droplet con-
centration of ±15 percent acting only on marine stratus clouds
is calculated to yield a global change in heat balance of circa ±1
W m-2 (p. 381)." (W rn-2 denotes watts per square meter.) Thus
the processes that could enhance CCN concentration in a
marine environment are of prime importance from the stand-
point of climate change. Recently, Hegg, Radke, and Hobbs
(1990) and Saxena and Grovenstein (1994b) have discussed
experimental evidence regarding the marine CCN enhance-
ment. The purpose of this paper is to report the ground-based
observations of CCN enhancement at Palmer Station, Antarcti-
ca, recorded in January and February 1994 using the Fukuta-
Saxena CCN Spectrometer (Fukuta and Saxena 1979a,b). Fur-
ther analysis of CCN bursts reported here is underway and the
field observations are scheduled to be repeated in austral
spring/summer 1995.

The location of the sampling site is shown in figure 1, the
details could be found in Robinson et al. (1984). Figure 2A
shows the analogue display on X-Y chart recorder (Fukuta and
Saxena 1979b) of the CCN activation spectrum representative
of typical marine air at the station. As pointed out by Robinson
et al. (1984), the pollution due to localized station operation
(such as diesel exhaust, operation of construction equipment,
and so forth) could be easily detected and avoided through
prudent sampling. Figure 2B and 2C show the CCN activation
spectrum before and after the CCN burst event of 20 January
1994. The curves labeled as 0.3 micrometers (ELm) and 0.5 .tm
represent those activated CCN, which grow as water droplets
larger than 0.3 tm and 0.5 .trn in diameter, respectively. High-
er concentration at 0.3 .tm is an indication of larger number of
finer size aerosol particles in the test sample.

The CCN burst event, which lasted for over 15 hours, is
shown in figure 3. Windy conditions prevailed during the
morning hours of 19 January but at about 05:00 p.m. (figure
2B), the winds subsided. It was indeed a spectacular surprise
when we recorded the CCN activation spectrum at 07:00 a.m.
on 20 January (figure 3A). The station was surrounded by a
dissipating cloud/fog. Number concentration of CCN, which
formed water droplets of diameter greater than 0.3 tm in the
chamber (Fukuta and Saxena 1979b), is an indication that
these particles were generated at the site since their dry parti-
cle size was smaller than 0.05 m. As the day progressed, the
smaller particles became more abundant (figure 3B) when the
winds picked up. This would suggest a nearby particle source
from which these were transported to the site. The convective
motions on large scale were fairly well organized and capable
of transporting oceanic aerosol. This was evident from the
National Oceanic and Atmospheric Administration satellite
photographs that we retrieved at the site. The objective of this
paper is not to speculate on the sources of the observed
enhanced CCN concentration. We merely report here the
conditions under which the phenomenon occurred. A com-

parison of figures 2B and 2C suggests that at 10:00 p.m., the
CCN that produced water droplets larger than 0.5 tm
increased considerably. This might be the result of coagula-
tion of smaller particles.

Based on our field observations, we believe that atmos-
pheric conditions that are conducive to observing the CCN
burst phenomenon at Palmer Station are (1) vigorous vertical
mixing and strong surface winds prior to the event, (2) forma-
tion of marine stratus clouds followed by condition (1), (3)
lowering of the cloud base to the ground under calm winds,
and (4) dissipation of the stratus cloud. The duration of four
CCN burst episodes that we observed ranged from 2-15
hours. During these short periods, the CCN concentration in
the pristine environment resembled the one that we observed
downwind of St. Louis (Saxena and Hendler 1982), over Lake
Michigan (Saxena 1980; Saxena and Hendler 1983), and in
Denver (Fukuta and Saxena 1979b). The bursts in condensa-
tion nuclei (CN) concentration, similar to the one reported
above, have been observed by Bridgeman et al. (1989) in the
haze episode near Point Barrow, Alaska. Our measurements
suggest that earlier reports (for example, Saxena and Groven-
stein 1994b) of airborne observations of sudden increase in
the CCN concentration in the vicinity and within clouds may
not be due to sampling artifacts. During our earlier airborne
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Figure 1. Location of Palmer Station where CCN activation was meas-
ured in January and February 1994.
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Figure 2. CCN activation spectrum as recorded by Fukuta-Saxena
Spectrometer (1979a,b) in real time. A. Typical of the marine air at the
station. B. Before the CCN burst event of 20 January 1994. C. After
the CCN burst event of 20 June 1994. The two curves labeled as 0.3
urn and 0.5 u.tm represent the CCN concentration when the threshold
particle diameter is set to detect only those water droplets that grow
beyond 0.3 tm and 0.5 um, respectively.
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CCN observations over McMurdo (Saxena and Ruggiero
1990), we were unable to detect any CCN enhancement in
and around the stratus layers. Because of its significance in
climate studies and the station air quality, the phenomenon
deserves further rigorous investigations.

The work was supported by National Science Foundation
grant OPP 92-18538. Comments on the work to the news
media by Bernhard Lettau and Dean Hegg are greatly appre-
ciated and so is the encouragement received from Polly A.
Penhale and Gail Ashley and technical support from John
Booth and Rich Skane.
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Atmospheric sulfur and hydroxyl radical measurements
at Palmer Station

H. BERRESHEIM*, Georgia Institute of Technology, School of Earth and Atmospheric Sciences, Atlanta, Georgia 30332-0340
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T
he emission of dimethylsulfide (DMS) by marine algae
represents the dominant natural contribution to reactive

sulfur in the lower atmosphere (Berresheim et al. in press).
On a global scale, antarctic coastal waters are among the
most productive oceanic regions and show extremely high
DMS emission rates during austral summer (Gibson et al.
1988). Following its release into the atmosphere, DMS is
rapidly oxidized by the hydroxyl radical (OH), which itself is
produced via photolysis of ozone and subsequent reaction of
excited singlet oxygen M I D)] with water vapor. The most
important stable products of the DMS+OH reaction are
believed to be sulfur dioxide (SO 2), sulfuric acid (H2SO4),
methanesulfonic acid (MSA), dimethylsulfoxide (DMSO), and
dimethylsulfone (DMS0 2). Under atmospheric conditions,

both H2SO4 and MSA, due to their low vapor pressures,
rapidly condense onto existing aerosol particles, thus con-
tributing to the growth of these particles and their potential
activation as cloud condensation nuclei. In addition, gas
phase H 2 SO4 (and, to a lesser extent, MSA) may also be
responsible for new particle production via the poorly under-
stood gas-to-particle conversion process (Kreidenweis and
Seinfeld 1988). This potential for new particle formation is
maximized (and can be most easily studied) in remote
regions such as Antarctica where background levels of exist-
ing particles and rates of H2SO4 loss onto particles are very
low.

Recent model studies (Charlson et al. 1987), supported
by records of sulfate and MSA deposits in antarctic ice cores
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