
Compared to similar data obtained in 1986, stratospheric
temperatures were lower and the springtime antarctic ozone
reduction was greater in magnitude, extended to higher alti-
tude, and proceeded at a higher rate in 1987. The major cause
of the reduction was an ozone sink in the 11-23-kilometer
region. Adiabatic vertical motions over 1-2-kilometer intervals
between 12 and 20 kilometers with consequent ozone reduc-
tions were observed in association with the formation of na-
creous clouds, indicating these to be rare events on a local
scale probably associated with mountain lee waves.

The figure compares the rate of ozone mixing ratio decay at
18 kilometers during the month of September in 1986 and 1987.
Although the decay began in a similar fashion in both years,
the rate of decay increased sharply after about 12 September
1987. The average exponential haiflife was about 25 days in
1986 and 12.5 in 1987.

The aerosol measurements confirmed the lack of upward
motions during the ozone depletion period. Evidence for low
but finite concentrations of large particles (radius greater than
about 1 micrometer) was obtained when the stratosphere was
colder than about - 80°C. The existence of such large particles
at temperatures above the frost point of water suggests that
the particles consist of a nitric acid-water mixture. A layer of
condensation nuclei was again observed to form just above
the ozone depletion region. It formed as the ozone hole de-

veloped and is, thus, thought to be related. Finally, the water
vapor measurements indicated that the antarctic stratosphere
is very dry with mixing ratios of lbout 2-3 parts per million
by volume.

The ozone measurements will be repeated during NOZE III
(WINFLY 1988) and additional condensation nuclei flights are
planned. A particle counter with greater sensitivity will be
employed to further investigate polar stratospheric cloud par-
ticles.
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Measurements of hydrogen cyanide
as a tracer of stratospheric transport

M. JARAMILLO, R.L. DE ZAFRA,
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State University of New York
Stony Brook, New York 11790

Hydrogen cyanide, first detected in the stratosphere by Cof-
fey et al. (1981), is thought to be produced at ground level by
a combination of natural and anthropogenic sources. In the
Earth's atmosphere, it is a relatively stable gas, with a residence
time of a few years (Cicerone and Zeliner 1983; Brasseur et al.
1985). Current models indicate that its tropospheric mixing
ratio (about 160 parts per trillion by volume) should be roughly
constant with altitude, decreasing in the stratosphere due to
reactions with atomic oxygen, hydroxyl radicals, and through
photolysis, although at present the magnitude of the latter is
unknown.

The long atmospheric residence time of hydrogen cyanide
makes it potentially useful as a tracer of atmospheric motions,
and this fact motivated its observation from McMurdo Station
in late September of 1986 and 1987, during the course of the
National Ozone Expeditions (NOZE) I and II. On both occa-
sions, a ground-based millimeter-wave spectral measurement
of the hydrogen cyanide emission line at approximately 266
gigahertz was made using the Stony Brook receiver, with the
same technique employed in the chlorine monoxide observa-

tions described elsewhere (de Zafra et al., Antarctic Journal, this
issue.) A more detailed account of the experimental technique
and equipment can be found in Parrish et al. (1988b).

The solid lines in figure 1 show the antarctic hydrogen cy-
anide mixing ratio profiles derived from the inversion of the
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Figure 1. The smooth lines are the retrieved hydrogen cyanide
profiles, obtained by inversion of the spectra of figure 2. Each
inversion was made with a different choice of input profile for the
deconvolution algorithm. The shaded area represents the most
likely profile envelope from our measurements of hydrogen cyanide
at Hawaii (200 N; Jaramillo et al. 1988). The dotted lines correspond
to the model of Brasseur et al. (1985) for two values of hydrogen
cyanide photolysis cross section. (km denotes kilometer.)
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spectral data. The latter is shown in figure 2, along with the
fits corresponding to the profiles of figure 1. The data inversion
process makes use of the fact that the spectral line shape (figure
2) is determined by collisional, i.e., pressure-dependent broad-
ening, with the signal observed at the ground being the su-
perposition of signals of varying width, according to the altitude
at which they originate. Due to a relatively poor signal/noise
ratio from the weak hydrogen cyanide emission, the inversion
is subject to considerable uncertainty, illustrated by the fact
that there are several retrieved profiles in figure 1 (solid lines),
all of which give a satisfactory fit to the spectrum (see figure
2). The altitude range for which information can be extracted,
from approximately 25 to 50 kilometers in this case, is deter-
mined by the bandpass and resolution of the spectrometer. At
approximately 20 kilometers, the mixing ratio values are those
corresponding to the published measurements in the lower
stratosphere (Rinsland et al. 1982; Coffey et al. 1981).

Figure 1 also compares the antarctic profiles with earlier
observations we have made at Mauna Kea, Hawaii (Jaramillo
et al. 1988), shown as the shaded area in the figure. The dotted
lines in the same figure correspond to theoretical profiles from
the mid-latitude model of Brasseur et al. (1985). Leaving aside
the McMurdo data for the moment, let us point out that there
is a large discrepancy between the model and the Hawaiian
results, the latter showing a much slower decrease with alti-
tude. This lack of agreement between the current models and
the measured mid-latitude hydrogen cyanide profiles has been
confirmed in other recent observations (Abbas et al. 1987; Zan-
der et al. 1988), and suggests that the simple chemistry as-
sumed in the models may be incomplete. It also makes the
interpretation of our antarctic hydrogen cyanide measure-
ments difficult, and in any case, no photochemical modeling
for hydrogen cyanide in the antarctic stratosphere has yet been
done.
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Figure 2. Antarctic hydrogen cyanide spectrum (noisy line), cov-
ering 140 megahertz, the result of averaging the two measurements
made in late September, 1986 and 1987. The superimposed smooth
lines are the fits to the spectral data corresponding to the retrieved
profiles of figure 1. Vertical scale is relative intensity of emission
in temperature units. The horizontal scale is frequency, at 1 mega-
hertz per channel. (T denotes temperature. °K denotes degrees
Kelvin.)

A significant portion of the difference in the hydrogen cy-
anide profiles (Antarctica vs. mid-latitude) may be of dynam-
ical origin. In other millimeter-wave spectroscopic observations
at McMurdo Station, we have observed an abnormally low
quantity of nitrous oxide to be present in the antarctic spring
(Parrish et al. 1988a). Since nitrous oxide has an atmospheric
lifetime of well over 100 years, it is an extremely robust tracer
of dynamical transport (Brasseur and Solomon 1984). The ex-
treme deficit of nitrous oxide registered by mid-September
suggests that a prolonged subsidence is taking place over the
antarctic continent during the austral winter months which
would also affect the vertical profile of hydrogen cyanide. Var-
ious evidence points to a total downward transport of perhaps
as much as 5 kilometers from June to August or early Septem-
ber. It would appear from figure 1 that downward transport
alone cannot account for the evident difference between trop-
ical and antarctic profiles, however, and that further refine-
ment in both the chemistry and dynamics of models will be
required to explain the differences.
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