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Lkkj &Lkkj &Lkkj &Lkkj &    ’kq"d vkSj vknzZ ekulwu o"kkZsa ds nkSjku Vh-lh-vks- forj.k dk v/;;u djus ds fy, Hkkjrh; {ks+= esa 
o"kZ 1982]1983]1987 ,oa 1988 ds dqy dkWye vkstksu ¼Vh-lh-vks-½ ds ekfld vkSlr dk mi;ksx fd;k x;k gS A 
bl ’kks/k&Ik= esa mDr o"kksZa ds Hkkjr ds 13 LVs’kuksa ds Vh-lh-vks- vkadM+ksa dk v/;;u fd;k x;k gSA ’kq"d vkSj 
vknzZ ekulwu o"kksZa ds nkSjku Vh-lh-vks- forj.k dh rqyuk ls ;g irk pyk gS fd Vh-lh-vks- ds eku vknZz o"kksZa dh 
rqyuk esa ’kq"d o"kksZa esa vf/kd ik, x, gSaA Vh-lh-vks- esa ifjorZu gksuk ’kq"d ,oa vknzZ o"kksZa ds nkSjku laoguh; 
xfrfof/k esa fHkUurk dks ekuk tk ldrk gSA ’kq"d ¼vknzZ½ o"kksZa ds nkSjku laogu esa deh ¼òf)½ Vh-lh-vks- dh 
ek=k dks c<+krh ?kVkrh gSA ’kq"d ,oa vknzZ o"kksZa ds chp ds ekulwu ds eghuksa ds nkSjku Vh-lh-vks- ds egRo dh 
tk¡p djus ds fy, lkaf[;dh; Vh--VsLV dk iz;ksx fd;k x;k gSA ;g varj nene dks NksM+dj vU; lHkh 
LVs’kuksa ds fy, lkaf[;dh; n`f"V ls 5 izfr’kr rd egRoiw.kZ gSA ,slk dgk tk ldrk gS fd Hkkjr esa 
xzh"edkyhu ekulwu eghuksa ds nkSjku vks-,y-vkj- rFkk Vh-lh-vks- ds chp vPNs laca/k jgs gSa D;ksafd bl vof/k 
ds nkSjku laogu dkQh izcy jgk gS A 

 
ABSTRACT. Monthly mean total column ozone (TCO) over Indian region for the years 1982, 1983, 1987 and 

1988 has been utilized to study the TCO distribution during dry and wet monsoon years. TCO data for 13 Indian stations 
for the above years have been considered in the study. Comparison of TCO distribution during dry and wet monsoon 
years suggested that TCO values are found higher during dry years than those in wet years. The changes in TCO may be 
attributed to difference in convective activity during dry and wet years. The suppressed (enhanced) convection during dry 
(wet) years may lead to increase (decrease) in TCO.  The statistical t-test is applied to test the significance of TCO 
difference during monsoon months between dry and wet years. The difference is statistically significant at 5% level of 
confidence for all stations except Dumdum. It can be said that the relation between OLR and TCO holds good during 
Indian summer monsoon months, as convection is stronger during this period.  
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1.  Introduction 
  

The mean distribution of the global total ozone has a 
minimum in the equatorial belt and an increasing trend 
towards both the poles. An extensive research work on 
ozone has explored the ozone variability on different time 
scales of days to decades, which is governed by 
atmospheric dynamics and chemistry (Londhe et al., 
2003). The total column ozone (TCO) variability is 
governed by annual cycle (Londhe et al., 2003), Quasi-
Biennial Oscillation (QBO) (Randel and Cobb, 1994), El 
Nino-Southern Oscillation (ENSO) (Shiotani, 1992) and 
solar cycle (Chandra and McPeters, 1994). The intra-
seasonal variability of TCO over Indian region has been 
studied by Londhe et al. (2005). They found three intra-
seasonal modes of TCO variability with periods 3-8 days 
(weekly), 10-20 days (quasi-bi weekly) and 30-60 days 
(Madden Julian Oscillation). Similar type of modes of 
variability was observed in Indian Summer Monsoon 
Rainfall (ISMR) (Krishnamurti and Bhalme, 1976; 

Chowdary et al., 1988; Hartmann and Michelson, 1989; 
Hartmann et al., 1992; Singh et al., 1992).  
 
 

Ziemke and Chandra (2003) have studied La Nina 
and El Nino induced variabilities of ozone in the tropical 
lower atmosphere during 1970-2001. During El Nino, 
tropospheric ozone is enhanced over the western Pacific 
and reduced over the eastern Pacific because of planetary-
scale shifts in sea surface temperature and convection. 
Their study suggests that El Nino produces an east-west 
dipole difference in tropospheric ozone over the Pacific 
ranging from about 5-10 DU for weak events and up to 
15-20 DU for strong events. La Nina indicates nearly 
opposite spatial distribution in tropospheric column ozone 
in the tropics compared to El Nino.  Monsoon circulation 
induced variability in TCO and association between 
monsoon rainfall and TCO over Indian region has 
provoked us to examine the TCO distribution during dry 
and wet monsoon seasons.  
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Fig. 1(a).  Monthly mean TCO for the years 1982, 1983, 1987 and 1988 for the stations New Delhi, 
Varanasi, Ahmedabad, Dumdum, Nagpur and Mumbai 

 
 
The particular year  ‘i’ is categorized as dry/wet 

depending on rainfall R(i) in that year if 
                          

R(i)  < R - σ  / R(i)   > R  + σ  
 

where R is long term ISMR normal (852 mm) and σ  
is standard deviation of ISMR (80mm) [Parthasarathy           
et al., 1992]. This criterion has been adopted to select the 
dry and wet monsoon years. The years 1982 and 1987 are 
dry monsoon years as the rainfall was deficient by –13.4% 
and –17.9% respectively, while 1983 and 1988 are wet 
monsoon years as the rainfall was excess by +12.5% and 
+13.2% respectively.  

2.  Data 
 

The daily Total Ozone Mapping Spectrometer 
(TOMS) data over 13 Indian stations (Table 1) for the 
years 1982, 1983, 1987 and 1988 have been utilized for 
the study. TOMS (Nimbus7) data have been collected 
from the following website: http://jwocky.gfsc.nasa.gov/ 
eptoms/EPTOMS_V7_Ovp.N. The daily TCO values 
were utilized to derive the mean monthly TCO and these 
mean monthly TCO values were used for the analysis. The 
seasonal mean (June through September) Outgoing 
Longwave Radiation (OLR) data for the above years have 
been taken from NCEP/NCAR Reanalysis data.  
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Fig. 1(b). Same as Fig. 1(a) but for the stations Pune, Hyderabad, Bangalore, Chennai, Kodaikanal and Trivandrum 
 
 
3.  Results and discussions 
 

The monthly mean TCO for the years 1982, 1983, 
1987 and 1988 for the twelve Indian stations were 
depicted in Figs. 1(a&b). It is seen from the figures that 
TCO values on an average are higher during the years 
1982 and 1987 for almost all the stations as compared to 
those in the years 1983 and 1988. The years 1982 and 
1987 were dry years while the years 1983 and 1988 were 
wet years. Thus the ozone values are comparatively higher 
during dry years than the wet years.  
 

The difference observed in the ozone distribution 
during wet and dry years may be attributed to the 
difference in the convective activity during these two 

extremes. During wet years convection is more compared 
to dry years, which may affect the total column ozone          
by transport of tropospheric ozone into stratosphere.       
The Indian summer monsoon rainfall (period June  
through September) is essentially convective in nature  
and the ascending motions within the areas of             
rainfall have compensating divergence motions outside 
such areas (Ananthakrishnan and Pathan, 1971;              
Rao, 1976; Webster et al., 1998).  
 

Convective activity is inferred using NCEP/NCAR 
derived OLR flux. The OLR data have been extensively 
used for the study of interannual and intraseasonal 
variability of tropical convection (Lau and Chan, 1988). 
Change in OLR is a good indicator of changed distribution 
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Figs. 2(a&b).  Contour plot of seasonal mean (June through 
September) OLR flux for (a) dry monsoon years 
1982 and 1987 and (b) wet monsoon years 1983 and 
1988 

 
 
of deep atmospheric convection. Low (high) values of 
OLR indicate the presence of strong (weak) convection 
(Chandra et al., 1998). The contour plots of seasonal mean 
OLR flux  (average of June – September) for dry years 
(1982, 1987) and wet years (1983, 1988) are shown in 
Figs. 2(a&b). It is seen from the figure that OLR values 
during the years 1982 and 1987 are higher than in years 
1983 and 1988 over Indian region. The higher OLR flux 
means weak convection. Thus, it is confirmed that during 
dry years (1982, 1987) convection is suppressed. The 
OLR flux during dry years is more by 10-20 W/m2 than in 
wet  years.  Northwestward  shift  in  OLR flux during wet  

TABLE 1 
 

Selected thirteen Indian stations and their Latitudes and Longitudes 
 

S. No.             Station Latitude Longitude 

1. New Delhi 28° 40′ N 77° 13′ E 

2. Varanasi 25° 27′ N 83° 01′ E 

3. Mt. Abu 24° 36′ N 72° 43′ E 

4. Ahmedabad 23° 01′ N 72° 39′ E 

5. Dumdum 22° 38′ N 88° 26′ E 

6. Nagpur 21° 06′ N 79° 03′ E 

7. Mumbai 19° 07′ N 72° 50′ E 

8. Pune 18° 31′ N 73° 50′ E 

9.          Hyderabad 17° 22′ N 78° 28′ E 

10.        Chennai 13° 04′ N 80° 10′ E 

11.        Bangalore 12° 58′ N 77° 34′ E 

12.        Kodaikanal 10° 13′ N 77° 28′ E 

13.        Trivandrum 08° 19′ N 76° 36′ E 

 
 
 
years has been observed. During dry years TCO as well as 
OLR flux are more and in wet years both are less. 
Therefore the present study indicates the in phase relation 
between OLR and TCO which is in consistence with the 
results obtained by Chandra et al., 1998 and Willams and 
Toumi, 2001.  
 

Convection is deep and maximum over the Indian 
land mass region during the summer monsoon season 
(June – September) (Meehl, 1987). Rainfall is associated 
with convection, therefore, rainfall amount can be 
considered as the convenient indicator of the convective 
activity. Kulkarni and Verma (1993) have studied the 
relation between tropopause height over India and the 
Indian summer monsoon activity. They noticed that all 
India mean tropopause height shows statistically higher 
value in the composites of good monsoon years than the 
value in bad monsoon years for the months May through 
September. Steinbrecht et al., 1998 have examined the 
correlation between tropopause height and total ozone. 
They suggested that a high tropopause is correlated with 
low total ozone and low tropopause with high total ozone. 
Independent of season, total ozone decreases by 16 DU 
per km increase in tropopause height. Simple analysis of 
about 15 years of monthly total ozone data has been 
carried out in the tropical and sub tropical regions of 
northern hemisphere by Hingane and Patil 1996. They 
observed the pronounced maximum  (~17.5 km) in the 
tropopause height and well-marked trough in total ozone 
during the months of July and August over the most 
humid part of the region, which comes under the influence 
of  monsoon  circulation.  It appears that the occurrence of  

 

 

 

(a) 

(b) 
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TABLE 2 
 

Significance of the difference in mean ozone for  
dry and wet years by t-test 

 
Station t – value 

Ahmedabad 2.45** 

Bangalore 2.35** 

Chennai 2.44** 

Dumdum 1.97* 

Hyderabad 2.88*** 

Kodaikanal 2.09** 

Mumbai 2.84*** 

Mt.Abu 2.89*** 

Nagpur 2.53*** 

New Delhi 2.51*** 

Pune 2.38** 

Trivandrum 2.77*** 

Varanasi 2.28** 

 
* 10%; ** 5%; *** 2%  

 
 
 
trough may be due to lifting of air mass by the intense 
convective activity over areas of the low level 
convergence, which is fed normally from the equatorial 
belt. 
 

Thus, the above results together suggest that the 
tropopause height during wet monsoon years is more than 
in the dry monsoon years and the increase in tropopause 
height causes decrease in TCO. 

 
The difference in TCO values between wet and dry 

years have been tested with t-test (Table 2) and it is found 
that the difference is significant at 2% level of confidence 
for the stations Hyderabad, Mumbai, Mt. Abu, Nagpur, 
New Delhi and Trivandrum, while it is significant at 5% 
level of confidence for the stations Pune, Varanasi, 
Bangalore, Chennai, Kodaikanal and Ahmedabad. 
However, the difference is significant at 10% level of 
confidence for the station Dumdum. 
 

It is noticed from the present study that monsoon 
circulation over Indian region affect TCO variability on 
seasonal scale. The convective activity associated with 
ITCZ (Inter Tropical Convergence Zone) plays 
dominating role in the TCO variability. The normal 
position of ITCZ shows extraordinary deep intrusion over 
southeast Asia during monsoon months. Over India it 
migrates almost up to 30° N (Riehl, 1979). A strong 
convection is associated with ITCZ position during Asian 
summer monsoon season. Thus the more prominent 

relation has been observed between TCO and convective 
activity during monsoon months over tropical and 
subtropical stations of India.  
  

In addition to dynamical processes (convective 
activity) tropospheric H2O chemistry may be playing a 
role in the redistribution of TCO. In general O3 and H2O 
are negatively correlated with high (low) O3 and low 
(high) humidity in the region of enhanced (suppressed) 
convection (Chandra et al., 1998). O3 may be destroyed 
by the reaction of O(1D) with H2O in the following way 

 
O3  + hv  →   O(1D) + O2 

 
O(1D) + H2O  →  OH  +  OH 
 
HO2  + O3    →  OH  +  2O2 

  

OH + O3 → HO2 + O2 

 
The enhanced convection, which is associated with 

rich water vapor during wet monsoon season, may be 
responsible for more O3 losses than in the dry monsoon 
season.  
 
 
4.  Conclusion 
 

Comparison of TCO distribution during dry and wet 
monsoon years suggested that TCO values are found 
higher during dry years than those in wet years. The 
difference in convective activity during dry and wet years 
may be responsible for the changes in TCO. The 
suppressed convection during dry years may be 
responsible for the increase in TCO.  The TCO difference 
during monsoon months between dry and wet years is 
examined for the significance by t-test. The difference is 
statistically significant at 5% level of confidence for all 
stations except Dumdum. It can be said that the relation 
between OLR and TCO holds good during Indian summer 
monsoon months, as convection is stronger during this 
period.  
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