
rise. CIO, particularly in the lower stratosphere where it is
responsible for rapid, massive destruction of ozone, has a
very strong diurnal cycle, with concentration dropping
dramatically in a 2-4-hour period around sunset and
increasing even more rapidly at sunrise. CIO observations
were started during the March sunset period to establish
the altitude range of the "normal" upper stratospheric
layer (which is a persistent global feature), before the onset
of wintertime downward air transport. There was no evi-
dence of a lower stratospheric CIO layer at this time. We
continued to track the "normal" CIO layer, after realizing
that it remained weakly visible many days after sunset, and
detected it again beginning to appear significantly before
polar sunrise. It proves, therefore, to be an additional use-
ful tracer of lateral transport from regions receiving sun-
light. During the spring sunrise period, we also made con-
tinuous observations at McMurdo, as well as South Pole
observations of CIO every third or fourth day.
NO2. The millimeter-wave emission lines from this mole-
cule are numerous but very weak in the normal stratos-
phere and have never before been observed with millime-
ter-wave equipment. We accidentally discovered the pres-
ence of several NO 2 emission lines which fall within the
spectral ranges used for CIO and HNO 3 observations, when
observing the latter species. These lines began to appear
late in May and lasted into July. Their extreme narrowness
reveals an origin no lower than approximately 50 km. Due
to the weakness and high altitude of these lines, our obser-
vations give a measure of the total column amount only.
The increase of mesospheric NO 2 revealed in these and
other recent observations is regarded to be a result of pole-
ward and downward transport from lower latitudes and
higher altitudes (e.g., Fisher, O'Neill, and Sutton 1993). We
believe that the present record may be the most complete
set of observations of the time duration and variation of
this process yet obtained.
H202. This species has not been observed before with
ground-based millimeter-wave equipment, although an
earlier attempt by us resulted in a useful upper limit being
set (de Zafra et al. 1985). The mixing ratio is quite small,
and the emission intensity will be extremely weak. Since

no observational data at polar latitudes was available on
this important species, whose concentration might
increase in the winter vortex night, we made a brief but
unsuccessful attempt to find emission. An upper limit was
set on mixing ratio similar to that of our earlier midlatitude
attempt.

R.L. de Zafra, D.T. Shindell, and C. Trimble all participat-
ed in setting up the equipment and debugging it at the
Amundsen-Scott Station. C. Trimble remained to maintain
the equipment and conduct all observations through the fol -
lowing year.

This work was supported by National Science Founda-
tion grant OPP 91-17813. Continuing collateral support was
furnished by the National Aeronautic and Space Administra-
tion's Upper Atmospheric Research Program through grant
NAGW 2182. We gratefully acknowledge the expert assistance
rendered by Antarctic Support Associates personnel in logis-
tics and in readying a building for our use.
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Ultraviolet radiation in the southern seas in early spring 1993
GERD WENDLER and TIM QUAKENBUSH, Geophysical Institute, University ofAlaska, Fairbanks, Alaska 99775- 7320

T
he National Science Foundation research vessel Nathaniel
B. Palmer carried out a cruise to Antarctica in early spring

of 1993. It left Punta Arenas, Chile, close to the tip of South
America on 11 August 1993, sailed south for 3 days to the tip of
the Antarctic Peninsula, stopping at O'Higgins and Palmer Sta-
tions, and from there went southwest and into the Bellings-
hausen Sea. On 10 September, it reached the most southerly

position, 71 0S, some distance north of the Thurston Island.
From there, it went as far as 1 10°W before returning to Punta
Arenas. The main purpose of the cruise was to investigate the
snow- and sea-ice thickness, properties, and structures in this
part of the southern oceans (Jeifries 1994). It also allowed us to
carry out continuous radiation measurements. We measured
the following fluxes: global radiation (Eppley PSP), infrared
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incoming radiation (Eppley Pyrgeometer PM),120
ultraviolet-A radiation (Eppley UV meter), ultravio-

	

let-B radiation (Yankee Environmental Systems),	100

	

and pitch and roll of the ship (Lucas Sensing Sys-	80
tems, Inc.). All instruments were sampled twice per

	

second (Campbell Scientific, Model 21 X), and a	60

	

notebook computer (ASI Patriot) stored 1-minute	40
averages of the radiation data and 1-minute stan-

	

dard deviation of the ship's pitch and roll. Visual	20
observations of cloud cover were also recorded.	 0

First, the validity of the data had to be con-

	

firmed, and we were able to demonstrate the validity	4.0

	

for hourly values. We normalized the ultraviolet flux-	3.5

	es by dividing them by the global radiation and were	30

	

able to show that these values were independent of	2.5
the ship's movement. Some of the results follow:	20
• The radiative levels changed substantially during

	

the trip, as both latitude and season changed. In	1.5

	

figure 1, daily values of global, ultraviolet-A, and	1.0
ultraviolet-B radiation are presented.	 0.5

•

	

AI value of the clearness index K (total	0.0
transmissivity) was found to be 0.44. This is a low

	

value, but the cloudiness was high (mean value	0.07

	

78 percent). The clearness index increased with	0.06

	

decreasing cloudiness from 0.41 for overcast to	0.05

	

0.62 for clear-sky conditions. Individual daily val-	004
ues varied even more but were always between
0.2 and 0.8.	 0.03

	

• The ultraviolet-A and ultraviolet-B radiation	0.02

	

were related to the global radiation. Correlation	0.01
coefficients increased substantially when the

	

relationship was investigated for different cloudi-	0.00

ness classes. The global radiation was the most
affected by clouds, ultraviolet-A was less so, and
ultraviolet-B the least affected. In figure 2, the
relationship between the two ultraviolet fluxes is
presented for different cloudiness classes.

• As can be deduced from the previous bullet, the
fraction of the ultraviolet-to-global intensity increased
with cloudiness, whereas the absolute value of ultraviolet
radiation decreased (e.g., Ambach, Blumthaler, and
Wendler 1991). This was more pronounced for ultraviolet-
B than for ultraviolet-A.

• The ozone concentration during the trip varied between
160 to 290 DU (Dobson units). We entered and left the
"antarctic ozone hole" several times.

• The ultraviolet-B radiation displayed a dependency on
both ozone levels and cloudiness. In figure 3, a three-
dimensional presentation is presented for ultraviolet-B vs.
ozone and cloudiness.
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Figure 1. Daily mean values in watts per square meter (Wm- 2) of global, ultraviolet-A
(UVA), and ultraviolet-B (UVB) radiation during the cruise of the Nathaniel B. Palmer,
August and September 1993. Note that the three different fluxes appear to be relat-
ed. (JDay denotes julian day.)

Figure 2. Hourly values of ultraviolet-A (UVA) radiation plotted against the
values of ultraviolet (UVB) radiation. A fair amount of scatter was observed
(correlation coefficient r2=0.81), when all data were used. The relationship
improved when we distinguished by cloudiness. We used three classes:
cloudiness less than 20 percent (r2=0.99), 20-80 percent (r2=0.91), and more
than 80 percent (r2=0.86). Further, it can be seen that the relative transmis-
sivity of the atmosphere increases for ultraviolet-B with increasing cloudi-
ness when compared to ultraviolet-A.
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Figure 3. Daily values of the ratio of ultraviolet-13 to
global (UVB/GBL) are plotted against column ozone
(in DU) and cloudiness. It can be seen that the ratio of
ultraviolet-B to global increases with decreasing
ozone concentration (correlation coefficient r2=-0.61),
a result to be expected. Further, the ratio of ultravio-
let-13 to global increases with increasing cloudiness
(correlation coefficient r2=0.62). At first look, this is an
astonishing result. Note, however, that although the
absolute value decreases, the relative ultraviolet-B to
global concentration increases. This can also be
derived from figure 2.

• The ultraviolet-B radiation more than doubled when we
entered the "antarctic ozone hole," whereas the ultravio-
let-A radiation was hardly affected.

This study was supported by National Science Founda-
tion grant OPP 90-17969. The personnel on the Nathaniel B.
Palmer as well as the scientific team under the leadership of
Martin Jeffries were very helpful; the latter also made valuable
comments on this manuscript. D. Abrams and B. Moore did
the data reduction, and the National Aeronautics and Space
Administration's Goddard Space Flight Center supplied the

total ozone mapping spectrometer data. To all of them we
extend our thanks.
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High-resolution ultraviolet spectral irradiance monitoring
program in polar regions—Nearly a decade of data available to

polar researchers in ozone and ultraviolet-related studies
CHARLES R. BOOTH, TIMoThY B. LucAs, TANYA MESTECHKINA, and JOHN TUSSON IV, Biospherical Instruments Inc.,

San Diego, California 92110

T
he Antarctic Ultraviolet Spectroradiometer Monitoring
Network was established by the U.S. National Science

Foundation (NSF) in 1988 in response to predictions of
increased ultraviolet (UV) radiation in the polar regions. It is
the first automated, high-resolution UV scanning spectrora-
diometer network installed in the world. The network consists
of five automated, high-resolution spectroradiometers,
placed in strategic locations in Antarctica and the Arctic (see

table 1), and one established in San Diego to collect data and
serve as a training and testing facility. The network, which
makes essential measurements of UV spectral irradiance, has
been successfully operated in the harshest environments of
Antarctica and the Arctic. It is currently returning data to
researchers studying the effects of ozone depletion on terres-
trial and marine biological systems, as well as being used to
develop and verify models of atmospheric light transmission.
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