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Atmospheric ozone at the South Pole
during 1986
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Geophysical Monitoring for Climatic Change
National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

The springtime ozone decrease that has occurred in Ant-
arctica since 1979, first documented by Farmen, Gardiner, and
Shanklin (1985), has led to intensified research activity to de-
scribe this phenomenon accurately as well as to explain it. The
program of ozone research in Antarctica carried out by the
National Oceanic and Atmospheric Administration's
Geophysical Monitoring for Climatic Change Program (cMcc) is
part of a comprehensive program of atmospheric trace gas and
particle measurements made by GMCC at the South Pole and
numerous locations around the world.

Based on 22 years of measurements from 1964-1985 of the
atmospheric total column ozone amount, Komhyr, Grass, and
Leonard (1986) reported total ozone at the South Pole in 1985 to
be roughly 20 percent lower on an annual basis than values
present in the mid-1960s; the decrease in austral spring values
was considerably larger. It was also shown that since 1979, there
has been a marked retardation in the time of the springtime

stratospheric warming over Antarctica and the accompanying
influx of ozone.

In 1986, an ozone vertical profile measurement program
(Komhyr, Oltmans, and Grass in press) was added to the long-
term program of total column and in situ surface-based ozone
measurements. Fifty-one vertical profiles were obtained
throughout the year using light-weight, balloonborne elec-
trochemical concentration cell (Ecc) ozonesondes. In addition
to providing detailed ozone profiles to altitudes of 30-35 kilo-
meters, the ozonesonde data were integrated to give a clearer
picture of the seasonal march of total ozone.

Daily total ozone measurements from both the Dobson spec-
trophotometer and integrated ECC ozonesonde profiles for 1986
are shown in figure 1. Total ozone gradually decreased from
near 300 DU (Du denotes "Dobson unit," which equals I milli-
atmosphere per centimeter of ozone) in January to about 220 DU

in late April. Ozone column amounts increased during the
polar night again achieving a value near 300 DU in August.
Following this, the value dropped precipitously to a low value
of 160 DU in early October. With the acceleration of stratospheric
warming in late October, and more rapid warming by mid-
November, total ozone values rose to over 400 DU. This was the
first reading over 400 DU since 1980. The October to December
total ozone average in 1986 was about 40 DU units higher than
the corresponding 1985 value, representing a modest recovery.
The 1986 amounts are still, however, far below the 1962-1979
average for this time of year of about 330 DU.

The formation of the 1986 ozone "hole" at South Pole is de-
tailed in figure 2, which compares six profiles in September and
October with a profile obtained in August prior to the "hole"
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Figure 1. Daily total ozone amounts at South Pole, Antarctica in 1986 derived from Dobson spectrophotometer observations (u) and ECC
ozonesonde observations (o). ("D.W' denotes "Dobson unit:')
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Figure 2. ECC ozonesonde vertical profiles showing the development of the ozone "hole" in September and October 1986. ("km" denotes
"kilometer:" "nb" denotes "nanobar:' "mb denotes "millibar.")

formation. Although minimum column ozone amounts oc-
curred in early October, ozone concentrations in the "hole"
region continued to decrease into mid-October. During the
period of most rapid ozone decrease from September 20 to
October 15, the mixing ratio decreased by 78 percent in the
region of maximum ozone depletion (16 ± 1 kilometer). The
exponential ozone decay rate half-life was 11 days. ECC ozone-
sonde soundings made at the South Pole in 1971 suggest that at
that time ozone began to be transported into Antarctica above
the 25-kilometer level by mid-September, 1.5 months earlier
than in 1986. Transport processes appear to be significantly
altered in recent years compared to years prior to 1980. Associ-
ated delays in times of breakdown of the antarctic circumpolar
vortex most likely augment conditions that accelerate ozone loss
through photochemical reactions involving natural and man-
made pollutants.

An indication of the altered transport over Antarctica is the
dramatic change in the character of the annual cycle in surface
ozone at South Pole shown in figure 3. Ozone transport pro-
cesses, including horizontal advection of tropospheric ozone
from lower latitudes and downward mixing of ozone from the
stratosphere, give rise to the annual cycle in ozone (Oltmans
and Komhyr 1986). This seasonal cycle has minimum values in
February and maximum values in July. The twofold increase in
the amplitude of the annual cycle probably represents changes

in both these processes (Komhyr, Oltmans, and Grass in press)
with retarded tropospheric transport during late summer
months (Samson et al. in press) and enhanced cross-tropopause
fluxes during the winter months.

Cliff Wilson and Brad Halter carried out the extensive, high-
quality series of ozone measurements at South Pole in 1986.
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Figure 3. Monthly mean surface ozone values at South Pole (solid curve), and secular trends for February and July months (dashed lines), which
are times of minima and maxima respectively in the surface ozone annual cycle. ("NB" denotes "nanobar.")

Global trends of natural and
anthropogenic gaseous chlorine in the

atmosphere: Observations at the
South Pole and in the Pacific

northwest
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There is now nearly two and a half times more gaseous
chlorine in the atmosphere from human activities than there
was a decade ago. The concentration of anthropogenic chlorine
is now nearly four times more than natural levels both at the
South Pole and at mid-northern latitudes. These trends reflect
global conditions, because the chlorine gases from an-
thropogenic activities are long-lived and spread throughout the

Earth's atmosphere. It is feared that these manmade chlorine
gases may deplete the stratospheric ozone layer (World Mete-
orological Organization 1986). The recent discovery about di-
minishing levels of stratospheric ozone at the South Pole has
added to these concerns. Here we will document the observed
increase of manmade chlorine-containing trace gases in the
Pacific northwest and at the South Pole where we have taken
systematic measurements for more than a decade (Rasmussen,
Khalil, and Dalluge 1980; Rasmussen and Khalil 1982, 1986).

Most of the methylchloride (CH 3C1) is of natural origin, pri-
marily from the oceans, although some of it may come from
biomass burning. At the South Pole, other mostly natural chlo-
rine-containing gases are chloroform (CHC1 3) and di-
chloromethane (CH 2Cl 2), which are present in low con-
centrations. These gases have short atmospheric lifetimes
compared to the manmade chlorofluorocarbons and chlori-
nated hydrocarbons. Methylchloride has  lifetime of about 1.5
years, whereas chloroform and dichloromethane have lifetimes
of about half a year. The principal long-lived anthropogenic
chlorine-containing species are trichlorofluoromethane (CCI3F,
also called F-Il), dichlorodifluoromethane (CCl 2F2 , F-12), chlo-
rodifluoromethane (CHCIF 2, F-22), carbon tetrachloride (CC,),
methylchloroform (CH 3CC1 3), and trichlorotrifluoroethane
(C2CIIF3, F-113). The shortest lived of these is probably meth-
ylchloroform with a lifetime of about 6 years; next is F-22 with a
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