
Studies of ozone depletion and its effects

Record low ozone measured at McMurdo Station, Antarctica,
during the austral spring of 1993
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T
he annual springtime ozone hole over Antarctica has been
studied extensively since it was first reported by Farman,

Gardiner, and Shanldin (1985). The University of Wyoming has
participated in monitoring the development of the ozone hole
over Antarctica since 1986 using balloonborne instruments to
measure vertical profiles of ozone and particles at McMurdo
Station, Antarctica. During austral spring 1993, we observed
record minimums in total column ozone and a record low
within the main ozone layer at 12-20 kilometers (km).

Severe ozone depletion over Antarctica is caused by a
sequence of reactions in the stratosphere that produce reac-
tive forms of chlorine, which readily destroys ozone. The
process begins during the austral winter when nitric acid and
water vapor condense to form polar stratospheric clouds
(PSCs). Heterogeneous reactions between stable chlorine
species occur on the PSC surfaces producing chlorine (C12)
and hypochlorous acid (HOC). As spring approaches, these
products are broken down by sunlight into reactive chlorine
(Cl) which catalytically destroys ozone (see Solomon 1990).

A major change in the global stratospheric aerosol load-
ing occurred after the eruption of Mount Pinatubo in June
1991. The potential for enhanced ozone depletion was con-
sidered a strong possibility from previous modeling studies of
heterogeneous reactions occurring on volcanic aerosols
(60-80 percent sulfuric acid solutions) (see Hofmann and
Solomon 1989). In addition, within the winter antarctic strat-
osphere, the volcanic aerosol could freeze and serve as effi-
cient sites for additional PSC growth, thus extending the verti-
cal extent of the ozone hole to lower latitudes within the vol-
canic aerosol layer. Balloonborne observations of aerosol
(Deshler, Johnson, and Rozier 1994) and ozone (Johnson,
Deshler, and Rozier 1994) at McMurdo Station during the
spring of 1992 showed a clear correlation between the pres-
ence of volcanic aerosol and severe ozone depletion. A 4-km
ozone void at 12-16 km, coinciding with the 11-16 km vol-
canic layer, persisted for nearly the entire month of October.
The 1993 ozone hole was expected to improve slightly based
on the natural decay of the volcanic layer, but the 1993 polar
vortex was much colder and more stable than 1992. This com-
bination of factors provided optimum conditions for PSCs to
form and delayed the intrusion of midlatitude ozone until late
October, after ozone levels had already reached record lows.

Forty vertical profiles of ozone were measured at McMur-
do Station from 23 August to 30 October 1993. In addition,
three condensation nuclei and seven aerosol profiles [0.15 to
10.0 micrometers (p.m) radius, eight size classes] were mea-
sured. Figure 1 shows three of the ozone profiles representing
the initial and minimum ozone soundings observed. The pre-
depletion profile was measured on 30 August when total
ozone was 275 Dobson units (DU). Ozone declined at a rela-
tively linear rate during September reaching a record low 130
DU by 2 October, a 55 percent loss. Figure 1 also shows the
profile on 19 October when the main ozone layer between 12
and 20 km dropped to a record low 7 DU. This represents a 95
percent loss in ozone when compared to the initial 138 DU
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Figure 1. The initial ozone profile observed on 30 August compared to
the minimum total ozone profile (2 October). On 19 October a record
low of 7 DU ozone was measured in the 12-20-km layer. Ozone con-
centrations are in units of millipascals (mPa).
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observed within that column in August. The most complete
ozone destruction was observed in the 12-16 km layer (similar
to 1992) which coincided with the volcanic aerosol layer.

Figure 2 shows the aerosol profiles measured on 6 Sep-
tember for particles in the size range of 0.12 to 0.75 .tm radius.
The dashed lines show the volcanic background profile for the
same four size ranges measured on 19 October when the
stratosphere was 5°C to 30°C warmer. A comparison of these
two profiles shows the relative PSC growth that occurred on
the aerosols withing the volcanic layer at 11-16 km. There is a
small PSC layer at 16.5 to 17.5 km on 6 September. It is unusu-
al, however, that relatively few PSCs were observed within the
16-23-km layer since the temperature profile on 6 September
is well below the condensation lines for PSC formation at typ-
ical nitric acid and water vapor mixing ratios. The other
aerosol profiles showed similar conditions in late August and
September. This suggests that much of the stratosphere may

have been depleted of nitric acid and water vapor from the
formation and settling out of PSC5 earlier in the season.

The magnitude of ozone depletion observed in 1993 can
most likely be explained from the following observations:
• the presence of the Pinatubo volcanic aerosol layer between

11 and 16 km (though decreased from the 1992 season)
enhanced ozone depletion in the lower stratosphere;

• the stratosphere was colder than normal over McMurdo
Station (-90°C minimum) providing more optimum condi-
tions for the condensational growth of PSCs; and finally,

• a relatively stable polar vortex delayed the intrusion of high
levels of ozone from outside the polar vortex wall until
after 22 October.

The increasing quantity of chlorine in the atmosphere is
also a major factor in ozone depletion. The rate of increase
has been declining due to the phasing out of chlorofluorocar-
bons (CFCs), but chlorine will be a major source of ozone
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Figure 2. Aerosol profile measured at McMurdo Station on 23 August 1993 compared to the volcanic background profile from 9 October (dashed

lines). The corresponding temperature profiles are also given. The dashed straight line represents the condensation temperature for ice formation

for a typical dry winter stratospheric water vapor mixing ratio of 3 parts per million by volume. The solid line represents nitric acid trihydrate for-

mation temperatures at 2 parts per million by volume water vapor and 5 parts per billion by volume nitric acid. (hPa denotes hectopascals. cm-3

denotes per cubic centimeter.)
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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
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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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