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Our group operated a ground-based lidar* as part of the
1987 NOZE II expedition to McMurdo, Antarctica. We had
four objectives:
• to observe the formation of the "ozone hole" as the austral

spring ozone depletion occurs,
• to observe the changes in the ozone profile as the column

minimum circulates about the pole as observed in 1986,
• to provide profile information to complement the column

measurements provided by satellite and to complement the
electrochemical concentration cell sonde profiles determined
by balloon flight from McMurdo, and

• to investigate this performance of a differential absorption
lidar for ozone measurements in the harsh environment af -
forded by Antarctica. For a variety of reasons these objec-
tives were only partially fulfilled.
Differential absorption lidar. The differential absorption lidar

technique is in principal a very attractive method for measuring
trace species in the atmosphere. The approach is to transmit
lasar pulses at two wavelengths into the atmosphere—selected
so that one is much more strongly absorbed by the species of
interest than the other. The relative intensity of the backscat-
tered radiation is measured as a function of the time after the
laser fires. The time delay is used to calculate the length of the
optical path and from the observed absorption the average
concentration of the absorber along the path can be deduced.
By subtracting the average concentration for a path of length
Z from the average over a path of length Z + AZ a profile of
concentration versus range can be obtained. Two wavelengths
are used so that corrections can be made for any factors other
than absorption affecting the strength of the backscattered sig-
nal, most particularly changes in the aerosol loading of the
atmosphere.

Results. As previously mentioned, our goals in this venture
were only partially met. The first goal of observing the fall in
ozone concentration as the "hole" forms was not met because
the mission was started later than originally planned and the
weather following the assembly of this instrument at McMurdo
was not favorable for the lidar measurements. The result is
that the ozone concentration was quite near to its ultimate
minimum before any lidar observations were performed. The

• A lidar (also known as a laser radar) is an instrument which measures
some property of the atmosphere by transmitting a beam of light and
measuring some characteristic of the light which is scattered back to
the instrument by the atmosphere. Our particular instrument mea-
sured ozone concentration by measuring the difference in the at-
mospheric attenuation of two beams of different wavelengths—one
strongly absorbed by ozone and the second less strongly absorbed.
This technique is sometimes called DIAL for differential absorption
lidar.

second goal, that of observing changes in the ozone profile as
the minimum circulated the pole, was also thwarted by the
fact that the morphology of the hole was different in 1987 from
that in 1986. In short, the depletion region resembled a bulls-
eye pattern with a minimum centered almost directly on the
pole. At McMurdo the day-by-day changes in the total column
as observed by Total Ozone Mapping Spectrometer (TOMS)
were quite small and the profiles we obtained during our ob-
servation profile were remarkably similar. Figures 1 and 2 show
profiles measured on two separate occasions between 15 Sep-
tember and 7 October. The profiles labeled "Sept. 22E" and
"Sept. 22F" represent data collected in the early morning of
22 September and on the evening of 22-23 September, re-
spectively. The general pattern is a typical tropospheric value
up to about 10 kilometers at which altitude the ozone concen-
tration begins to increase. We would be inclined to term this
altitude the tropopause although in the absence of solar heat-
ing of the ozone during the polar winter, there is no significant
increase in temperature observed by the sondes. At an altitude
of 12-13 kilometers the ozone concentration reaches a maxi-
mum value and begins to decrease. This is certainly irregular
behavior since under most circumstances the ozone concen-
tration would be expected to increase continuously up to an
altitude of 20 kilometers or more. By 15 kilometers, the ozone
concentration is at or below tropospheric value. Generally, 15
kilometers appeared to be the altitude of minimum ozone con-
centration. Measurements above about 16 kilometers were not
possible because of the prevalence of polar stratospheric clouds
(PSCs) during every measurement episode. We had believed
PSCs to be something of a rarity over McMurdo, but we found
them to be present practically every single observation night.
A layer around 16 kilometers was extremely persistent and
effectively eliminated the possibility of ranging to greater al-
titudes by its strong attenuation of the signal. Figure 2 shows
a plot of a typical lidar signal, corrected for the exponential
fall-off of the atmosphere and for inverse square decrease, as
a function of range. The "bumps" in the profile below 16
kilometers are backscatter signals off of PSCs. The Stanford
Research Institute lidar operating next to our system was de-
signed to observe aerosols and produced detailed maps in
space and time of the PSCs on those nights when that system
was operational, (Morley personal communication). The PSCs
were particularly harmful to our effort because our two op-
erating wavelengths could not be transmitted simultaneously
as they should be in an optimally designed differential ab-
sorption system. Instead, we spent alternate periods of 10-15
minutes on each wavelength. To the extent that the properties
or position of the PSCs changed during this period, our cor-
rection for changes in atmospheric scattering is imperfect and
our ozone profile retrievals are noisier than they could be.
Since we are able to discern the presence of PSCs as demon-
strated in figure 2, the final analysis for ozone profiles makes
use of the strategem of throwing away data in the region of
PSCs. Obviously, this detracts from the ultimate signal-to-noise
ratio of our retrieval, but it avoids the more severe problem of
spurious signals from the clouds. The 14-kilometer point on
the profile from Sept. 22F shows the effect of this procedure.

Conclusions. Clearly an earlier arrival at McMurdo and better
weather would have greatly increased the value of our partic-
ipation in NOZE II. Nevertheless, a number of significant find-
ings may be drawn from our efforts. To summarize:
• ozone concentration profiles between 5 and 15 kilometers

of altitude were obtained on 13 evenings during the time
span from 13 September through 7 October,
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Figure 1. Shown are six profiles of ozone partial pressure versus altitude measured by the lidar over McMurdo between 15 September and
25 September 1987. Temperature profiles needed to convert concentration to partial pressure were obtained from balloon sondes operated
by the University of Wyoming. A "normal" profile would show an increase in ozone above the tropopause at about 10 kilometers altitude.
The decrease or failure to increase observed here indicates that the now famous ozone "hole" is present.
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Figure 2. These four profiles were obtained between 28 September and 7 October. As before, the ozone values above the tropopause are
abnormally low.
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Figure 3. This plot shows the log of the number of photons detected
versus the altitude in kilometers for 6000 laser shots during the
10-minute span indicated. The dots on either side of the main line
repreent two standard deviations of uncertainty in the count. The
large features observed beyond about 12 kilometers arise from
strong scattering and absorption of the laser light by polar strat-
ospheric clouds. While our lidar was able to detect and observe
the motion and morphology of these clouds, their presence made
quantitative measurements of ozone number densities much more
difficult.
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• stratospheric ozone showed a strong depletion with levels
at 16 kilometers typically less than 20 nanobars,

• the shape of the altitude profile was more or less the same
during our period of observations with figure 1 being a good
representative, and

• polar stratospheric clouds were present essentially all the
time with a layer at about 16 kilometers being the most
consistent feature. Additionally, we suggest that the follow-
ing features be included in any lidar system proposed in the
future for ground-based ozone measurements during the
antarctic spring: (1) well-insulated thermally, or at least de-
signed to be tolerant of substantial thermal gradients in the
local vicinity, (2) tunability in the 285-300 nanometer region
in order to encompass the extreme changes in ozone column
likely to be observed and to offer maximum contrast with
increasing solar scatter from the rising Sun, (3) simultaneous

transmission of the two wavelengths for best connection of
rapidly changing atmospheric scattering characteristics due
to motion of the PSCs, and (4) use of a biaxial design and
a gated photomultiplier to protect the detector from strong
near-field Rayleigh scattering.
We gratefully acknowledge the support of National Aero-

nautics and Space Administration (NASA) Headquarters for
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polar use and the support of the National Science Foundation
for providing transportation and field support for NASA sci-
entists conducting this research.
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The University of Denver atmospheric research group has
made infrared measurements from the South Pole for a number
of years. The recent detection of an ozone depletion over the
Antarctic during the austral spring has heightened interest in
gathering data on the concentration of several stratospheric
constituents during this depletion. To obtain such data, Frank
Murcray of the University of Denver and Nicholas Jones of the
New Zealand Division of Scientific and Industrial Research
took the instrumentation used in the South Pole studies to
McMurdo Station during winter fly-in (WINFLY). The instru-
mentation was set up at Arrival Heights and obtained infrared
solar spectra, when the weather permitted, between 10 Sep-
tember 1987 and 28 October 1987.

The instrument used for these measurements consists of a
50-centimeter path-difference, moving-mirror Michelson in-
terferometer equipped with a servo-controlled solar tracker.
Solar interferograms are recorded digitally on magnetic-tape
cartridges. The instrument complement sent to McMurdo Sta-
tion included a personal computer with the capability of trans-

forming interferograms to solar spectra. This made it possible
to check the quality of the data and make preliminary estimates
of the column amounts of selected constituents. For these ob-
servations, the interferometer was operated with two detec-
tors. This allowed data to be recorded in two spectral regions
simultaneously. An indium antinomide detector was used for
the short-wavelength region (2,700-3,100 wavenumbers), and
a mercury cadmium telluride detector was used for the region
from 750 to 1,250 wavenumbers. The interferometer system
was constructed for balloon use and is lightweight. As a result,
the total shipment to McMurdo Station weighed less than 400
kilograms.
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Figure 1. Portion of an infrared solar spectrum obtained from
McMurdo Station 10 October 1987. The solar zenith angle at the
time of observation was 80.60. The solid line is a spectrum calcu-
lated assuming a standard nitric-acid profile and adjusting the total
column. The dashed line is the observed spectrum.
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