
destruction for possibly several more decades. During this
period, the severity of the ozone hole will largely depend on
the dynamic conditions of the polar vortex and future vol-
canic eruptions that could alter the stratospheric aerosol con-
tent (Hoffmann et al. 1994).

L. Womack and R. Rozier were at McMurdo Station from
23 August to 8 October and B. Johnson and R. Zhao from 23
August to 3 November. This work was sponsored by the
National Science Foundation grant OPP 90-17805.
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Polar stratospheric clouds observed by lidar at McMurdo
Station during the 1993 winter

ALBERTO ADRIANI and GIAN PAOLO G0BBI, Istituto Fisica dell'Atmosfera, Consiglio Nationale Delle Richerche, RM, Rome, Italy
GuIDo DI DONFRANCESCO, Ente Nationale Casaccia, Energia eAmbiente, RM, Rome Italy

S
ince 1990, a lidar system has been operating at McMurdo
Station (78°S 167E) during the local spring. In 1993, it per-

formed measurements between 1 March and 10 October. The
lidar can monitor the presence of clouds by measuring the
light backscattered from the atmosphere. After system cali-
bration, the received signal is compared with the one expect-
ed from an atmosphere not containing particles. On such a
basis, a parameter called backscattering ratio, R, is calculated.
When particles are not present R is 1. Any value larger than 1
is related to the presence of particles.

The instrument, described in more detail by Adriani et al.
(1992), uses a Nd-YAG laser with 150 millijoules at 532
nanometers. The light scattered by the atmosphere is collect-
ed by a 41-centimeter diameter Newtonian telescope. The
system was designed to meet a double goal: it can be used
either to monitor clouds in the lower stratosphere [polar
stratospheric clouds (PSCs) or volcanic clouds], or it can be
set for very-low-light-level detection to monitor the tempera-
ture in the stratosphere and the lower mesosphere up to
60-70 kilometers (km). The laser light is polarized at the emis-
sion, and the lidar is equipped to detect light depolarized by
crystalline PSC particles.

PSCs have an important role in the heterogeneous chem-
istry of the polar stratosphere, and their presence is strictly
linked with the "ozone hole" formation. PSCs form during the
winter when the temperature drops below 195-196 degrees
Kelvin (K), the temperature at which the PSC's particles start
to grow in the lower stratosphere. The first particles nucleate
from nitric acid and water vapor. Ice clouds form only at tem-
peratures below 188-190 K at the typical stratospheric water
vapor concentration. The kind of particles found in a cloud
depend on the local temperature at the time of the observa-

tion as well as on previous thermal history of the air mass in
which the cloud is formed (Gobbi and Adriani 1993; Adriani et
al. in preparation).

During the 1993 winter and spring, the antarctic stratos-
phere still presented a measurable amount of volcanic aerosol
coming from the Mount Pinatubo eruption, which occurred
in the Philippines in June 1991. The presence of volcanic
aerosol facilitated the formation of PSCs, which need the
presence of condensation nuclei to form.

Figure 1 shows the temperature field at different altitudes
vs. time (julian day) over McMurdo Station between 1 April
and 10 October 1993. Temperatures were measured by the
U.S. Navy up to 20-27 km using balloon sounding. The U.S.
Navy supported the lidar operations by balloon sounding and
Navy temperature profiles were also used in the lidar calibra-
tion. In figure 1, lidar measurements up to 40 km were added
to complete the temperature field. The lidar is able to monitor
the atmospheric temperature from 25 to 60 km; however, only
the measurements concerning the presence of PSCs are dis-
cussed here.

Figure 1 shows that the temperature dropped below 185 K
during July and August. In figure 2, R is reported vs. altitude
and time. The first 2 months (julian days between 90 and 150)
show the unperturbed aerosol clouds from the Mount
Pinatubo eruption. PSC formation (increasing values of R) was
observed in the period June to September. The comparison
between figure 1 and figure 2 does not always show a good
agreement between minimum temperature and maximum
backscattering ratio. This can happen because, as already
mentioned, the presence of PSCs is not only dependent on the
temperature at the time of the observation but also on the tem-
peratures previously experienced by the air masses. This fact is
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Figure 2. Backscattering ratio vs. julian day and
altitude in the same period of figure 1. Backscat-
tering ratio values are reported between 9 and 40
km.

particularly evident for clouds containing nitric acid where the
evaporation processes are relatively slow. Furthermore, nitric
acid clouds are the first clouds formed at the beginning of the
season because the temperatures required for their formation
are higher than for ice clouds. Typical ice clouds were
observed, in particular, between July and August when the
stratospheric temperature reached the lowest values. On that
occasion, R values up to 30 were measured at 23-24 km. Dur-
ing that time, some depolarization values as high as 100 per-
cent were measured (the depolarization value being the ratio
between the depolarized and polarized lidar backscattering).

The project is supported by the Italian Program for
Antarctic Research (PNRA).
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