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lkj & lerkieaMy esa v¨t+̈ u dh mifLFkfr gekjh tuuhxzg] i`Foh ij thou dh j{kk ds fy, vR;ar 

egRoiw.kZ gSA v¨t+̈ u gekjs fy, ,d Nkrs dh rjg dk;Z djrh gS t¨ lw;Z ls vk jgh gkfudkjd ijkcSaxuh 
fofdj.k ä ls gekjh j{kk djrh gSA lkekU;r% ClOx v©j NOx }kjk v¨t+¨u ds dSVkfyfVd gzkl v©j fo'ks"kdj 
olar _rq ds n©jku ,aVkdZfVd ij v¨t+̈ u fNnz ifjÄVuk us v¨t+¨u v©j ok;qeaMy ds vU; ÄVd¨a ij utj 
j[kus ds fy, fnypLih d¨ tkxzr fd;k gSA ÒweaMyh; v¨t+¨u dkWye dk fu;fer :i ls ekuhVju djus ds 
fy, mixzg vR;ar mi;¨xh lk/ku lkfcr gq, gSaA mixzg ds fofÒUu IysVQkWe¨a dk mi;¨x djrs gq, mŸkjh v©j 
nf{k.kh èkzqo ä ij v¨t+¨u fNnz ds vè;;u ds fy, v¨t+¨u vk¡dM+¨ dk fo'ys"k.k fd;k x;k gSA ,aVkdZfVd fLFkr 
eS=h esa Òh v¨t+¨u ds eki fy, x,A mixzg ls çkIr gq, vk¡dM+̈ a ls ;g irk pyrk gS fd varZjk"Vªh; Lrj ij 
fd, x, ç;kl¨a ds dkj.k v¨t¨u fNnz esa dqN ÒjikÃ v¨t+¨u fNnz ds fy, eq[;:i ls mŸkjnk;h CFCs ds 
de mi;¨x ls gqÃ gSA fdUrq fQj Òh v¨t+̈ u fNnz dh ÒjikÃ ds ckjs esa vÒh fu"d"kZ Lo:i dqN ugÈ dg 
ldrs gSaA vÒh miyC/k lwpukv ä ds vk/kkj ij v¨t+¨u fNnz dh orZeku fLFkfr ds ckjs esa foLrkj ls foospu 
fd;k x;k gSA 

 
ABSTRACT. The ozone in the stratosphere is of great importance for very survival of life on the mother planet the 

Earth.  Ozone acts as an umbrella and protects us from the harmful ultraviolet radiations coming from the Sun.  The 
catalytic destruction of ozone by ClOx & NOx in general and ozone hole phenomenon over Antarctica during spring time 
in particular has generated unprecedented interest in monitoring of ozone and other trace constituents in the atmosphere. 
The satellites have proved to be an important tool to monitor the global ozone column on regular basis. The ozone data 
using various satellite platforms has been analyzed for the ozone hole studies over north and south poles.  Also Ozone 
measurements were carried out at Maitri, Antarctica. The satellite data indicates that some recovery of ozone hole as a 
result of international efforts in reduction of use of CFCs which are the main culprit for ozone hole. However, it will be 
too early to conclude about ozone hole recovery. In the present communication current status of ozone hole will be 
discussed in detail. 
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1. Introduction 
 

Ozone is one of the most important constituent in 
atmosphere and in spite of its low concentration, a few 
ppmv in mixing ratio, it plays an important role not only 
in the chemistry of this region but also it affects climate 
and biological activity. Ozone in the stratosphere is very 
important as it acts as a shield for the Earth and protects 
life from harmful UV-B radiation coming from the sun. 
However, the ozone in the troposphere is a greenhouse 
gas, trapping the long wave radiation in 9.6 m band and 
thus affecting the energy budget of the earth – atmosphere 
system. The amount of ozone over any particular place 
depends not only on photochemical balance, but also on 
the stratospheric climate, the winds that disperse the 
ozone. The stratosphere itself is dependent on ozone for 
its existence. The energy absorbed by ozone in the course 
of creation and destruction of its layer warms the 

surrounding atmosphere creating temperature inversion. 
This inverted layer, which is the stratosphere, is very 
resistant to vertical movements of air and acts as a cap on 
the turbulent weather processes in the troposphere below 
(Dennis, 1994). 
 

The reporting of catalytic depletion of ozone by ClOx 
and NOx by Johnston, (1971) in general and ozone hole 
over Antarctica in particular by Farman et al. (1985) has 
generated an unprecedented surge of interest in the 
scientific community in monitoring of ozone. It has now 
been established that the cause of very low ozone in 
Antarctic spring is due to the presence of CFCs and Polar 
Stratospheric Clouds (PSCs) that forms polar vortex.  
Very low temperature during winter leads to the formation 
of polar stratospheric clouds (PSCs) Manney et al., 
(1996). The heterogeneous chemical reactions take            
place   on    the   surface   of   polar  stratospheric   clouds,   
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Figs. 1(a&b). Vertical profiles of ozone using Laser Hetrodyne system at Maitri (a) Normal period and (b) Ozone hole period 

 
 
which are responsible for the ozone hole phenomenon 
during spring time over Antarctica [Manney et al.(1996)]. 
Warm ozone-laden air from the mid latitudes cannot get 
in, so the temperature inside the vortex plunges even 
lower. More and more ice-crystal clouds form in the 
freezing air, triggering even greater ozone losses. After 
the discovery of ozone hole and innovative research 
efforts, it become clear that at very low temperature        
(<-80° C) in the lowest stratosphere, chemical reactions 
were taking place which needed the presence of liquid or 
ice particles either as ice or nitric acid trihydrate, or other 
mixture. They lead to the conversion of chlorine 
compounds, which normally are present as HCl and 
ClONO2 in the stratosphere. Normally these gases do not 
react with ozone. However, in the presence of ice 
particles, HCl and Chlorine Nitrate are converted into Cl2 
and HNO3, and if UV-Solar radiation is available then Cl2 
is converted into Cl atoms, which next react with ozone to 
form ClO. Thereafter, a new chemical scheme, involving 
Cl2O2 as intermediate, comes into action which destroys 
ozone very efficiently [Crutzen (1998).  
 

However, planetary waves work against CFC-
induced ozone destruction. These vast pressure waves 
influence ozone destruction in several ways and can have 

relevant impact on the size and stability of the massive jet 
stream encircling Antarctica called the “Antarctic vortex” 
[Newman (1986); Chandra and McPeters (1986)]. Ozone 
have been found to be strongly affected by the dynamical 
behavior of the polar vortex Carswell et al. (1998). When 
the strength of planetary waves picks, they exert a force 
on the vortex, which blow it apart. As the vortex breaks 
down, the surrounding warm, ozone-rich air mix with the 
air over Antarctica, raising ozone concentrations above 
the threshold for ozone hole Newman (2002). The day-to-
day size of the ozone hole is really controlled by the fine 
details of weather and needs more attention.  
 
 

The satellite data from NASA 
[http://www.theozonehole.com/arcticozone.htm] have 
been used for the study of current status of the ozone hole 
over Antarctica as well as over Arctic. Also a highly 
sophisticated and hand held microprocessor based sun 
photometer, i.e., MICROTOP-II, has been used to 
measure total ozone, water vapour, optical depth etc. at 
Maitri, Indian Antarctica research station during the year 
1997-1998 and 2002-2003. In the present communication 
the current scenario of ozone hole over polar regions is 
discussed in detail.  

 



 
 
                                               JAIN : OZONE HOLE OVER POLES : CURRENT STATUS                                            579 
 

Variation of Column Ozone over Maitri during the Years 1997, 2002, 2003 &, 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. The variation of Column Ozone during 1997 and 2002-2004 at Maitri, Antarctica 

 
 
 

 
2.  Experimental setup 
  

2.1. The MICROTOP-II  
 

The MICROTOP-II is a five channels hand held 
microprocessor based sun photometer with a full field of 
view of 2.5°. The instrument has five optical collimators 
aligned to aim in the same direction. A narrow-band 
interference filter and a photodiode suitable for the 
particular wavelength range are fitted with every channel. 
All the channels face directly the solar disc 
simultaneously when the image of the sun is centred at the 
cross hairs of the sun target. When the radiation captured 
by the collimators falls onto the photodiodes, it produces 
an electrical current proportional to the received radiant 
power, which is amplified and converted into digital form 
in a high resolution A/D converter. Signals are processed 
in a series of 20 conversions per second. Out of the five 
channels at 300, 305, 312, 940 and 1020 nm, the first three 
filter channels are used to derive atmospheric total ozone 
column and other two for water vapour (Jain, 2001).  
 

2.2.  Laser heterodyne system 
 

A high resolution Laser Heterodyne system with       
1 GHz acousto-optical spectrometer as backend was 
designed and developed at National Physical Laboratory, 
New Delhi for study of vertical profiles of various trace 
species including ozone profiles at Maitri, Antarctica 

during normal as well as ozone hole conditions (Jain, 
1996). The Laser Heterodyne System has been 
successfully operated at Maitri (70° 46' S, 11° 44' E) an 
Indian Antarctic station during 13th, 14th and 16th Indian 
Antarctic Expedition to obtain ozone line spectra at 
1043.1775 cm-1 with an ultra high spectral resolution.  The 
line spectra thus obtained with high spectral resolution in 
turn has been used to get vertical profiles of ozone in the 
atmosphere using inversion technique developed at NPL 
for Antarctic conditions (Jain, 1987). A guess profile of 
uniform mixing ratio of 3 ppm has been used for the 
retrieval. The system was operated during ozone hole 
period also. The typical retrieved profiles during normal 
period and during ozone hole period are shown in        
Figs. 1 (a) & (b) respectively. The ozone was found to be 
depleting during ozone hole period from 3 per cent to 68 
per cent in the height range of 13 to 40 km (Jain, 2008).  
 
 
3. Results and discussion 
 

3.1.  Microtop - II  data at Maitri, Antarctica   
 

The variation of total ozone from January to 
December for the years 1997, 2002, 2003 and 2004 
measured using MICROTOP–II at Maitri, Antarctica  is 
shown in Fig. 2. The maximum ozone up to 320- 340 DU 
has been recorded in the months of January and February 
in  all  the  years.   The  gap  in  the  figure  is  due  to non- 
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Fig. 3. Satellite imagery of the ozone hole (http://toms.gsfc.nasa.gov) over Antarctica on 26 September 2002  

 
 
 
availability of data during polar night. The minimum 
value of total ozone in the range 126 to 185 were observes 
during the last week of September or the first week of 
October and found to be fluctuating on year to year basis 
depending on the meteorological conditions over Maitri. 
The observation suggests that the ozone hole in the year 
2002 was not as deeper as in the year 2003. The 
observation also reveals the early recovery of ozone hole 
in the year 2002 as compared to other observational years  
as depicted in Fig. 2. The ozone depletion was started 
from 1st September, 2002 onwards. Exceptionally high 
values up to 361DU of total ozone column were observed 
during ozone hole period during 7th and 8th September, 
2002. Ozone hole started recovering around 23rd 
September, 2002, however, some exceptional variations 
were also observed during recovery period of ozone hole 
as shown in Fig. 2. 
 

The observation at Maitri showed recovery around 
24 - 25 September 2002, the early recovery of ozone hole 
in last week of September in 2002 can be explained by 
Varotsos [Kondratyev and Varotsos (2000); Varotsos 
(2002)] findings. Varotsos, 2002 have performed a Fourier 
analysis of the 10 hPa height and the temperature time 
series at the high latitude of the southern hemisphere. He 
found that extremely large amplitude of planetary waves 
were present which broke up Antarctic ozone hole into 

two holes (http://toms.gsfc.nasa.gov) on 24-25 September, 
2002 as seen in Fig. 3. After the breakup, the polar vortex 
reforms and subsequently disappeared very early. NASA 
press release (NASA/NOAA, 2002) also represented the 
prevalence of strong planetary waves in Antarctica. The 
vortex break up and disappearance have been attributed to 
the occurrence of a major sudden stratospheric warming in 
Antarctica due to the occurrence of very strong planetary 
waves.   

 
 
The Maitri Station is situated in the fringe region of 

the vortex. The observed abrupt high total ozone on 7th, 8th 
September and also during recovery period from 23rd 
September onwards as shown in  Fig. 2 may be attributed 
to the planetary wave phenomenon. The planetary wave 
phenomenon forces the ozone rich air masses from mid 
latitude to polar latitude region and the rapid displacement 
of the polar vortex from a roughly symmetric circulation 
about the pole to a circulation that is offset from the pole, 
which leads to the stratospheric sudden warming for a 
short period over the fringe region of the vortex. If the 
strengths of these waves is high enough then this forces 
the ozone reach air mass inside the polar vortex and 
sudden increase in the total ozone may takes place 
[Brinksma et al. (1998); Schoeberl et al. (1989); Kirchoffs 
et al. (1997); Lee et al. (2001)]. 
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Fig. 4. Variation of minimum column ozone over Antarctica during ozone hole period 1979-2010 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Variation of maximum ozone hole area over Antarctica during the years 1979-2010 

 
 
 

3.2.   Satellite data over Antarctica  
 
The variation of minimum Column Ozone over 

Antarctica during Ozone hole period in the years 1979-
2010 observed by satellite data is depicted in Fig. 4. Also 

the area covered by ozone hole in the years 1979-2010 is 
depicted in the Fig. 5. It is observed that there is a large 
variation in minimum  ozone values during September-
October  and varies between 73 DU to 194 DU               
and  minimum  value  of  73  DU was observed in the year 

Column Ozone over Antarctica during Ozone hole 
period 1979-2010
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Fig. 6.  Spring ozone depletion over the Antarctic and the Arctic between 1979 and 2002.                
Source : http://www.acia.uaf.edu/  

 
 

 
 
 
 
1994. The maximum ozone hole area was found to be 
minimum in the year 1979 as 1.1 million square km and 
maximum was found to be 29.9 million square km in the 
year 2000 after which it started to decrease. During 2010 
maximum ozone hole area was found to be 22.2 million 
square km. It is further found that the ozone hole is 
weakening year after year after the ban on ozone depleting 
chemicals with the Montreal protocol and its time to time 
amendments and adjustments.  

 
 
3.3. Ozone hole over Arctic 

 
Significant ozone depletion in the Arctic stratosphere 

also occurs in cold winters because of reactive halogen 
gases. The depletion, however, is much less than the 
depletion that now occurs in every Antarctic winter and 
spring. Although Arctic depletion does not generally 
create persistent “ozone hole”-like features in Arctic total 
ozone maps, depletion is observed in altitude profiles of 
ozone and in long-term average values of polar ozone. An 
Arctic Ozone Hole, if similar in size to the Antarctic 
Ozone Hole, could  expose over 700+ million people, 
wildlife and plants to dangerous UV ray levels.  

The Arctic winter stratosphere is generally warmer 
than its Antarctic counterpart. Higher temperatures reduce 
Polar Stratospheric Cloud (PSC) formation, which slows 
the conversion of reactive chlorine gases to form ClO and 
as a consequence, reduces the amount of ozone depletion.  
Furthermore, the temperature and wind conditions are 
much more variable in the Arctic from winter to winter 
and within a winter season than in the Antarctic.  Large 
year-to-year differences occur in Arctic minimum 
temperatures and the duration of PSC-forming 
temperatures into early spring.  In a few Arctic winters, 
minimum temperatures are not low enough for PSCs to 
form.  These factors combine to cause ozone depletion to 
be variable in the Arctic from year to year, with some 
years having little to no ozone depletion. A significant 
difference exists between the Northern and Southern 
Hemispheres in how ozone-rich stratospheric air is 
transported into the polar regions from lower latitudes 
during fall of winter. In the northern stratosphere, the 
poleward and downward transport of ozone-rich air is 
stronger.  As a result, total ozone values in the Arctic are 
considerably higher than in the Antarctic at the beginning 
of each winter season as shown in  Fig. 6 
(http://www.acia.uaf.edu/). 

 

http://www.acia.uaf.edu/
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4. Conclusion 
 

It has been observed that the year to year large 
variation in ozone depletion at Antarctica as well as over 
Arctic depends on the meteorological conditions 
prevailing over the polar regions. The data analysis 
performed gives the following conclusions, which provide 
a plausible observational explanation of the unusual 
behaviour of the ozone hole over Antarctica in year 2002. 
The earlier recovery of ozone hole was observed in year 
2002 as compared to other years and the effect of 
planetary wave on the vortex and thereby the total column 
ozone is visible over the station situated at the fringe of 
the polar vortex. It is clear from the observations that the 
vortex breakdown due to planetary wave phenomenon can 
occur during ozone hole period and has a large influence 
on total ozone. Relatively warm air extending to the pole 
indicates that a polar stratospheric major warming was 
taking place. The observation may be useful in the study 
of dynamics of waves and their influence on the vortex 
formation, movement and breakdown.  
 

It has also been observed that there is large 
fluctuation  in ozone depletion at Antarctica as well as 
over Arctic. The ozone hole over Arctic is not as severe as 
that over Antarctica, due to its geographical location and 
being warmer than Antarctica, however an Arctic Ozone 
Hole, if similar in size to the Antarctic Ozone Hole, could  
expose over 700+ million people, wildlife and plants to 
dangerous UV ray levels. Also the ground based as well as 
satellite borne experiments show that there are indications 
of slow recovery of ozone hole.  The ozone hole data does 
give an indication of the long-term trend and the  
measurements show that the CFC concentrations in the 
stratosphere are levelling off and in the lowest layer of the 
atmosphere, the troposphere, CFC concentrations have 
started to decline due to the decisions taken by 
international community under Montreal Protocol, its 
subsequent adjustments and amendments to stop the use 
of ozone depleting chemicals. These measurements 
indicate that the ozone hole is not worsening and may 
soon start to improve. However, this improvement is 
going to come very slowly and will take few decades 
before ozone hole recovers depending on how the CFC 
concentrations levels off due to their long life time. 
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