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ABSTRACT. Ozone soundings made from Dakshin Gangotri, Antarctica during 1987 are presented. The
vertical distribution of ozone over Antarctica is characterised by a double peak profile, one around 200-150 hPa

and the other around 50 hPa. During late winter-early spring the upper peak is considerably depleted. Tropos-
pheric ozone remains low and nearly constant throughout the year.
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1. Introduction

Ozone, although present only in trace amount, is an
important constituent of the atmosphere since it is a
strong absorber of the biologically haimful ultraviolet
radiation from the sun. It also plays a vital role in the
radiation balance of the atmosphere particulaily in the
stratosphere. Most of the ozone in the atmosphere is
concentrated in the middle stratospherc from about 15
to 30 km and acts as a protective shield against the solar
ultraviolet radiation. In recent years there is increasing
evidence to suggest thal the ozone concentration in the
atmosphere is decreasing. Though the exact cause of
this depletion is still not clearly understood, man-made
chemical pollutants are suspected to play an important
role in this depletion process. Satellite data collected
since 1978 indicate an average global ozone loss of
about 5 per cent during the past nine years
(Rowland 1987). To compound the matter further, it
has been discovered that a substantial decrease (ozone
hole) in the amount of ozone occurs over Antarctica
during spring time. This is causing worldwide concern
to the scientists and public alike, necessitating conti-
nuous menitoring of ozone concentration around the
globe in general, and over Antaictica, in particular. The
first Indian attempt to obtain czone soundings over
Antarctica was made successfully during the second
Indian Scientific Expedition to Antactica (Sreedharan
¢t al, 1986)., However, it was only during the sixth
Scientific Expedition in 1986-87 that India commenced a
regular ozone observational programme,

2, Sounding programme

_ The sounding programme during 1986-87 was split
into two parts, namely, ‘summer’ soundings during Jan-
vary-March for inter-comparison of data with other
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Antarctic  stations Novolazarevskaya (Soviet Union)
and Showa (Japan), and ‘spring’ soundings from August
tc November for studying the ozone depletion and
subsequent recovery. A few soundings were also taken
in the intervening period fron: April to July and later in
Decembet. Thus, a total of 30 ozone soundings were
made at Dakshin Gangotri using the Indian ozonesonde.

3. Results

The ozone soundings are listed in Table | and the
ozone profiles are depicted in Fig. I. These profiles
have not been adjusted for total ozone since theie were
no simultaneous total ozone observations in the area.
This aspect should be kept in mind while interpreting
the data presented in this paper. In Fig. |, the vertical
line immediately te the left of the base cf the profile
denotes the zero partial pressuie of ozone. Successive
vertical fines to the right of the zero line indicate in-
creasing ozone partial pressure in units of 50 uzhPa.

The results of *summer’ soundings have been published
by Faruqui e al. (1988). Vertical distribution of ozone
over Dakshin Gangotri is characterised by a double
peaked profile, both peaks occuring above the tropopause
which is around 300 hPa. Within the troposphere the
concentration of ozone is low (20-40phPa) and nearly
constant throughout the year, the variation with height
is also insignificant. However, in the stratosphere the
concentration of ozone shows marked changes with
height and with season. Above the tropopause level the
concentration of ozone increases rapidly upto the level
of about 200 to 150 hPa (first peak) reaching a value of
50-60 phPa. Further up, the concentration either re-
mains constant or decreases slightly up to 100 hPa.
Therealter, there is a sharp and marked increase in the
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Ozone soundings from

Dakshin Guangotri (1987)

FABLE 1

Ozonesonde data of /),

hsun Gaonrotrr for 1987

Ozone max
pressure
thPa)

Terminate
pressure
(hPa)

Date of
ascent
(1987)

67 6
17.0
67 .0
67.0

17 January
21 January
28 January
Il February
13 March
I8 March
5 August
20 August
19 September
23 September
9 October §5.5 A
30 Oclober 0
6 November i
25 November 230
4 De:ember 3.0
20 December 41.0

59.0
IS0 (D73 400 |
153.0
137.0(1); 85
155.0

A
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(B}

Surlace
nzone
(hPa)

Tropopause
A

Ozone partial
pressure

(f#hPa)

Temp.
(O

Heighi
(hPa)

Stgnal missing
20.
il

1291
1491
131.6
1481

1255

228
29.6(1): 121 .5(10) 25.2
88.R

1}\"
RIS
RR
29,
36.8

a3,

627002 56,301
60,9
66,0
51,2
67.1
46.9
1023
174.4
135.0

—58.6
—51.8

X

32,

26

—58.4
—59 .0
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concentration (second peak), the value reaching @ maxi-
mum partial pressure ol 130-150  hPa at the level
70 to 40 hPa corresponding to a height of I8-21 km.
The concentration then decreases continuously. Sree-
dharan et al. (1986) have also reported similar observa-

tions.

3. 1. Seasonal variation

Based on the annual temperature variation at Dak shin
Gangotri, it can be said that there are two main seasons
in Antarctica. namely, a rclatively short and mild sum-
mer covering November, December and Januwiry months
and a fong and severe winter {rom April Lo August,

or

The transition periods  between  these two scasons
namely,  February March and  September-October
aie shoriand conslitute autumn and spring respectively.
High ozone soundings have been obtained between
second hall” of November and March. reaching up to
8 hPa ievel. Whereas, during the period {rom August to
mid-November excepl one sounding on 20 August.
balloons burst prematurely between 60 hPaand 30 hPa
fevels. In the absence of data above this level, it is not
passible to comment on the vertical distribution of ozone
above 50 hPu during these months. However, seasonal
changes in the vertical profile up to about 30 hPa is clearly
discernible fiom the soundings.  From the data pre-
senied in Table | and the ozone profiles depicted in Fig. 1,




VARIATION IN THE VERTICAL

it can be seen that the lower stratospheric ozone content
over Antarctica is maximum during latc summer and
early autumn (Jan and Feb months) while it is minimum
during late winter and early spring—the lowest values
occurring in October. During summer, the maximum
concentration of 130-150 phPa, occurs al a height of
18-21 km, i.e., between 70 hP. and 40 hPa. The dec-
rease in the ozone content starts towards the end of
February or beginning ol March and continues up to
October. Between August and mid-November the decline
in the ozoneamount in the 150 hPa to 50 hPa layer as
compared to the summer values is evident ad issub-
stantial. Ozone sounding taken on 20 August 1987 which
reached 8 hPa level shows the first peak oi (60 hPa) at
150 hPa as with the soundings ol previous months. Bul
the ozone concentration [urther aloft showed negligible
increase and then decreased continuously; rapidly ina
thin layer (from 80 hPa to 60 hPa) and gradually there-
after. Ozone profiles of 23 September 1987 and 30
October 1987 also show similar trend. Ozone values
during August-September-October months in the 50 hPa
to 20 hPa layer have ranged [rom 10 phPa to 15 hPa,
Thus, in 1987, which is considered as the year in which
the Antarctic ozone hole was most dramatically mani-
fested both by its pole-centred symmetrical pattern
(Krueger et al. 1989) and depth of depletion, ozone
losses over Dakshin Gangotri reached 9079, at 20 km
height during October [tom the peak values in January.
United States scientists have also reported that total
ozone losses in the depleted region above Antarctica
reached 509, in October 1987 with losses in the 15-20
km altitude range soaring to 939, (Anonymous 1988).
Ozonesonde measurements at Showa (69700’ S, 39 35" E
—Japanese station) have also showed that ozone
depletion is most striking in the altitudinal region of
10-25km, during spring (Kondoh er al. 1987). It,
therefore, appears that the first peak remains unaffected
though it gets lified slightly while the magnitude of the
second which is the main peak is greatly decreased
during late winter and early spring.

The ozone concentration starts increasing by about
middle of November and attains highest value by the
beginning of January. It is interesting to note that the
depletion in ozone amount occurs gradually over a long
time but its recovery takes place rapidly in 4-6 weeks.

4. Discussion

The vertical and temporal variations in ozone con-
centration over Dakshin Gangotri present contrasting
features between the troposphere and the stratosphere in
respect of this element, The tropospheric ozone con-
tent is low and nearly constant throughout the year.
Also, the variation with height is insignificant. In con-
trast to this the stratospheric ozone concentration shows
marked changes with height and with season. London
(1985) in his discussion on the observed distribution of
atmospheric ozone and its variations mentions that
observed ozone concentration is nearly constant in the
troposphere but increases with height in the lower strato-
phere to a maximum that depends on latitude and sea-
son. Above the level of maximum, the conceniration
decreases almost exponentially with height through the
middle and upper stratosphere and lower mesosphere.
The results obtained by the authors are in conformity
with the earlier findings.
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Fig. 2. Ozone and stratospheric temperature over the Antarctic
and Arctic (Ramanathan 1964)

The low content of tropospheric ozone and its relative
constancy with seasons can be attributed to the near
absence of its photochemical production and destruction
in the troposphere. The source and sink region of
ozone being the stratosphere, the magnitudes of ozone
transporied from the stratosphere into the troposp-
here and that destroyed at the ground are very small.

Substantial decrease in the stratospheric ozone levels
over Antarctica during winter and spring seasons after
a summer time high is well established. Even in the
Arctic region the seasonal variation in ozone amount is
similar. As early as Ramanathan (1964) from a compa-
rative study ol ozone observations taken during the
International Geophysical Year, 1957-58 in both the
hemispheres (Fig. 2) has shown thai both the polar re-
gions register a seasonal loss in ozone. Seasonal
(winter) decrease in ozone to the tune of 6%, over Arosa,
Switzerland has been demonstrated (Rowland 1987).
The explanation for the seasonal loss appears 1o licin the
ozone chemistry. Ozone formation essentially requires
sunlight (ultraviolel radiation) which decreases rapidly
both indwation and intensity once the 24-hour sunlight
period is over. It stops completely during the conti-
nuous dark period in the peak winter., When the sun
appears again new synthesis begins and the ozone level
marginally increases. Transport of ozone rich mid-
latitude air through the stratospheric circulation also
occurs around the same time since the polar vortex
dissipates with the onset of summer Hence, there js a
sudden increase in ozone concentration. The sharp rise
in ozone values occur earlier (by about 2 months) in the
Arctic than in the Antarctic (Fig. 2) possibly because
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the Antarctic polar vortex remains stronger. preventing
meriodonial exchange of airmass for a longer duration.
In fact, in the southern hemisphere the stratospheric
circulation generally goes only as far as about 60 S
latitude for most of the year as against the stratospheric
air circulating all the way to the north pole in the nor-
thern hemisphere. Hence. over the Antarctic. the ozone
level peaks at about 380 Dobson units while it reaches
about 450 Dobson units over the Arctic,

The recent discovery of a "hole’ in the ozone layer over
Antarctica in the early spring is causing lot ol concern not
because the ozone amount decreases {rom its peak value
in summer months. since this is a seasonal Teature as
explained earlier, but because the extent of depletion has
increased in recent years. For example. at the British
Antarctic station, Halley Bay. almost 40 per cent less
ozone was recorded in 1985 than was routinely observed
20 years earlier (Rowland 1987). A second reason for
concern is the sudden deepening of the “hole™ at a time
(September-October) when actually the ozone concen-
tration should start increasing in view of the reappear-
ance of sunlight as can be seen in Fig. 2. This means
that a fundamental change inthe pattern of seasonal
variation in ozone amount appears to have occurred
between 1957-1958 and 1985. This accelerated deple-
tion is now believed by most workers to be related to the
presence of chemical pollutants such as chloroflurocar-
bons (CFC’s). The mechanisms of ozone destruction
by the CFC’s have been explained in detail by several
authors (Rowland 1987 and Stolarski 1988). Inlact
aircraft expeditions in 1986 and 1987 have shown con-
clusively that chlorine chemistry is the primary cause of
the ozone hole (Solomon and Schoeberl 1988). It
would appear that these mechanisms are operating in
the Antarctic atmosphere.

5. Conclusion

Vertical distribution of ozone over Antarctica is
characterised by a double peak profile. both of which
occur in the stratosphere. The tropospheric ozone is
low and nearly constant throughout the year. While
the lower peak of ozone (200-150 hPa) remains un-
affected, the upper peak at 50 hPa is drastically thinned
out in the late winter-eaily spring (September-October)
period.

The seasonal variation in the vertical distribution
of ozone over Antarctica shows a summer time high
around 50 hPa, starts decreasing in autumn, stabilizes at

acertain low value in winter, then at the end of winter
and the beginning of spring dips steeply and finally rises
sharply in late spring eventually reaching peak level in
summer,
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