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Figure 3. The acute effects of the addition of Bahia Paraiso oil to
sedimentary microbial communities collected from DeLaca and El-
ephant islands. The samples were incubated with oil at the con-
centrations indicated (percent on a volume-to-volume basis) for a
period of approximately 3 days before measuring the total rate of
14C-carbon dioxide evolution from radiolabeled acetate during a 24-
hour incubation. The results are expressed as a percent of the
control sample which received no oil.
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The ultraviolet monitoring program
at Palmer Station, spring 1988
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The dramatic depletion in stratospheric ozone observed over
Antarctica during austral spring implies an increase in solar
ultraviolet irradiance at the Earth's surface. Motivated by the
appearance of the ozone hole (Farman, Gardiner, and Shanklin
1985), the National Science Foundation in 1988 initiated a pro-
gram to monitor antarctic ultraviolet radiation levels. We pres-
ent here measurements and preliminary analysis of the
springtime ultraviolet surface irradiance at Palmer Station. Al-
though concerns over depletion of atmospheric ozone date
back nearly two decades, these Palmer data are the first to
show an increase in biologically relevant ultraviolet irradiance
whose likely origin is human influence on the ozone layer.

The measurements were made by a scanning spectroradi-
ometer performing hourly scans of the ultraviolet surface ir-
radiance, this measured quantity being the sum of the direct
and diffuse solar components incident on a horizontal surface.
For this work, we use data obtained over the wavelength in-
terval from 295 to 350 nanometers in increments of 0.5 na-
nometers. Wavelength and response calibration procedures
were performed twice daily, and the noise level of the mea-
surements is an order of magnitude below the absolute irra-
diance at 295 nanometers, the weakest signal used.

Palmer ultraviolet time series. The absorption cross section of
ozone decreases by two orders of magnitude as wavelength
increases from 295 to 330 nanometers (Molina and Molina 1986).
At wavelengths longer than 330 nanometers, absorption by
ozone has a negligible influence on the ultraviolet irradiance
reaching the Earth's surface. Clouds also play a major role in
the transfer of ultraviolet radiation. To a first approximation a
specified cloud configuration attenuates all ultraviolet wave-
lengths by the same factor.

Time series of the measured irradiances integrated over the
wavelength bands 295-305 nanometers and 335-345 nano-
meters appear in figures 1 and 2, respectively. For simplicity,
we refer to these as the irradiances for 300 and 340 nanometers.
All data apply to local noon and encompass the period 19
September through 21 December 1988. The large day-to-day
changes in the 340-nanometer irradiance arise from variations
in cloudiness. Underlying these fluctuations is a gradual in-
crease in irradiance over the observing period related to the
decreasing noontime solar zenith angle. Rapid variations in
the 300-nanometer irradiance arise from both changes in cloud-
iness and the ozone abundance. The presence of the ozone
hole is apparent during middle to late October. The irradiance
at 300 nanometers measured on day 293 (19 October), more
than 2 months before the summer solstice, is slightly greater
than that on day 349 (14 December). This should be contrasted
with the behavior at 340 nanometers on these same days as
shown in figure 2. Here the irradiance measured on 14 De-
cember exceeds that for 19 October by a factor of 1.6.

PrelinfinanI analysis of cloud cover. The presence of the ozone
hole results in an enhanced background ultraviolet radiation
level, but on time scales of a few hours, the local cloud cover
may have a sufficient optical thickness T to reduce the ultra-
violet surface irradiance to an unperturbed level. For a given
date and local time, we use theoretical radiative transfer meth-
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Figure 1. Time history of noontime ultraviolet solar irradiance integrated over the wavelength band 295-305 nanometers for the time period
19 September (day 260) to 21 December 1988 (day 356). Points refer to data obtained at local noon on each day and have been connected
for clarity. (nm denotes nanometer. m 2 denotes square meter.)
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Figure 2. Time history of noontime ultraviolet solar irradiance integrated over the wavelength band 335-345 nanometers for the time period
19 September (day 260) to 21 December 1988 (day 356). Points refer to data obtained at local noon on each day and have been connected
for clarity. (nm denotes nanometer. m 2 denotes square meter.)
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ods (Lubin, Frederick, and Krueger 1989) to compute a clear-
sky surface irradiance, Fs(X), which is the rate at which ultra-
violet solar energy would impinge on the Earth's surface in
the absence of cloud cover. For each hourly measurement made
by the spectroradiometer, we then know the cloud transmis-
sion

FA)
F(X)

where Fd(X) is the measured irradiance. These calculations are
performed at wavelength i = 345 nanometers and, to a first
approximation, can be assumed valid over the entire wave-
length range of interest.

Supplementing the spectroradiometer data is a written re-
cord of sky conditions over Palmer Station during the observ-
ing period. This record enables us to match nearly 700
transmissions derived from the above procedure directly with
a weather type. The majority of the weather observations fall
into the broad category of overcast with 100 percent sky cov-
erage. A histogram of all transmissions associated with this
weather type is shown in figure 3. The mean transmission for
this general weather type is 0.53, meaning that on the average,
the ultraviolet surface irradiance at Palmer Station under a
completely overcast sky is essentially half what it would be if
the sky were clear.

Preliminary radiative transfer calculations show that a cloud
transmission of 0.53 implies a cloud optical thickness of 17. If
one calculates a theoretical clear-sky surface irradiance using
a reference summertime ozone abundance of 350 Dobson units
(Stolarski et al. 1986; Schoerberl and Krueger 1986), it can be
shown that for wavelengths longer than 310 nanometers, an
overcast layer having an optical thickness of 17 will negate the
effect of a 30 percent depletion in atmospheric ozone. For
wavelengths shorter than 310 nanometers, the surface irradi-
ance under any noticeable ozone depletion will remain en-
hanced, even with the presence of this cloud cover. Work
currently underway includes similar analyses of all sky con-
ditions prevalent over Palmer Station, including subsets of the
above category.

This work was carried out with the technical support of C.R.
Booth, T. Lucas, and D. Neuschuler at Biospherical Instru-
ments, Inc., of San Diego, California, and was supported by
National Science Foundation grant DPP 88-09294.

PA[ MEIL	ALL OVERCAST SKIES

120	 IOIAL 4L?
SCANS

100

80

NUMBER OF
SCANS	60

40 -

:1
2 .!	.! .4	.4	.5	.5 .6	.6-.1	.1 -.8	.8 .9	.9

CLOUD TRANSMISSION BIN

Figure 3. Histogram of cloud transmissions identified with 100 per-
cent overcast skies at Palmer Station during the time period 19
September to 21 December 1988. Sky obscuration due to snow is
included in this general category. The mean transmission is 0.53.
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